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Glossary of Terms

adapter: a short, chemically synthesized, double stranded DNA molecule which is used to link

the ends of two other DNA molecule
amplicon: product of polymerase chain reaction (PCR).

barcode: a uniqgue DNA sequence ligated to fragments witrseguencing library for

downstreamin silico sorting and identification

caecum:pouch or large tubbke structure in the lower abdominal cavity that receives
undigested food material from the small intestine and is considered the first region ofdhe larg

intestine
cloaca:the common chamber into which the intestinal, urinary, and genital tracts discharge

crop: pouch of the esophagus proximal to the stomach that functions for retention of food prior

to entry into stomach
digesta: material undergoing digéen
emulsion PCR (emPCR): a reaction of DNA amplification in a water-oil emulsion.

end repair: convert DNA with cohesive ends to blumtn d e-ghosphorylated DNA for use in bluend

ligation reactions

fibropapillomatosis (FP): a disease of seartles that results in the production of tumors, both
external and internal that are considered benign, but may obstruct crucial functions, such as

swimming, feeding, sight, and buoyancy.

flow: the event of exposing tleequencinghip to one particular dNF (T, A, C, or G) followed

by a washing step

Vi



hindgut fermentation: a digestive process seen in monogastric herbivores, animals with a
simple, singlechambered stomach where cellulose is digested with the aid of symbiotic bacteria

primarily in the large itestine and caecum
ligation: the joining of two DNA strands or other molecules by a phosphate ester linkage

metagenomicsis the use of DNA sequencing techniques to study DNA extracted directly from

environmental samples

operational taxonomic units (OTU): an operational definition used to classify groups of closely
related individuals

polymerase chain reaction (PCR):anin vitro technique for rapidly synthesizing large
guantities of a given DNA segment that involves separating the DNA into its two compdeyne
strands, using DNA polymerase to synthesize-stvanded DNA from each single strand, and

repeating the process

guantitative PCR (qPCR): a laboratory technique based on PCR that monitors the
amplification of a targeted DNA molecule during the PCR,in realtime, and not at its end, as

in conventionaPCR
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Executive Summary

Long-term conservation of the green turt@hglonia myda&innaeus), the largest marine
herbivore in the Hawaiian archipelago, may depend on understanding their microféang.
hindgut fermentation, green turtles rely on microbial degradation of cellulose and starch products
from the seagrasses and macroalgae consumed. Few studies have examined bacterial
communities of green turtles, and none has samplsitu and identified hindgut microflora of
green turtlesFresh samples were taken from five locations along the gastrointestinal tracts of
eight green turtles that had required euthanization. Bacteria were cultured, aerobically and
anaerobically, on nutrient agar and foiffatential and selective media. Fecal samples at three
sections along the gastrointestinal tracts of two green turtles were analyzed using 16S
metagenomics on the lon Torrent Personal Genome Machine (PGM). More thaithelf
4,532,104 sequences belodde the phylum Firmicutes, followed IBacteroidetes and
Proteobacteria, which are characteristic of herbivore gut microflora. The 16S sequence analysis
provides a better representation of the total gastrointestinal bacterial community, much of which
canrot be cultured using traditional microbial techniques. Accurate and precise enumeration and
identification of green turtle microflora will help to clarify connections between diet and
digestive bacteria, as well as provide new tools for assessing the dfegieen turtles grazing in

different locales.

In some foraging areas in thlawaiian Islands, green turtles are growing at reduced
rates. In th&Hawaiian Islands, glyphosabased herbicides are frequently sprayed to combat
weeds, and may be affectingmtarget marine specie&lyphosate inhibits a key enzyme in the
shikimate pathway that is found in plants, fungi, and bacteria for the biosynthesis of aromatic

amino acids. Studies have shown that glyphosate can persist in coastal enviroBiyehtsa¢



is toxic to beneficial gut bacteria in cattle and chickens, and can cause lowered digestive
efficiency; however, no studies have assessed the impact of glyphosate on the bacteria in the Gl
tract of marine herbivorous turtles, whicbuld be exposed toyglhosate via ingestion of
glyphosatecontaminated seaweeds, seagrasses, or seawater during fofFagingnicrofloral

isolates obtained from freshly euthanized green turtles were exposed to fifteen different
concentrations of glyphosate herbicide (2.2% tb 3.6 g L*glyphosate) and a control of DI

water, using a modified KirbBauer disk diffusion assay. A response to glyphosate was

observed in all taxa testeth three out of the four taxa, at 0.028 ¢ lglyphosate, zones of

growth inhibition wee significantly different than the contrélroteussp. was the least sensitive

to glyphosate. Additionally, aliquots of mixed bacterial communities from turtle Gl tracts,

cultured in nutrient broth, were exposed to six different concentrations of glypl{@asax 10

410 3.6 g ! glyphosate) and a control of DI water. Transmittance at 600 nm wavelength was
measured before and after 24 hours to assess
x 10*g L glyphosate showed significantly diftart greater transmittance than the

control. Reduced growth or decreased survival of Gl tract bacteria in green turtles exposed to

glyphosate could have adverse effects on turtle digestion and overall health.

This thesis brings together three chaptersinlypverview ofC. myda digestion,
microbiota, and glyphosate herbicidej@ntificationof gastrointestinal microfloreollectedin
situin C. mydasand 3)glyphosate effects on gastrointestinal microflor&€ofmydas The

objectives of this study werto collecin situand identify the gastrointestinal microflora found



in green turtles@helonia mydasin Hawaii, and to quantify the sensitivity of these microbes to
glyphosatebased herbicide (RoundUp®). The hypotheses weradiveErse bacteria occun the

Gl tract of green turtles, including the following phyla: Actinobacteria, Bacteroidetes, and
Firmicutes; 2)different species of bacteria from green turtles demonstrate different sensitivities

to glyphosate; and 3inhibition of bacterial growt is dependent on glyphosate concentrdtion.



Chapter 1.

Review ofChelonia mydad.innaeus digestion, microbiota, and glyphosate

herbicide

Chelonia mydag¢Class Reptilia, Order Testudines, Family Cheloniidae) is distinguished
from other marie turtles by its single pair of prefrontal scales, its small, blunt head with serrated
jaw, its nonridged carapace with large nonerlapping scutes and four lateral scutes, and the
presence of one claw on each flippEne distribution of the green tugtis widespread globally
in subtropical and tropical climates. Eleven distinct population segments (DPS) have been
recognized and listed as either threatened or endangered under the Endangered Species Act

(Federal Register 2015, Seminoff et al. 2015).

The Hawaiian green turtle population constitutes the Central North Pacific DPS based on
behavioral and feeding characteristics, morphological differences (i.e. presence of crop and
larger hind flipper), as well as genetics of the population in the Hawai@npelago (Balazs et
al. 1998, Wyneken 1999, Dutton et al. 2008). The International Union for Conservation of
Nature and Natural Resources (IUCN) Red List classified the Hawaiian green turtle population
as of least concern because of 40 years of ptpnleecovery (Seminoff 2004). In their early
hatchling stage, green turtles are known to consume crustaceans, aquatic insects, terrestrial
grasses, seagrasses, and algae (Lutz and Musick 1996). As adults, they feed primarily on
seagrasses and macroalgaeeen turtles are the largest marine herbivores in the Hawaiian
Archipelago and consume almost 300 species of marine macroalgae and two seagrasses based on
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crop and stomach samples (Balazs 1980, Balazs et al. 1987, Russell and Balazs 2000, Russell et
al. 2003). Many Hawaiian seaweeds and seagrasses, including those consumed by green turtles
are high in vitamins A & B, and contain a variety of elements, including magnesium, iron, and
calcium (McDermid and Stuercke 2003, McDermid et al. 2007). Green topgestunistically
consumePaspalum vaginatupa nonnative, terrestrial shoreline grass, because of its local
abundance, high protein (three to five times greater than some seaweeds), and/or high caloric

content (McDermid et al. 2015).

Green turtles hava hindgut fermentation digestive tract similar to horses, and utilize
cellulolytic microbes to break down plant matter (Fenchel et al. 18#gicaecum andrge
intestine (Fig. 1)In hindgut fermenters, when food reaches the caecum, the majoritycbisfo
undigested; and production of short chain fatty acid (SCFA) is the primary energy source. In the
Florida manate€Tlfichechus manatus latirostjisa marine herbivorous hindgut fermenter, eight
bacterial phyla have been found in the hindgut (in oofleelative abundance): Firmicutes,
Bacteroidetes, Actinobacteria, Proteobacteria, Fibrobacteres, Tenericutes, Spirochaetes, and
Fusobacteria, several of which are known to break down cellulose (Merson et al. 2013).
Bjorndal (1979) investigated cellulod@estion and SCFA production in Nicaraguan green
turtles that consume primarily seagrasses. The length of gastrointestinal (Gl) tract sections, pH,
acid and natural detergent fiber, lignin, organic matter, energy content, and SCFA production
were guantifed. Bjorndal (1979) found that 83% of digested organic matter, 82% of digested
cellulose, and 58% of digested hemicellulose were digested in the caecum and large intestine.

Using gas chromatography, relative molar concentrations of SCFAs found in gitken tur
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consisted of acetate > butyrate > propionate, which is similar to SCFA concentrations in dugongs
(Murray et al. 1977). Bjorndal et al. (1991) investigated digestive fermentation in green turtles
feeding on macroalgae in the Ogasawara Islands logatipan. Digesta samples were taken

from seven regions of the Gl tract of turtles that had been legally harvested. The pH was
measured within each section; length of each region of the gut was measured; and SCFA
concentration was assessed. The SCFAadmations in turtles with macroalgal diets (Bjorndal

et al. 1991) were similar to those in turtles with a seagrass diet (Bjorndal 1979).

Seagrasses and macroalgal cell walls consist of different combinations of complex
carbohydrates, i.e. cellulose, heellulose, and lignin in seagrassescellulose, agar,
carrageenan, and alginate in marine macroalgae; therefore, some researchers have suggested that
the microflora in the hindgut of green turtles are lbergn adapted to either a seagrassa
macrodgal-diet, not a mixed diet (Bjorndal 1980). Bjorndal (1985) hypothesized thattsnrt
shifts in diet would result in less efficient digestion and loss of nutrition. This idea is supported
by an earlier study (Bjorndal 1980), which documented undigesteds of macroalgae in the
lower sections of the Gl tract and feces of both green turtle and dugongs that fed primarily on
seagrasses. However, dietary shifts do occur: in early 2011, seagrass meadows in the Great
Barrier Reef, Australia, were destralyy cyclones and flooding, and researchers reported that
the majority of surviving green turtles in their study sites near Townsville had made a dietary
shift and were feeding on red algae (Bell and Ariel 2011). Bjorndal et al. (1991) hypothesized

that dthough green turtles feeding on a mixaidt would have lower digestive efficiency, the



nutrients gained might be maximized by the ability to ingest larger quantities more rapidly than

on a restricted macroalgal or seagrass diet.

Despite the importance bfndgut microflora in turtle digestion, few studies have
examined microflora of green turtles. Santoro et al. (2006) investigated the aerobic bacterial
flora found in cloacal and nasal samples of healthy nesting green turtles in Costa Rica. The
researchiss took samples using sterile cotton swabs from the cloacadtheonchamber into
which the intestinal, urinary, and genital tracts discharge) and nasal ducts, and incubated the
samples for 24h at 287°C on blood agar, MacConkey agar, mannitol salt,ab&rsulfate
citratebile-saltssucrose (TCBS) agar, and xylosilysine-desoxychloate (XLD) agar. In cloacal
samples, 123 Gramegative and 29 Graipositive isolates were found. In nasal samples, 116
Gramnegative and 57 Graipositive isolates were fodnKlebsiella pneumoniagas the most
common microbe found in the turtle samples. Members of the Enterobacteriaceae family were
the most abundant Granegative group of bacteria (53.1% of Graegative isolates); whereas,
Staphylococcuspecies comprisetié most common Gramositive bacterial group. Aguirre et
al. (1994) collected nasal and cloacal swabs from 32 living green turtles on the island of Oahu,
Hawaii. Bacterial specimens were cultured aerobically on blood agar, MacConkey agar,
tripticase soyagr , and seawat er a e@htGramnegatibe b&tedaand 2 4 h .
five Grampositive bacteria, includinBacillusspp. and diphteroidgenusCorynebacterium
were isolated. The most common isolates inclueeelidomonas fluorescens, P. putcedas,

Vibrio alginolyticus norrthemolytic Streptococcus, V. damsegkndV. fluvialis Keene et al.



(2014) investigated the microflora within Olive Ridley and East Pacific green turtle cloacal fluid,
nest chamber sand, and egg samples in Costa RiacalCftuids were collected after 20 eggs
were deposited to eliminate the chance of contamination by outside microfloral species. The
cloacal fluids were dominated by the family Enterobacteriaceae (Gegative), and the genera
Corynebacteria, Bacillusand StaphylococcugGrampositive), which are similar to the genera
found by Santoro et al. (2006). Cloacal and fecal samples from juvenile green turtles showed
microflora similar to that of omnivores and herbivoredgde et al. 201)7 No study has

identified in situ hindgutmicroflora in green turtles.

In some foraging areas in the Hawaiian Islands, green turtles are growing at reduced rates
compared to historic times (mid 1970s/early 80s vs. 2000s) resulting in late reproductive
maturity (Balazs and Chalipka 2004, Wabnitz et al. 2010, Van Houtan et al. 2014). Reduced
food abundance, poor food quality, and high turtle abundance have been considered as causes in
differences in mean growth rates of green turtles from different foraging areas in the Hawaiia
Archipelago (Balazs 1982; McDermid and Stuercke 2003, McDermid et al. 2007, Wabnitz et al.
2010). Fibropapillomatosis (FR,disease of marine turtles that results in the production of
tumors, both external and internal that are considered benignalyuttmstruct crucial functions,
such as swimming, feeding, sight, and buoyancy, has also been implicated in reduction of growth
rates in turtles (REF add here for definition of FP and if needed in References Section).
Globally, FP has been present in witdrine turtle populations and expression of FP differs

across ocean basins and within basins. In Hawaii, oral tumors are common and severe and cause



reduced survivorship (Hargrove et al. 2016). FP can affect the ability to swim or eat, leading to a
slow death, while other turtles can have minimal tumors with little or no observable effect.
However, other factors may be contributing to low growth rates in turtles, i.e. inefficient
digestion because of shifts or changes in the Gl tract microflora causetuibgl mauses or

anthropogenic factors.

In the Hawaiian Islands, herbicides are widely used to control weeds in pastures, crop
lands, yards, golf courses, parks, urban sidewalks, and roadsides in inland and coastal areas. The
most commonly used herbicleontain glyphosate or-{phosphonomethyl) glycine
(CsHsNOsP, molectar weight 169.07 g/mole, Fig).2 Since 2013, glyphosate has been ranked
as the most commonly used herbicide in the world. In 2011, worldwide usage of glyphosate
products was 650,0@0nnes (CCM International 2011); the 2012 global market for the active
ingredient, glyphosate, was 718, 600 tonnes for solely agricultural applications (Transparency
Market Research 2013). Glyphosate usage was predicted to rise to 1.35 million tof¥igs in 2
(Global Industry Analyst 2011). In the United States, over 750 products with glyphosate as the

active ingredient are available (Newton 2013).

Glyphosate is absorbed through foliage and translocated to the growing points of plants,
where it inhibits &ey enzyme, f£nolpyruvylshikimate3-phosphate (EPSP) synthase, in the
shikimate pathway (oshikimic acid pathway) (Fig.)3The shikimate pathway is a metabolic
pathway inplants, fungi, and bacteriafor the biosynthesis of aromatic amino acids
(phenyldanine, tyrosine and tryptophan) that are essential for protein synthesis (Franz et al.
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1997). Inhibition of the EPSP synthase in the shikimate pathway by glyphosate causes a
deficiency in aromatic amino acids, and results in growth inhibition, wiltiegiasis of the

tissues, chloroplast disruption, water loss, and eventually death of plants due to starvation or
increased susceptibility to disease (Solomon and Thompson 2003, Castro et al. 2015). Previous
studies have shown that exposure to glyphosatelehds to reduction in nutrient quality of

plants. Reduction in seed and leaf concentrations of calcium, manganese, magnesium, and iron in
nonglyphosateresistant soybeans was observed after exposure to glyphosate due to interference
in the uptake andanslocation of these elements (Cakmak et al. 2009). Even glypinesitant

(GR) soybeans (Gordon 2007, Jolley et al. 2004) have shown depressed uptake of manganese
and iron. Glyphosate may affect macroalgae and seagrasses in the same way.

Glyphosatecan be adsorbed onto sediment particles and inactivated (Andréa et al. 2003).
Glyphosate can be broken down by microbes into aminomethylphosphate (AMPA) and CO
(Balthazor and Hallas 1986; Franz et al. 1997; Schuette 1998). THeehatfglyphosatan
soil ranges from two to 197 days, and its Hiééf in freshwater is three to 91 days (US EPA
1993). In flask experiments, the kéfé for glyphosate in seawater with marine bacterial
popul ati ons @ia®bwlighl) upt@a3l&Gdays BB C in.the dark) (Mercurio et al.
2014), | eading to the conclusion that dalittl e
in the tropics, which could potentially deliver dissolved and sediimemtu n d g | ytptheo s at e O
marine environment. Low levels of glyphosate were detected in Maigdiéesn Bay along the
Atlantic coast of France, during an-lay period (maximum concentration = 1.2 g)lof a

spring runoff event (Burgeot et al. 2007). Skeff et al. (20d&)ected glyphosate and AMPA in
10



water samples from ten estuaries in the Baltic Sea. These studies show that measurable amounts
of glyphosate and its primary metabolite can be transported to coastal environments where

marine species may be exposed to tlesgaminants. In the Hawaiian Islands, glyphosate

based herbicides are frequently sprayed to combat weeds near freshwater, marine, and anchialine

shorelines, and may be affectingrrtarget marine species (Fig. 4

Glyphosate affects not only terreatrplants, but also aquatic algae and freshwater plants.
Freshwater microalgae (Hernando et al. 1989, Pechlaner 2002, Ma 2002, Pérez et al. 2007) and
freshwater macroalgae (Perkins 1997, Solomon and Thompson 2003, Kyriakopoulou et al. 2009)
have been fouhto be sensitive to glyphosatased herbicides such as RoundUp®. Studies on
the toxicity of RoundUp® to submerged vascular freshwater plants, sidyriaphyllum
aquaticum(Turgut and Formin 2002) arM. spicatum(Lewis 1995) have reported k&values
(lethal concentration for 50% of organisms exposed) similar to that of the floating freshwater
plant, duckweedLemna minoy. Concentrations of glyphosate as low as 1 jigetuivalent to
levels measured in coastal waters by Burgeot et al (2007) andeSkéf015), reduced species
richness, lowered species diversity, and significantly changed species composition of natural

marine planktonic microbial communities (Stachowidkiberkorn et al. 2008).

The effects of glyphosateased herbicides on marineacroalgae and seagrasses are not
well-understood. The impact of varying concentrations of glyphdssted RoundUp® on kelp
(marine brown seaweeds in the order Laminariales) has been assessed by measuring cell viability

in gametophytes (R.J. Lewis, pemsbcommunication). The Lggranged from 2x18to
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3.7x10*M RoundUp® which is equivalent to 4.56 to 84.4 mydlyphosate. Pang et al. (2012)
soaked two red seaweed species-h@L?! glyphosate solutionsford mi nut es . NnGr eas
c h anges ninwlarophylla fRi@escence, reduced PS 1l efficiency, pigment loss,
withering, and rhizoid detachment in the filamentous epiphytic spEeesiphonia savatieri
(Hariot) M.S. Kim and I.K. Le€order Ceramiales). However, the researchers reported only
Anegligibleodo chaddgees eisctenttleqr amhiy Iilno vi si bl e
fleshy carrageenophyt&appaphycus alvami (Doty) Doty ex. P.C. Silva (order Gigartinales).
Pang et al. (2012) recommended the use of glyphosate to control epiphytic filamentous algae in
Kappaphycusnariculture farms in China. In the seagr&slophila ovalis(R. Brown) J. D.
Hooker, glyphoate caused changes in the chlorophyll content (Ralph 2000). However, low
concentrations of glyphosate stimulated the relative growth rate in another seZqstess,
marinaLinnaeus (Nielsen and Dahll6f 2007). A variety of responses were observed in the
estuarine seagrad’uppia maritimaLinnaeus: exposure to high concentrations of glyphosate
for seven days caused a significant lethal effect; whereas, leaf elongation occurred in branches
exposed to low concentrations, and significant changes werevetiserthe wet and dry
weights, the number and length of the leaves, and the chloreptoitent. These results
indicate that this herbicide represents a threRuppiaseagrass meadows, and the organisms
that depend on them.

In a preludetothisMaste6 s t hesi s, Kittle and McDer mid
Hawaiian macroalgae and a seagrass spdeiggpfa maritimqexposed to low glyphosate

concentrations (0.225 to 3.6 ¢f). showed cell damage, reduced chlorophyll content, and
12
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lowered PSII efficiencyhat differed significantly from the control (0 gtlglyphosate). Thus,

native macroalgae and seagrasses in marine and anchialine aquatic habitats in Hawaii may be
negatively affected by use of glyphosate herbicides that are used to control shordiisie Gee

of the species included in the stuéyerocladiella capillaceaa common intertidal red

macroalga and a predominant component of green turtle diets (Russell and Balazs 2009), showed
significantly reduced photosynthetic efficiency, decreased aplyil content, and lower

survival after glyphosate exposure. In addition, when forage plants are exposed to glyphosate,

their nutritional quality may be reduced for grazing turtles.

Toxicology studies on amphibians (Clements et al. 1997, Relyea el ad), 20
invertebrates (Folmar et al.1979), and fish (Mitchell et al. 1987, Guilherme et al. 2012) have
reported anatomical deformities and DNA damage after-$éort exposure to glyphosabased
herbicides. Sparling et al. (2006) found a reduction in bodghwef redeared slider turtles and
lowered hatching success in eggs exposed to glyphosate. No studies have assessed the impact of

glyphosate on marine turtles, such as the green t@tiel¢nia mydas

Gut microbes are critical to turtle digestion ohaplex carbohydrates in algae and
seagrasses. Glyphosate has been shown to be toxic to bovine gut microflora, and causes less
efficient digestion in cattle (Kriiger et al. 2013, Samsel and Seneff 2013). In a study on poultry,
Shehata et al. (2013) repattdhat many beneficial gut bacteranferococcuspp.,Bacillussp.,
Lactobacillussp.), some of which occur in green turtle cloacal fluid (Aguirre et al. 1994, Santoro
et al. 2006, Keene et al. 20¥jce et al. 201)7 are more susceptible to glyphosthian

13



pathogenic bacterigsglmonellaspp. andClostridiumspp.). Thus, if green turtles are exposed to
glyphosate via their food or environment, their microflora may be adversely affected and

digestion efficiency could be compromised.

Objectives of thisStudy:

The objectives of this study were to colletsituand identify the gastrointestinal
microflora found in green turtle€helonia mydasin Hawaii, and to quantify the sensitivity of

these microbes to glyphosdiased herbicide (RoundUp®).

Hypotheses:

1. Diverse bacteria occur in the Gl tract of green turtles, including the following phyla:

Actinobacteria, Bacteroidetes, and Firmicutes.

2. Different species of bacteria from green turtles demonstrate different sensitivities to

glyphosate.

3. Inhibition of bacterial growth is dependent on glyphosate concentration.
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Figure 1. Diagram of green turtle gastrointestinal tract. Hindgut fermentation pri{mmlllys in the large intestine

and caecum.
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Figure 1 Glyphosate molecule §8sNOsP, molecular weight 169.07 g/mole).
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Figure 2 Diagram of the shikimate pathway to the production of chorismate, which leads to the production of the
essential aromatic amino acids (phenylalanine, tyrosine, tryptophan). In the presence of glypR&satyrithase

is inhibited and the pathway ceases to continue.
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Figure3. County of Hawaii spraying Roundup for coastal weed control.
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Chapter 2.
Identification of gastrointestinal microflora in Hawaiian green turtles

(Chelonia mydas
Abstract

Green turtles@helonia mydashave a hindgut fermentation digestive tract, which utilizes
cellulolytic microbes to break down plant matter in the caecum and proximal colon. Few studies
have examined bacterial communities of green turtles, and @enddntifiedn situhindgut
microflora in green turtles. Fresh samples using sterile swabs were taken from five locations
along the gastrointestinal tracts of eight green turtles that had required euthanization. Bacteria
were cultured, aerobically andaerobically, on nutrient agar and four differential and selective
media. Fecal samples at three sections along the gastrointestinal tracts of two green turtles were
analyzed using 16S metagenomics on the lon Torrent R@vk than halbf the 4,532,104
sgjuences belonged to the phylum Firmicutes, followe8dgteroidetes and Proteobacteria,

which are characteristic of herbivore gut microflora. The 16S seqamadysis provides a better
representation of the total gastrointestinal bacterial communityh miuehich cannot be

cultured using traditional microbial techniques. Accurate and precise enumeration and
identification of green turtle microflora will help to clarify connections between diet and
digestive bacteria, as well as provide new tools forsaasg the health of green turtles grazing in
different localesThe key to longierm conservation of this species may depend on their

microflora.
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Introduction

Green turtles@helonia mydas the largest marine herbivores in the Hawaiian Islands,
are knowrto consume over 300 species of seaweeds, two seagrasses, and at least one terrestrial
shoreline grass, based on crop and stomach samples (Balazs 1980, Balazs et al. 1987, Russell
and Balazs 2000, Russell et al. 2003, McDermid et al. 2015). Green taxtkes hindgut
fermentation digestive tract, which utilizes cellulolytic microbes to break down plant matter in
the caecum and proximal colon (Bjorndal 1985). In some foraging areas in the Hawaiian Islands,
green turtles are growing at reduced rates regyiti late age of reproductive maturity (30+
years) compared to historic times (mid 1970s/early 1980s) (Balazs and Chaloupka 2004,
Wabnitz et al. 2010, Van Houtan et al. 2014). Food abundance, food quality, turtle abundance,
and disease have been considexe causes (Balazs 1982, McDermid and Stuercke 2003,
McDermid et al. 2007), but other factors may also be involved, i.e. inefficient digestion because
of shifts in microflora composition. Researchers have suggested that hindgut microflora would
be longterm adapted to either a seagramsa macroalgatliet, but not a mixed diet (Bjorndal
1985). Shorshifts in diet might result in less efficient digestion and loss of nutrition (Bjorndal

1980).

Cellulolytic bacteria belonging to the phyla ActinobacteBacteroidetes, and Firmicutes
have been found in the gastrointestinal microflora of herbivorous marine iguanas, marine fish,
and manatees (Hansen et al. 1992, Hobson and Stewart 1997, Mountfort et al. 2002, Merson et

al. 2013). In herbivorous green turtléise aerobic bacterial flora in cloacal swabs contained 123
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Gramnegative and 29 Graspositive isolates, mostly consisting of members of the family
Enterobacteriaceae (phylum Proteobacteria)&taghylococcuspecies (phylum Firmicutes)
(Santoro et al. @6). Similar bacterial isolates were found in the East Pacific green turtle and
Olive Ridley cloacal fluids (Keene et al. 2014). Cloacal and fecal samples from juvenile green

turtles showed microflora similar to that of omnivores and herbivéhesg etal. 2017.

Despite the importance of hindgut microflora in green turtle digestion, few studies have
examined bacterial communities within green turtles, perhaps because of the difficulty of
obtaining fresh samples and the complexity of maintaining balcteftares, especially
anaerobic taxaln situgastrointestinal tract sampling of digestive, hindgut microflora of green
turtles was successfully carried out for the first time in this study. The objective of this study was
to identify the digestive, gasintestinal microflora found in the green turt@@hglonia mydasin

Hawaii.

Methods

Microbial Collection and Culturing

Eight green turtle that had required euthanization by a collaborative assessment from Dr.
Thierry Work, Wildlife Pathologist of the 8GS and the National Marine Fisheries Service of
NOAA due to mortal injury or terminal illness, served as donors immediatehnmpsem for
this project (Work 2014, Appendi¥.lin view of conservation policy, as set forth by the
Endangered Species Act§B), no attempts were made to obtain fs@@mming, wild turtles.
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All turtles sampled were euthanized due to disease or injury, and all had seaweed in the gut
without any indication of rotting digesta (material undergoing digestion) sampi8ss(htll).

Turtles were collected from several locations in the main Hawaiian Islands (Fig. 1), and included
males and females with straight carapace lengths-@#49n (Table 1). Fresh gut samples were
taken at five locations along the gastrointestinal tract (stoppach, small intestine, caecum,

and large intestine) by wiping a cotton sterile swab and a BD BBL Vacufdirmeraerobic
specimen collector (Becton, Dickinson and Company) on the areas. Swabs were placed on
nutrient agar medium for transport, anesteeaked within 4 hours on nutrient agar, MacConkey
agar (for the isolation of Enterobacteriaceae), mannitol salt agar (for the isolation of
Staphylococcuspecies), thiosulfateitrate-bile-saltssucrose (TCBS) agar (for the isolation of
Vibrio species), angyloselysine deoxychloate (XLD) agar (for the isolationS#Imonellaand
Shigellaspecies). Plates were incubated at 30°C aerobically using40R2incubator (Quincy

Lab, Inc.) and examined after 24 hours; and anaerobically ir14QR2 incubator (Quicy Lab,

Inc.) within a BD GasPak" EZ Incubation Container (Becton, Dickinson and Company) with
BD GasPaKM™ EZ Anaerobe Container System Sachets (Becton, Dickinson and Company) and
examined after 24 hours. Isolated colonies were identified by via-@eaning and the

following biochemical reactions: indole production (Becton, Dickinson and Company, Cat. no.
261185), oxidase production (BD, Cat. no. 261181), and \VBgeskauer A & B reagents

(Becton, Dickinson and Company, Cat. no. 261192 and 26 1iti@By}ification of Gram

negative organisms was confirmed by Enteropluri Test Kit (Becton, Dickinson and Company,

Cat. no. L010570), a 12ector system containing special culture media that permits
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identification of Enterobacteriaceae and other Gregative, oxidasenegative bacteria.
Cultures were incubated at 36°C and examined after 18 hours, according to manufacturer
instructions. Other unsuccessful or inadequate methods for bacterial collection were tested in

preliminary trialsand are described in Appeix I1.

Tissue Collection and DNA Extraction

Whole gastrointestinal (Gl) tracts from two freshly euthanized turtles were extracted
from the animals and frozen without delay-20°C for transportation (Table 2). Turtle 1 was a
14.7 kg male with FP tumofeund at Haleiwa on the island of Oahu (also used for microbial
collection and culture), and Turtle 2 was a 35.5 kg male with no FP tumors found at Kapoho
Beach Lots on the island of Hawaii. The Gl tracts were transferreeBf @ freezer until DNA

extractions were carried out.

DNA extractions were conducted using the Qiagen DNA Stool Mini Kit following the
manufacturer protocol (QIAGEN). Three sections of the Gl tracts of each turtle were selected for
this study, the caecum, the large intestine, aadebtum. Following extractions, the quantity
and quality of each DNA eluate were ascertained using gel electrophoresis (Thermo Fisher) and

spectrophotometry assay (NanoDrop-1000).
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Microbiome Amplification using 16S Metagenomics Methods

Each DNA simple, a positive DNA control, and a negative control were amplified
through polymerase chain reaction (PCR) using the lon 16S Metagenomics Kit (Life
Technologies Corp., Cat. no. A26212). Following PCR amplification, a solution of 70% ethanol
and a 1.2X vlume of Agencourt AMPure XP beads (Beckman Coulter Life Sciences, Cat. no.

A63880) was prepared to purify the amplified samples.
Determination of DNA Input for Library Preparation and End Repair

The 16S PCR amplicons were enzymatically processeddpepadapter and barcode
ligation using the lon Plus Fragment Library Kit (Life Technologies Corp., Cat. no. 4471252),
and purified with ethanol and a 1.4X of AMPure beads solution. Next, an aliquot of the prepared
and purified amplicons were diluted (0)land assayed using a Hi§lensitivity DNA Kit on a
Bioanalyzer 2100 instrument (Agilent Technologies, Cat. no B@26). For each PCR product
analyzed, a smear analysis was generated from the four peaks (280 to 390 bp) in the
chromatogram, which eachraple concentration was determined. All samples, including the
positive control, were standardized to a concentration of 100 nanograms (ng). After
standardization, the End Repair step , which consisted of 79 pL of pooled amplicons, 20 pL 5X
buffer, and 1 ju enzyme repair enzyme, were mixed and incubated for 20 min. Following End
Repair step, each amplicon was further purified using an AMPure cleanup using 1.2X instead of

the suggested 1.8X volume.
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Ligation of Adapters and Barcodes, NiRlepair

Ligation of six lon Xpress Barcodes was conducted on each of the six purified amplicons
(Life Technologies Corp., Cat. no. 4474009). Each sample was prepared following manufacturer
protocol, except for one minor modification: 1 puL of each adapter and barcode wasstsaed
of 2 uL to avoid excess that forms dimers. These steps were followed by an AMPure

purification, using 1.4 X volume of cleaning beads per sample volume.

PCR Amplification and Bioanalyzer Assay

Purified adapter and barcotigated amplicons weraufther amplified in a thermocycler
for 7 cycles according to manufacturer protocol. Following amplification, each amplicon was
cleaned up using 1.0 X of AMPure beads per sample volume. The cleaned, ligated, barcoded
amplicons were diluted (1:1) and assagech Bioanalyzer 2100, using a Hi§ensitivity DNA
kit (Agilent Technologies, Cat. no. 508626). Each amplicon was smearalyzed from 230 to
400 bp from the chromatogram to determine its concentration. All amplicons were adjusted to a
molarity of 5010 pmol/L and then analyzed using quantitative PCR (qPCR) using a StepOne

Plus (Life Technologies Corp., Cat. no. 4376600).

Determination of Library Concentration

A KAPA Library Quantification Kit (KAPA Biosystems Inc., Cat. no. KK4838),
designed for lomorrent NextGeneration Sequencing (NGS) Platform was used for accurate

guantification of library amplicons using gPCR. Optimal library concentration for template
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preparation using an lon Torrent Platform was determined using a qPCR KAPA Library
Quantificaion Kit (Cat. no. KK 4838). Data from gPCR were analyzed and ideal sample library
concentration was determined for template preparation and pooled into a single library. After
making a pooled, equimolar library, emulsion PCR (emPCR) was conducted @slng #GM

Hi-Q View OT2 Kit (Life Technologies Corp., Cat. no. A29900). Quality of the emPCR was
checked using the lon Sphere Quality Control Kit for 400 base pair (bp) libraries (Life
Technologies Corp., Cat. no. 446856). Results were checked using tBpHere Assay for 400

bp library with a Qubit 3.0 fluorometer (Life Technologies Corp., MAN0016388) and passed
with 32.50% templated lon Sphere Particles (ISPs). Enrichment of terpplsitere lon PGM

Hi-Q View ISPs was done using the lon OneTouch B8vahg manufacturer protocol (Life
Technologies, MAN0014579). Sequencing was carried out on the lon PGM using@h¥ieliv
Sequencing Kit for 400 bp libraries (Life Technologies Corp., Cat. no. A30044) with the lon
Torrent 318 v2 BC chip for 850 flows (el Technologies Corp., Cat. no. 4488146). All the
reads were filtered and processed using the lon Torrent PGM software to remove low quality and

polyclonal sequences.

Sequencdased Microbiota Analysis

All sequences were sorted by barcode into sepataseusing Torrent Suite Plugin
FileExporter version 5.0.3.1 into the lon Reporter software version 5.2. Low abundance (<10)
reads and reads less than 150bp were removed. Sequences were compared to Curated
Greengenes Database v13.5 and assigned to opataasonomic units (OTUs). A genus was
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defined at 97% sequence similarity to the database entity, and a species was defined at 99%

similarity.

Species richness, family richness, SharWainer diversity (Krebs 1999) (Equation 1), and

equitability (Equabn 2) were calculated

Equation 1..Cee B n 1 1n

Equation20 —

Jaccarddés Index of Similarity (Krebs 1999) (E

communities among Gl tract locations for each turtle abhddsn turtles.

Equation 83 ——
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Results

Identification from Grarrstaining, and differential and selective media

Thirteen taxa were identified among five locations along eight Gl tracts of green turtles,
primarily consisting of pylum Proteobacteria (11 taxa) and two isolates from phylum Firmicutes
(Table 4). The greatest number of different taxa were isolated from the small intestine (13),

stomach (12) and caecum (12). Only six taxa were found in the large intestine.

Identification from lon Torrent Semiconductor Sequencing

The lon Torrent run produced 4,514,441 DNA sequencing reads on the 318v2 chip with
60% loading. The mean read length was 288 bp. The mean number of reads per library was

719,800 and the median number of epdr library was 734,707.

Dominant microbiota in all samples from both turtles consisted of phylum Firmicutes,
Order Clostridiales, Families Closteridiaceae, Ruminococcaeceae, and Lachnospiraceae, and
phylum Bacteroidetes, Order Bacteroidales, FamiliepiB@omonadaceae and Bacteroidaceae
(Figs. 38). For both turtles, the majority of sequences that could be identified to the species
level belonged t&lostridiumspecies, Family Clostridiaceae (phylum Firmicutdgacteroides
sp (phylum Bacteroidetes;amily Bacteroidaceae) contained 1.72 to 3.35% of total sequences

identified to species for all samples.

Some differences between turtles were observed in terms of abundance of phylum

Firmicutes and numbers of families. The percent composition of phiyltmicutes increased in
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distal sections of the Gl tract in Turtle 1: 50% in caecum to 56% in large intestine to 78% in

rectum; whereas, this pattern was not seen in Turtle 2: 74% phylum Firmicutes in caecum, 73%

in large intestine , 42% in rectum (Figs8). In Turtle 1, the family richness decreased distally:

39 families in the caecum, 28 in large intestine, and 22 in rectum (Fig. 9). However, in Turtle 2,

the family richness was lowest in the caecum (23); whereas, the large intestine (36) and rectum

(31) had greater numbers of bacterial families. Although, the caecum in Turtle 1 contained the
greatest number of different families, 30 of the families were in low abundance (<1% of total
sequences) . The highest f aTwild2yectdm (22¥), si ty i nd
whereas, the lowest family diversity was in Turtle 1 rectum (Table 6). In Turtle 1, the family
diversity (HO0) decreased distally: 2.03 in th
rectum. Conversely, in Turtle 2 thanhily diversity increased distally: 1.55 in the caecum, 1.63

in the large intestine, and 2.14 in the rectum. Equitability éfnong all samples was variable

with the highest evenness in Turtle 1 rectum (0.56) and the lowest in Turtle 2 rectum (0.39)

(Talde 7). For Turtle 1, the equitability decreased distally: 0.53 in caecum, 0.45 in the large

intestine, and 0.39 in the rectum. However, in Turtle 2 the equitability increased distally: 0.40 in

the caecum, 0.43 in the large intestine, and 0.56 intherectumUs i ng Jajgcardos I
similarity of family composition within gastrointestinal regions within each turtle, and between

turtles was highly variable (Table 8). The most similar bacterial communities were in the Turtle

1 caecum and Turtle 2 largeestine (77%). The most dissimilar bacterial communities were

from the rectum of both turtles (32%).
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Discussion

Using traditional microbial techniques, the caecum, one of the primary sites of digestion,
had the greatest number of taxa identified, but these just aerobic and culturable taxa, which
are not representative of the total digestive gastrointestinal microflora. Using 16S metagenomics,
all samples from the Gl tract had dominant microflora consistent with other marine herbivores
(Hansen et al. 2, Hobson and Stewart 1997, Mountfort et al. 2002, Sullam et al. 2012,
Merson et al. 2013). A small number of sequences from Order Desulfovibrionales (phylum
Proteobacteria) were found in all samples, with the highest percentages in the rectum for both
turtles. This order of bacteria is common in omnivores (Sullam et al. 2012), and could be
residual bacteria from the juvenile omnivorous stage of green turtles. All Gl tract samples in the
current study had lower familgveldv e r si ty ( H6 O 2repbréjidiversity i ce et
indices for juvenile green turtle and fecal s
These values are higher than those measured f
2.16) beause the current study included families, not all levels of taxa (phylum to species) in the
ShannorAWiener analysis. Differences in results beén the current work and Price et aD17)
may be attributed to differences in age of turtles (adslisiveniles), habitat (Pacific Oceas.
Northern Gulf Of Mexico), sample sources (internal Gl tvagctloaca and feces), and different
taxonomic entities included in diversity analyses. Samples taken from cloaca and feces may be
unreliable indicators of dastive system microflora because otaptamination of the external
surfaces by bacteria occurring in seawater and 2) aerobic conditions which select against

anerobic bacteria.
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Next-generation sequencing (NGS), such as‘ighughput sequencing techniguean
more fully elucidate the microflora in organisms, especially Gl tract microflora that cannot be
cultured. Universal primers used in spegiebd mixtures are likely to have more affinity for
some species than for others (Fredriksson et al. 2018)qudlity of metagenomic data analysis
is limited by the reference library available. In the current study, over half of the sequences
obtained could not be sequenced to species level, but only to family level using lon Reporter
(Life Technologies Corp.More in-depth analyses of the sequencing data is needed to capture
all the diversity present in this data set. Accurate and precise enumeration of green turtle
microflora may help clarify connections between diet composition and digestive bacteria, as well
as provide new tools for assessing the health of green turtles grazing in different locales. The key
to longterm conservation of this species may depend on our understanding of their microflora.
Studies should compare the Gl tract bacteria of more $udtansight into a healthy,

gastrointestinal microbiome.
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Table 1. Characterization of metadata compiled from turtle necropsies from which digesta samples were taken for nfiigrivigial cu

Dorsal Measurements

Date Health | Sex | SCL (cm) Notch (cm) | SCW (cm) | CCL (cm) | CCW (cm) | Head (cm) Fc'r:nF) Plastron (cm) ;I;arqu) Cloaca (cm) | Weight (kg)
5/13/15| Fair| F 70.8 69.9 57 76 71 9.6 111 56.4 17 11 43.6
5/13/15| Poor F 72.2 71.9 55.6 76 67.5 10.5 12.1 60.3 N/A 10 46.4
9/29/15| ----- F 49.6 49.3 39 52.5 45.5 7.2 8.2 40.5 11 6 12.7
9/29/15| ----- F 64.7 64.5 534 68.5 65.5 9.5 10.5 524 13 8.5 33.9
11/3/15 Fair F 51.3 51 39.7 54.5 49 8.5 9.5 42.1 11.5 7.5 18.5
11/3/15( Poor| M 58.1 57.7 45.5 62 54 9 9.9 44.6 11 8 24.1
1/8/16 Fair| M 74 73.9 59.4 80 71 11.4 12.1 55.3 18 12.5 46.7
5/10/16] N/A | M 50.1 49.9 41.3 53.5 47.5 8.5 8.3 40.2 10 5 14.7
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Table 2. Characterization of metadata compiled from turtle necropsies from which digesta samples were taken for 168iceRiyénanalysis and

seguencing.
Dorsal Measurements
SCL Notch SCW CCL CCw Head RFF Plastron Tail .
Date Health Sex (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) Cloaca (cm) Weight (kg)
5/10/16| N/A M 50.1 49.9 41.3 53.5 47.5 8.5 8.3 40.2 10.0 5.0 14.7
6/8/16| Good M 63.4 63.0 518 67.0 63.0 8.4 10.9 50.6 12.0 9.0 35.5
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Table 3. Barcode sequences from lon Xpress Kit3 {Life Technologies).

Sample Barcode Adapter Sequence
Turtle 1 Caecum lon Xpress #17 GTCTCTATTC
Turtle 1 Large Intestine lon Xpres #19 TTAGTCGGAC
Turtle 1 Rectum lon Xpress #21 TCGCAATTAC
Turtle 2 Caecum lon Xpress #23 TGCCACGAAC
Turtle 2 Large Intestine lon Xpress #25 CCTGAGATAC
Turtle 2 Caecum lon Xpress #27 AACCATCCGC
Positive Control (E. coli) lon Xpress #29 TCGACCACTC
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Table 4. Bacterial taxa identified from Greastaining, and differential and selective media (+ = presengbsent)

Gastrointestinal Location

Phylum Taxa Crop Stomach SmallIntestine Caecum Large Intestine

Escherichia coli + + + + +
Proteus mirabilis + + + + +

B o N
Pseudomonas sp. + + + + ae

N R N
Serratia marcescens + + + + -

N e N R N R
Vibrio sp. = + + + -

rmatesfsoompowcsaurss | = |+ | o+ | o« ] -
Staphylococcus sp. - + + + -
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Table 5. Characterization of bacterial taxa sequences identified to the species and relative abundance in percent.

Turtle 1 Turtle 2
Large Large
Bacterial taxa Caecum | Intestine | Rectum Caecum Intestine Rectum
Phylum: Actinobacteria
Family: Coriobacteriaceal
Eggerthella sinensi <0.01 ND ND ND ND 0.02
Total <0.01 ND ND ND ND 0.02
Phylum: Bacteroidetes
Family: Bacteroidacea|
Bacteroidessp. 1.72 3.45 2.12 2.76 3.0 3.35
Total 1.72 3.45 212 2.76 3.0 3.35
Phylum: Firmicutes
Family: Clostridiaceag
Anaerotruncusp. ND ND ND ND ND <0.01
Butyricicoccussp. ND 0.01 ND ND ND ND
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Table 5. (ContinuedTharacterization of bacterial taxa sequences identified to the species and relative abundance
percent

Clostridium butyricum ND 0.01 <0.01 0.03 0.03 ND
Clostridium celatum ND <0.01 0.1 0.08 0.08 ND
Clostridium chartatabidun ND <0.01 ND ND ND ND
Clostridium chromiireducen: ND 0.01 0.32 0.01 0.01 ND
Clostridium disporicum <0.01 0.04 0.26 0.67 0.57 <0.01
Clostridium glycolicum 0.01 <0.01 0.01 0.02 0.01 <0.01
Clostridium lituseburens ND ND 0.01 <0.01 <0.01 ND
Clostridium paraputrificum ND 0.01 <0.01 0.01 0.01 ND

Clostridium
saccharoperbutylacetonicul 0.06 0.91 <0.01 0.09 0.08 0.01
Clostridium sardiniense <0.01 0.01 ND ND ND ND
Clostridiumsp. 38.42 5.08 5.25 7.24 6.96 3.04
Faecalibad¢eriumsp. ND <0.01 <0.01 <0.01 <0.01 ND
Sarcinasp. ND 0.01 ND ND ND ND
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Table 5. (ContinuedTharacterization of bacterial taxa sequences identified to the species and relative abundance
percent

Family: Eubacteriacea

Anaerovoraxsp. 0.01 ND ND ND ND 0.01
Eubacterium ventriosur ND 0.01 0.01 0.01 0.01 ND
Eubacteriunsp. ND 0.02 <0.01 <0.01 0.01 ND

Family: Lachnospiracea

Anaerosporobactesp. 0.05 0.01 ND <0.01] <0.01 0.14
Cellulosilyticumsp. 0.02 0.01 <0.01 ND ND 0.02
Lachnoanaerobaculursp. ND ND ND ND ND <0.01
Oribacterium sinus 1.65 1.15 0.36 21 2.17 2.87
Oribacteriumsp. 0.08 0.03 0.01 0.1 0.11 0.15
Parasporobacteriunsp. ND 0.02 0.01 0.01 0.01 ND
Pseudobutyrivibricsp. ND 0.01 0.03 0.01 0.01 ND
Roseburia faecis 0.01 0.06 0.25 0.08 0.06 ND
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Table 5. (ContinuedTharacterization of bacterial taxa sequences identified to the species and relative abundance
percent

Roseburia intestinalig ND ND ND 0.01 <0.01 ND
Roseburiasp. 0.01 0.17 1.32 0.28 0.29 0.01
Shuttleworthiasp. ND 0.03 0.12 0.05 0.05 ND

Family: Oscillospiracea

Oscillibacter ruminantium 0.01 ND ND ND ND ND

Oscillibactersp. 0.1 ND ND ND ND ND

Family: Peptoniphilacea

Peptoniphilussp. ND ND ND ND ND <0.01

Family: Ruminococcacea

Ruminococcus gauvreau ND 0.01 0.01 0.01 0.01 ND

Ruminococcusp. 0.06 0.22 0.28 0.18 0.24 0.07

Family: Erysipelotrichacea

Turicibacter sanguinig <0.01 0.01 0.1 0.03 0.03 0.01
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Table 5. (ContinuedTharacterization of bacterial taxa sequences identified to the species and relative abundanc
percent

Turicibactersp. 0.01 0.03 0.35 0.08 0.13 0.04

Total 40.5 7.80 8.80 11.10 10.88 6.37

Phylum: Proteobacteria

Family: Hyphomicrobiacea

Gemmigersp. 0.12 0.12 1.48 0.46 0.55 0.62

Family: Oxalobacteracea

Herbaspirillumsp. <0.01 ND ND ND ND 0.01

Oxalobactersp. ND ND ND ND ND <0.01

Family: Desulfovibrionacea

Bilophila wadsworthia| 0.12 ND ND 0.02 0.02 0.47
Bilophila sp. 0.07 ND ND 0.02 0.03 0.31
Desulfovibriosp. 0.16 0.33 111 0.41 0.4 0.28
Total 0.47 0.45 2.59 0.91 1.00 1.69
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Table 6. Alpha diversity index of microbial family communities udimg ShannotwWe i ner

ShannonWi ener Diversity Index for
Caecum Large Intestine Rectum
Turtle 1 2.03 1.76 1.51
Turtle 2 1.55 1.63 2.14

Diversity

Table 7. Alpha diversity index of microbial family communities ugimg ShannotWeiner Equitability Index (E).

Equitability for Bacterial Families (E 1)

Caecum

Large Intestine

Rectum

Turtle 1

0.53

0.46

0.39

Turtle 2

0.40

0.43

0.56

Table 8. Beta diversity index of microbial family community comparison usingthe Jar d 6 s

T1=Turtle 1, T2 = Turtle 2.

T1 Caecum T1 Intestine | T1 Rectum | T2 Caecum | T2 Intestine | T2 Rectum
T1 Caecum 0.48 0.44 0.54 0.77 0.68
T1 Intestine 0.41 0.62 0.55 0.39
T1 Rectum 0.76 0.56 0.32
T2 Caecum 0.59 0.38
T2 Intestine 0.6
T2 Rectum
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Figure 1. GIS map of geographic locations where green turtles were found prior to euthanization.
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Proteus

Panteoa
agglomerans {

Shigella sp.

Control

Figure 2. EnteroPluri Test kit (Becton, Dickinson and Company, Cat. no. L0110&3Wjs identifying Gl

bacterial isolates. Color changes indicate taxa. A sterilized deionized water control was used for comparison.
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Figure 3. 16S rDNA operational taxonomic units (OTUSs) in the caecum of tumored turtle (Turtle 1) (lon Reporter
5.2, Life Technologies). Taxa are organized from phylum level on the innermost cisplecies on the outermost

circle
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Figure 4. 16S rDNA operational taxonomic units (OTUSs) in the large intestine of tumored turtle (Turtle 1) (lon

Repater v 5.2, Life Technologies). Taxa are organized from phylum level on the innermost circle to species on the

outermost circle.
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Figure 5. 16S rDNA operational taxonomic units (OTUSs) in the rectum of tumored turtle(Turtle 1) (lon Reporter v
5.2, Life Technologies. Taxa are organized from Phylum level on the innermost circle to species on the outermost

circle.
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Figure 6. 16S rDNA operational taxonomic units (OTUSs) in the caecum eftmored turtle (Turtle 2) (lon

Reporter v 5.2, Life Technologiefaxa are organized from phylum level on the innermost circle to species on the
outermost circle.
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Figure 7. 16S rDNA operational taxonomic units (OTUS) in the large intestine @tintored turtle (Turtle 2) (lon

Reporter v 5.2, Life Technologied)axa are organized from phylum level on the innermost circle to species on the
outermost circle.
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Figure 8. 16S rDNA operational taxonomic units (OTUSs) in the rectum ofuraored turtle (Turtle 2) (lon
Reporter v 5.2, Life Technologies. Taxa argastized from phylum level on the innermost circle to species on the

outermost circle.
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Figure 9. Relative abundance (%) of operational taxonomic units (OTUs) separated by families in the caecum, large

intestine, and rectum of both turtles.
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Chapter 3.
\Glyphosate herbicide effects on gastrointestinal microflora of Hawadin green

turtles (Chelonia mydad.innaeus)

Abstract

In the Hawaiian Islands, glyphosdiased herbicides are frequently sprayed to combat weeds
near shorelines, and may be affecting-temget marine species. Glyphosate inhibits the
shikimate pathway usdaly plants, bacteria, and fungi to biosynthesize essential aromatic amino
acids. Glyphosate is known to be toxic to beneficial gut bacteria in cattle and chickens, and can
cause lowered digestive efficiency. No studies have assessed the adverse effgotoséte on
digestive bacteria in the gastrointestinal (Gl) tract of marine herbivorous turtles. Four
microfloral isolates obtained from freshly euthanized green tuliesl¢énia myda&innaeus)

were exposed to fifteen different concentrations of ghgatee herbicide (2.2 x @0 3.6 g I
glyphosate) and a control of deionized (DI) water, using a modified f8dner disk diffusion
assay. A response to glyphosate herbicide was observed in all taxa tested. In three of the four
taxa, at 0.028 g [ glyphosate, zones of growth inhibition were significantly different than the
control.Proteussp. was the least sensitive bacterium to glyphosditpiots of mixed bacterial
communities from turtle Gl tracts, cultured in nutrient broth, were exposed ddfebent
concentrations of glyphosate (2.2 x“t0 3.6 g L' glyphosate) and a control of DI water

Transmittance at 600 nm wavelength was measured before and after 24 hours to estimate

bacterial density. Cul t dglLggyphesate showedsmaifeanttyr at i o
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different transmittances from the control. These two methods ardemetary techniques to
understand the effects of glyphosate on Gl tract microflora in green turtles. Reduced growth or
survival of Gl tract bacteria in green turtles exposed to glyphosate could have adverse effects on

turtle digestion and overall health.
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Introduction

Gastrointestinal (GI) microbes are critical to green turtse(onia myda&innaeus) for
the digestion of the complex carbohydrates in their diet of marine macroalgae and seagrasses
(Bjorndal 1979, Bjorndal 1980, Bjorndet al. 1991). Microbial populations in green turtle Gl
tracts are probably dependent on a number of factors, including turtle diet and habitat (Bjorndal
1985). A commonly used herbicide, glyphosate, has been shown to be toxic to bovine gut
microflora, andcauses less efficient digestion in cattle (Kruger et al. 2013, Samsel and Seneff
2013). In poultry, Shehata et al. (2013) reported that many beneficial gut bacteria, e.qg.
Enterococcuspp.,Bacillussp., and._actobacillussp., some of which occur in greaurtle
cloacal fluid (Aguirre et al. 1994, Santoro et al. 2006, Keene et al. 2014, Price et al. 2107), are

more susceptible to glyphosate than to pathogenic bacteri&agngonellaspp. andClostridium

SppP.

Glyphosate or Nphosphonomethyl) glycine iused in a wide range of applications
including weed control in croplands, vineyards, olive groves, fruit orchards, grass pastures,
forests, parks, gardens, urban sidewalks and streets, railroad tracks, and underwater in rivers and
lakes. In the United &tes, over 750 products with glyphosate as the active ingredient are
available (Newtown 2013). Glyphosate usage was predicted to rise to 1.35 million tonnes by
2017 (Global Industry Analyst 2011, Transparency Market Research 2013). Glyphosate inhibits
a key enzyme, Eenolpyruvylshikimate3-phosphate (EPSP) synthase, in the shikimate pathway

(or shikimic acid pathway), a metabolic pathway in plants, as well as fungi, and bacteria for the
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biosynthesis of aromatic amino acids (phenylalanine, tyrosine andghgot) that are essential

for protein synthesis (Franz et al. 1997). Glyphosate adheres strongly to particles, which

facilitate long distance transport and persistence in the environment, because binding may help
protect glyphosate from degradation (Sotonand Thompson 2003). Glyphosate can be broken

down by microbes into aminomethylphosphate (AMPA) and Balthazor and Hallas 1986,

Franz et al. 1997, Schuette 1998). Stormwaters from urban areas may be contaminated by
herbicides through the leachingiofpervious urban surfaces, and could transport glyphosate to
receiving waters (Botta et al. 2009, Zgheib et al. 2012). The coastal areas near Hilo, Hawaii,

receive a mean annual rainfall of 3303 mm, experience approximately 275 daysfear

precipitaton ( Gi ambel |l uca et al. 2013), anodoféare $ub
flask exper-imbatsortgeyphobsate in seawater wi
47 days (@) upsc310 days (30°@in the dark) (Mero et al. 2014), leading to

the conclusion that #dAlittle degradation would
which could potentially deliver dissolved and sedimera und gl yphosateod into
environment. Low levels of glyphosate weetected in Marenné®léron Bay along the

Atlantic coast of France, during an-lay period (maximum concentration = 1.2 [d)lof a

run-off event in the Spring 2004 (Burgeot et al. 2007). Skeff et al. (2015) detected glyphosate

and AMPA in water sampldsom ten estuaries in the Baltic Sea in 2012. These studies show

that measurable amounts of glyphosate and its primary metabolite can be transported to coastal
environments where marine species may be exposed to these contaminants. In the Hawaiian

Islands, the glyphosatbased herbicides are frequently sprayed to combat weeds near freshwater,
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marine, and anchialine shorelines, and may be affectingargat marine species, such as green
turtles, their food plants, and/or their Gl bacterial communit&sarling et al. (2006) found a

reduction in body weight of redlared slider turtles and lowered hatching success in eggs

exposed to glyphosate. No studies have assessed the effect of glyphosate on marine turtles, or on

their Gl bacterial communities.

The objective of this study was to quantify the sensitivity of microbes in the Gl tract of
green turtles to the glyphosdiased herbicide RoundUp®. The hypotheses were : 1) different
taxa of bacteria from green turtles will demonstrate different senggivtii glyphosate; 2) mixed
bacterial communities will be negatively affected by exposure to glyphosate; and 3) inhibition of

bacterial growth will be dependent on glyphosate concentration.

Methods

Eight green turtles that had required euthanization afteHaborative assessment by Dr.
Thierry Work, Wildlife Pathologist of the USGS, and the National Marine Fisheries Service of
NOAA, due to mortal injury or terminal illness, served as donors immediateNmmostm for
this project (Work 2014, Appendi¥.lin view of conservation policy, as set forth by the
Endangered Species Act (ESA), no attempts were made to obtaswiraeing, wild turtles.

All turtles sampled were euthanized due to disease or injury, and all had seaweed in the gut
without any indicdbn of rotting digesta samples {6l smell). Turtles were collected from

several locations in the main Hawaiian Islands (Fig. 1), and included males and females with
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straight carapace lengths of-49 cm (Table 1). Fresh samples were taken at five location

along the gastrointestinal tract (crop, stomach, small intestine, caecum, and large intestine) by
wiping a cotton sterile swab and a BD BBL Vacutailéanaerobic specimen collector (Becton,
Dickinson and Company) on the areas. Swabs were placed @nhagar medium for

transport, and rstreaked within 4 hours on nutrient agar, MacConkey agar (for the isolation of
Enterobacteriaceae), mannitol salt agar (for the isolati@tagfhylococcuspecies), thiosulfate
citrate-bile-saltssucrose (TCBS) agdior the isolation oWibrio species), and xylosgsine
deoxychloate (XLD) agar (for the isolation ®&lmonellaandShigellaspecies). Plates were
incubated at 30°C in a 140E incubator (Quincy Lab) both aerobically and anaerobically

within BD GasPaK™ EZ Incubation Container (Becton, Dickinson and Company) with BD
GasPaKM EZ Anaerobe Container System Sachets (Becton, Dickinson and Company) and
examined after 24 hours. Isolated colonies were identified by Gtaimng and the following
biochemical eactions: indole production (BD Cat. no. 261185), oxidase production (BD Cat. no.
261181), and VogeBroskauer A & B reagents (BD Cat. no. 261192 and 261193). Identification
of Gramnegative organisms was confirmed by Enteropluri Test Kit (Becton, Diakiasd
Company, Cat. no. L010570), a-§&ctor system containing special culture media that permits
identification of Enterobacteriaceae and other Gregative, oxidaseegative bacteria.

Cultures were incubated at 36°C and examined after 18 hours, acctwanhanufacturer

instructions.

Kirby-Bauer Experiment
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Microfloral sensitivity to glyphosatbased herbicide ((RoundUp®) was tested using
four bacterial isolates by exposing them to fifteen serial dilutions of concentrations comparable
to coastal envinements (0.00022 to 3.6 diglyphosate) and a control of deionized (DI) water.
The Kirby-Bauer disk diffusion assay method (Bauer et al. 1966) was used to determine the
effects of different concentrations of glypho
nutrient agam the petri dish, and glyphosatseaked filter paper disks of set concentrations were
firmly placed on the streaked surface of the petri dishes. A filter paper disc soaked in DI was
firmly placed in the center of each streaked petri dish. Samplesmeeitaied for 18 hours and

any zones of inhibition were measured (Fig. 2).

Bacteria Growth Experiment

Aliquots (1.0mL) of Gl tract mixed bacterial communities cultured in nutrient broth were
inoculated into 50mL centrifuge tubes containing 40 ml ofient broth with glyphosate
(0.00022 to 3.6 g'l}) representative of low, medium, and high concentrations of glyphosate
found in some coastal environments. A control was maintained with'Ogtyphosate. Initial
mixed bacterial community density was asssl using modified methods from Moneke et al.
(2010) to measure the transmittance of the samples at 600 nm wavelength using a Beckman DU

600 spectrophotometer with three replicates (the wavelength at which, there was the least amount
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of interference fronmutrient broth). After 24 hours, the mixed bacterial community and control
were reassessed by determining the optical density of the samples at 600 nm. Glyphosate
treatment effects on the survival and growth of the bacterial community at different
conceltrations were arcSine transformed to normalize data, and analyzed usivaya 1

ANOVAandposthoc Tukeyds test.

Results
Kirby-Bauer Experiment

In three of the four taxa, at a concentration of 0.028'glyphosate, zones of growth
inhibition were signicantly different than the control (Figs-63. Staphylococcus auretmsad the
greatest zone of inhibition (11.6 + 2. 09 mm) at the highest concentration (3'glgdhosate).
Proteussp. was the least sensitive at concentrations of glyphosate beldwgoL22and showed
growth inhibition only at concentrations greater than 0.225'gIh all taxa tested, zones of
growth inhibition were greater at higher concentrations of glyphosate compared to control.
However, as glyphosate concentration increas&ia g L™*there was a more pronounced

response to glyphosate herbicide (10.78 + 1.4 mmRyateussp.

Bacterial Growth Experiment

In the bacterial growth experiment, high transmittance in a sample indicates few bacteria
in the nutrient broth. Conceations of bacteria in 2.2 x 0g L glyphosate and greater
showed significantly higher transmittance than the control (0.6 glyphosate). At 0.1125 gt

glyphosate, there was a 71% increase in the transmittance compared to the control (Fig. 7).
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Discussion

Glyphosate had significant effects on the individual aerobic microbial species of the
green turtle microflora and the mixed microbial community tested in this study.-Babgr
disk diffusion assays and spectrophometric optical density assessraa be utilized as
complementary techniques to understand the effects of glyphosate on Gl tract microflora in
green turtles. Unlike the results of Shehata et al. (2013), in the current study, the opportunistic
pathogenStaphylococcus aureushowed te most pronounced response to glyphosate.
StachowskiHaberkornetalZ008) found t hat con'tgyphtsateat i ons
reduced species richness, lowered species diversity, and significantly changed species
composition of natural marine planktonic microbial communities. Similar effects of changes in
species compmsition and lowered species diversity could occur in the microbial communities in

the Gl tract of green turtles.

Kittle and McDermid (2016) found that five Hawaiian macroalgae and a seagrass species
(Ruppia maritimy exposed to low glyphosate concentrasi¢.225 to 3.6 g 1) showed cell
damage, reduced chlorophyll content, and lowered PSII efficiency that differed significantly
from the control (0 g 1 glyphosate). One of the speci®serocladiella capillaceaa common
intertidal red macroalga and aegdominant component of green turtle diets (Russell and Balazs
2009), showed significantly reduced photosynthetic efficiency, decreased chlorophyll content,
and lower survival after glyphosate exposure. When macroalgae and seagrasses are exposed to

glyphosae, their nutritional quality may be reduced for grazing green turtles. Glyphosate
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residue, although not quantified in seaweeds and seagrasses, has been shown to reduce nutrient

quality in terrestrial plants (Jolley et al. 2004, Gordon 2007, Cakmakz2§G4).

Using glyphosate in coastal environments could have detrimental impacts on green turtles
via changes in marine plant communities, and in Gl tract microflora. Green turtles and their Gl
tract bacteria could be exposed to glyphosate via ingestighlyiiosatecontaminated water
during foraging, or from consuming glyphosatgosed foods (Fig. 8). Inhibition of gut
microflora by glyphosate may have adverse effects on digestion efficiency and overall health. A
change or reduction of critical aerobicdaemaerobic bacteria in the green turtle could adversely
affect digestion of seaweeds and seagrasses. Thus, if green turtles are exposed to glyphosate via
their food or environment, their GI microflora may be adversely affected, and digestion
efficiency cailld be compromised. The consequences of-teng exposure to glyphosate, even

at low levels, to green turtle gut microflora are unknown.
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Figure 1. GIS map of geographic locations where green turtles were found prior to euthanization.
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Figure 2. Kiby-Bauer modified disk diffusion assay for glyphosate sensitivity of bacteria from green turtle Gl tract.

Center disk is a deionized water control.
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Figure 3. Mean diameter (mm) of zone of growth inhibitioRP&nteoasp. incubated with 15 different

concentrations of glyphosate (g)LOneway ANOVA was used to detect differences among concentrations plus a

Tukey posthoc test (Df= 15, F= 151.76, p<0.001). Error bars denote standard deviation. Shared letters denote no

significant differences.
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APPENDIX I. TURTLE NECROPSY REPORTS

DIAGNOSTIC CASE REPORT

L5, GEOLOGICAL SURVEY-BIOLOGICAL RESOURCES DIVISION
NATIONAL WILDLIFE HEALTH CENTER-HONOLULU FIELD STATION
PO, BOX 50167, 300 ALA MOANA BLVD., Rm. 8-132
HOMOLULL, HAW AT 968350
Tel: 308-792-9520, Fax- T92-9596, Email: theerry_work@usgs. gov

Case Humber: z5jag

Submitter Hame: Species submitted (n):
Mr. George Balazs Turtle: Gresn (1)
Hational Oceanic and Atmospheric

Administratien

1845 Wasp Blwd Bldg 176
Honolulu, Hawaii S96B1E
UOnited States

Locatian: Halejiwa Aliji Beach Park Datelollacted: 51152015
Area: Honalulu DateSubmitted: 51352015
Ztate: Hawaii DateReceivred: =/13/2015
Country: United States DateEsxamined: 55132015

SPECTMENS SUBMITTED: Carcass—Fresh

History: This tumored turtle was found basking at Haleiwa Alii Beach Park on 11 May
2015 and taken ta IRC. It was examined and the decision was made to
humanely suthanize due to & poor prognosis. The MTRFP ID date is 5/11/2015.

Findings: Accession l-green turtle subadult female in fair body condition.
Significant gross lesions included multiple tumoers on skin and histologic
evidence aof vascular fluke infection.

Final diagnosis: Accession l-Fibropapillomatosis.
Comments: Gross and micrescopie lesions poeinted to fibreopapillematesis as cause of

stranding.
Management: Centinued afferts ta develsp a bBlesd test far the tumer-asasciated
herpesyirus .
Report Date (m=/ddfyyyy): ESS5/52015 Hecropy report: Available upan regquest

Copies of this report sent to:
If you have guestions regarding this case, contact Thierry M.Work MS, DWM,

MPVM at B0B=-T792-9520. Include abowve Case HNumber. Diagnostic findings may
not be used for publication without the pathologist's knowledge and consent.

NOTE: Information in this report supersedes any information from previous reports regarding this case I
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DIAGNOSTIC CASE REPORT
L. & GEOLOGICAL SURVEY-BIOLOGICAL RESOURCES INVISION
NATIONAL WILDLIFE HEALTH CENTER-HONOLULL FIELD STATION
P, O, BOX 50167, 300 ALA MOAMA BLVD., Em. 8-132
HOMOLULL, HAWAIL 96850
Tel: B08-T92-9520 Fax: TY2-93%6, Email: lhl:rr_'.-'_“m'k@usgﬁ.guv

Case Number: 25147

Submitter Name: Species submitted (n):

Mr. George EBalazs Turtle: Green (1)
Hational Oceanic and Atmospheric

Administration

1845 Wasp Blwd Eldg 176

Honolulu, Hawaii 96B18

United States

Location: Waikane DateCollected: 5F12,/2015
Area: Honolulu DateSubmitted: 51372018
State: Hawaii DateReceived: 51372018
Country: United States DateExamined: 8/13/72018

SPECIMENZ SUBMITTED: Carcass=Fresh

Histary: This turtle was found stranded near Waikane (Eaneohe Bay) on 12 May 2015
and taken to IRC. The turtle was examined and the decision was made to
humanely euthanize. The MTRF ID date is 5/12/2015.

Findings: Rccession l=green turtle subadult female in poor body conditiom.
Significant graoss lesicons included multiple tumors on the skin and eyes.
Internally, tumors were also in the heart and kidney and diagnosed as
fibromas. There was also evidence of wvascular fluke infection.

Final diagnesis: Accession l=Fibropapilleomatoasias.

Comments: Gross and microscapic lesions pointed to fibropapillomatosis as cause of
stranding .

Hanagement: Continued attempts to dewvelop a blood test for the FFP assocciated
herpesvirus.

Report Date (mm/dd/yyyy): /572015 Heocropy repart: Available upon reguest

Copies of this report sant to:

If you have guestions regarding this case, contact Thierry M.Work ME, DWVM,
MEVM at B08-79%2-9520. Include above Case Number. Diagnostic findings may
not be used for publication without the pathologist's knowledge and consent.

NOTE: Information in this report supersedes any information from previous reports regarding this case




DIAGNOSTIC CASE REPORT

L. & GEOLOGICAL SURVEY-BIOLOGICAL RESOURCES DIVISIOMN
NATIONAL WILDLIFE HEALTH CENTER-HOMOLULL FIELD STATION
P. (0. BOX 50167, 300 ALA MOANA BLVD,, Em. 8-132
HOMOLULL, HAWAIL 96850
Tel: BOS-T492 9320, Fax: TY2-93%6, Emal: lhlcrr_'.-'_“wk@usgs.gnv

Case Number: 25754

Submitter Name: Species submitted (n):
Dr. Todd Jones Turtle: Green (1)
Kational Oceanic and Atmospheric

Administration

1845 wWasp Blwd Bldg 176
Honolulu, Hawaii 96B18
Dnited States

Location: Laniakea DateCollected: 11/2/2015
Area: Honolulu DateSubmitted: 11/3/2015
State: Hawaii DateReceived: 11/3/2015
Country: United States DateExamined: 114372018

SPECIMENZ SUBMITTED: Carcasg=Fresh

History: Thia turtle was brought te shore by a snorkeler at Laniakea on 2 Hevember
2015. It was unable to swim doe to fishing line wrapped around beoth front
flippers and the neck. The fishing line was removed and the turtle was
picked up and takem to the VCA for x=rays and examination. The decision
was made to humanely euthanize due to injuries to both front flippers and a
poor prognosis . The MTEP ID date iz 11l=2=15C.

Findings: Accession l=green turtle immature female in fair body condition.
Significant gross lesions included numerous leech eggs on plastrom and
necrosis of tisawnes of left front flipper secondary to fishing line
entanglemant .

Final diagneosis: Accession l-Entanglement.

Comments: Groas lesions pointed to flipper necrosis secondary to atrangulation from
figshing line entanglement as cause of stranding.

HManagement: Education of fishers about hazards of discarding fishing line.

Feport Date (mm/dd/yyyy): 11/30/2015 Heoropy report: Available upon reguest
Copies of this report sent bo:
Mr. George EBalazs (MORA) i;i__'_d_f_

If you hawe guestions regarding this case, contact Thierry M.Work M5, DVM,
MPVM at BOB-752-5520. Include abowve Case Humber. Diagnostic findings may
not be used for publication without the pathologist's knowledge and consent.

NOTE: Information in this repori supersedes any information from previous reporis regarding this case
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DIAGNOSTIC CASE REPORT
U. 5. GEOLOGICAL SURVEY-BIOLOGICAL RESOURCES DIVISION
NATIONAL WILDLIFE HEALTH CENTER-HONOLULU FIELD STATION
P. 0. BOX 50167, 300 ALA MOANA BLVD., Rm, 8-132
HONOLULU, HAWAII 96850
Tel: 808-792-9520, Fax: 792-9596, Email: thierry_work@usgs.gov

Case Number: 25245

Submitter Name: Species submitted (n):
Dr. Todd Jones Turtle: Green (1)
National Oceanic and Atmospheric

Administration

1845 Wasp Blvd Bldg 176
Honolulu, Hawaii 96818
United States

Location: Waialae Beach Park DateCollected: 09/28/2015
Area: Honolulu DateSubmitted: 9/28/2015
State: Hawaii DateReceived: 9/29/2015
Country: United States DateExamined: 9/29/2015

SPECIMENS SUBMITTED: Carcass-Fresh

History: This turtle was found stranded at Waialae Beach Park, Oahu on 28 September
2015. It was picked up at taken to IRC and the decision was made to
humanely euthanize due to a poor prognosis. The MTRP ID date is 9-28-15.

Findings: Accession l-green turtle immature female in poor body condition.
Significant gross lesions included external tumors on the neck, flippers,
and eyes along with tumors in the heart, spleen, intestines, and lungs.
On histology, internal tumors were classified as fibrosarcomas.

Final diagnosis: Accession 1-Fibropapillomatosis.

Comments: Gross and microscopic lesions pointed to fibropapillomatosis associated
with vascular flukes as cause of stranding.

Management: Continued efforts to develop a blood test for the herpesvirus assocciated
with tumors in order to trace activity of the virus in the environment.

Report Date (mm/dd/yyyy): 11/30/2015 Necropy report: Enclosed
Copies of this report sent to:

Mr. George Balazs (NOAA) ?____'

If you have questions regarding this case, contact Thierry M.Work MS, DVM,
MPVM at 808-792-9520. Include above Case Number. Diagnostic findings may
not be used for publication without the pathologist's knowledge and consent.

[ NOTE: Information in this report supersedes any information from previous reports regarding this case I




NATIONAL WILDLIFE HEALTH CENTER
NECROPSY REPORT

Submitter Mame:
Dr. Todd Jones Case: 25245
National Oceanic and Atmospheric Accession: 1
Administration Date Collected: 09/28/2015
1845 wWasp Blvd Bldg 176 Date Examined: 9/29/2015
Honolulu, Hawaii 96818 Prosector: T. M. Work
United States Pathologist: T. M. Work

Signalment-Morphometrics-History

CONDITION: (Poor) POSTMORTEM: (Excellent) EUTHANASIA: (Lethal injection)
TAG TYPE: (Reference Number) TAG NO.:(9-28-15)
SPECIES: (Turtle: Green) AGE: (Immature) SEX: (Female)

MORPHOMETRICS: Weight carcass (12.7 kg), Straight carapace length (49.6 cm).

COLLECTION-SITE: (Waialae Beach Park) AREA: (Honolulu) STATE: (Hawaii) COUNTRY: (United
States)
HISTORY: This turtle was found stranded at Waialae Beach Park, Oahu on 28 September

2015. It was picked up at taken to IRC and the decision was made to humanely
euthanize due to a poor prognosis. The MTRP ID date is 9-28-15.

External/Internal

EXTERNAL: There are 6 external tumors: 2 on the neck and 1 on each front flipper and
each eye.

INTERNAL: There is a 1 cm tumor on the right atrium. The right lung contains a 0.5

cm tumor. There are two 0.5 cm tumors in the spleen. The intestine contains a 3 em
tumor.

PRELIMINARY DIAGNOSIS: Fibropapilloma.

Samples
SECIMENS RECEIVED: Carcass-Fresh.
HISTO: Heart [Alcian blue, Periodic acid schiffs] (A); Intestine small [Alcian blue,
Periodic acid schiffs] (B); Spleen [Alcian blue, Periodic acid schiffs] (C); Lung
[Alcian blue, Periodic acid schiffs] (D); Lung, Liver (E); Intestine small (F);
Kidney (G).

Laboratory Results
HEMATOLOGY: Hematocrit-22%, TotalSolids-3.2 g/dl (9/2%/2015),

HISTOPATHOLOGY

Liver: Occasional trematode eggs surrounded by giant cells and macrophages are
Present.

Lung: Mass consists of a lobulated collagenous matrix containing sparse to mumerous
pleomorphic fibreblasts arranged haphazardly in whorls and sheets that
interdigitates with adjacent pulmonary smcoth muscle. Pleomorphic cavities lined by
ciliated columnar epithelium are present. WIthin smooth muscle, occasional
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trematode eggs surrounded by giant cells and macrophages are present.

Intestine small: Mass consists of a collagenous matrix containing mumerous
pleomorphic fibroblasts arranged haphazardly in whorls and sheets with scattered
mitotic figures and interdigitating with adjacent myocardium. Mass stains negative
with aleian blue-PAS.

Heart: Mass consists of a collagenous matrix containing mumerous pleomorphic
fibroblasts arranged haphazardly in whorls and sheets with scattered mitotic figures
and interdigitating with adjacent myocardium. Mass stains negative with alcian blue-
PAS.

Spleen: Mass consists of a collagenous matrix containing mumerous pleomorphic
fibroblasts arranged haphazardly in whorls and sheets with scattered mitotic figures
and interdigitating with adjacent myocardium. Mass stains negative with alcian blue-
PAS.

All other Organs: No remarkable lesions are seen.

COMMENTS:Gross and microscopic lesions pointed to fibropapillomatosis associated
with vascular flukes as cause of stranding.

Final Diagnosis (in order of importance)

Diagnosis Topog Morpho Etiol Funct Dis Link
1. Fibropapillematosis (T01000 ) (M76810 ) N ) ) (AW)
2. Vascular flukes (T40000 ) ( ) (E46500 ) ( | N o)

Diagnostic findings may not be published without the knowledge and consent of the
pathologist. Milt Code: (Infectious disease)
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DIAGNOSTIC CASE REPORT

U. 8. GEOLOGICAL SURVEY-BIOLOGICAL RESOURCES DIVISION
NATIONAL WILDLIFE HEALTH CENTER-HONOLULU FIELD STATION
P. 0. BOX 50167, 300 ALA MOANA BLVD.,, R, 8-132
HONOLULU, HAWAII 96850
Tel: 808-792-9520, Fax: 792-9596, Email: thierry_work @usgs.gov

Case Number: 35244

Submitter Name: Species submitted (n):
Dr. Teodd Jones Turtle: Green (1)
National Oceanic and Atmospheric

Administration

1845 Wasp Blvd Bldg 176
Honolulu, Hawaii 96818
United States

Location: Laie DateCollected: 09/28/2015
Area: Honolulu DateSubmitted: 9/28/2015
State: Hawaii DateReceived: 9/29/2015
Country: United States DateExamined: 9/28/2015

SPECIMENS SUBMITTED: Carcass-Fresh

History: This turtle was found stranded at Malaekahana State Rec Area near Laie on
23 Sept 2015 and again on 29 Sept 2015. Tt was picked up and taken to IRC
and the decision was made to humanely euthanize. The MTRP ID date is 9=-29~
15.

Findings:

Final diagnosis: Accession l=Fibropapillematosis.
Comments: Gross pathology pointed to fibropapillomatosis as cause of stranding.

Management: Continued efforts to develop a blood test for the herpesvirus associated
with tumors in order to trace activity of the virus in the environment.

Report Date (mm/dd/yyyy): 11/30/2015 Necropy report: Enclosed
Copies of this report sent to:

Mr. George Balazs (NOARA) 7

If you have questions regarding this case, contact Thierry M.Work MS, DVM,
MPVM at 808-792-9520. 1Include above Case Number. Diagnostic findings may
not be used for publication without the pathologist's knowledge and consent.

| NOTE: Information in this report supersedes any information from previous reports regarding this case I




NATIONAL WILDLIFE HEALTH CENTER
NECROPSY REPORT

Submitter Name:
Dr. Todd Jones Case: 25246
National Oceanic and Atmospheric Accession: 1
Administration Date Collected: 09/29/2015
1845 Wasp Blvd Bldg 176 Date Examined: 9/29/2015
Honolulu, Hawaii 96818 Prosector: T. M. Work
United States Pathologist: T. M. Work

Signalment-Morphometrics=History

CONDITION: (Poor) POSTMORTEM: (Excellent) EUTHANASIA: (Lethal injection)
TAG TYPE: (Reference Number) TAG NO.:(9-29-15)
SPECIES: (Turtle: Green) AGE: (Immature) SEX: (Female)

MORPHOMETRICS: Weight carcass (33.9 kg, Straight carapace length (64.7 cm).

COLLECTION-SITE: (Laie) AREA: (Honolulu) STATE: (Hawaii) COUNTRY: (United States)

HISTORY: This turtle was found stranded at Malaekahana State Rec Area near Laie on
23 Sept 2015 and again on 29 Sept 2015. It was picked up and taken to IRC and the
decision was made to humanely euthanize. The MTRP ID date is 9-29-15.

External/Internal

EXTERNAL: There are 14 external tumors: 3 on each hind flipper, 2 each on the left
front flipper and each eye, and 1 each on the right front flipper and cloaca.

INTERNAL: There is exostosis of the left front flipper possibly caused by old
fishing line interaction. The gut is full. There is serous atrophy of body fat.

PRELIMINARY DIAGNOSIS: Fibropapilloma.

Samples
SECIMENS RECEIVED: Carcass-Fresh.

Laboratory Results
HEMATOLOGY: Hematocrit-17%, TotalSolids-2.6 g/dl (9/29/2015).

COMMENTS:Gross patholegy pointed to fibropapillomatosis as cause of stranding.

Final Diagnosis (in order of importance)

Diagnosis Topog Morpho  Etiel Funct Dis Link
1. Fibropapillomatosis (TO1000 ) (M76810 ) ) A ) |
Diagnostic findings may not be published without the knowledge and consent of the
pathologist. Milt Code: (Infectious disease)
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NOAA PIFSC SEA TURTLE STRANDING PROGRAM- TURTLE ADMISSION NOTES
Turtle ID- 11.02.15

Date-11/02/15

Gregg Levine DVM

SCL-

SCw-
CCW-49.0cm
CCL-54.5cm

Weight - 18.54 KG 40.8 Lbs

Body Condiion- fair

Stranding History
Snorklers at Laniakea (N shore) brought turtle into shore because e of

fishing line entanglement

Fishing line removed from LFF, RFF, and neck

LFF skin and muscle sloughing off the bone at the level of mid humerus.
Subjective information-

Quiet turtle with limitied response upon palpation.

Seems to be able to slowly more R FF, but have not observed turtie
moving on land yet.

Physical Exam

Eyes - normal

Oral cavity - normal -
Respiratory- normal breathing
Integument/Musculoskeletal-

Full circumferential entanglement injury on mid humerus L side. At the level of the
mid humerus, skin, muscle and connective tissue are sloughing off of the fore
flipper. Large region of exposed bone circumferentially at the mid humerus.

R front flipper appears to have voluntary movement, but range of motion appears
greatly decreased and painful.
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Radiographs:
R front flpper normal radiogrpahically.
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