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ABSTRACT

THE PROCESSES FOR DETERMINING THE RISK FACTORS INVOLVED WITH THE
MORSBIDITY AND MORTALITY OF THE SOUTHERN STINGRAY DASYATIS

AMERICANAAT AN AQUARIUM

During the first few years of opening a new touch pool exhibit, approxintely
southern stingrays died at the Downtown Aquarium in DenMamy of these stingrays
presented with similar necropsy findings: a small, dark (described as d&rkyrolan, black, or
blue) liver indicative of lipid and glycogen storage depletion and many of the feweries
de<ribed as having oophoritisAt the time, only limited information was available regarding
anatomy, clinical diagnostics (hematologic and plasma biochemical prafdeshaging), and
histology for southern stingrays. As this project progressed and the need forottmsatidn
became apparent, much of it was compiled and organized into a website or desktopaapplicat
(Appendix 4) in order to provide baseline knowledge.

The first part of this project involved reviewing the gross necropsy reports,
histopathology reports, and histology slides. The gross necropsy reports were aiviieg
stingrays with known and unknown causes of death. Known causes of death inclueted wat
quality mishaps andccidental deaths fromadvertently jumping out of the exhibit.
Precautionary measures were put in place to avoid further deaths from thosggpartic
situations. Preliminary evaluation of the necropsy reports suggestelelmtls of a stingray
having a small liver is almost 40 times as high when the cause of death is unknown ddampare

a known cause of death and the odds otimdp at the aquarium less than threenths is 57



times as high when the cause of death is unknown compared to k&tnatifying by liver size
revealed it as a confounder therebgking it the basis for the subsequent stublye goal of
evaluating the stingray liver, as it relates to morbidity and mortality in this situatasto
understand conditions of lipid depletion, better manage those conditions, and develop a health
monitoring system to avoid severe conditions. In reviewing the reports amslrelgdading
oophoritis, it was discovered that thethiogic diagnosis was likely misidentified the
majority of cases due to the close associatithe epigonal organ, which is a hematopoietic
organ, with the ovaries. The gross diagnoses of oophoritis stemmed froitiahn
histopathology repodnd what was viewed as hemorrhagic ovarieslikaly normal,
reproductively mature, active folliculogenesis. In only a few cases the Swarnenecrotic
making a diagnosis of oophoritis appropriate.

Thenext step of this project was to determine the risk factors involvecheféticlipid
depldion. Uniquely identified (by PIT tag) living stingrays in the collection as well &s ne
arrivals were routinely examined. Examinations included physical, ultrasauhd|cod
parameteassessmentsA quantitative diagnostic approawtas validated andsed to establish
a liver-to-coelom ratio (or liver size percentadp) ultrasonographio assess liver size.
Arbitrarily, a liverto-coelom ratio of 70%small liver)was selected to assess thidowing risk
factors:wingspan, new arrivals, season, folliculogenesis, and pregnéanggneralized linear
mixed model % r=72.031df = 1,p<<0.001)was used to analyze the risk factors for the
outcome, small liver (yes or no). The predictors (with odds ratio [confidence injemdlse
final model inclded pregnancy (yes) (30.978 [6.803, 141.066]), time in captivBynjonths)

(2.534 [0.945,6.790]), and wingspan (> 60 cm) (0.530 [0.206, 1.365]). Although time in



captivity and wingspan were not statistically significant, they improvedttbéthe nodel.
Pregnancy had the greatest effect at predicting small livers.

One time during the study period, new southern stingrays were wild caught and added to
the touch pool exhibit. This provided an opportunity to compare the liver size, hematological
values, and plasma biochemical values of current acclimated rays to the nais.aiiew
arrivals or stingrays in captivity for less than three months showed a sthyistigaificant
difference(p < 0.05)comparedo acclimated rays in liver size, in some hematologic values
(plasma protein and PCV), and in some plasma kiootal values (bicarbonate, urea, calcium,
cholesterol, chloride, globulin, and potassiui8)gnificant differences in liveto-coelom ratios
existed between the two stingray groups when compared at introduction (medigandéfe
30.9%,p=0.007) and after eight months (median difference = 2005%008); and within the
acclimated group (median difference= 20.4840.018) and wild-caught group (median
difference 31%p=0.008) when comparing livers at introduction and after eight months. The
hematologial and plasma biochemical values showed no differencaseadtht months of
cohabitation suggesting that the parameters were affected by environmertitand
changes.

Routinely examining the stingrays and collecting consistent clinical informaédped
to establish a system for monitoring their healthe protocol promoted stability for the
stingay collection and allowed for captive breeding to take place. Captive breediad ser
populate the collection without the need for wild capture, whias coseffective and reduced
the risk of outside disease. In order to maximize space at the aquariumtiargettdy was
conducted to predict parturition date ranges. Eight pregnant stingrays weteratbduring

three gestation sessions for tyears. The fetal body depth measurements were taken using



ultrasound. The first two gestation sessions were used to develop a linearoegneske! to
predict a parturition date range and the third gestation session was assdgs the accuracy of
the model. The regression model was Days Before Parturition = 139.Z89*Fetal Body
Depth. This model was tested on three stingrays and predicted the parturitiofodate of
them within 22 weeks and the third one within one month. There are faatyrs that can
affect gestation length but clinically this model was helpful in determining pismudate

ranges at this aquarium.

Two other findings observed while reviewing histology slides was hepatic
melanomacrophages and epigonal organ edema and hemorrhage. Because melamg®ascroph
have been indicated as biomarkers for chronic stress in some fish, counts werertakgn pe
power field and aalyzedamong stingrays for liver size and the presence of both follicles and
epigonal organ edema. There wsignificant differences in counts between stingrays with
small and large livers and between stingrays with absent to mild and selgerséprgn
edema.lt wasunknown as to whether or not this was an independent pathologic finditg for t
epigonal organ or if there wasreproductive component. After completion of this project, one
study stingray that had been moved to a larger exhibit, thed & water quality mishap.
Presumptively, she was in a state of follicular stasis or was not able to repr&@he had
many opportunities to mate with males but was never pregnant. Ultrasonoghapshea
constantly had large follicles and a larfieid-filled, trophonemata-lined uterus. Other than the
reproductive findings, she was clinically healthy and had no other issues. Upon gropsyie
her ovary was filled with multiple, variabzed follicles. Histologically, the liver was
adequatsl filled with lipid, the ovary was normal, and the only abnormality was a hemdaerhag

epigonal organ. Another southern stingray, not in the study, also died from the same wate



guality mishap. She also had similar gross necropsy and histological findthghe addition
of mild epigonal organ edema. Both of the stingrays had low melanomacrophage counts, which
coincides with these cells being biomarkers for chronic stress. Although tbdueiive
anatomy was not structurally abnormal, the condition presented here appears bbRorthar
study is needed to evaluate the specific ovarian cycle of the southernystihgra
communication(vascular, immunologic, or hormonal) between the gonad and epigonal organ
and the possible clinical, histological, and hormonal differences betweenludenesis and
follicular stasis.

This project provided this aquarium with a protocol to assess the health of southern
stingrays, which has also been used for other elasmobranchs at this faaligbo@tion with

other aquariums to further investigate the reproduction condition is also underway.
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CHAPTER 1: Introduction and Literature Review

1.1Background: The Rolesof Zoos and Aquariums
Aquaria and zoos uphold many different roles including exhibition of live animals,

sharing research, zoological education, advocating for animal welfare, andvatinoge
(Packer and Ballantyne 2010)Vith more attention towardbe declining global environment,
the idea and practice of conservation is as important as ever. As human populatioesncreas
the depletion of natural resources also increases. These natural resoludes it are not
limited to rainforests, woodlas, farmlands, frehwater lakes and oceans (OIrZ905). In an
effort to reverse these trends, it is important to educate the public. Public zoos andrexjua
accredited by the Association of Zoos and Aquariums (AZA) host 143 million visitcins ea
year(Vehrs et al. 2006) and zoos and aquariums in general host ovenilli®0 visitors each
year (WAZA) providing this to be an excellent educational source. The World Zoo and
Aquarium Conservation Strategpvespearheaded this approach of integrationgitiese
public facilities. A quote from the strategy regarding zoos andragqus (WZACS
Introduction, p. 9, Olney 2005

Only zoos, aquariums and botanic gardens can operate across the

whole spectrum of conservation activities, from ex situ breeding of

threatened species, research, public education, training and

influencing and advocacy, through to in situ support of species,

populations and their habitats; they uniquely have a massive

‘captive audience’ of visitors whose knowledge, understanding,

attitude, behaviour and involvement can all be positively

influenced and harnessed.

With this idea in mind, it is important for public aquaria to uphold the responsibility of public

awareness and education as their part in conservaltoere are largecale,nternational



studies being conducted to evaluate the perception of public awareness asheell as
effectiveness o situ conservation efforts (Packer and Ballantyne 2010; Gusset and Dick
2010; Gusset and Dick 2011).

There are thousands of species @spnted at public aquaria and not only does this
contribute to the public’s education but also to the aquarium staff and researcheatibedut
is also the responsibility of these facilities to learn as much as they can fiogotleetions in
order to provide the best care possible to these animals in captivity and possiibutotd
biological data to understand their wild counterparts.

Popular exhibits, seeing animals in their ‘natural environment’, and interadatimg
animalsappear tanake an impression on the pubdad prompt reflecting on their experience
and what they have learned (Packer and Ballantyne 2010). One of the most popular &xhibit
the Downtown Aquarium at Denvas well as many other aquariumghe stingray feeding
touch pool. This is an intactive exhibit where visitors #ie aquarium are given the
opportunity to feed and touch the stingrays. Southern stingdagyatis americanand
Cownose stingrayfihinoptera bonasushabit the exhibit. Other locatiomathin the
aquarium where larger southern stingrays are displayed include a larige wkhithe tunnel.
The tunnel allows guests to walk through the tank and see the animals from othectpas
(from below). The stingrays are especially intriguing to visitors begdugsng benthic in nature,
they tend to settle on the top of the tunnel allowing visitors to stand underneath them. Haue to t
attraction thesexhibits have on the public, they play a vital role in the aquarium’s conservation

andawaeness mission.



1.2 Southern stingrays in captivity

Southern stingray®asyatis americanaare classified as Data Deficient globally by the
International Union for Conservation of Nature (IUCN). The IUCN tracks specikgrability
by their Red Lisbf Threatened SpeciB& Known species of plants, fungi, and animals with
Adequate Data are classified in accordance with IUCN on their risk of extirficiironowest
(Least Concern) to highest risk (Extinct in the wild). In the United Stadatexn ingrays are
classified as Least Concern whereas in other South American countriegalke tBey are
classified as Vulnerable due to increased fishing (Grubbs et al. 200é)Data Deficient status
globally indicates that there is not sufficientarrhation regarding distribution and population
worldwide in order to assess the risk of extinction. Clinical, biological, ecalogicd
population studies can contribute to the information regarding this species to h#ee a be
understanding of its stas and conservation. Although elasmobranchs in captivity should serve
to help educate the public, they are also a resource for research to furtheanddbesbiology
and contribute to information to conserve wild populations.

Thesouthern stingrais a commonly exhibited elasmobranch in public aquaria. There
areover 120facilities that exhibit esmobranchs worldwide (AES 2008 census). Ftmtge of
these facilities have Southern stingrays on display making them the second nessnteor
stingray species tcownose stingrayfhinoptera bonasuAES 2008census).As mentioned,
stingrays are housed in a variety of exhibits including touch pebish allows actual visitor
interaction (touching and feeding). Other exhibits that allow visttoigue perspectives of the
animalsinclude tunnels, bubbles, side inserts, and open flddiere are some studies
conducted at zoaand aquariums attempting to assess the impact of the institution such as the

Association of Zoos and Aquariums-sponsored project (Dierking et al. 2002) and trexéylont



Bay Aquarium’s conservation mission (Yalowitz 2004) but there are also repaltesging the
validity of similar studies (Marino et al. 2010).

There are very few publications focused on southern stingrays. Most of threliesea
focus has been on other elasmobramehedasmobranch group$-or this review, there will be
emphasis placed dhe elasmobranch liver, reproductive system and other publications specific
to Southern stingrays related to the objectives of this study. There have beealatbér r
studies conducted on other species of stingray, which have been referred to aledtheciu
following broad categories: anatomy, imaging, hematology and plasma bicaheaférences,

reproduction, and histology.

1.3 Anatomy and Imaging Review
1.3.1 Gross Anatomy Review

Elasmobranchs are cartilaginous vertebrates within the Clamsdrichthyes and include
sharks, rays, and skates. Their endoskeleton is made of cartilage and the bodkelétbe is
separated into segments: axial (skull), vertebral (spine), and appendiasp(Gbmpagno
1999). The appendicular skeletonates the levels of the pectoral and pelvic girdles, which
support the fins (or wings and fins in the stingray’s caSailar to teleosts, they are gill
breathing with no lungs and depending on the species have four to seven gill openings or slits
Unlike teleosts, their endoskeleton is composed of calcified cartilage angbtitain no swim
bladder or adipose tissue (Compagno 1999). Buoyancy, if needed, is assisted bygiirstora
the liver.

A normal liver in marine elasmobranchs usually appedos @ large, lipiefilled, organ

that occupies the majority of tventral coelomic cavity, whose cranial and caudal margins are



outlined by the pectoral and pelvic cartilaginous girdles, respectiielyome cases the
composition of the normal liver mapproat 80 percent of lipids (Holmgren ahdlsson

1999). These fatty livers are important to these animals as they depend oartkaerdy and
buoyancy Holmgren and Nilsson 1999). It has also been documented that in some shark
species, ketone bodiase a main fuel source and are present regardless of when they ate their
lag meal (Watson and Dickson 2001). This may imply that when food is scarce, these animals
will rely on their lipid stores over their glycogen stores (Carrier, 2004)h Wis irformation, it

can be speculated that the decreased liver size may be due to starvation or increasgg in en
demand.

Carrier (2004) describes two endocrine pathways that may also credde Isults.

The secretion of catecholamines from the chromaBsue stimulates the mobilization of lipid
stores for energy and thereby will decrease the size of the liver. The sationdypworks as
an inhibitory process but may produce a similar outcome. Stress induces thalampot
pituitary-interrenal (HPIjgxis to secrete 1a-hydroxycorticosterone (1a-OHB), whichinhibits
lipid storage thereby disallowing the liver to be large.

Surrounded by the liver, in the cranial right ventral quadrant of the coelomic cavhyg, i
gall bladder. Although it appeatsat the gall bladder in elasmobranchs functions similarly to
that of mammals ithe ray,Raja erinaceaand dogfishSqualus acanthiaghe activity of its
function varies (Holmgren and Nilsson 1999). For example, the process of bile production is
similar to that of mammals but the rate at which it is produced is much lower, approxib@4tel
times that of a rodent (Boyer et al. 1976). In contrast to mammals, bile acidddohol a

sulfate esters agpposed to taurine salts (Holmgren and Nilsson 1999).



Dorsal to the liver, within the coelomic cavity, are where the majority of the other
internal organs are located. The direct digestive system includes a crpisiénign mouth,
esophagus, stomach (cardiac and pyloric), spiral intestine, rectum, and clomsafraks the
liver and gall bladder, another indirect digestive organ is the pancreas.

The heart is located in its own cavity just cranial to the coelomic cavity andalecto
cartilaginous girte (which separates it from the coelomic cayand just caudand mediato
the qill arches (Tota 1999).

Reproductive anatomy is reviewed in section 1.5dmd&le soutérn stingrays (as well as
other elasmobrancltdassified as myliobatiformegpssess a unique anatomical characteristic in
that one of their lymphomyeloid tissues or orgaatled the epigonal orgais adjacent to or
encompasses the ovaryhe epigonal orgamsimilar to bone marrow in mammaisth its
production of leukocytess a dynamic organ but the variation in size as well as its association
with the ovary is unclear but likely due to endocrine factors (Lutton et al. 28@8ause of its
close proximity to the ovary, it is thought that the immune effects of the epiggaal oray
directly affect reproduction by altering ovarian processes (Lutton et &; 2Q@tlon and Callard

2008).

1.3.2 Lipid Metabolism in Elasmobranchs

A summary of lipid metabolism is shown in Figure 1Algastrointestinal
microanatomical difference between elasmobranchs and mammals include the presence of
oxynticopeptic cells in elasmobranchs compared with separate parietai¢paya chief
(peptic) cells in mammaldRebolledo and Vial 1979)Similar secretions are noted despite the

combined efforts of the cells, with the addition of chitinases secreted in elasmlatr



Elasmobranchs generally have a slgadtrointestinalract (GIT). The stomachs are similar to
one another but the intestines are quite different. The largest portionimtetstenal tract is very
short and referred to as a spiral intestine or spiral valve. The spiralnatsstiomprised of
several leaflets (the formation varies amongst species) to increase soefader absorption.
There are no proper glands linitige intestinal wall, instead the secreting cells are located in the
folds and crypts. Despite the limited information regarding fat absorption, gumasl to be
similar to that of mammals as the colipases secreted by the pancreas are hartologou
mammalian colipasg®allantyne 1997).

General differences regarding energy and metabolism among elasmobranchs when
compared to mammals includes the lack of adipose tissue, the majority of fatdsrstiwesr
liver (normal process), they have little to no albumin and therefore little to ndatincufatty
acids, fatty acid oxidation (beta-oxidation) does not occur in extrahepatie,tessd their
primary fuel source is ketone bodies evident by high concentrations in circulatioti@sgaf
when theilast meal occurreWVatson and Dickson 2001). The activity of ketone body
formation in the liver is high and evident by increased activity in C{@Tthe carnitine
transport system), 3-hydroxyacyl CoA dehydrogenase (in beta-oxidation), ¢hjimldmeta-
oxidation), HMG CoA synthase (in ketogenesis), and 3-hydroxybutyrate dehgdsagén
ketogenesis in the liver) as shown in Table 1.1 (Zammit and Newsholme 1979; Tredderg et
2006). Ketone oxidation is high in extrahepatic tissues shown by incileasédof 3
hydroxybutyratedehydrogenasand oxoacid CoA transferase. Unlike mammals, elasmobranchs
are in a chronic state of ketosis. Due to their high demand for ketones and givba livar is

the only organ that performs ketogenesis at high levels, the liver is normally cohopdesege



amounts of lipid (up to 80%) and therefore hepatic lipidosis is not a pathologic condition in

elasmobranchs.

Table 1.1 Summary of enzyme activity, fatty acids, and ketones in elasmobranchs edmj
to mammalgBallantyne 1997; Watson and Dickson 2001; Zammit 1979; Treberg et al. -

Enzyme Elasmobranchs Mammals
CPT1 ™ Liver, not detected in heart ¢ T Liver between meals, detectec
red muscle in other organs
HOAD ™ Liver, very low in other T All organs between meals

organs, none in heart, red muscle

Thiolase T Liver { Liver
HMG ™ Liver, not detected in heart ¢ T Liver during starvation
Synthase red muscle
3-HBD T Liver, T muscle N/A
OAT ™ Heart and red muscle, low it T Liver
liver
Plasma NEFA Low High
Plasma KB High Low

CPT = Carnitine Palmitoyl Transferase
HOAD = 3-Hydroxyacyl CoA Dehydrogenase
HMG = 3-Hydroxy-3-Methylglutaryl CoA
HBD = B-Hydroxybutyrate Dehydrogenase
OAT = 3-OxoacidCoA Transferase

NEFA = NonEsterified Fatty Acid

KB = Ketone Body
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1.3.3 Imaging Review

There are verfew publications on imaging techniques in fish with the majority of them
being on teleosts. Stetter (2002 and 2004) describes equipment, technique, and little on
interpretation for radiography, ultrasonography, CT, MRI, and endoscopy in fish.
Ultrasonography is an excellent diagnostic tool for fish as they can rembamwater with no
need for acoustic gelSeveral elasmobranch species undergo tonic immobility when placed in
dorsal recumbency therefore sedation may not be nedtlethis imaging modality
(Henningsen 1994; Stamper 200Walsh et als (1993) ultrasonography publication shows
transverse ultrasound images with actual cut sections in cross section forisompAlthough
the results were accomplished using aetgrof sharks, the information can be extrapolated to
some degree to stingrays and is useful for determining a process for idgngifyictures via
ultrasound.For example, the fatty liver in elasmobranchs has a similar echogenicignasats

with hepatic lipidosis (Nyland et al. 200@athieseret al. 2002

1.4 Hematology and Biochemistry Review

Blood collection and sample handling has been widely published (Campbell 2012;
Campbell 2015; Grant 2015; Noga 2Q¥@alsh and Luer 2004; Southgate 2001 nc®the
sample has been collected, options for anticoagulants and preservation include iEIMA, |
heparin, buffered formalin, a combination of EDTA and lithium heparin, or ACD solution A
(Arnold et al. 2014, Walsh and Luer 2004, Grant 2015).

Hematologcal and biochemical evaluatism fish arenot routinely performed in the
clinical setting die to cost and the difficulty of interpretation (Campbell 203rt of the

difficulty leading to interpretation is the differences in nomenclature fmabaogical study.
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The results for hematology include total white blood cell count, differentialrfpulk,
heterophil, lymphocyte, monocyte, eosinophil and basophil counts), plasma protein and packed
cell volume. The terminology for granulocytes varies in the literature. Due 8idiming
characteristics of the granules in elasmobranch granulocytes, manicessdescribe these cells
by physical appearance using avian (and manamaterminology (Walsh and Luer 2004). For
example, granulocytes with heterophilic-staining granules are termealets, granulocytes
with redstaining granulocytes are termed eosinophils and granulocytes with ptaiplieg
grarules are¢rmed basophils (Walsh and Luer 2004). Another publication refers to these cells
by different names but also by physical appearance in the sandbar shankjtbedl segmented
nucleus and colorless cytoplasm are termed neutrophils, cells with many,dined-shaped
granules are termed fine eosinophilic granulocytes (FEG) and cells witpdée red, round
granules are termed asa eosinophilic granulocytes (CEG) (Arnold 2005). Campbell (2015
refers to studies in the lesser dogfish flassification of granulocytes as @ranulocyte type 1)
which would be physically equivalent to the avian heterophilg@nulocyte type 2) which
would be physically equivalent to the mammalian neutrophil, an@@nulocyte type 3) which
would be physically equivalent to an eosinophil. Following this scheme, basophilssodégal
referred to as &(granulocyte type 4)Despite the discrepancy in nomenclature, hematological
evaluation can be performed relatively inexpensively using a hemacytomettaized slide
for differential. Due to the nucleated red blood cells, using an automated anatyatepassible
therefore manual counts are performed in laboratofies. procedure could easily be performed
at much lower costs ihouse with minimal &ining (Grant 2015).

There are some studies reporting hematological and biochemical referemnca! i

fish; however very few were conducted tasmobranchs. Current elasmobranch hematological
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and biochemicastudies include common thresh&tdpiasvulpinus), dusky shark
(Carcharhinus obscurysgreat white sharkJarcharodon carcharids tiger shark Galeocerdo
cuvieri), Atlantic shortfin makoléurus oxyrinchug blue sharkRrionace glauc scalloped
hammerhead sharlsphyrna lewin, smooth dogfishNlustelus canis captive whale shark
(Rhincodon typys captive cownose stingrayRlfinoptera bonasisAtlantic sharpnose sharks
(Rhizoprionodon terraenovaespiny dogfish $qualus acanthigsbonnethead sharkSghyrna
tiburo), wild southern sngrays Dasyatis americanasandbar shark€archarhinus plumbes
Clearnose skatd&r@jaeglanterig, Atlantic stingray Dasyatis Sabing blacktip shark
(Carcharhinus limbatus nurse sharkGinglymostoma cirratuppwild dwarf ornate wobbegong
sharks Qrectolobus ornatys freeliving sand tiger sharkgCarcharias tauruy andwhite-
spotted bamboo sharkSliiloscyllium plagiosum(Arnold 2005; Emery 1986:erreira et al.
2010; Haman et al. 2010; Dove et al. 2010; Cain et al. 2004; Harms et al\Vi288R;and Luer
2004; Otway et al. 2011; Otway 2015; Alexander et al. 20E6)v studies have evaluated
factors that affect hematological and biochemical parameters in elasmabazgckome
exampledor hematology include endothermic versus ectothermic sharks (Emery 1986), sex
(Persky et al. 2012), venipuncture site (Mylniczenko et al. 2006), tourist sites nersiosirist
sites (Semeniuk et al. 2009), and inflammatory disease (Alexander et al. EO&6)fewer
studies have been published assessing factors affecting plasma biochelmesabuasome
examples are shown for stress during capture and transport in juvenile dusky sharks
Carcharhinus obscuru€Cliff and Thurman 1984), changes in glucose with epineph
administration in the nursehound sh&kyliorhinus stellarifDeRoos and DeRoos 1978),

changes in glucose following insulin infusion in spiny dogfitpialus acanthia®eRoos et al.
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1985), ancthanges in electrolytes from freshwater to seawatelasmobranchs (Hazon et al.
2003).

Thearticle specific for biochemical reference for wddught suthern stingrays was a
study of 28 wildeaughtsouthern stingrays from three different locations along the coasts of
South Carolina, Georgia, and Northern Flori@ainet al.2004). The objectives of this study
were to provide descriptive statistics for plasma biochemistry results terchdee the existence
and strength of associations between size and plasma analytes, the dieck bafore sampling
determine plasma analytes, lactate and glugakess by sex and by region (north compared to
south), and total solids and total protein. Because the distribution was not normal, the
descriptive statistics results for plasma biochemistry analytes wetaydid as the median, 10
and 90" percentile. The following conclusions were made regarding the other objentives
significant difference between sex ratios and regions, no differences widiskor body
weight with respect to region, osmolality sveignificantly higher (p<0.0001) in the south than in
the north, no significant differences in blood chemistry with respect to weigktyiith or sex,
plasma lactate and calcium were the only values significantly but not stiessgiciated
positivelywith time on deck, plasma lactate was significantly but not strongly associdted w
glucose, and total solids and total protein values were linearly related.

The limitations of this study are that these were wddght southern stingrays in three
relaively proximal regions. This species can be found along the east coast of #a &taies,
throughout the Gulf of Mexico, and in northern South America. This data representsdlas spe
in a focused location. Other limitation may include stret¢sed conditions, season variations
(hormonal changes), and possibly repeat subjects. Regardless, this is tiedyndy gis kind

for southern stingrays and provides a reference for this research projects pnojlect, the
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hematological and biochenareview will provide a reference range for captive southern

stingrays as well as one reference for interpretation between twoediffconditions.

1.5FemaleReproduction Review
1.5.1 Anatomy

The reproductive anatomy and physiology of elasmobrasdisiilar for males amongst
speciesdutvariesslightly for females The general female reproductive anatomy in
elasmobranchs consists of ovaries, ostia, oviduct, oviducal glandqshelamentagland,
uterus,cervix, and urogenital sinus (Hamlett and Koob 1999; Henningsen et at. \2@0Ker
2005; Musick and Ellis 2005 The oviduct may be referred to agy ofits parts: the ostium,
anterior oviduct, oviducal gland, isthmus (spe@pseific), and dilated terminal region (Hamlett
and Koob 1999). Depending on the speoregroup the ovary and oviducal glamday be
unilateraly or bilateraly functional and when unilaterally functional the anatomy on the opposite
side may be rudimentary or nonexistent (Luttb@l.2005 Hamlett et al2005; Henningsen et
al. 2004; Wyffels 2009). Fertilization often occurs in proximal oviduaviducal gland
depending on speci¢slamlett et al. 2005 utton et al. 200p Sperm storage within the female
reproductive tract occurs in many lower vertgbs although the length of time for storage varies
from several months in amphibians to several years in reptiles (Holt and Lloyd EE)n
storagetypically occurs in the terminal zone of theiducal glandn elasmobranch@dHamlett et
al. 2005). Sperm storage has been identified in several elasmobranch species ith@uding
smoothhoundMustelus canigHamlett et al. 2008, the gummy sharkylustelus antarcticus
(Storrie et al. 2008), and Oman shddgo omanensifHamlet et al. 2002a). Sperm storage has

not been specifically identified in the southern stingray.
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The association of the ovary with the epigonal organ also varies amongst speeies. T
locationand associatioaf ovaries with respect to the epigonal organtiesen described as
either internal or external but there have been few studies conducted and littkre is
information on this topic (Lutton et al. 2008 ecause the epigonal organ is a dynamic
lymphomyeloid structure and the size and shape of the ovary changes in response to hormonal
stimuli, the relationship between the two organs may be in flux and difficult tofglasany
given time (Lutton et al. 2005). In the southern stingray, the ovary is only on theldeénsl
closely associated with the epigonal orgdthough appears to be concentrated along the distal
margin Thereis a single, leftsided, ostium, oviduct, oviducal gland and uterus in the southern

stingray.

1.5.2Maturity status

Reproductive maturity in females is denoted by the time of their first ovulation wWalk
2005; Ramirez-Mosqueda et al. 2012). It has been suggested that follicular development,
oviducal gland width, and uterus width may be used to determine maturity in femalersout
stingrays; however, actual descriptions and measurements of these parameterot been
well documented (Henningsen and Leaf 2010; Henningsen et al. 28i24).more specifically
disc width, at maturity with confirmation by pregnancynsre often documented. For female
southern stingrays, 70-80 cm disc widths have been associated with sexual maduwite a
studied confirmed maturity in southern stingrays that ranged in size from 82.5-90 cm

(Henningsen and Leaf 2010).
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1.5.3 Mating

Reproductive behaviors may be stimulated by visual, biochemical, or ebeejptive
means (Henningsen et al. 20®®att and Carrier 2005Mating behaviors in stingrays typically
begin with precopulatorfollowing, parallel swimming, bitingfemale avoidance/acceptance, or
clasper flexion of the male (Maruska and Gelsleichter 2011; Pratt and Q&0E: The male
southerrstingray(s)ypically follow andbite the wings or tail of the fematdten leaving
abrasions and scars. Other behavior observed specific to southern stingrays intipée m
males following and grasping as well as copulation starting over the bottom gruntiaue
into the substrate (Pratt and Carrier 2005¢males may remain uprighith the male(s) either
above or below her during copulation. The male stingray(s) inserts a claspbeintaduct to
deliver sperm (Pratt and Carrier 2008)ultiple males mayopulate in rapid successianth a
single femaléout paternal DNA differences in offspring is under investigation (Pratt and Carrie

2005).

1.5.4Reproductive cycles

Extrinsic factors such as temperature, light, and population density cen affe
reproductive physiology in elasmobranchs. External stimuli on sensory organsiessages to
the hypothalamigituitary-gonadal axis, which controls oogenesis and steroidogenesis (Lutton et
al. 2005). Gonadotropin-producing cells exist in the ventral lobe of the pituitary gland in
elasmobranchs but differ from other animals in that there is not a direct vascoéauronal
connection to the hypothalamus, but rather a portal system (Henningsen 1999; Lutton et a
2005). The ventral lobe is likely the main sourcetifi@gonadotropinsGTP | (similar to folicle

stimulating hormone in mammals and is increased during vitellogenesis) and Gifflar to
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luteinizing hormone in mammals and increased prior to oocyte maturation), and therefor
responsible for follicular development (Lutton et al. 2005; Henningsen)199@ ovulatory
cycle process from oogonia to mature follicle appears consistent in aeebut the signals in
which the process operates differs between animal classes. For examplecftahoaturation
(FOM) from the secondary oocyte is stimulated by a hormone called maturatucing
hormone (MIH) or maturation inducing steroid (MIS) in amphibians, reptiles, and sehadst
has yet to be identified inadmobranchs (Henningsen 1999). Epigonal-derived substances have
also been specukd as affecting the gonadal processes (Lutton et al. 2005; Lutton and Callard
2008).

Reproductive cycles have been described as three pra@ssimably in wild populations,
based on ovarian cycle and gestation: continuous, seasonal, and punctuated {Koaltagch
1999; Maruska and Gelsleichter 201 Continuous cycles occur in elasmobranchs that are
continuously reproductively active, that is mating or breeding, pregnant, and ptippinghout
a year. The activity is synchronized with environmental factors and theyeaneant for the
majority of the year. Seasonal cycles occur in elasmobranchs that arenpfegpart of the
year (approximately six months) and non-pregnant the rest of the year. Althougimerntal
factors also play a role, theye seasonal and therefore populations synchronize at the same time
within a year. Punctuated cycles occur in elasmobranchs that are pregnantdeinaguety one
year and non-pregnant for approximately one year. In some species, they aregmam{for
up to twoyears;depending on the time it requires oocytes to reach ovulatory size (Koop and
Callard1999). Southern stingrays follow the seasonal cycle category; however, in gaiptivit
has been documented for them to experience almost two pregnancies yearlgdstEma000).

In other ray species as well as the southern stingray, it has been noted itigantaparturition

17



occur at different times of the year (Henningsen et al. 2004). Although gestatioeemas
defined as the time fromopulation to parturition, a more accurate definition would be
fertilization to parturition. Regardless of how gestation is defiméslyvorth noting that several
species have the ability to delay embryonic development, known as embryonic diafzagse,
sperm and partake in parthenogenesis (Henningsen et al. 2004; Waltrick et aMA@fEls
2009; Hamlett et al. 2005 Embryonic diapause occurs during the blastosliage of
development and can last between four and ten months (Waltrick et al. Zie&ies
documented as undergoing diapause include bluntnose stiayatis sayi whiptail stingray
(Dasyatis breviy pelagic stingay (Pteroplatytrygon violaceamasked stingared fygonoptera
personali$, longheaded eagle r@fetobatus flagelluimBrazilian guitarfish(Rhinobatos
horkelii), shovelnose guitarfisfRhinobatos productusjingstreaked guitarfistRhinobatos
hynnicephalus)hlackchin guitarfisHRhinobatos cemiculusjpmmon guitarfisi{Rhinobatos
rhinobatos) fiddler ray (Trygonorrhina fasciata)Australian sharpnose shafiRhizoprionodon
taylori) (Wyffels 2009 Waltrick et al. 201 Sperm storage in the termirmdne of the oviducal
gland has been documented in several elasmobranch species and may last frorjegags t
(Hamlett et al. 2002)

Ovulatory cycles do not necessarily correspond to the reproductive cycle or mode of
female elasmobranchdn the wild, elasmobranchs that cycle continuously will also continue to
develop follicles throughout their pregnancy or later in gestation. Seasonal anthpeohct
breeders develop follicles outside of gestation or when they are not pregnant (Kooblamd Cal
1999). In captivity this likely changes due to the constant environmental conditiatslikaly
alter the reproductive endocrinology. Hormone levels with respect to ovulatbeg tyave been

studied but not specifically in the southern stingray. Stingralyssimilar reproductive modes
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(uterine viviparity) have been studied very little but hormones measured in ithiednalectric

ray (Torpedo marmoratgand Atlantic stingray@asyatis sabinpinclude progesterone {p
17B-oestradiol (E), testosterone (Tand mx-dihydrotestosterone (DHT) (Henningsen 1999
Lutton et al. 200p In D. sabing E; and T were elevated during the pre-ovulatory phase, P
peaks twice- slightly one month prior to ovulation then more profoundly at ovulationaand
second spike in Foccus one month prior to parturition and with developed enlarged oocytes in
the ovary (Henningsen 1999; Lutton et al. 2005). There are conflicting studiethattcome

of the enlarged oocytes, as to whether they become solely atretic or pogsiatg o

(Henningsen 1999)lt is also worthy to note that this cycleln sabinais developed on wild
caught stingrays over the course of one calendar year (seasonal ayithngspect to time of

year(Lutton et al. 2005; Koob and Callard 1999).

1.5.5Parity

The reproductive modes in elasmobranchs have been classibegasus (egdaying)
or viviparous (live-bearing) (Maruska and Gelsleichter 2011). Viviparous elaanchs are
further divided into reproductive modesagflacental vivipaty and placental vivipaty or the
means by which they receive nutrients of lecithotrophy (yolk sac viviparity) atrdtmophy
(maternal supplementation) (Hamlett et al. 2005). Two modes of aplacental vivippeuiess
receive nutrients by way of matropioy, specifically trophonemata or histotrophy and oophagy
and uterine cannibalism or adelphotrophy. Placental viviparous species also meteargs by
matrotrophy (Hamlett et al. 2005). Species with aplacentgdarity, which receive nutrients by

yolk sac,are referredo as lecithotrophic viviparityFigure 1.2).
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Figure 1.2. Overview of reproductive modes and nutrient delivery. Viviparecgespare live-
bearers compared to oviparous spegikih lay eggs. Lecithotrophic species produce embryos
that eat yolk from a stored source (egg or yolk sac) compared to matrotspphies where the
female directly provides nutrients to the embryos. Viviparous specieds emdwther classifie

as aplacental and placental (Maruska and Gelsleichter 2011; Hamlett &5alH2@ningsen
1999).

The southern stingray falls under the category of aplacental vivipatityrophonemata
and histotroph, specifically the uterus functions as an internal incubator with tropdtattean
supply nutrients to the embryos during gestatldan(lett et al. 1996; Hamlett et al. 20Qbitton
et al. 2005).Initially, fertilized eggs contain an embryo with eggydefore “hatching” from
the egg capsule in utero (Wyffels 2009). The trophonemata are finger-likesiexi® of the
uterine mucosa that increase in length during gestation. The projections kistiogoph or
uterine milk (sometimes referred to asratactation) to the developing embryos throughout
gestation (Hamlett et al. 199@amlett et al. 2005). The amounts of histotroph el &s the
contents also change throughout gestation (Wyffels 2009). Histotroph contains aangingts
of lipids, proteins, and carbohydrates, which are delivered througjilltiEamentsof the
embryos andgpiracles, gills, and mouth of the developed fet(dédfels 2009 Hamlett and

Koob 1999.

20



1.5.6 Reproduction in captivity

Breeding any elasmobranch species ptigdy requires planning (Henningsen et al.
2004). Southern stingrays appear to do well in a captive setting for a long period ahdme
breed without encouragement. Details involved with the breeding environment, heaitls rec
and any information pertaining to the reproductive event (copulation, gestationjaetgoig
parameters, etc.) should be noted. Evidence of similarities between captivaderetivild
reproduction exists and therefore any additional information may contributédtstingrays’
behavior and reproduction (Henningsen et al. 2004).

Southern stingray reproduction in captivity likely varies with respect toa@naental
cues such as temperature ahdtoperiod, but appears to occur every 4.4-7.5 months as opposed
to annually in the wild (Henningsen 2000; Henningsen et al. RédjrezMosqueda et al.
2012). Notes on reproductive biology in the southern stingray by Henningsen 286fbes
the statistics on neonate size and weights as well as litter size with respect talns&ernd to
sizes and weights of the neonates. It concluded that the litter size ik/dlirepbrtional to
maternal size and indirectly proportional to size and weights of thatemoisouthern stingrays
typically produce two to 10 offspring per litter with an average of four to five pupasptivity
compared to two to seven pups in the wild (Henningsen; Ré&®irezMosqueda et al. 20).2
Reproductive abnormalities in elasmobranchs have been documented such as stillbesnrf
sand tiger shark<@archarias tauruy southern stingrayDasyatis americanaand leopard shark
(Triakis semifasciata dystocia or egg-binding in spotted wobbegor@se¢tolobus maculatys
infertile ova from sand tiger sharks; release egg capsules without yolk or embryos from nurse

sharks Ginglymostoma cirratuin and dystocia or failure of parturition resulting in over-
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gestation in cownose stingray®hinoptera bonasjyigHenningsen et al. 200#ennngsen

1999).
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CHAPTER 2: Research Overviewand Specific Aims

2.1 Research Overview
2.1.1 Statement of the Problem

During thefirst few yearsof opening a new touch pool exhibit, approximately 36
southern stingrays died at the Downtown Aquarium in Denver (formerly Colorado’s Ocea
Journey). Seventeen of these stingrays presenteaimilar necropsy findinga small, dark
(described as dark, dark brown, black, or blue) liver indicative of lipid and glycayagest
depletion ananany of the femalesere described as haviogphaitis (Figure 2.1). Large,
lipid-filled livers are a normal structure of many marine elasmobranchs. Fats &id pre the
main energy sources for these animals and the large, fatty &iser aid in buoyandgr some
elasmobranch@Hamlett1999). This particular problem has not been specifically addressed in
previous research. It is important to find t@iseof death in these animals but more so to

detect the risk factors involved with the disease in order to prevent mortality.

o

®.* .2 a
Son we o,

Figure 2.1. Gross necropsy findings on female southern stingrays. Lefthiteeawow is pointing to
a small, dark liver. Right: The black arrow is pointing to follicles onradrehagic ovary.
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The majority of elasmobranch research focuses on sharks. Although thererdr@Cove
species of rays and skates repnéseé in public aquaria (AES 20@8nsus), there is little
research done on any one species. Most of the books regarding elasmobranchs discuss
characteristics in sharks and then extrapolate or compare amastovith rays and skates.

Research, specifically omsthern stingraysvasbeneficial for this particular aquarium
in preventing mortality and also providing optimal care for these captive anifhis species is
included in a taxon that is considered data deficient according to the World Consetsatn
for wild populations. Data deficient is defined as not enough information to detetsniisk iof
extinction Grubbs et al. 2006 Audiences that may find this research useful include aquarists

working at other aquaria, marine biologists and aquatic veterinarians.

2.1.2 Significance of the Problem

The southern stingrays at the aquarium wale caught since the stingrays haok
successfully naturally reproduced on their own in house. Wtiregrasys from theaptive
populationwere lost, the exhibit collection wasgenished with stingrays from the wildso,
thesignificance of this problem wawo-fold: one part being that these stingrays,some
reason, werdying in captivity at this aquariunthe other part being that thellectionis
restocked using wild-caught stingrays, which could contribute to depleting wild popsla

The cause of these mortalities may be husbandry related; thereforecruaalsto
identify the risk factors involved. It would be unfair to these animals to continciegpklaem in
a harmful or stressful situation. So, by investigating the environment, diet, robahiagiors,
and by performing physical examinations, there araspportunity to improve conditions or

health status in order to avoid further mortalities. In maintaining the well beingsaf #mimals,
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the aquariunwas alsanore financialy responsible. Although cost wasother significant part
of the problem, it played a much lower role. There was a large cost involved withragquir
wild-caudht stingrays. The cost included, but was not limited to, a third party catching relqueste
animals (based on species, approximate age and sex), shipping them from ¢-IDadaer

using a mobile life support system, and the @otharge for the animal. It wa®t uncommon
for animals to die during transpoais this process can be very stressful. The initialtheélhe
animals during catch wasiknown a they werdik ely not examined at the time they were
caught. Other considerans when acquiring new fish were comingling populations. Without
knowing the health status of thecently caught population, new arrivals were placed in
guarantine for several weeks priorglacing them in the exhibit. They also typically recdive
preventative treatment for parasites wiml€uarantine. Even then it wasll not guaranteed

that theywould not transmit parasites or other disesasetheestablishedaptive population.

2.1.3Research Questions
At the start of this project there were several questions, many of whrglanswered
within the individual studies and many thetre answered during the preliminary research or
pilot studies The following questions were initially formulated, organized (Figure 2.1), evolved
into the objectives, and refined into the specific aims.
. Wha wasthe cause of death of thewthern stingrayd)asyatis americanahat hadsimilar
findings on gross necropsymall, darkiver and henorrhagic ovaries?
. Wasthe cause of death a result of different etiologies secondary to being
immunocompromised from chronic stressful situations?

« Werethe small livers a result of stress and/or starvation?
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. Isthe liver size of the stingrays measurable?

. Werethe stingrays showing clinical signs before death?

. How arethe hematology and biochemistrglues interpretetbr this species?

. What are normal histological findings compared to pathology for the southerngtingra

. Wastherea reproductive componeniQ@r wasthis secondary to the sugped stressful
condition? Or wathis the underlying cause of the stress?

. Werethese problemassociated witlhecent acquisitions®ereother aquariums seeing this

problem? Do they wild catch or captive breed?

2.1.40Dbjectivesof the Project

The specific aims for this project were conducted as formal studies. tAs pae
studies, objectives were established and are listed here. Some objectivesmbeded t
established in order to conduct the chapter studies (for example, identifying thamgtemy
and confirming it with histological evaluation had to be completed before organssaresbt
could be identified using the ultrasound). The results of this work are representeelisite w

(southernstingray.busaisscatalyst.congnd serve as appendix 4 for this project.

= To identify normal anatomy of the southern stingi2gsyatis americanéAppendix 4-
website)

= To identify normal and pathological ultrasonographic imaging of the southegnasti
housed athe agarium (Appendix 4websitg

= To identify normal and pathologic histologic findings of the southern stingray (Appéndix

website, Chapter 3)
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= Identify small livers in southern stingrayss this a risk factor for mortality? (Chapter 3 &
4)

= Identify riskfactors for small livers involved with environmental, biological, or
reproductive conditions (Chapter 3).

= Tounderstandiematological anglasma biochemical valued captive suthern stingrays
(Chapter 5)

= To predict a parturition date range for capseaithern stingrays (Chapter 6)

= |dentify a relationship between disc size and follicle size and corretateejproductive

maturity in the suthern stingrayTBD)

2.2 SpecificAim 1 (Chapter 3: Morbidity Investigation)

There have been several southern stingray deaths at the Downtown Aquarium in Denver
(formerly Colorado’s Ocean Journey). Gross findings on necropsy varied but aigebject
increase in small livers and hemorrhagic ovaries (presumptive oophoritis) raldeveale
stingrays prompted a closer investigation. Preliminary evaluation of thepsgaeports
suggested that the odds of having a small liver or residing at the aquarium tbaftetdwee
months are higher among stingrays with an unknown causdeatt. An observational study
wasconducted to assess risk factors for small liv@itse specific aimof this chapterwasto
assesghe influence of environmental, biological, and reproductive factors that ey
contribute to small livers. The hypothesis for specific aim 1 is that pregnancy and newly
acquired stingrays would be at risk femaller livers A generalized linear mixed model was
used toevaluatethe independent variables possibly contributing to changes in the dependent

variable.
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2.3 Specific Aim 2 (Chapter 4: Anatomy & Imaging forLiver Size)

To gain a better understanding of the dynamics of liver size and clinicdl bedUs,
the stingrays were evaluated using ultrasound imaging. Anatomy of elasciobrswell
documented and the current publications were reviewed so gross anatomy coutdifeedide
specifically for southern stingrays. Results of specific gross andamatomy are illustrated
in Appendix 4 (website). Once the specific anatomy was identified both grossly and
sonographically, determining liver size using an ultrasound could be validetedspecific
aim of this chapter was to validate the ultrasound as a tool fatetermining liver length
with respect to the coelomic cavityength and to assess the difference between liver
lengths among two groups of stingrays — those acclimated to captivity to those eady
acquired. The hypothesis fopgcific aim 2 is that there woultk a difference between the two
groups (rejecting the null hypothesislhe liver lengths of the recently acquirgithgrays will
be smaller compared to the stingrays that have been acclimated for several lyéars
expected that theecent additionsvill be in a negative metabolic state and therefore have

smaller livers from lipid depletion.

2.4 Specific Aim 3 (Chapter 5: Hematology & Biochemistry)

There are not many hematological and biochemical reference ranges for etasrhsbr
and even fewer studies evaluating interpretation of these types of diagnostic=ntl§, for
southern stingrays, there is one biectical reference for wild southern stingrays (Cain et al.
2004) and no studies involving interpretation of diagnostics. This chapter will introduce
hematological and plasma biochemical valisesaptive (formally wild) southern stingrays at

different time periods during captivity from acclimated to captivity for sewerals to recently
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introduced into captivity.The specific aim of this chapter is to comparéematological and
plasma biochemical valuebetween established and nely captive stingray groups. The
hypothesis forgecific aim 3 is that there woulgk a difference in parameters that are affected

by water quality and diet such as packed cell volume, protein, electrolytes, and cholesterol

2.5 Specific Aim 4 (Chapter 6: Captive Reproduction)

In addition to gaining a better understanding of the overall clinical headibuttiern
stingrays in captivity, the pursuit of conservation is also important. Part of therzatisn
effort role in zoos and aquariums is captive breeding. Once a health monitoring pr@scol
in place at the aquarium, captive breeding began to occur within the exhibit gatiira$
activity provided an opportunity to study reproduction in captive southern stingraysoras
pregnant stingrays were identifigttwasapparent that space was a potensislie- the
aquarium would not be able to separate pregnant females from the other exhibitdsl fanima
the entire gestationThe specific aim of this chapter is to predict a parturition date range
for captive southernstingrays. The hypothesis for specific aim 4 is that a parturition date
range would be predicted within two weekshis will allow aquarium staff to separate the
pregnant females for one month compared to the possible 4.5-7.5 months (reportexhgestati

lengths in captive southern stingrays).
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2.6 Theoretical Framework (General Methodology)
2.6.1Research Design

This research project waesigned to answer many of the questions posed:

What wasthe cause of death of the southern stingrays at the downtown aquarium that had
similar findings (small, dark livers and hemorrhagic ovaries) on ges®psy? Werthe

small livers a resubdf stress and/or starvation? Whs cause of death a result of different
etiologies secondary to being immunocompromised from chronic stressfulogiifatis the
liver size ofthese stingrays measurable? W stingrays showing any clinical signs before
death? How are hematology andchemical panels interpretéat this species? What are
normal histological findings compared to pathology for the southern stingraghéva a
reproductive component? Or was this secondary to the suspected stressful co@fitveas
this the underlying cause of the stress? Are they induced ovulators? Is déhetfmmale ratio

a factor? Washe problem related to recent acquasis? Werether aquariums having this
problem? Do they wild catch or captive breed?

Ultimately, the purpose was train a betteunderstanthg of the pathophysiology of the
disease processes that waffecting the suthern stingrays, intervene and reverse the
condition, and to prevent further mortalities at this particulaliiac The small, dark liver was
comnon to all fatalities. There wetbree broad categories to investigate gitres small
amount of information: predienimals with sease, determinsause and ®sible treatment,
and evaluatéhe husbandry and associated risk factors to prevent it. Many of the dead
stingrayshad hemorrhagic ovaries or oopitis. This conditim wasalsotaken into
consideration during these investigations (see overview of research desrgmdiedpw). In

order to better understand the pathophysiology, many fundamental components must be
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identified, such as anatomyematological anBiochemcal parameters, imagingnd
histology. Thisvasachieved through reviewing necropsy videos and photos, continued
necropsies, ultrasonographically imaging dead specimens in conjunction with resceoybs
obtaining and evaluating blood samples.

Therewere several studies conducted during the research period. Preliminary work
involved retrospective research using necropsy records, examining livingla@inevery
opportunity, and performing thorough necropsy examinati@etause the concentratioms a
particular problem at this particultacility, the group was defined. Animals of questionable
health will be moved to quarantine and evaluated at a higher frequency with the option for
treatments. Treatmedepend®n the specific clinical signs amdsults of husbandry

investigation.

36



Predict — which rays are
compromised?

|
PE. U/S. CBC. SADP  [< ]

l

Evaluate “healthy”
animals g6mo;

Evaluate “sick” animals

Lipid-depleted liver

Y

What can cause condition?
What can reverse condition?

Compile husbandry parameters.
Determine risk factors involved.

|

Research &
Treatment

Y

Articles, books,
interviews, classes

a2wk or PRN.

) " Are the uterus, oviducal
Possible oohoritis > gland (shell gland), oviduct &

Not getting enough nutrients to
begin with — using lipid &
glycogen stores from liver —
liver begins to shrink —
become sexually mature —
folliculogenesis increases —
increased blood supply to
ovaries — increased nutrient
requirement to support follicles
— not getting enough nutrients
for situation due to touch pool
and competition — continued
depletion of liver lipid and
glycogen stores — exacerbates
metabolic status and condition
— chronic stress causes further
immunosuppression —

|

Elasmobranch husbandry
manual; interview other
facilities; evaluate husbandry
and diet narameters

4

Adiet?, Awater quality?
Aaender ratin? Aenv?

A

Daily diet tracking form
Daily water quality tracking form

ovary normal?

Determine follicle and uterus
size (via U/S) — when are
they sexually mature?

Since possibly induced
ovulators — not enough males
— stress from folliculostasis
(not able to ovulate) —
increased blood supply to
ovaries — increased nutrient
requirement to support follicles
— not getting enough nutrients
for situation due to touchtank
and competition — slow
depletion of liver lipid and
glycogen stores — exacerbates
metabolic status and condition

immunosuppression —
increased risk for secondary
disease & infection

|

Monitor changes in
bloodwork (Ca & Phos),
follicle size, possibly monitor
hormone levels?

Y

Determine normal histopath:
necropsy and previous slides.

Y

— chronic stress causes further

A

increased risk for secondary
disease & infection

PE = Physical exam

U/S = Ultrasound

CBC = Complete blood count

SADP = Small animal diagnostic panel
PRN = as needed

Is this 20 to stress?
Immunocompromised
therefore developing other
diseases?

Is this causing the stress?
Not every ray has
nonhoritis

Y

q=every
A =change

Can we “measure” stress? Possibly
glucose, hematology, melanomacrophages?

Ca = calcium
Phos = phosphorus
2° = secondary

Figure 2.2. Overview of Research Design and Question:

37




2.6.2 Subject Selection

The subjets selected wertne southern stingralpasyatis americanal he population
studied was specifically the collection at the Downtown Aquarium at DenveD)DAt the
start of the project there wed@ southern stingrays, 35 females and eight males. Of the 43
stingrays, 22 weravild-caught (20 émales and two males) and 21 weaptivebred (15 fenales
and six males). There wet& wild-caught females in their displayed éxh the ray touch pool.
The ®uthern stingrays in the touch pool share the tank with five cownose stingraysptera
bonasugthree femaleand two mats). During thepreliminaryand formal research, twgroups
of wild caught rays and two groups of captive rays were added at various times.

The primary focus wasn the femads. The majority of the adult southern stingnagse
on exhibit in the touch pool. This is an approximate 12,000-gallon tank with approximate
dimensions of 10 meters long by five meters wide by varying depths from 20 censitoedne
meter The substrate sparsesand. The southestingrays are benthic marine animals.

This population was selected due to the mortality rate in this collection at this aquarium
overseveralyears. The focuds on the female population since they represent the majority of
the collection and part of the problem appears to be reproductive.

During interviews of other facilities, informatiomasobtained regarding other
populations of the same species at their respective locatidgher f@cilities also hha
combination dcaptivebred and wildeaught southern stingrays as well as females and males
but no other facility was experiencing this particular issue

The Colorado State University animal care and use research protocol revie@Afor

100)wassubmittedand approved: IACUC Protocol #08-282A-01.
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2.6.3 General examination

Sampled selectionsf female southern stingrays in the aquarium touch pool were
examinedoutinelyat leasbnceevery six months. During periods where specific studee
conductedall stingrays in the collection were examirsdl data collectiowas typically
completedwithin a threeday time frame The physical examination, ultrasound evaluation,
blood collection and unique identification of the stingragse performed at the touch pool.

Due to the hours of operation of the aquarium, the procedumesione prior to business
openingwhich dictated completion timeThe procedures required at least four people to
maximize efficiency- one aquarist in the tank, one person to record findings, one phlebotomist
and one sonographer (although the sonogragdikactedblood in short-handed situations).

The sonographer, with the help of the aquapstfornedthe physical examination.

One suthern stingrayas captureat a timeusing a net and brought to the side of the
pool. Their body condition score (BCBassubjectively assessed on a scale of one to five
using themuscularflesh slope to the dorsal spine. The integumegevaluated and any
lacerations, abrasions, contusions, ulcerations, notches, regions of discoloration, or
abnormalities in tail lengtivasrecoded on the physical exam form (Append)x 5

The stingraysvererestrained usmtonic immobilization (Stamper et &007). The
animalswereplaced in dorsal recumbency to perform the physical exam, the ultrasonographic
evaluation and to collect bloodf tonic immobilization wasinsatisfactorily achieved, then an
anesthetic agent, tricaine methane sulfonate-2¥8,wasused for sedation. In those cases, a
separate container holding 40 gallons of marine wedsiused to deliver the sedative (11 gseam
of MS-222 with equal parts sodium bicarbonate to establish a 75 parts per million cormentrati

This was in preparation for sedation but was never necessary.
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Venipuncture was always attempted first after placing them in dorsal recoyrtioen
avoidstress further affecting resulte the hematological and biochemical profiles. Using a
threemilliliter (3-cc) syringe with a 28auge one-inch needle, the proximal tail weasused
as the venipuncture site. Approximately five to ten centimeters from the basetai,ton
midline of the ventral tail, wathe venipuncture site. One and a half milliliters of bla@s
obtained and placed in lithium heparin microtainers. A blood film (without anticoagulasit)
alsomade at the time of sample collectiohhe microtainers and blood sm&arelabeled
with the appropriate PIT tag number and stored in a cooleranitte pack for transport back
to the Veterinary Teaching Hospital Clinical Pathology lab. Here, the plassanalyzed
(Roche Hitachi 917 Cheistry analyzer) for biochemical analyte values and manual cell counts
wereobtained (NatHerrick’s solution and stain and hemacytometer).

Using a saltwater resistant measuring device, such as a tape measure vimegfollo
measurements wetaken (in ceimeters): distance from snout to vent, wingspan (or disc
width), and length of coelomic cavity (distance from pectoral cartilaginodke go pelvic
cartilaginous girdle). The resultgererecorded on thexamination formAppendix 5). The
respiratory rate wasbtained by counting gill slit movements and recorded. The heawaate
obtained using the ultrasound machine (Aloka SSD-900 with a 7.5MHz linear probe). The
heart wasmaged in order to count contractions.

The liver measurement also involved use of the ultrasound equip/ieinst, it was
thought that the ultrasound probe would need protection from the potential damagirsyodffect
the saltwatethereforea large, plastic palpation glove wased to encase the proldeater it was
reveale that this wasot necessary drfor the majority of exams was not used. Ultrasound

gelwas notneededn the animahs the water actdd eliminate anyir artifact. The probe was
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positioned at the caudal aspect of the ventrum, just cranial to the vent, in a sagtital.pdsie
reference point of the probeasin a cranial direction with the opposite end over the pelvic
girdle. The pelvic girdle should cast an acoustic shadow when viewth@ anaging monitor.
Due to the large liver size in this species of stingray, the liver should alsonslviethe same
image. The image can be frozen on the screen in order to measure the distaroe ¢aarddl
tip of the liver to the cranial tipfahe pelvic girdle. This distanagasthencompared to the
length of the coelomic cavity and a relationsiBipstablished as a percentage. In cases of
debilitated animals, it wasuspected that the liverould not extend to the pelvic girdle therefore
would not becapturedwithin the same image. The distance from the caudal tip of the liver to the
pelvic girdle wagneasured using the ultrasound and another device such as a ruler. The probe
waspositioned over the liver so that the caudal tip of ther lis level with the caudal tip of the
probe. The distance from the caudal tip of the probe to the palpated pelvicgistheasured.
The rdiability of this process watested during necropsies. This procedure is described in more
detail in chapter 4

Ultrasonographic evaluatiancludedidentification of the following organsteart,
esophagus, liver, gall bladder, stomach, spiral intestine, pancreas, spleen, epgrmadvay,
oviducal gland, and uterugeliability of correct organ identificatn wasconfirmed during
necropsies. The following measurememéseobtainedduring examinations: stomach wall
thickness, uterine wall thickness, whole uterus thickraass follicle diameter. An image of
each organ wasaved in sagittal and transversesiions. As the liver decreases in size, the
echogenicity will also change (Mathiesetral.2002); therefore liver echogenicity will
subjectively be compared to the spleen as it is in mamn@aisprevious necropsies it hiaden

observed that these animals can also have a substantial amount of free fluidcoetibeiic
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cavity. The ultrasound exawasused to detect any free fluid in the coelomic cavity and also
provide guidance for coelomocentesis for fluid analysis. Imagagalsauseful in the event of
a pregnancy. All imageseresaved and measurements and findingeerecorded on the
evaluation fornfor each stingray

The stingrays were uniquely identified with a passive integrated transpéidigtag
using microchips detectable by the AVidentification system. These tags prowde
identification without detriment to the animal (Marshall et al. 2004). PITwagsplaced in
the musculature of the left wing in females and in the right wing of malesenkatvas
confirmed with the reader. The PIT tag numbasadhered to the evaluation form.

Any animal that wa$ound to have a small liver, a liver hypoechoic compared to the
spleen, large follicles and free coelomic flwdremoved to quarantine for further evaluation.
Southern stingrays thappeareégmaciated (low BCS) or that hadegularities in their heart
rate or respiratory rate were alsonsidered debilitated and moved into quarantine for further
evaluation, treatm# or both. Evaluation of these animals took place during routine veterinary
visits to the aquarium (twice monthly). Constant communication with the curatohes ésd
aquarium staff wapertinent for monitoring health status of these animals. Vdatdity
parameters and diet weecksely monitored and tracked (records kept by aquarists). Additional
unscheduled visiteerenecessary for further evaluation or treatment.

The samerocedures, excluding blood collection, wapplied to deceased animals
during the necropsy. External, ultrasonographic and internal measureveesiigken. Digital
photographs, video and imagj, as well as the necropagd pathologyeports(from CSU
Diagnostic Laboratonwereused for documenting the findings. A histavasgathered from

the aquarists and curata@sd recorded on the form. Any external lesiameseidentified and
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recorded. An incisiowasmade through the skin along the cartilaginous edges thereby making a
circular opening into the coelomic cavity. The liver and gall bladder exerieiated then

removed to inspect the other organs, which lie dorsal to the liver. Any coelomioefizs

collected for fluid analysis or culture. The following orgarmesecollected for histologic

evaluation in separateutral buffered formalin (10%) containers to assure proper organ
identification: liver, gall bladder, esophagus (and organ of leydig), stomach, steslirie,

spiral intestine, rectocolon, rectal gland, kidney, interrenal gland, spleemeasnepigonal

organ, ovary (and follicles), oviduct, oviducal gland, uterus, thyroid, brain, skin, ampullae of
Lorenzini, muscle, cartilage, eye, gills and heart. The sam@essubmitted to the Colorado

State University diagnostic laboratory.

Conditions of Testing

During routine examinations, the testing and data collectenedone at the aquarium
touch pool between six o’clock and ten o’clock in the morning during the week. The recheck
examinationsveredone during routine visits to the aquarionmduring a special visit if
required

Animals in quarantineveretransported to a separate holding container for examination.
Theywerecaptured in a net, similar to the touch pool protocol, and then transferred to the

holding container. The examination continued as described for the touch pool.
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Treatments

As data wereollected and studied, the treatment protos@seestdlished. Examples
of treatments includkincreasing food intake to provide more energy for metabolic demand
during stressful situationglliculogenesis, or pregnancy Stressful situatiaincludedchanges
in husbandry conditiongonstruction, trauma, or illness. With much of this research being an
observational studyn order to ultimately establish (and prevent)smof death, after
treatment waadministered, retestingas done to see hawneatment affected the polation.
Other examples of treatmentluded changes in the diehanges in the water quality
parametersor medication as deemed appropriatéedical treatmentaere required in the
event of asuspected disease proce3shismay becaused by immunosuppressiarich places
themat risk of other diseases or conditions. For example, some parasites are normal
commensals of these fish but when immunocompromised, the parasites can overgrow and
debilitatethe health of the fish. In this type of situation, treatment of the parasjtden

necessary.

Data Analysis

Ultrasonographic, gross and histologic images of the ongarecollected during the
course of this study. The collection will serve as a reference for furtltBestand veterinary
examinations.

Southern stingrayatthe aquariunwereconsidered healthy if theyada BCS of equal or
greater to two and a half, had a liver that comprised at legstréént of the coelomic cavity,
hadlittle to no free flid in the coelomic cavity, had no deep external lesions andreoetedly
eating and behaving normally in the exhibit. The plasma biochemicalesnatological results

from these animalallowed for some interpretation of these valu¥aluesfor the following
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analytesvereobtained: glucose, blood urea nitrogen (BUN), creatinine, phosphorus, calcium,
total protein, albumin, globulin, cholesterobitiubin, creatine kinase, aspartate
aminotransferase, sodium, potassium, chlorine, and bicarbdvialiees were also obtainéor

the followinghematological parameter®tal white blood cells, (type | or heterophil)
granulocytes, &(type Il or neutrophilgranulocytesGs (type Il or eosinophil) granulocytes,
basophils, monocytes, lymphoegt refractometeasrotein, and packed cell volume (Campbell

and Ellis2007). The analysis antscriptive statisticaredescribed in detail in chapter 5.

2.6.4 Limitations of the Study

There wereseveral limitations of this study thaeretaken into consideration. First, the
majority of the examinationsereperformed at the aquarium. This wa# a laboratory
environment and thereforevitasimportant to respect the operation of the facility and work with
the staff in order to accomplish the task at hanevatnecessary to schedule examinations and
coordinae the logistics with the staff. Since thereremultiple individuals involved, itvas at
timesdifficult to coordinate schedules.

Results of these examinations required some of the animals to be moved into
guarantine. The space in quarantimetedthe number of animals thebuldbe moved. This
required these animals to remain in thehgit until a quarantine tank was available. Moving
these animals at a later date deperatethe aquarists’ schedules and ttioke to locate that
particular animal infte touch pool. Another thing considdrwasguarantine environments,
although set up tbe similar to the exhibits, they weadlifferent environment which could

have amffecton some of the measured parameters.
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Some of the animals in quarantine requiredtments. The quarantine systems dk we
as the touch pool systemequired daily monitoring (ecord keeping wadone at the aquarium
by aquarium stajf Treatments and monitoringere also done by the aqusis anddepened
on their schedule. Other duties dadks of the aquarium staféterminé the compliance in
attending to the treatments and form completion.

Some other minor limitations of this study inclddée physical distance from Colorado
StateUniversity to the aquarium; eaga lack there ofpf weighing the animals, artidat the
group being studied was from one location under similar husbandry conditions. Theedistanc
the aquarium affecteithe time in getting to unhealthy animals an@lmaining dead animals as
early as possible for necropsy. Weighing the aninvalsan isse since using a hanging scale
wasnot feasible at the touch pool. A flat scateild have beeased butvaterpresented
problems with the electroni@nd often the animals overmgithe scale thereby skewing the
weights. The limitation of the populati being in one location was that there wasa separate
group for a control or another group, such as a wild population, for comparison.

With any research projedyyndingwasan issue.The diagnostics were limited to the
funds the aquarium was willing to spend. Other testing (like hormone assays) \@aseot

due to lack of funding. There was no other outside funding obtained.
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CHAPTER 3: Investigation of the Morbidity and Mortalities of the Southern stingray,

Dasyatis americana, at an Aquarium

3.1Synopsis

Zoos and aquariums house thousands of stingrays throughout the world. Stingray
exhibits are particularly popular due toithenpressive wingspaseen in larger exhibits and the
interactive component involved with touch pools. Stingrays are also included in ecotsitesm
where guests may interanta relatively natural environment. Regardless of the captive or semi-
wild environment, stingray health is of concern. The aquarium in this study stibeketbuch
pool with wild-caught southern stingrays and experienced several mortalities. Nexropsis
were reviewed in order to assess for any commonalifiesasecontrolled study was conducted
and resulted in a presumptive conclusion that liver size and time at the aquariumonere
consistently seen when the cause of death was unknown with liver size being a canfdtede
liver size with respect to the coelomic cavity was used as the outcome fdvgarsational
study to assess health status. A generalized linear mixed ni8det72.031,df = 1,p<<0.001)
was used to analyze the risk factors for decreased liver size (liver {e@gfh of the coelomic
cavity). The predictors (with odds ratio [confidence intervals]) in the final model included
pregnancy (yes(30.978 [6.803, 141.066])ime in captivity £ 3 months) (2.534 [0.945,6.790]),
and wingspanX 60 cm)(0.530 [0.206, 1.365]). Although time in captivity and wingspan were
not statistically significant, they improved the fit of the model. Pregnancihleagreatest effect

at predicting small livers.
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3.2Introduction

Nearly 10,000 captive elasmobranchs are exhibited in hundreds of aquariums &leover t
world with almost half of them being rays or skates (AES Census 2008). The southern stingray,
Dasyatis americanas the second most displayed stingray at thesetfasiliThey are often
used to stock touch pools when they are small and then transferred to larger exfiiays a
mature. They can grow to an impresdwe meters in width (wingspan) with females being
larger than maleand have been reported to live up to twenty years or more in captivity (personal
communicationHenningsen 2007 Southern stingrays are also used in wildlife tourism to
provide human-wildlife interactions (Semeniuk et al. 2010). With increasing popuéarity
exhibit and offer interaction witthese animals, momiting their health is essential but can be
difficult due to the limited information available.

During the first couple foyears afteopening a new touch pool exhibit, an aquarium
experienced several mortai$ in their southern stingray collectioBased on a preliminary
analysis oktingraynecropsy records at this aquariumsmall liver was associated with many of
thecases with an unknown cause of death (Appendix 2). The reason fiectieased liver size
wasunknown therefore this variable wdke basis of investigation (outcome) for this study.
Given this iformation, it was decided to examine and monitor stingrays in an effort t@ asses
potential risk factors associated with small livergniprove conditions and avoid additional
mortalities

Elasmobranchs do not have adipose tissue and therefore fat is stored in the liver
attributing to itschange irsize and color (Ballantyne 199pImgren and Nilsson 1999;
Rossouw 1987). The animals’ condition could be based on the amount of lipid stored in the liver

but there have been no studies (to the author’s knowledge) that identify ideal conditionsrbase
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liver content. It is common to associate emaciation with the depletion of hepatocyte lipd stor
though (Garner 2013)Since these animals weeghibited in an interactive petting and feeding
pool, the season (low/high) for feed salesstaken into consideration along with reproductive
status(pregnant or not), and size (wingspaecause these variables make biological sense
Reproductive activity and size increases the need for energy and therefartethiimlpneed to
store energyOther variables considered were follicle size and time in captivity.

The objective of this studyasto determine the potential risk factors associated avith
decreased liver sizeThe hypothesis of this research vihat the probability of a southern
stingray having a lipigiepleted liver would be greater if they wewredergoing folliculogenesis,
werepregnant, ad/or recently wild caughhew to captivity)during the low season (September-
February) at the aquariunThis information can be used to establish a protocol for monitoring
the health of this collection to potentially avoid further mortalitielentification of these risk
factors and their influence on the health of the animal may assist aquaftjmeterinarians,

and researchers with husbandry and clinical decisions.

3.3 Materials and Methods

This study was approved by the animal care and usendtee at Colorado State
University.

This wasan observational, longitudin@lepeated measurestudy desigrand included
thefemale southern stingraysubjectsfrom the entire colle@n at the Downtown Aquarium at
Denver. A sample of the stingray collection veaamined on a regular basis (at least once every
six months or if they received new arrivals). The routine examinatiersused to identify

potentially compromised animals
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Only females werexamined athey representetthe majority of ingrays and because
changes in reprodugt status can change lipid contenthe liver The routine examinations
were performed as described in chapter 2iaddidedcollectingthe followinginformation
(independenvariables)wingspan (cm), time in captivity (days), follicle diameter (cpmggnant
(yes or no), and season (high or lownivariate analysis was performed by creating design
variabks for the continuous variables, whielad todichotomizingfollicles size € or > 1 cm)
time in captivity(< or >3 months), anavingspan(< or > 60 cn).

The variables were selected based on available information and biological Eeease.
high season wadefined from March to August and represents higher attendattoe aguarium
thereby increasetbuch pool feed sales; Low season represents September through February and
has lower attendance and fesades. Since liver size, specifically a dnaer, wasthe concern,
it servedas the outcome or dependent varidtdeget) The dependent variable was
dichotomous andvasdefined as either a lipidepletedor smallliver (liver < 70% the length of
the coelomic cavity) or havinglgid-filled or large liver (liver > 70% the length of the coelomic
cavity). The estalishment ofaliver-to-coelom ratioor liver percentages describedn detailin
chapter 4.Any animal with a liveito-coelom ratio less than or equal to 7@#stransferred to
guarantine for further evaluation and possible treatment. Information obtainedgraystiin
guarantine was not included in the longitudinal study. The basis for selecting 70%af$ a cut
value for potential treatment was selected arbitra@ybjectively, dead stingray livers were
50% or smaller, and without knowing the ratavhich the liver mobilizekpid, 70% was
selected as a size that could likely recover with attemimmhwithout severe debilitatiorA

summary of theossiblevariablesfor use in the model is shown in Table 3.1.
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Table3.1. Summary of potenti@ariables.

Variable IV or DV Number of levels Level of measurement
Follicles > 1cm(LF) A\ 2 Dichotomous
Captive< 3mo(CT3M) \Y, 2 Dichotomous
Wingspan> 60cm(WS60) IV 2 Dichotomous
Pregnan{Preq) \Y, 2 Dichotomous
Seasor{LS) \Y 2 Dichotomous
Liver size DV 2 Dichotomous

IV: independent variable
DV: dependent variable

The limitations of this study includehe small sample size, the lack of generalizability,
the lack ofindividual diet information, the lack of feed sales information, and the long duration
between examinations. Other forms of potertiat may include information bias if the animals

are incorrectly classified or measured.

Statistical Analyses

The collected data wasalyzed using a statistical software packdg®® SPSS®
Statistics version 23 release 23.0.0.0, IBM corporation, Armonk, NY and Microsoft®&xcel
Version 14.6.8, Redmond, WA

A generalized linear mixed model (Mixed mode&beneralized linear in SPSS) was used
to analyze the dataA generalized linear med model was selected due to multiple observations
representing repeated measurements from aesstigigray (subject}he non-normal distribution
(use of link function), and because the outcome was categorical (dichotorbougriate
analysis was performddst for the categorical variables as well as for design variables created
from continuous variables-or the generalized linear mixed model, the taogetutcome

variablewas the dependent variable (Liver Size of small or large) using aydowistic
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regression modédor the target distribution and relationshipdit link) with the linear model.
Thepotentialfixed effectsincluded the intercept, pregnancy (yes/time in captivity(< or >

3m), season (low/high), follicle size ¢r > 1an), wingspan € or > 60cm), and interaction terms.
The final model only included pregnancy, time in captivitpi( > 3m), and wingspar: (or >
60cm) as fixed effectsThe random effects includedetinterceptand pregnancy during the
building process but the intercept-only model was used in the final nidaaiandom effect
covariance type defaulted variance componentslhe information criterigprovided bythe
softwareoutput included -Rog pseudoikelihood ratio (LR)and Akaike (AIC) andvere used to
assess the fit of the model and helped determine variable inclusion. It is retdednte use a
secondorder AIC AIC.) with a small sample size/parameters of less than 40 (Anderson and
Burnham 2002; Myung et al. 2009)he AIC; was calculatedising an equatiothat considered
the sample size and number of paramdtarsach model iteratioMyung et al. 2009). Models
with smaller LR and AlG compared to the intercept-only modeférence) were considered
betterfit models Variables were added one at a time to the model and tsehied
distribution was calculated using the LR. Significance of the chi-squareithualisin at the 0.05
level warranted inclusion of a varialds it indicated an improvement to the fit of the model.

The selectednodelalsohad the lowest Alg

3.4 Results

Over afive-yearperiod, 41stingrays were examinatlring 15 examination periods,
which equated to 114 observations. Of the 114 observations, the livers were foesgithan
70% the length of the coelom 29 times and large livers (greater than 70% tlheolietingt

coelomic cavity) were found 85 time3 he small or large liver groups westeatifiedby
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independent variable category (seagmegnancy, follicle siz¢ime in captivity and wingspan)
(Table 3.2) There were oyl 76 observations for folliclsizetherefore it was not included in the
model building process. Also, there were four observations that did not include wingspan
measurements. This was due thei that step being overlooked for that stingray or there was

not a measuring device available.

Table 3.2. Summary of tidata fromthestudy. Small livers are those whose lengths are
<70% the coelomic length and large livers are those whose |leargtb§ 0% the coelomic

length.
Small Livers Large Livers
(n=29) (n=85) Total
Season
Low (SeptFeb) 15 36 51
High (MarAug) 14 49 63
Total 29 85 114
Pregnancy
Yes 10 3 13
No 19 82 101
Total 29 85 114
Follicle size
>1cm 9 44 53
<lcm 11 12 23
Total 20 56 76
Time at Aquarium
< 3 months 11 23 34
> 3 months 18 62 80
Total 29 85 114
Wingspan
>60cm 13 42 55
<60 cm 14 41 55
Total 27 83 110

The mixed modelvas performe@nd the combination of variables that providediibst
fit (X2.r=72.031df = 1,p<<0.001)is shown in Table 3.3TheAIC. was the lowest for this

model (456.872) compared toet interceponly model (499.56)1L Additionalrandom effectslid
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not change the LR, therefore it was not beneficifittherincrease the complexity of the model

by including them.

Table 33. Generalized linear mixeghodelresults forpredicting stingrays with liver sizes less
than 70% of coelomic cavity length.

Variable Coeff. SE Sig. exp? 95% CI
(8))

Intercept -2.146 1.573 0.175 0.117 0.005 2.647

Pregnant 3.433 0.765 0.000 30.978 6.803 141.066
Cap time< 3m 0.930 0.497 0.064 2534 0.945 6.790

(CT3M)

Wingspan> 60 cm -0.635 0.477 0.186 0.530 0.206 1.365

(WS60)

Themixedmodel coefficientare denoted by ‘Coeffin Table3.3. To translate the
information given by the coefficients to a probability (p) of predicting ivxedr not a stingray
has diver size of less than 70% of the coelomic cavity, one may use the following formula

(coefficients are used if that variable is trme givenscenarig:

Logit (p) = Log (%) = —2.146 + 3.433 (pregnant) + 0.930 (CT3M) — 0.635 (WS60)

The significant predictor variable was pregnanpy(0.000). The odds rat{confidence
interval for this variable wa80.978 [6.803, 141.066]. For pregnant stingrays, this means that
the odds of being pregnant are more thatirB@s as high among stingrays with small livers as

among stingrays with large liver§.he pregnant variableonfidence intervals confired its
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significanceasit did not inclue 1 in itsrange. he odds of a stingray having a small liver are
increasingly greataf the stingray is pregnant. dihg the predictor equation developed frthra
generalized linear mixed modahalysis, pegnancy (9%) hadthe highest prediction percentage
when it waghe only variable and togetherth all variables (9%) only increased the

probability of livers less than 70% the length of the codigr2% Biologically, it makes sense
that pregnant animals are makely to have a small liver since they are most likely to be in a

negative metabolic state.

3.5Discussion

Elasmobranch livers serve the purpose of lipid storage for metabolic functefytase
fuel source, follicle development for mature females, fan buoyancy (Ballantyne 1997,
Rossouw 1987). Knowing that the liver functions as the sole location for lipid storage, which
fluctuates depending on the metabolic demand and caloric intakeprngglerech dynamic
organ (much like adipose tissue in mammals). Similar to other animals, a denrtdor
being severely under conditioned can compromise their health and even contributlk,to dea
which was the suspicion in the unknowauuse of death in maryf theraysdiscussed in
Appendix 2. Based on the information learned from reviewing the necropsy reca ds,idlyi
was conducted to confirm possible risk factors contributing to lipid depletion in southern
stingray livers. The risk factors includedthe final model were pregnancy, recent arrivals (a
captivity time of less than three months), and a wingspan of greater than 60stnfiadiirs that
were considered but not included in the final model were follicle size and season.

Follicle sizeas a ontinuous variable, as well as dichaiized to follicles less than or

greater than one centimeter, wargially considered but not included in the analysis due to too
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many missing values per observation. The generalized linear mixed mockbh inSPSS
eliminates entire subjeabservations from the study if values for any variable are missing in
some casesWhen running certain analyses, errors were encountered due to the lack of
observations therefore follicle size was eliminated from the studym B practical perspective,
including follicle siz does not make sense sinds 1ot a parameter that the aquarists could

take into consideration (other than guessing basetirmgraysize). The aquarist would not be
able to look at an individual stingray and detect the sf its follicles unless thayere using an
ultrasound othe stingray was deceasadd they were performing a necropsy. If they were

using an ultrasound to measure follicles, then there would be no need to use that as a predictor
since they could easily use the ultrasound to view the liver. From a biological peespect

follicle content includes$ipids sa during vitellogenesiandfolliculogenesisthey aremobilized

from the liver Animals undergoing folliculogenesis do not mobilize enough lipids from the liver
to result in drastic depletidherebyputting the animal in a potentially compromising status
(follicles alone would have little effect on liver size in a captive environmdiitj)s process

occurs in other elasmobranch species over the course of several months tod/eassreot
disrupted the metabolic need for lipid (Rossouw 1987).

Follicle size overlaps with other variables such as age, which is represesied (the
older the stingray, the larger the stingray, which is more likely reproductivature). Also,
since many of these stingrays were wild caught and transferred to capiiveyn captivity may
also overlap with follicle size. Typically, smaller stingrays wesevested from the wild to
increaseltie number for transport and display (the smaller the gsbapngrays, the more that
couldbe transported and the more that could fit into the exhibit). So, in those deses, t

reciprocal of the follicle variable being a strong predictor is somewhétadiag. Certainly
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immature (not yet reproductively mature) stingrays will have smaller folliclggerb@aps age (or
rather size) would have been a confoundehis case.

Seasorflow/high) was considered but did not contribute significantly to theehod@ihe
thought behind including thisariablewas based on aquarium attendancetandh pooffeed
sales. Unfortunately neither attendance nor feed dates/ere available during the time frame
and therefore were not includeBaily diet was also nahcluded. This information, although
helpful in understanding the fluctuations (if any) of feed provided, would not havengelrtai
individuals. Daily diets were fed by total number of individuals in this exhibitleaéeedvas
broadcasted to the exhibit (not handfed to each stingray). Public feedings were bhandfe
individual stingrays but tracking that information would be nearly impossible. On@or t
volunteers monitored groups of guests and the stingrays were nodlbeigentifiable by
unique markings. Also, daily diets were adjusted by the attending aquaedtdratheir
observation of “slow” or “busy” days, which could have altered the results based onsthie sea
variable alone Along these same lines, stingrays identified with small $ivkrring exams were
“treated” with anincreasedliet and the liver sizezas monitoredluring routine veterinary visits
(approximately once every other weekthough this information was not included in the study.

Shortly afte the beginning of this study period, a group of wild caught stingrays were
transported to the aquarium and added to the exhibit. This group made up the majority of the
subjects that fell into the recently acquired category (captess than three months group).
Analyses on this group compared to the acclimated group at the time are desamioed detail
in chapters 4 and 5. Because the stingrays were examined routinely and adfustrdiettvere
made accordinglyeither to the exhibit (based on the aquarist’'s observations) or to individuals

(based on exam findings), there was a reduced risk of compromised IBssdtuse there were
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no massive di®ffs duringthe rest of the study period, the need to introduce additional stingrays
was eliminated.At the end of this study period, female stingrays were reproducing and the pups
could have also been categorized as being in captivity for less than three monthey llogve

intent behind this variable involved adults transitioning to a new environment. Although
neonates alscommonly have small livers, there are other factors to consider in addition to a
new environment. It is standard practice to closely monitor neonategfanthem a variety of

food as soon as they are metabolically ready (dmegalk sac is depleted} higher rates

compared to adults (Janse et al. 2004; Janse and Schrama 2010). Growth curves in captive
southerrstingrays have beeeported (Henningsen and Leaf 201Due to different

circumstances surrounding neonates, they were not included in the routine examamations
therefore not included in this study. Examining the newly acquired adults promptetetiteon
requirement for adjustments in feed in these situations.

The newly acquired stingrays also represented @pgnath wingspans less than 60 cm
overlapping small size and short captivity time. This is opposed with pregnanagsinghich
typically have a minimum wingspan @0 cm(Henningsen and Leaf 2010; Ramirez-Mosqueda
et al. 2012). Also, larger stingrays,general, have a higher energy demand thereforad
require a higher caloric intakeA wingspan over 60 cm in this study improved the model as
expected; however, it is important to understand the situations of the given varsablsisaat
captivity time also improved the model. Overall, the growth of the female stingrays usesl in thi
study followed a logarithmic curve as suggested in another study (Henningsen B2dl3a
All pregnant rays were over 60 cm and the majority of them expended nthelr oéserves
during their pregnancy resulting in a small liver. Based on the size of Insr&ére observed

during gestation (often between 60%), it indicated that the estimation of a liver being “small”
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at less than or equal to 70% was very conservative as there were no deaths ymolaseied
pregnant rays with livers less than 60%. So for pregnancy and wingpgganise the model
improved with the addition dhe variable wingspan greater than 6Q @¢radded to the
effectiveness fgust using pregnancy alome pregnancyvith captivity time Had the model had

not progressively improved with the addition of the variables (CT3M and WS60) then thdt woul
have reinforced that only pregnancy was informative as a predictor.

Retrospectively, the distribution of liver sizes expressed as percemtagesviewed
among the living (from this chapter’s study) and deceased (from the study mdeppgrays to
evaluate the arbitrary decision of a 70% cut off for “treatment.” This didtibistrepresented
by Figure 3.1. The deceased stingrays with liver size percentages frbd® ¥@ere all from
known causes (water quality problems or jumping out of the exhibit). The deceasedthay
liver size percentages of less than 60 were all unkregvthe time and were categorized to the
ranges by qualitative coding. For instance, based on liver color, livergbéelsicr the necropsy
reports as “blue” weressumed to be in the 3B rangeand those reported as “dark” were
assumed to be in the 40-49 range. Livers outside of those two ranges, either snzather.or |
were either expressed as a percentage in the necropsy report or an image ided iortve
record and the measurement was extrapolated. Based on this information, theasutoff w

conservative as expected and could have been decreased to 60%.
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Frequency of Liver Size Among Living and Deceased Stingrays
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Figure 3.1The distribution of liver size (percentage) ranges among liviegn(this study) and deceased
(from appendix 2 study) stingrays.

For future study, things to consider migitlude the association of liver length with
depth, liver echogenicityith respect to size, individual stingray’s diet content, the amount and
frequency of the broadcasted diet, attendance, and feed sales. Since this sttmlydweted,
many of these sdhern stingrays outgrew the touch pool exhibit and were moved to either
another location (a different aquarium) or to a larger exhibit within the aquariuten @hes
larger fish are individually fed within larger exhibits to ensure they ang luéfered an adequate
diet, to deter consumption of tankates, and to ensure they are receiving necessary
supplements. It is exceptionally more difficult to coordinate capture to examimals housed

in the larger exhibits so examination frequency would be reduced.
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CHAPTER 4: Validation of the ultrasound-guided technique to establish a liveto-coelom
ratio and a comparative analysis of the ratios among acclimated and recently wilchught

Southern stingrays,Dasyatis americanat

4.1 Synopsis

Southern stingrayf)asyatis americanaare a welrepresented elasmobranch species in
public aquaria and other facilities throughout the world. This study was conduetéatdity
that experienced some mortality and replenished the collection with wild-cstugirays. A
common necropsy finding among the stingrays was a small, dark liver. Thewdgextthis
study were to assess the reliability of an ultrasegunded technique for establishing a live#-
coelom ratio by calculating the approximate length of the liver with respect ¢to¢tmmic
cavity length and then to compare ratios between acclimated captive arghugliot stingrays.
The ultrasound validation phase of the study measured the distance from the cagidabima
the liver to the pelvic cartilaginous girdle acmimpared it to the actual distance measured during
the necropsy or surgery. There was no significant difference found betweeelrasound and
actual distance measuremens(.945). This technique was then used to establishtliver-
coelom ratios and compare two groups of stingrays, presumably under differabbineitates
at different periods. Livete-coelom ratios were established during initial examinations as well
as eight months after cohabitation in a touch pool exhibit. Significant differeniesr-to-
coelom ratios existed between the two stingray groups when compared at introdnetican(

difference = 30.9%p=0.007) and after eight months (median difference = 2005%008); and

1 Grant K.R., Campbell T.W., Silver T.I., Ol¢wpelka F.J. (2013) Validation of an ultrasowguided technique establish a liveto-coelom
ratio and a comparative analysis of the ratios among acclimated antlyredlel-caught southern stingrayBasyatis americanaZoo
Biology32(1):104111. Reprinted with permission from John Wiley and Sons, Licensdau8856201421705
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within the acclimated group (median difference= 20.4%6.018) and wildzaught group

(median difference 31%=0.008) when comparing livers at introduction and after eight months.

4.2 Introduction

Elasmobranchs have been an attraction in public aquarium exhibits since the late 1800’s
(Koob, 2004). The Southern stingr®asyatis americanas a wellrepresented stingray species
in public aquariums throughout the world. The Southern stingray is exhibited in over 48
facilities worldwide and is the second most represented marine stingray species (AES census,
2008; Firchau et al., 2004). They are commonly displayed in feeding or touch pools where the
public may interact with the animals contributing to their populddigffery andVandersee,
1996) Due to the public involvement with these types of facilities, monitoring feedinlgs an
caloric intake for these animals is challenging. The study presentediliénéroduce a method
for assessing body condition based on relative liver size and will use this methogareom
stingrays in presumably different metabolic states.

The liver is a large organ in elasmobranchs and may occupy the majority of thaicoelo
cavity. In some shark species the liver extends to the c{déalsh ¢ al., 1993). The liver is
the primary location for triacylglycerol storag@ammit and Newsholme, 1979). The liver of
benthic elasmobranch species may weigh between 1% and 6% of their body Wweigicho
80% may be lipid (Holmgren and Nilsson, 19990)he lipid stores provide energy between
meals and, in some species, assist with buoyancy. It is suspected that esdid situations,
long periods between meals, or during times of high energy or nutritional demanpiche li

stores become depletdtereby altering the size of the liver. In addition to a decreased size, lipid
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depletion will decrease the echogenicity of the liver during ultrasound ex@&midathiesen et
al., 2002; Nyland and Park, 1983; d’Anjou, 2008).

Animals in this study weredused in a commercial interactive pool with Southern and
Cownose stingrayf)asyatis americanandRhinoptera bonasusespectively. Over a three
year period this facility experienced intermittent mortalities involving their tBcesid -caught,
adult, female Southern stingrays. Necropsy records noted that all of thesks &aidha small,
dark liver upon gross necropsy, which was described as lipid or glycogen depldtien i
pathology reports. Records indicated that there were no signs of iliness priahtarttan
many cases the animals ate until the day before they died.

Since the most evident macroscopic lesion at necropsy, in all cases, involved the size of
the liver, the objective of the initial phase was to determine the reliability of éelgura
measuring the distance between the caudal margin of the liver and the pelvicicaudagrdle
using an ultrasounduided technique. This distance implies a relative liver length compared to
the coelomic length and was used to establish atoseoelom ratio (liver size %) to identify
potentially compromised animals.

The second phase of this study compares the liver size percentages of veitentl
caught Southern stingrays to those acclimated to captivity using the predesshbed
ultrasound technique. Since recently widdught stingrays are likely in a negative metabolic
state due to the stress of capture and transport, it is suspected that thesearatritionally

compromised than those acclimated to captivity.
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4.3 Materials and Methods
Validation of the ultrasound-guided technique for establishing the toreoelom ratio

The purpose of this phase of the study was to validate an ultrasound-guided technique to
measure the liver. This phase was exploratory in which available subpectsghadult
Southern stingrays (13 females and one male), were used. The ultrasound exams wer
performed and measurements were taken on 13 deceased animals and one animal ualder gene
anesthesia for surgery. The ultrasound exams and necropsies were pewahine24 hours of
death.

All but one of these animals lived in the touch pool exhibit. The fourteenth stingray lived
in a much larger exhibit with a variety of other animals. The exhibit and wadbktyqu
parameters were consistent with recommendafmmsaptive elasmobranclislohan and
Aiken, 2004). The offered diet consisted of a variety of fish, such as smelt, pollockj,capel
mackerel; as well as squid and shrimp. The stingrays were also supplemeimtaa wi
elasmobranch vitamin (Vitdu®, Mazuri®, St. Louis, MO) once weekly.

Each stingray was placed in dorsal recumbency for sonography. Thirteen isgng
were performed post mortem and one during surgery. The stingray undergoing sager
placed in a shallow bath with recirculating salter treated with 100 parts per million (ppm) of
tricaine methanesulfonate (Finquel® or M32®, Argent Laboratories, Redmond, WA). The
length of the coelomic cavity was established by palpating and measweidigtance (in
centimeters) between the pael and pelvic cartilaginous girdles on ventral midline (Figure 1).

Ultrasound examinations were performed using a 7.5 MHz linear arragu@risvith a
commercial ultrasound ur{iAloka SSD-900v, Aloka, Inc. Wallingford, CT). The overall gain,

time cain compensation (TGC), and depth settings were adjusted to maximize esalgtion
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and organ visualization. With the transducer in a sagittal position, on ventral migine, |
caudal to the pectoral cartilaginous girdle, the liver was identifie@. cabdal margin of the
liver was located with the ultrasound along the ventral midline. The pelvic gemtiles girdle

was identified by palpation just cranial to the vent (Figuig. 4.

Figure 4.1. Ventral view of a female Southern stingBagyatis
americanathe pectoral cartilaginous girdle (A), the pelvic cartilaginous
girdle (B), and the vent (C)

If the cartilage and the caudal liver margin were captured within the sametiven the
distance between the two landmarks was oreaisusing the ultrasound unit (Figure 4.2). If the
two landmarks were not captured within the samagienthen the caudal edge of the transducer
was aligned with the caudal margin of the liver and the distance between the caadsdltbdg
transducer ahthe cartilage was measured with a ruler. The estimated liver length isatadcul

by subtracting the distance between the liver and pelvic cartilage fromeloenco cavity
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length. The liver size is expressed as a percent of the coelom (etolv@dom ratio) by

dividing the estimated liver length by the coelomic cavity length.

Figure 4.2. Ultrasound image of the caudal, mid coelom in a female Southgraysasyati
americana Note the caudal margin of the liver (A) and piedvic cartilaginous girdle (B).
Similar to that of bone, the cartilage produces a distal acoustic shadowh€Yistance
between them can be measured using the ultrasound unit as noted by the datteéddine
image. The large ‘+' symbol is at teaudal margin of the liver and the small *+' symbol is at
the cranial edge of the pelvic girdle.

The necropsy was performed by making a circular incision along the border of the
cartilage surrounding the coelomic cavity. The contents of thermogke exposed during
necropsy.The distance between the caudal margin of the liver on ventral midline and ttee pelvi
cartilaginous girdle just cranial to thentavas measured in centimetefiis distance and the
distance obtained using the ultrasound provided two measurements for each stimggay (pa

data).
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Comparative analysis of ratios among acclimated and wild-caught stingrays

This phase was prospective using a cohort of twenty female Southern stingiregy ef
the stingrays were acclimated to thech pool exhibit foa minimum oftwo yearqacclimated
stingrays)and 11 of the stingrays were recently introducetthe exhibitafter being captured
from the wild(wild-caught stingrays) Initial examination of the acclimated stingrays occurred
one month prior to the introduction of the wild-caught stingrays. Upon arrival to the aquarium,
thewild-caughtstingrays were treated wittvo ppm of praziquantel (Fishman Chemical, LLC,

Ft. Pierce, FL) for five days while quarantined for two weeks. The 1loaildhtstingrays
were examined on two different occasions within one month of arrival.

Physical examinations of both groups consisted of placing the animal in dorsal
recumbency fomeasurements and ultrasound imagimge stingrays were captured with a large
nylon net and manually turned into dorsal recumbency. Although the barbs are clipped due to
public interaction, careful handling by trained personnel ensured the safetyeimhalsed
with the examinations. Meurements recorded included wingspan (largest distance from wing
tip to wing tip),snoutto-vent length, length of coelomic cavity (pectoral to pelvic cartilaginous
girdle measurementand liver length (using the ultrasound-guided technique). Liver size
percentages were established for each stingray. An ultrasound imageingripar and spleen
echogenicity was also recorded.

The wild-caught stingrays were introduced into the touch pool exhibit approximately two
weeks after arrival. The husbandry alek for the stingrays were identical to those described
previously. In an effort to monitor the health status of the collection, physical assbultd
examinations were performed twice yearly. Therefore, eight monthsrdaftatuction,

examinationsvere repeated.
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Validation of the ultrasound-guided technique for establishing the toreoelom ratio—
StatTools, Palisade Corporation, Ithaca, NY was used for statisticgssndlhe
Wilcoxon signed rank test was used to compare the median distaeasared from the caudal
liver margin to the pelvic cartilaginous girdle using the ultrasegunded technique and the
measurement taken during necropsy among each subject (paired data). Wedesitd th
hypothesis that there will be no difference between the toreartilage distance measurements
when using the ultrasound-guided technique compared to the measurement taken during

necropsy or surgery.

Comparative analysis of ratios among acclimated and wild-caught stingrays —

Theliver size mediampercentages were compared betweervtloestingray groups
(acclimated vswild-caughj using the Wilcoxon rank sum test at the time of introduction and
aftereight months of cohabitatioheliver-to-coelom percentagaegere comparetetween
time periodsiftroduction vs. eight months) within each stingray gr(pgred dataysing the
Wilcoxon sigred rank test using SPSS 17.0 for windows, release 1We.2ested the null
hypotheses that liver size percentages between stingrays groups and tits&pm not
different. Statistical significance (rejection of the null hypothes@s)considered at p<0.05.

The wild-caught stingray examinations were completed within one month of arrival, two-
weeks apart. The liver size percentages were subjectively evahaettezen the two exams and

showed no difference.
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4.4 Results
Validation of the ultrasound-guided technique for establishing the toreoelom ratio

Table4.1 represents the data for 14 Southern stingrays. The minimum and maximum
actual livercartilage distances were zero and 15 cm, respectively. The minimum and maximum
differences between the ultrasouguaided measurement and actual distance were zero and two
centimeters, respectively. Six of the 14 stingrays had a distance measurereent o
cenimeters between the ultrasound guided and actual distances. Two of the 14 shiadrays
distance differences of two centimeters. The remaining six observations iffadesce
between measurements of 0.31, 1.37, 1.40, 1.48, and two at 1.67 cm. Téae diféelience
between the measurements of the two methods for thechiwvlage distance was not
statistically significant (median difference = 0.84 g, 0.945, Table 4)).

Table4.1. Measurements from the caudal liver edge to the pe

girdle in Southern stingrays using an ultrasound-guided technique
(US) and those taken during necropsy or surgery (N/S).

Stingray US (cm) N/S (cm) |Difference|
1 14.5 14.5 0
2 0 0 0
3 1.67 0 1.67
4 0.31 0 0.31
5 0 0 0
6 14 0 1.4
7 3.52 5 1.48
8 0 0 0
9 0 0 0
10 3.37 2 1.37
11 1.67 0 1.67
12 13 15 2
13 0 0 0
14 7 9 2
Median 1.54 0 0.84
Mean 3.32 3.25 0.85
St Dev 4.85 5.53 0.86
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Comparative analysis of ratios among acclimated and wild-caught stingrays

The results from the comparisons between the two groups of stihgnagize
percentageare shown in Table 4.2. The medimer size percentaged the acclimated
stingrays and wiletaughtstingrays at introduction were significantly differ¢pt0.007) at
90.9% and 60.0%, respectively. Likewise, comparing the groups after eight months of
cohabitation, the medidiver size percentaged the acclimated and Wgd-caught stingrays
showed a contrasting significant differenpe@.008)at 70.5% and 91.0%gespectively.

Liver measurements were also compared within groups. The values for the &cklima
and wild-caught rays at introduction were compared to values obtained eight momthSHate
was a significant difference for liver size within the wdaught stingray group between time
periods (median difference = 31%50.008 and for the acclimated group (median difference =

20.4%,p=0.019.

Table4.2. Descriptive measurements among recently-adldght Southern stingrays and acclimated Southern
stingrays and comparisons of liviercoelom ratio (liver size percentages).

Acclimated stingrays Recently wildcaught stingrays Wilcoxon

rank sum
n Min Max Median Mean sd n Min Max Median Mean sd test

p-value
Liver sizelntro (%) 7 80 104 90.9 92.9 71 11 30 85 60.0 59.5 17.1 0.007
Liver size8mo (%)* 8 53 83 70.5 699 95 11 58 100 91.0 86.9 12.6 0.008

Wilcoxon sign rank tes -
pvalie - - 0.018 - - - - —~ 0008 - - -

*The second measurement taken after eight months obitatian. Wilcoxon sign rank tests were used to compare median liver sizes at

different time points among the same stingrays. The Wilcoxon rankest was used to compare median liver size amongetiffgroups of
stingrays (at two different time points).
p-values (bolded) indicates significance (<0.05)
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4.5 Discussion

The purpose of this study was to assess the accuracy of measuring areesitwerat
length relative to the coelom using an ultrasound-guided technique and to use this technique to
compare stingrays acclimated to a captive environment to those recentigamidght. The small
difference between measurements in the ultrasound validation phase conferaedutacy of
the ultrasound-guided measurements. We did not have a predefinelddsyptd test regarding
the difference between the two measurements. Although small (median défer@r&4 cm,
p=0.945), there were observed differences between ultragpudded and actual measurements
in some stingrays; however, we did not findiaical/anatomical relevant difference between the
measurements between the two methods in our study. Considering the variabilityatapar d
post-hoc power analysis indicated our sample (n=14) would be sufficient to detpuficamt
difference ofone centimeter between methods if that difference existed, with a power of 80%
and 95% confidence.

The accuracy of taking liver to cartilage distance measurements may vargidgpzm
whether or not the image captures both the caudal liver margin@apelthc girdle. If the
ultrasound image captures both landmarks, then the measurement can be taken dhebtty wi
ultrasound unit and the only variability is probe position. The variability in the acttehcks
measured when both landmarks are wagat within the image is identifying a clean border on
the pelvic girdle. The cartilage is clearly defined on the ultrasounckiemsg produces a distal
acoustic shadow (Figure 4.2). During necropsy, the soft tissue needed to be removedio ord
estblish a definite point of measurement on the cartilage. If the liver is small timlaged
with the cartilage, then measuring the distance requires an external measvicegadd a well

positioned probe. The caudal edge of the probe must be aligned with the caudal margin of the
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liver at which point the distance is measured from the caudal edge of the prob@atpated
pelvic girdle. The margin of error may involve the probe position, the variability qicimé at
which to measure from the pmbaccurately palpating the pelvic girdle, and the variability of the
point at which to measure to the cartilage. Again, if the probe is not on midline, thadteray

the distance measured as well. The other factor that may add to the vargmhiltyament by

the animal.

A liver with decreased fat stores may not only decrease in size but also display
decreased echogenicity when imaged with an ultrasound unit. The liver maydaviaa
echogenicity or appear hypoechoic when compared to the gplgeine4.3A) or epigonal
organ In cases where it is difficult to discern organs, identifying the liver tcunedhe
distance from the caudal margin to the pelvic cartilage may be challengingnpagson of the
echogenicity, gross appearance, amatasponding histology of a liver with depleted lipid stores
and a normal lipid-filled liver are shown in Figures 4.3 and 4.4, respectively. Theulitdas
image of the lipiedepleted liver (Figurd.3A) shows a small liver ventrally with similar
echogentity compared to the spleen. The corresponding gross image from necropsyrshows t
small, dark liver extending to the curvature of the stomach. The spleen is dorsdivter thied
therefore is not seen. The darker color of the liver during necropsy is an indicalepleted
lipid storeqRossouw, 1987). Histologically this liver showed marked depletion of fat from the
hepatocytes. Although there igesome fat vacuoles presemierall the liver was severely lipid
depleted which is apparent whemuquared to the histology of a normal liver (FigdtéC). The
ultrasound image of the lipifiled liver shows a large and hyperechoic liver compared to the
spleen, which is dorsal to the liver (Figure 4.4A). While in elasmobranchs iteafgesnormal

condition, increased echogenicity is consistent in other animals withraéhi@tty infiltration to
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the liver(Nyland et al., 2002; Stetter, 2004). The histology of this normal stingray liver shows
the majority of hepatocytes with fat vacuoles, whicsinsilar to hepatic lipidosis inther
animals(Cebra et al., 1997; Cooper, 2002). On necropsy this liver is large and a light tan color

(Figure4.4B).
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Figure 4.3These images are from the same Southern stinDesyatis americanayith a
lipid-depleted liver. (A) This ultrasound image is captured with the lin@asducer in a
sagittal position, mid to cranial coelom on ventral midline. The liverrigr&k(top of image)
to the spleen (middle of image). Note the similar echingg between the liver and the
spleen. (B) This image shows the open coelom during necropsy. The caudal mtrgin of
liver does not extend beyond the curvature of the stomach. (C) Histolduy lofer shows
some fat vacuoles but is severely depletegtrall, HE stain

05 R

Figure 4.4These images are from the same Southern stinDesyatis americanayith a lipid-
filled liver. (A) The ultrasound image is with the linear transducer $agittal, mid coelom,
ventral midline position. The liver is occupying the majority of the image @tpphimage A)
and is hyperechoic compared to the spleen (bottom of image A). (B) The open daelomn
necropsy. Only the liver can be seen, as it is large anéfililgid. (C) Histology (HE stain) of the
lipid-filled liver with the majority of the hepatocytes containing fat vacuoles
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To further evaluate the liver size using this technique under presumably different
metabolic states, two groups of stingrays were compared. One group oddroatehe wild
and had been in captivity for at least two years while the other group wasyecepiired from
the wild. The results provided evidence to support the hypottiesewild-caught stingrays’
liver size percentagese significantly differencompared to the acclimated stingrays between
the two groups at introduction. Theer size percentages wesgnificantly different when
analyzed between groups at introduction and after eight months of cohalatati@ti agvithin
both groups. The smalléver size percentages the wild-caught stingrays at introductioreve
expected due to possible stress of the capture and long transport, stress from tite new a
unfamiliar environment, and anorexia. Southern stingrays reside in the wesgaricAtlain et
al., 2004; Chapman et al., 2003) and Gulf of Mexico (Lytle and Lytle, 1994; Semeniuk et al.,
2007) so théransport distance to this facility waser 2,000 milesThe exact time that lapsed
from capture to arrival is unknown but it is likely that these animals relied on dhsiofes for
energyduring the majority of this procesbheir liver sizes weranknown at time of capture, so
livers may have been dieped in the wild. Regardless nutritional status prior capturthe
transport and anorexigely contributed to thie negative metabolic state This study only
confirmed that they arrickwith relatively smalllivers.

Within one month of introducing the recently wild-caught group to the touch pool the
amount of food provided to the exhibit was six kilograms daily. This food was given iroadditi
to the amount provided by the public. There were no stingrays lost during thisdraast
they were reevaluated after eight monthklnexpectedlythere was an inverse relationship with
liver size percentagdsetween groups after eight months. The wild-caught grouptian liver

size percentageassignificantly higher than the acclimated group’s median liver percentage
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One explanation for the decreddwer sizein the acclimated group is competition. The
acclimated group may have become accustomed to daily feedings wheread-tteuglhit grop
was accustometb foraging in the wild and therefore capitalized on the opportunity. One study
conducted in Grand Cayman Southern stingrays fthaithere were behavior changes between
tourist sites and notourist site{Semeniuk and Rothley, 2008)he stingrays in the tourist sites
appeared to display more aggressive competitive behaviors and exhibited morg injurie
compared to stingrays in ndadrist siteSemeniuk and Rothley, 2008Ppne year after
introduction, an informal examination of ten randomly selected stingrays fromtéhgroup
(six were from the wilecaught group and four from the previously acclimated group) showed no
difference in liverto-coelom ratios with all of theretween 90% and 100% (data not shown).
Based on the wingspan measurements of theaailayht group, it is suspected that these
stingrays were younger. The median wingspan difference between gronfpsdatdtion and
eight months later was 21 cm and 20.5 cm, respectively. These differencegwidicast
(p<0.001). Both groups increased in size similarly over the eight-month cohabitatmohvpién
median wingspan differences of 9.5 cm in the acclimated group and 10 cm in tlaugld-
group. The wild-caught group was significantly smaller which may iyniblat these rays were
not yet sexually mature and therefore the nutrient demand during folliculigemssabsent.
Vitellogenic precursors originate from the ligtamlett et al., 2005; Hamlett and Koob, 1999).
A decreased amount of lipid in the liv@ay possibly contribute to small follicles. This
correlation between liver size and follicle size has been shown in other elasomhsbidalker
TIl, 2005). Follicle size was not recorded during the examinations due to difficultiphzguy
them in manyof the stingrays within the witdaught group. This may have aided with their

successful transition into captivity.
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Animals that have undergone a potentially stressful event, such as traasgdhat are
anorexicmay be in a vulnerable condititimatpossibly predisp@sthem to opportunistic
pathogens or other immunosuppressive diseases. It is important to quarantine, examine, a
provide additional nutritional support through the capture and transport transition.oulas
a noninvasive approadbr evaluating the liveito-coelom raticand hepatic echogenicity in
recently captured elasmobranchs. This technique can be easily incalpot@tiee routine
physical examinatioand will provideinsight into thenutritional status of the animal®koutine
examinations with established collections are also necessary to gain moetealealth
assessments. Stingrays in these types of exhibits are often difficult tmneadings and
many of the animals may appear to be eating when actually theyaathing or playing with
the food. Further investigation is necessary to evaluate the dynamics aradoglyysf the

elasmobranch liver during different metabolic states.

Conclusions

1. The ultrasound serves as a useful tool in approximating the relative lengtHieéthe
when compared to the cartilaginous borders of the coelomic cavity.

2. The ultrasound-guided technique for establishing a tier@eelom percentage showed a
significantdifference between relative liver size percentages among stingrays recently
wild-caught compared to stingrays that were acclimated to captivity.

3. Further studies are needed to determine the-forepelom percentage at which
intervention is necessary and to better understand the dynamics of the elasmobra

liver.
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CHAPTER 5: Hematology and Plasma Biochemistry Value Differences Between

Acclimated and Recently Captive Female Southern Stingray®asyatis Americana

5.1 Synopsis

Southern stingrays are used for interaction and education in captive and wilglssetti
therefore it is important to monitor their health conditions. Diagntmbis that are useful for
assessing health in other animals are hematology and plasma biochemigéy. p@ertain
reference intervals have been established in this species; howeveretaterprof intervals in
stingrays under different conditionsdacking. The primary aim was to compare hematological
and plasma biochemical values between seventeen female stingrays that wereegctdimat
captivity (n=8 adult) to those recently collected from the wild (n=9 immatiEraminations
included measuring disc width, ultrasound evaluation of the coelomic cavity, and blood
collection. The examinations were performed on both test groups at two time poantso pri
introduction of the recently captive rays to the aquarium exhibit and eight momths aft
cohabitation. Hematology analysis included manual WBC counts, leukocyte wlif&réeCV,
and plasma protein. Plasma chemistry profiles included aspartate aminoasadbecarbonate,
urea, calcium, creatine kinase, cholesterol, chloride, globulin, glucose, phosphorugjipotass
sodium, and total protein. The two groups of stingrays’ results were compargdhesin
Wilcoxon Rank Sum test. The following parameters were found to have stHyistigaificant
differences [§<0.05) prior to introduction: bicarbonate, urea, calcium, cholesterol, chloride,
globulin, potassium, total protein, and PCV. The recently-captive rays had highanmaldies

of urea, chloride, and potassium. There were no significant differences dftemeigths of
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cohabitation.Data interpretation for hematology and plasma chemistry values mayebtedff

by the environmental changes for stingrays.

5.2 Introduction

Southern stingray®@syatis americanabelong to the Dasyatidae family, subclass
elasmobranchii, and naturally reside in the western Atlantic ocean and ®ékafo (Grubbs
et al. 2006). In the wild, they are used in nature-based tourism and, in captivity,etloey af
the most represéed marine stingray species in public aquaria (Semeniuk et al. 2009; Firchau et
al. 2004; 2008 AES Census). In public aquaria they are often displayed in interactbres exhi
such as feeding or touch pools, which contribute to their popularity. Mangaarhealthy
collection is important both for the animals and for public education. Diagnostic toatsaiat
be useful in assessing the health of these animals are hematological araipthemical
profiles (Campbell 2015; Grant 2015). There are,dw@x, a lack of reference intervals for
many species and little information exists regarding interpretation of chamigesecof those
intervals. There are many factors that may influence cellular or phyisiclognges in
elasmobranchs such as enviromtn@vater parameters and quality, temperature, season),
nutrition, age, sex, species, stress, and disease (Clauss et al. 2008; Southgate&®aly.and
medians for selected blood values for this species have been previously reported based on 28
individuals caught in trawls (Cain et al. 2004).

The facility used in this study maintains a southern stingray collectiorourch tank for
public interaction. Wild southern stingrays were acquired to add to the collection. Tttevebje
of this study wasat compare hematological and plasma biochemical values between female

southern stingrays that were acclimated to a captive aquarium environnfesgdadcently
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introduced to the facility from the wild. It was suspected that the recesyiyve stingraysvere
nutritionally deprived as well as stressed from capture and environmentgkeshat the time of

examinations and therefore differences in analytes relating to those chandgtbeveeen.

5.3 Materials and Methods
This study was approved by themal care and use committee at Colorado State

University.

Animals

There were two groups of stingrays used in this study: the first group had been in
captivity for at least two years (acclimated rays) and the second weyemewly acquired from
the wild and transported approximately 2,000 miles to the aquarium (recently-captive rays)
There were 25 stingrays total (13 acclimated rays and 12 recaptiye rays) and the sample
size for each group depended on the stingrays caught during a given examinatonesekss
successful data or blood collection from individual animals. For this study, edimaed and
nine recentlycaptive rays were used. This population was used in another study (Grant et al.
2013), therefore some descriptive statisti¢s tisc width, may vary slightly due to the different
combinations of animals used within each group.

All stingrays were uniquely identified with a passive integrated transpgdRde tag
(Avid Identification Systems, Inc., Norco CA). Physical examimetiowere performed and
blood was collected, prior to the arrival of the new stingrays, on the acclinagtedrrd within

one month of arrival, during two sessions, on the recently-captive rays. Informatiogssuc
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capture process, the duration from capture to arrival, the water qualitg diamnsport, and other

transport conditions was unknown.

Husbandry

Upon arrival to the facility, the recentbaptive rays were quarantined for two weeks and
treated with two parts per million (ppm) of praziquantesiifnan Chemical, LLC, Ft. Pierce,
FL) for five days for potential parasites. Both the exhibit and quarantirensystere
maintained under similar parameters. The acclimated and recaptiye rays were housed in a
45,000-liter exhibit and 11,40@er quarantine tank, respectively. Each tank contained artificial
saltwater with average water quality parameters maintained at 75 degrees Fa{fzérdegrees
Celsius), 7.5-8.0 pH, 33%. salinity, zero ammonia, less than 0.05 ppm nitrite, and less than 150
ppm nitrate. Their diet consisted of smelt, pollock, capelin, mackerel, squid, or shriynp dai
along with an elasmobranch vitamin supplement (Vita-Zu®, Mazuri®, St. Louis, MO) pdovide
once weekly. The acclimated rays were also presented with feed mar¢laam the public of

varied amounts.

Blood sampling and processing

Blood sampling and physical examinations were performed prior to introduction
(acclimated rays within three months of new ray introduction; recentlyveaatys within one
month after anval) and eight months after cohabitation of the two groups. The stingrays were
handled by manual restraint and placed in dorsal recumbency to induce tonic immobility
(Henningsen 1994, Stamper 2007). Physical examinations were conducted after bletidrcolle

and included measuring the disc width (DW) of each stingray and a coelomic ultrasound
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examination. During the ultrasound examination, liver lengths were measuret ¢Gaha
2013) as well as follicle diameters when possible. Although follicle size viasitnally
recorded in medical records, review of the saved ultrasound images allovieltidier diameter
measurement.

Blood was collected from the caudal tail vein by a ventral approach using_ssgringe
and 23gauge needle (Noga 2010).0BH was immediately transferred into lithium heparin
containers (MicrotainefsBD, Franklin Lakes, NJ) and fresh blood smears were made. The
whole blood samples were maintained in a cooler and submitted to the Colorado Stat&tyniver
Diagnostic Laboraty (Clinical Pathology Laboratory, Fort Collins, CO) within four hours of
collection. Hematological and plasma biochemical diagnostic profiles weremedo
Hematological profiles included manual WBC counts using the Natt-Herrittkoch€Natt-
PettéM, Exotic Animal Solutions, Inc., Hueytown, AL), leukocyte differentials, plaprogein,
and packed cell volume (PCV). Leukocyte differentials were determined\¥siggt's-giemsa
stained blood smears and the following cell nomenclaturégi@nulocyte type | or heterophil-
like cells), G (granulocyte type Il or neutropHike cells), G (granulocyte type Il or
eosinophil-like cells), basophils, lymphocytes, and monocytes (Campbell 2015; Grant 2015).
Plasma protein was measured by rdfvateter and PCV by microhematocrit centrifugation. The
following plasma chemistry tests were analyzed using the Roche HitatfBRitk Scientific,
Nutley, NJ): aspartate aminotransferase (AST), bicarbonate, blood ureamitnogg), calcium,
creatinekinase (CK), cholesterol, chloride, globulins, glucose, phosphorus, potassium, sodium,

and total protein (biuret method).
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Statistical analysis

The data were analyzed using a commercial statistical software package (IBBS®SP
Statistics version 2@lease 23.0.0.0, IBM Corporation, Armonk, NY). Histograms of the data
were used to evaluate distribution. Due to the small sample size and violations gftessim
for parametric testing, a nonparametric test, the Wilcoxon Rank Sum ésstised to compare
the values for the hematological profiles, plasma biochemistry profiles, didtswahd follicle
size between the two groups. Statistical significance was considehea priobability value of
less than 0.05.

The entire process was repeated eigbhths after the recentbaptive rays were
introduced into the touch tank.

In addition to the comparative analysis, the correlation between protein valugfiérom
hematological profile reports (refractometer) and the biochemistrygreports (biugt) from
both sessions was evaluated using the Spearman’s rho correlation coefficicRt SIBSS®

Statistics version 23 release 23.0.0.0, IBM Corporation, Armonk, NY).

5.4 Results

All of the stingrays were apparently healthy. Prior to introduction, the DWeof t
acclimated rays (median=60 cm) was significantly large®(01) compared to the recently-
captive rays (median=40 cmT.he diameter of the follicles in the acclimated rays (median=1.41
cm) were significantly largep€0.001) compared to the diateeof the follicles of the recently
captive rays (median=0.60 cmitight months after cohabitation, the DW of the acclimated
(median=64 cm) were still significantly largg<(.001) compared to the recentgptive rays
(median=51 cm). There was no difénce in follicle diameter (acclimated ray median=1.7 cm,

recentlycaptive ray median=1.52 cips0.277).
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The descriptive and comparative results from the hematological and plasmarbsdche
profiles are shown (Tables 5.14%. Significant differences &ve found between the two test
groups in the first sample session for PCV and protein by refractometer, bdticbfwere
higher in the acclimated group (Talld). There were no significant differences in WBC
counts between the two test groups at either of the two sampling sessions. éreere w
significant differences in bicarbonate, urea, calcium, cholesterol, chlgtalilin, potassium,
and total protein between stingray groups prior to introduction (TaBje Bhe acclimated rays
had higher bicarbonate, calcium, cholesterol, globulin, and total protein compared to the
recentlycaptiverays, whichhad higher urea, chloride, and potassium at introduction. These
results, along with the results from another study (Cain et al. 2004) thatststdidierence
intervals of wild stingrays are summarized in Tahle After eight months of cohabitation in
the touch tank exhibit, all hematological and plasma biochemical values showed tioadhatis
significant differences therefore the data were cortband summarized in Tables 5.2 and 5.4,
respectively.

There was a significant positive correlation (n=33, r=0.958,0001) between protein
values when computing the results from the refractometer and biuret methodsiogralyst
from both time periods (Figure 5.1).

Table 5.1. Comparative results of statistically significant differemdtological values between

acclimated and recenthaptive southern stingrays prior to introduction. P-values < 0.05 are
considered statistically significant.

Acclimated stingrays  Recentlycaptive stingrays

Plasma Biochemistry Valur n  Median (minmax) n Median (mirmax) p-value
Plasma protein (g/dL) 8 7.9 (7.1-8.6) 9 5.6 (5.4-6.2) 0.000
PCV (%) 8 29 (24-36) 9 24 (21-31) 0.015
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Table 5.2. Descriptive results of hematological values combin
from the two stingray groups after eight months of cohabitatic

HematologicaValue n Median (mirmax)
WBC (x1(F/uL) 17 28.9 (6.2-55.5)
Gy (X1C¥/uL) 17 5.4 (2.2-13.8)
Gz (x10%/uL) 17 0.0 (0.0-0.3)
Gs (X10¥/uL) 17 1.2 (0.2-5.0)
Basophils (x1&uL) 17 0.0 (0.0-0.1)
Lymphocytes (x18uL) 17 21.7 (1.4-46.2)
Monocytes (x1&uL) 17 0.0 (0.0-2.0)
Plasma protein (g/dL) 17 7.0 (4.5-7.8)
PCV (%) 17 31 (20-48)

Table 5.3. Comparative results of statisticallynificantdifferent plasma biochemistry values
between acclimated and recentptive southern stingrays prior to introduction. P-values < 0.05
are considered statistically significant.

Acclimated stingrays  Recentlycaptive stingrays

Plasma Biochemistryalues n Median (mirmax) n Median (mirmax) p-value

Bicarbonate (mEqg/L) 8 5.3 (3.9-5.7) 9 4.1 (3.1-5.4) 0.027
Urea (mg/dL) 8 1050 (880-1075) 9 1110 (780-1330) 0.036
Calcium (mg/dL) 8 17.2(16.3-18.3) 9 15.5 (14.6-17.2)  0.002
Cholesterol (mg/dL) 8 205(139-291) 9 122 (23-176) 0.004
Chloride (MEg/L) 8 247 (168-269) 9 285 (259-313) 0.002
Globulin (g/dL) 7 3.4 (3.0-3.9) 9 1.5(1.3-1.8) 0.000
Potassium (mEq/L) 8 3.1 (1.7-3.5) 9 3.7 (2.1-5.8) 0.006

(o]
©

Total protein (g/dL) 4.4 (3.7-4.9) 2.5(2.3-2.8) 0.000
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Table 5.4. Descriptive results of plasma biochemistry values combin
from the two groups of stingrays after eight months of cohabitation.

8 months of cohabitation

n

Median (mirmax)

AST (U/L)
Bicarbonate (mEg/L)
Urea (mg/dL)
Calcium (mg/dL)
CK (U/L)
Cholesterol (mg/dL)
Chloride (mEq/L)
Globulin (g/dL)
Glucose (mg/dL)
Phosphorus (mg/dL)
Potassium (mEg/L)
Sodium (mEqg/L)

Total protein (g/dL)

17

17

17

17

17

17

17

17

16

17

17

17

17

11 (5-27)
2.7 (2.1-4.0)
1050 (870-1130)
16.7 (12.6-18.5)
218 (94-653)
263 (78-335)
265 (254-280)
2.4 (1.5-3.0)
45 (22-66)
4.8 (3.9-6.7)
3.3 (2.6-6.1)
261 (250-274)

3.4 (1.7-4.0)
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Table 55. A summary of the plasma parameter medians that were significantly diffetbigt
study as well as those froanstudy (Cain et al. 2004) that established reference intervals for
wild-caught southern stingrays.

Parameter Acclimated rays Recentlycaptive rays Wild-caught rays
Bicarbonate(mEqg/L) 5.3 4.1 <5
Urea (mg/dL) 1050 1110 1243
Calcium (mg/dL) 17.2 15.5 16.5
Cholesterol (mg/dL) 205 122 NR
Chloride (mEqg/L) 247 285 342
Globulin (g/dL) 3.4 15 NR
Potassium (mEq/L) 3.1 3.7 5.0
Total protein (g/dL) 4.4 2.5 2.6
PCV (%) 29 24 22
Sodium (MEg/L) 274 277 315

aNa was not significantly different in thisudy but included here due to its association with
NR = not reported
* Cain et al. 2004
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Protein
Biuret vs. Refractometer

Biuret Total Protein (g/dL)

3 4 5 6 7 B 9
Refractometer Plasma Protein (g/dL)

Figure5.1. The total protein Spearman’s rho correlation (n=33, r=0B&10001) between the
results from the refractometer (RP) didret (BP) methods in all the southern stingrays from
both time periods.

5.5Discussion

The wild-caught stingrays introduced into captivity were captured off the southertn coas
of Florida and transported over 2000 miles to the aquarium. Informaganding the capture
technique, the duration from capture to arrival, the life support system during ttamnsger
guality during transport, and feedings during capture and transport were unknown. RAlimeug
examinations of the recentbaptive rays were completed after they were introduced into a
similar environment as the acclimated rays, their previous ocean and transporiraents may
have played a role in the differences in the electrolytes and urea. Marinelaiasams readily
move water ath salt across the gill epithelium and osmoregulation is achieved by balancing

water through renal excretion and balancing sodium and chloride levels with vagans or
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(Evans et al. 2004). They normally maintain their blood osmolarity slightly highertheir
environment. This is accomplished by retaining high levels of solutes, such as sodmie chl
urea, and trimethylamine oxide (TMAOQO) (Evans et al. 2004; Hammerschlag 2006; émeérs
al. 2007). By remaining hyperosmotic compared to the enwvieom, they have less water loss
and thus avoid dehydration (Hammerschlag 2006). Because they have the abilityatinggegul
their electrolyte and urea plasma concentrations based on their environmenplanat®n of
the differences between chloride, potassium, and urea may be that the remginky rays were
previously exposed to an environment that was higher in salinity. Although there veas not
significant difference between groups when comparing sodium, the median ofadoeisum
were higher in the recentlyaptivegroup, whichwould be expected if exposed to higher
salinities. The primary organs involved with regulation of these solutes (sodilamde,
potassium, and urea) are the rectal gland and kidney. The rectal glaashobletanchs controls
the majority of salt excretion, with secretory fluid having higher concemiatf NaCl
compared to the surrounding seawater, but also contains ion pumps and channels that transport
potassium across the basolateral cell membranes (Evan2@d4). A cotransport protein
(NKCC), a NaK activated ATPase, a'kchannel, and a Cthannel on the basolateral cell
membrane have been shown to osmoregdqtelus acanthiaEvans et al. 2004). Initially
being in an environment with a higher salinity may have resulted in higher catizerg of
these ions until the rectal gland could excrete adequate amounts to regiiateew t
environment. The kidney is involved with sodium and chloride movement, although to a lesser
extent, as well as urea resaption and clearance (Evans et al. 2004; Hammerschlag 2006).
Some marine elasmobranchs seem to acclimate to lower salinities, not only bgingrgine

flow (thus eliminating urea, sodium, and chloride), but also possibly by decreasagyntkesis
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in the liver (Tam et al. 2003; Hazon et al. 2003; Anderson et al. 2005). Table 5 shows a
summary of the significantly different values in this study and in CaintystAlthough a
different analyzer was used in the study by Cain et al., the resuleroent the trend in this
study. For example, the parameters that were elevated in the rexagttlye rays compared to
the acclimated rays (urea, chloride, and potassium) were also shown to be higbeavild-t
caught rays.

Another contributing factor explaining changes in electrolytes is stidssre are a
number of factors that may influence stress in fish including water qualitypamental
conditions, social environment, handling, transport, nutrition, therapeutics, and pathogens
(Clauss et al 2008; Pasnik et al. 2010). The receaibyive rays were possibly experiencing
chronic stress from capture, confinement, overcrowding, transport, or environmpentalgter
guality) and dietary change (Skomal and Bernal 20Ihe transition of wild animals into
captivity is classified as chronic stress (lasting days to weeks) angrolang the differences in
blood values depending on the severity of the stressor and the time it takes tataq@komal
and Bernal 2010; Manire et al. 2007). Osmoregulatory function is affected byustesssts
and may not immediately respond nor quickigbilize(Eddy 1981); however, it has also been
reported that increased sodium and chloride from marine fish, undergoing cagsse str
normalized within 24 hours (Eddy 1981; Wells et al. 1986; Cliff and Thurman 1984). The
increase of sodium and chloride is mainly attributed to an increase of water ougftdassium
also remained elevated in previous studies presumably from muntidedllular) leakage
(Wells et al. 1986; Cliff and Thurman 1984). The stingrays in this study probablyenqesti
relatively different degrees of stress during the entire process frooreaptexhibition.

Although the examinations were performed several weeks after their atresalyere disrupted
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during the move from quarantine to exhibit and again during their examinations. The
examination process between the two groups was the same; however, the acciysatexte
much more accustomed to human interaction and routine examinations.

Other hematological or plasma biochemical values in fish shown to be affecétidry
chronic or acute stress include glucose, leukocyte counts, bicarbonate, PCY, [actiate,
hemoglobin, and cortisol (in teleosts) (Clauss et al. 2008; Evans et al. 2004; Smiftoédal
Stoskopf 2010; Ross and Ross 2008; Roberts et al. 2010). In this study, lactate, hemoglobin, and
cortisol (not applicable) were not analyzed andigaificantdifferences were seen in glucose or
with the leukocyte counts. Measuring cortisol in elasmobranchs is not applicedaet sloes
not exist. The major stress hormone in elasmobranchs is considengdrbxycorticosterone
(1a-OH-B) and is difficult tomeasure (Manire et al. 2007; Skomal and Mandelman 2012).
Although corticosterone (also from the interrenal or adrenocorticoid glatad)Oél-B
precursor, has also been found in serum and feces when studying stress responeantred am
increased concérations and croseeactivity with 1la-OH-B, support that it is not likely a
primary stress hormone (Anderson 2012; Karsten et al. 2003; Manire et al. 2007; Skomal and
Mandelman 2012). The glucose results in this study may not be reliable given titendura
between collection and analysis. The samples were not centrifuged to segarkzie c
components from plasma and therefore were vulnerable to glucose consumptiorlygsreera
rate of 10% per hour) (Weiser 2012). The glucose results in this stuedysinelar to those in
wild southern stingrays (Cain et al. 2004) and were lower compared to captive cowmngse/s
(Ferreira et al. 2010). A stress leukogram in elasmobranchs is similar ¢d gtlaer fish in that
it is represented by a general leaktosis with lymphopenia and relative granulocytosis

(Campbell 2015; Clauss et al. 2008; Grant 2015; Roberts et al. 2010). There was not a
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significant difference in these cell counts but the recesaptive rays had a slightly higher
leukocyte count with a median increase in lymphocytes and decrease in grasuooypared
to the acclimated rays. Overall, the WBC counts in the pooled data after eight wfonths
cohabitation (Table 2) appeared subjectively higher based on the authors’ expefirac
values for WBC counts are similar compared to other reports from wild cauginafigng
Atlantic sharpnose sharkRlizoprionodon terraenovaeoonnethead sharkSghyrna tiburg,
and spiny dogfish§qualus acanthigsut higher compared to captive cownssagrays
(Rhinoptera bonasygHaman et al. 2012; Ferreira et al. 2010). When comparing these values to
a study done on white-spotted bamboo shatksldscyllium plagiosui the values are most
similar to the preoperative males with traumatic claspeunds (Alexander et al. 2016). The
stingrays in this study had presumed bite wounds as a result of mating behastomalgihave
induced an inflammatory response but further studies in hematological valuestfaera
stingrays are needed.

The remainig analytes (bicarbonate, PCV, and protein) potentially affected by stress
were significantly different between the two groups. The direction of the cirabgmarbonate
showed the acclimated rays having higher levels of bicarbonate compared tetitg-captive
rays. Hyperactivity from stress may cause an acidosis thereby degrgsbicarbonate (Smith
et al. 2004). The acidosis may be from respiratory or metabolic mechanisragaecéntly-
captive rays. The type of acidosis in elasmobranchsaappo vary among species and is caused
by a relative hypoxia or an increase in anaerobic activity (Skomal andl Bédy). Either type
of acidosis is a potential cause for a decrease in bicarbonate in this studgrbisirex to fatigue
is more probable especially upon entering quarantine and the exhibit. The decrééaseud PC

protein in the recently-captive rays may be a result from stress, age, disease. The median
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PCV for this group was greater than 20% and therefore would not be cthasiti® anemia
(Campbell 2015; Clauss et al. 2008). Stress from acclimating to captivitygtgia, and
confinement are known to decrease the PCV in fish which certainly may havdnbease here
(Stoskopf 2010; Roberts et al. 2010). A study evaluating blood analytes between wild southern
stingrays in a tourist site versus a rtoorist site resulted with lower PCV and protein levels in
the tourist site rays which was attributed to those rays being in a poordSstateniuk et al.
2009). Although being in a poorer state is subjective, this is possibly the case of titlg-rece
captive rays in this study. Itis likely that they were tightly confined durangsport in
suboptimal water conditions with a lack of nutritional support. They were igaine
metabolic state after arriving to the facility based on the small liver sizest @@n2013). The
lack of nutritional support may also explain the difference in plasma cholesterol

Another cause for a lower PCV and protein in stingrays is blood loss from parasites.
There was no apparent blood loss from the recently-captive rays during examihatvever,
mild blood loss from parasitism is possible. Wild elasmobranchs have been reptirtad w
number of different external and internal parasites (Ruhnke 1994). Naturallyathiesds may
not succumb to the infestation of such parasites, but in a stressful situation, picxifena
detriment may occurThese stingrays were not specifically tested for any parasites when they
arrived but as part of the aquarium’s protocol for new animal arrivals and inicodydhe rays
were held in quarantine and treated with praziquariteé exams were performed after
treatment but if parasites contributed to the lower PCV, then perhaps not einueitfpsed for
adequate red blood cell regeneration.

Younger fish of the same species also tend to have lower PCVs compared to older fish

(Clauss et al. 2008; Roberts et al. 2010). The exact ages of the rays here are unknown but using
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size to estimateetative age implies that the acclimated rays were older. The receptiye
rays had smaller disc widtltempared to the acclimated rays. The difference in size may also
contribute to the difference in protein. Presuming that the larger rays aradtéereby
reproductively mature (DW>70 cm, based on the authors’ experience with pregnaattthays
facility), increases in protein may be explained by increased molwlizativitellogenin. The
follicles in the acclimated rays were larger compacetthe recenthcaptive rays’ follicles which
also may be an indication of reproductive maturity. A study done on wild stirgxpgsed to
public interaction showed a possible association between increased DW andidexate
protein levels; howevethe stingrays analyzed in that study were all larger than the largest ray in
this study (Semeniuk et al. 2009). The suspected difference in reproductiveéynmaayrialso
account for the difference in plasma calcium levels with the acclimated rays mghhare
calcium (Palmeiro et al. 2007). Although size may be a contributing factor différences in
these analytes; environment, diet, and stress are more likely contributingltffi@trences as
size was still significantly different after eighomths. After eight months, the largest of the
recentlycaptive rays measured at 54 cm indicating that they were not reproductivehe iyet.

After the eight month cohabitation period, there were no differences in plasma
biochemistry values between the acclimated and receafliive rays (Table 4). These results
were similar to those reported for wild caugbhnethead sharkSghyrna tiburp and captive
smooth dogfishNlustelus canis(Harms et al. 2002; Persky et al. 2012).

The hematologic and plasmachemistryprofiles each provided values for protein. A
difference in protein values existed as the plasma protein reported in the logoatoeport
was measured using a refractometer whereas the total protein from the pladmeatsty

profile wasmeasured using spectrophotometry, the biuret method in this case. It wastexpecte
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that the refractometer would overestimate the protein values as this methseld®bdhe
refractive index of the fluid and other solutes may contribute (Stoskopf 2010; WeisaHiaon
2012). The positive correlation between methods has been previously demonstrated in wild
southern rays as well as in other species (Cain et al. 2004; Cray et al. 200&; &eb€@jNeill
2001; Harms et al. 2002).

In conclusion, capture, confinement, transport, and environmental and nutritional changes
were probable factors involved with the differences in hematology and plasma higichhem
values found in the stingrays in this study. Although differences were noted arouncetioé tim
introduction, there were no differences after eight months and it appeared tieaetiity-
captive rays were acclimated to their new environment. The resultstecgethis study may
serve as a hematological and plasma biochemical baseline for saithgrays maintained in

similar environmental conditions.
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CHAPTER 6: Brief Report: Predicting parturition dates rangesfrom ult rasonographic

fetus fetal body depth measurementsf southern singrays, Dasyatis americana

6.1 Synopsis

Zoos and aquariums are often involved in captive breeding of certain specesafaty
of reasons. Captive breeding and research programs operate in accordanteewit
organizations or individually with regards to the species, location of the faoilibther needs
(reintroduction, sustainability, exhibition, educationyesearch).The aquarium in this study
began breeding southern stingrays as the collection matured. One issuedatedted spee
Thepregnant animals were maintained on exhibit, which put the pups at risk of beingreaten
traumatized by other fisii born unsupervisedTo allow the females a safer birthing
environment, a better understandindevhale stingray reproducticand gestatiorwere required.
The purpose of this study wasttack fetal body depth measuremenitpregnantsouthern
stingrays to predict an approximate parturition datege Obtaining a parturition date range
would allow for temporary holding in quarantine for the females to pup safely. Eighiapteg
stingrays were monitored during three gestation sessions for two year$etdlbody depth
measurements were taken using ultrasound. The first two gestation sessionseddce
develop a linear regression model to predict a parturition date range and the thtidrgest
session was used to assess the accuracy of the model. The regression modgs Bafoba
Parturition = 139.75-31.249*Fetal Body Depth. This model was tested on three stangpays
predicted the parturition dates for two of them withi Weeks and the third one within one
month. There are many factors that can affect gestation length but cliricaihgddel was

helpful in determining parturition date ranges at this aquarium.

103



6.2 Introduction

Southern stingrays inhabit over 120 facilities worldwide and are frequentlydvisit
popular tourist sites (AES Census 2008, Semeniuk and Rothley 2008). Stingrays exhibited in
aquariums likely arrived in those situations as a result of wild captur@tvecareeding while
those interacting in ecotourism reside in their relatively natural environment.

The International Union for Conservation of Nature (IUCN) Red List of Téneak
Specied" compiles and reports information regarding the extinction risk of known species of
plants, fungi, and animals. The evaluated species are divided into two categieigsat® Data
and Data Deficient. The species for which there is adequate data are furtheedlagdifieir
risk of extinction from lowest to highest risk: Least Concerned (LC), Neagatened (NT),
Vulnerable (VU), Endangered (EN), Critically Endangered (CR), Extmitte wild (EW), and
Extinct (EX) (IUCN Red List of Threatened Speé2015). The southern stingray’s global
status is Data Deficient meaning “there is inadequate information to maketaatiiadirect,
assessment of its risk of extinction based on its distribution and/or population §laiN’Red
List of Threatened Speci#52015, Grubbs et al. 2006). time United States it is assessed as
Least Concern due to an apparent healthy population with not much threat but in Brazil it
considered Vulnerable due to increased fishing (Grubbs et al. 2006). Anecdotalseggoest
that wild populations are declining (SEZARC 2014) and information from the MexidamaOf
Standard suggest a decline in batoids (Ramirez-Mosqueda et al. 2012).

Zoos and aquariums are active participants in species conservation eftoviariety of
avenues Captive breeding and e=rch programs operate in accordance with other
organizations or individually with regards to the species, location of the faoilibther needs

(reintroduction, sustainability, exhibition, educationyesearch). For example, threatened or
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endangered species may be involved in lagme programs such as the Species Survival Plan®
(SSP program, Association of Zoos & Aquariums), other locally-run programidiweEngland
Aquarium’s lobster research program (American Lobster Research fRrddesv England
Aquarium), or Monterey Bay Aquarium'’s research on great white sharks (Seselaieh,

Monterey Bay). Animals not classified as threatened or endangered may bednuataptive
breeding programs for reasons such as potential depletion of the species id thesvil

becoming threatened or endangered, research, sustainable living (farmiugaulaure), the

high cost of harvesting from the wild, or to reduce the potential risk of spreadingedisea
captive collections from wilgpopulations.

Elasmobranch reproduction is complex as it may be described as two modes, which
include oviparity and viviparity depending on the species. Understanding the détalch
mode uncovers the complexity of reproduction in this animal group. Viupapecies are
either placental (placentrophy) or aplacental which are further classifiedkasac
(lecithotrophy), with trophonemata (histotrophy), or oophagous or intrauterine camibal
(adelphotrophy) (Hamlett et al., 2005). Southern stingraya@aeental viviparous species with
trophonemata (finger-like projections extending from the uterine mucosagthnateshistotroph
or uterine milk to supply nutrients to the fetuses. The offspring are tteres pups and the
act of giving birth is often referred to as pupping.

At this patrticular facility, captive breeding began as the southern stingliagtion
matured. Captive breeding was beneficial in the respect that it would elinieatedd to
capture wildanimals and transport them in order to stock the exhibit, reduce the risk of
introducing potential disease from a wild population, and reduce the cost of trar@3pert.

obstacle, however, was the facility was limited with space therefore pregmaatsawere
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maintained on exhibit whicput the pups at risk of being eatarntraumatized by other figh

born unsupervised. In order to alleviate thesaesa better understanding of tfemale

stingray reproductive stagaad gestatiowluration were required. The purpose of this study
to track fetal body depthsf pregnant southern stingrays to predict an approximate parturition
daterange The aquarium was limited in space; however, if given an estimated pantaidtie
range then it would be manageable to separate pregnantdemeaporariljthusgiving them a

saferplace to pup and reducing the risk of pup deaths.

6.3 Materials and Methods

This study was approved by the Colorado State University animal causand
committee.

The stingrays at this facility were uniqueledified using a passive integrated
transponder (PIT) tag (Avid Identification Systems, Inc., Norco CA). Theg haused in a
45,000-liter touch pool exposed to filtered natural sunlightvatidartificial saltwater
maintained at 75 degrees Fahrenh&dt degrees Celsius), 7.5-8.0 pH, 33%o. salinity, zero
ammonia, less than 0.05 parts per million (ppm) nitrite, and less than 150 ppm nitrate. Their die
consisted of sharing approximately 4.5 kilograms of a combination of smelt, pobpeiing
mackerelsquid, orshrimpdaily along with an elasmobranch vitamin supplement (Zii®,
Mazuri®, St. Louis, MO) provided once weekly. The pool was shared with cownose stingrays
(Rhinoptera bonasysnd allowedoublic interaction with an option to purchase feed.

As part of routine physical examinations, the disc widths (DW, in cm) andttiver-

coelom ratios (liver %) were measured (Grant et al. 2013). From the routms,aight

106



pregnant, captive, female southern stingrays were used for this Sthdytime 6 conception
was unknown and the animals were identified as pregnant during a routine lpgyamaation.
Thestingrayswere monitored for up to two years and fetal body depth measurements (in
cm) wererecorded as often as possible, usually once eldryeeks, until parturition.
Examinations were performed in the exhibit by catching the animal with a nytabloer net
and placing her in dorsal recumbency. In dorsal recumbency, this species usitiamgoe
immobilization. The ultrasound measmers were taken using a 7NBHz linear array
transducer and ultrasound unit (Aloka SSD-990v, Aloka, Inc. Wallingford, CT). The probe was
positioned on each animal such that a transverse orientation of the fetus could be seen (Fig
6.1). Subjectively, thiocation of the greatest fetal body depth was determined and measured. If
there was more than one pup, attempts were made to measure each one. Far wiihgrayre
than one measurement per examination, the fetal body depths were averaged fdreuse in t
prediction model. Once the stingrays gave birth, the number of pups (NP) and the dage from t
first examination until parturition were recorded (DEP).
All of the stingrays in this study experienced their first pregnancy. eere three
separate gaation periods among the eight stingrays of which fetal body depth meastgeme
were collected. The measurements from the first two gestation sessiensseerto formulate
the model for predicting parturition dates and the last gestation period nmeastgavere used

to assess the model for accuracy.
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Figure 6.1. An ultrasonographic image of a transverse orientation of the toesoity of a
southern stingray fetus. The dotted line bookended by a large and smalyplcegpsesent the
fetal body depth measurement. The distance in this example is 3.94 cm shown in tirigluwe
corner of the figure. The dotted line is seen against the acoustic shadow madialgyncars
spine. The round, hyperechoic structure that partially crosseedhstia shadow is the fetus’
spiral intestine.

Statistical Analysis

In total, 48 measurements of the fetal body depth over time were used fromt theofirs
gestation sessions for development of the parturition date prediction model. Alledata w
analyzed using a statistical software package (IBM® SPSS® Statisticaw2Bsielease
23.0.0.0, IBM corporation, Armonk, NY)A linear mixed model was used to analyze fetal body
depth as a potential predictor for days befmeurition This model accounts for the
longitudinally collected dataf the femalegsubjects) and the dependency of the fetuses to the

femalewhich were repeatdg measured.There was only one possible predictor, fetus size as a
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continuous variable, therefore it was the only variable used. The outcome, days wrttlgrart
was also continuous. To further setup the analysis, fetus size including thephtesce fixed
effects and the intercept only was used for random effects. Subject groupiagheveregnant
female stingrays and the covariance type was variance components. Signiliaarcaomsidered
with ap value of less than 0.05.

During the third gestation session, three stingrays were pregnant and 38 meassire
were taken to assess the model equation by désergiatistics and a box and whisker plot. A

bar chart was used to visualize the increase of average fetal depths ovstéatiergperiod.

6.4 Results

Eight stingrays (identified as stingrays8)were monitored in this study, which included
three gewtion periods or sessions. Two stingrays were pregnant during all thredspene
was pregnant twice, and five were pregnant only once. The time betwesrolitéach of the
three stingrays monitored during the second and third gestation sessrerspproximately-8
months apatrt (i.e., the stingrays that pupped during the second gestation session éaah had t
next litter 28 months later). The parturition dates for the litters during the second and third
sessions were stingrayMine 8 and Jan 28, stingray 6June 9' and Dec 28, and stingray 7-
May 24" and Dec 8, respectively. The descriptive statistics are summarized in Table 6.1 and
include the disc width measurements (DW), the lieecoelom ratio (Liver %), the gestation
sessions of which the stingrays were pregnant (GS), the total days fronstteedimination
until parturition for a given stingray and their respective gestatiorosg€3EP), the number of
measurements recorded during the gestation session (MR), and the number of pups pyoduced b

stingray per gestation session (NP). The gestation tameds covered were: one occurred from
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mid-July until the end of November, two occurred from the end of April until mid-June, and
three occurred from mi&eptember until midanuary.

As fetal body depths (FBD) increased, there was a decrease in therdaysirg before
parturition (DBP) from the first two gestations sessions. There wasng storrelation between
measurements and days (n=48, r=-0.852, CI [-0.915, -0.748)0)001) shown on the scatter
plot (Figure 6.2). The lineanixedmodel equation representing this relationshiipBP =
143.80-FBD*32.90 meaning that for every one centimeter growth in fetal body depth, the
pregnant female is 32.90 days closer to parturition. Approximately 35% of theiMsrizan be
explained by the pregnant females.

During the third gestation session, two stingrays (4 and 7) were examined fiseahohe
stingray 6 was examined four times. During each examinatidrméasurements were taken.
The depths were averaged by date and charted to show increasexbfetialoy stingray (Figure
6.3). Descriptive statistics were used to assess the model equation. The mighanngm
maximum) difference in days between the predicted and actual parntutates for stingray 4
was 29(14, 47) days, stingray 6 was 11 (-2, 20) days, and stingray 7 was 6 (-9, 10) days (Figure

6.4).
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Table 6.1. A summary of descriptive statistics for each stingray.

Stingray  DW (cm)  Liver % GS DEP MR
1 69 56.3 1 48 1
2 82 59 1 109 6
3 72 59.5 1 116 1
4 85 58.1 1 107 6

NR NR 2 40 5
102 58.3 3 121 132
5 96 62.5 1 116 7
6 71 88.2 1 91 3
NR NR 2 91 6
83 52.5 3 90 12
7 NR NR 2 24 4
79 50 3 77 132
8 93 NR* 2 54 7

DW (cm) = disc width measured in centimeters

Liver % = the liver length divided hthe distance from pectoral to pelvic girdle

GS = gestation session

DEP = total days from first exam until parturition

MR = number of measurements recorded during gestatisioses

NP = number of pups from that gestation session

NR = measurement not recodde

NR* = measurement not recorded but note in reeexdended to cranial aspect of the stomach
a = multiple measurements taken during individual exams
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Scatter Plot of Days Before Parturition
with Fetal Body Depth
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Figure 6.2. Scatter plot and best-fit line of 48 paired samples of fetadeqdy (FBD) and
days before parturition (DBP) (Pearson correlation coefficient, -0.85200Olp, -0.749],
p<0.0001). The linear regression model equation represenisngldtionship is: DBP =
143.80-FBD*32.90.
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Gestation Session 3: Average Fetal Size by Date
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Figure 6.3. Bar chart for the average fetal body depths of the three stipgrggant during the third
gestation period by examination date. The legend shows the stingray ¢déntifnumber, the disc
width of the pregnant stingray in parentheses, and the actual parturigon da
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The Difference in Days between Predicted and Actual
Parturition Dates for the Third Gestation Session
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Figure 6.4. Box and whisker plot of the difference in days between thetpredind actual
parturition dates for the three stingrays in the third gestation session.
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6.5Discussion

The purpose of this study was to track fetal body depths to see if this could be @predict
for parturition date. This aquarium did not have ancillary space to hold pregnant feamales
their entire gestation but would be able to move them temporagiyeh a parturition date
range. Overall, eight stingrays participated during three differerdtggssessions over two
years. The metabolic toll of pregnancy was confirmed by the decrease ietigtrs with
respect to the lengths of the coloemigitas, ranging from 5@8%. It was also noted that the
disc width of the pregnant females ranged fronl82-cm. This range is similar to the disc
widths of reproductively mature captive females at other facilitiesithgsen and Leaf 2010)
and in thewild (RamirezMosqueda et al. 2012).

Gestation in southern stingrays has been perceived as the period from copulation to
parturition and is reported as 4.4-7.5 months in captive rays (Henningsen 2000) and eight months
in wild rays (RamirezMosqueda et al. 2012). A more accurate definition of gestation is the
time from fertilization until parturition (Wyffels 2009). Although copulation was seen in this
study (and time of fertilization is unknown), the length of gestation appears todeowith tre
report on captive rays. Three stingrays had consecutive pregnancies @intethetween litters
was #8 months in each case therefore the length of gestation was less andhitgheit
previously reported range for captive stingrays. Likewise, fecundity of sawghiegrays in this
study (26 pups) was similar to that of other reports (Henningsen 2000; Hamlett et al. 1996;
Ramirez Mosqueda et al. 2012).

The linear regression model was developed from the measurements recordée from t
first two gesgation sessions: DBP = 143.80-32FBD, where DBP refers to the days before

parturition and FBD refers to the fetal body depths. Using this equation to predichmiges
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for the third gestation session resulted in ranges within approximafelyekekgor stingrays 6
and 7 but 2-6 weeks for stingray 4. Despite having a disc width of approximately 2@em la
than stingray 6 and 7 in this group, stingray 4 gave birth to a similar number of pupsnaWater
size has been reported to vary directly wittet size although may differ between wild and
captive stingrays (Henningsen 2000; Ramirez- Mosqueda et al. 2012). Perhaps with 4tingra
being the largest stingray, it allowed for more physical space for pup develoberetty
presumably prolonging ngestation period. Likewise, stingray 7 was the smallest stingray and
carried the relatively largest fetuses throughout the third gestation sessigrays7 pupped

the earliest after the last examination, which may be explained by a relatvallg uterine
capacity. Uterine capacity in other species has been thought to limit litteiteizedue to
morphology or size of the female (Ebert and Cowley 2009). Throughout the gestation period,
stingray 4’s fetuses were the smallest on average frerfirh examination date. Previous
parturition dates for stingrays 4, 6, and 7 were Jihd@ne ¥, and May 24, respectively. The
third gestation session began the same year and the first exam was edust#ErSeptember

22" Certainly, stingray 4's gestation period could have started later comparedjtaysé and

7 but it is still likely in that scenario that the pups were larger at the time of parteongpared

to the other stingrays’ pups. Although litter size has been shown tdivacyly with maternal
size, it has also been shown to vary indirectly with the size of the pups (Henningsen 2000),
which supports the presumption that stingray 4's pups were larger. Based on thestimaptaly
4’s predicted parturition date was DecemB8t and the actual date was Januars}, 2lmost a
difference of a month compared to th@ Wveeks of the other two stingrays. Measurements
beyond the last exam date were not performed because it was suspected thatdésectrritbbe

within two weeks of parturition and stress from capture and restraint may infltegsroeluction
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(Henningsen 1999). In some cases abortion has occurred in capturing wild stargtay
examining captive stingrays (Ramirédosqueda et al. 2012; White et al. 2001; Mollatlet
2002).

Factors that may affect reproduction, and therefore gestation or parturition, in
elasmobranchs in general may include season, stress, hormone levels, diet,ipdptoper
temperature, and social structure (Henningsen 1999; Fahy et al. 2007; Waltli@0&Ra
Maruska and Gelsleichter 2011). In this study, any of these factors may hgact l@le in
affecting reproductive events at any given time; however, perceivenhseket, photoperiod,
temperature, and social structure remained relatively cdratéims aquarium. Although some
factors appear to remain constant, they cannot be ruled out of having someSifeessand
hormone levels may contribute to changes in reproduction as well. For exampbseddeyels
of plasma progesterone are proposed to impact follicular development, embry@aiapdesnt,
and parturition in the Australian sharpnose shRtkiZoprionodon tayloyi(Waltrick et al. 2012).
Hormone levels contribute to the ovarian cycles, which can occur either concuorantly
sequence with gestation (Ramirédosqueda et al. 2012). Correlations between progesterone
and day length, progesterone and water temperature, and inverse correlatiees betw
progesterone and the change in day length have been shown in round stlogvbssq haller)
(Mull et al. 2010). The coordination of ovarian cycling and gestation likely depend on hormonal
levels, which likely coincide with environmental cues and vitellogenesis. Witlrasi 4 being
the largest ray in the touch pool, perhapsréiative space seemed more confined and
inadequate for pupping and therefore delayed parturition. A report of a captive cotmgrsg s
(Rhinoptera bonas)gpresumably failing to pup due to artificial environmental conditions from

endocrine inhibition has been documented (Henningsen).1999
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In future studies, it would be advisable to measure and weigh the pups upon parturition to
get a better indication of correlation between pup sizes at parturition compgustitiody
depths in utero. Other helpful measurements to consider would be disc width of theifietuses
utero or maternal weight changes throughout gestation. Other variabtesi$tteration to
include in the model for determining parturition dates might be maternal size anoneor
levels. Ad although there are many factors that can affect gestation length, glithcalinodel

was helpful in determining parturition date ranges at this aquarium.
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CHAPTER 7: Concluding Remarks

7.1 Significance of work

Animals in captivity serve a purpose for continuing education, preservation, and
conservatiorof their speciebut their presence in captivity is not without risk to their health.
There are manyattors involved with the heatthre of these animals, whiamayinclude
environment, diet, transport, reproduction, and preventative care. The informationfgaimed
captive animals can also be useful to understand the biology, physiology, and ecotmyy of t
wild counterparts. The work presented in this dissertation is intended to further tHedgew
of care and reproduction for southern stingrays in captivity. The stingrays jprdfpect were
housed in a relatively new touch pab an aquariumWithin the first couple of years of having
the new touch pool exhibit, it was noticed that there were quite a few stingray ddatihs, w

initiated this project.

7.1.1Researchat a public aguarium

The research at the aquarifmiowed the protocol foconducting research e public
aquarium (Smale et al. 2004)his project was coordinated between Colorado State University
and the Downtown Aquarium in Denver therefore equipment and other resources waldeavai
The appropriate approvals were sustained by Colorado State UniversitykClA@d the
Denver Agquarium’s management. Consideration for the animalsbeingas well as normal
operation of the aquarium was also important. This was accomplished by condegtilag r
physical examinations or other procedures as deemed appropriate for diagnesisnantr (as

one would conduct normally in any clinical setting) during closed business hours a¢iti f
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when pasible. The aquarium provideat least one aquarist to assist withcalbrdinated
examinations

Advantages to conducting research at the aquarium were availability e€isubj
(stingrays), having access to necropsy records, as well as being ablettwr @whreview
history and environmental parametefde challenges preseat with conducting a study at the
aquarium were discussed briefly in section 2.6.4 (Limitatiohshapter 2ut include small
sample sizeavith lack of generalizabilitylack of a controlled environment (compared to a
laboratory), and the distance from the university to the aquarium. The number ofystingtee
collection at the aquarium determined the sample size. Concerning the commeil®nment,
there are many areas arasources at the aquarium in which a controlled study can be
conducted.The difference in this case whmt the intent was to study exhibit animals in the
environment in which they were displayed in captiwitgking it, as expected, amvironment
thatwas drastically differerfrom a laboratory settingAlthough this presented added challenge,
it offered a realistic approach to understanding the health concestisgrfys in these
conditions and the results were representative of stingrays ircéptive habitat.
Unfortunately, comparing the captive stingrays to their wild conspeerassnot possible due to
location and lack of funding. Comparisons to other studies were done when poBséle.
distance from the aquarium to the university pasetiallenge because when a stingray died, it
took time for them to either be delivered to the hospital or to travel to the aquariunotonperf
the necropsy. When communication was done relatively quickly, the animal could be placed on
ice in the interim.Many times the stingrays were placed in the freezbich compromised

results.
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The routine veterinary visits only occurred every other week and, during tirsgsgrfy
examination, additional days were added as needed to conduct all the examinations i
reasonabléime frame There were or, at least, could have been many more variables introduced
without warning or explanatiowhich is very similar to conducting clinical studies with client
owned pets.For example, stingrayseremoved toother, larger exhibits (or worse, other
facilities) when they outgrew the touch p@oid PIT tags were not scanned émereforenot
identified. Anotherchallengeencountered was the communicatwith and availability othe
aquarium staff. Often times aquaristsuld rotate the care of exhibits or care would be shifted
when the primary aquarist was off work. If a stingray experieanedexiatrauma, iliness,
fighting, or death during these shift changes or between shifts, occasibmall/not
communicated wntil the next veterinary visit. The delay in mortality awaremwess particularly
unfortunate due to theotential valuable information that may have been collected during that
necropsy (often in these situations, the stingrays were #atahd/or frozen).This presented an
opportunity for education and communication. The elasmobranch necropsy procedure document
(Appendix § was specifically created to help the aquaristaffperform necropsies, identify
organs, and appropriately collect samphethe absence of the veterinariariis provedo be a
large learning curve anetlucation and communication continue.

The benefit of doing a project or study like this with exhibited animals and having to
work with such a variety of employees la¢ tagiarium was that it improvecbmmunication as a
whole. Direct communication was established and it was clear to evenyaieed hat
everyone had the same goahwdintainng and improvinghe health of the animals\s
potential morbidity occurred, theamwork needed to make adjustments to the facility or exhibit,

water quality, health monitoring, and treatment administration was app@dimbugh the
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specific cause of death was not determined in many of the stirthedydied initially changes
basel on suspected risk factors improved the situation and decreased matttlisyfacility

Although the formal studies of this project are complete, the activity and pkotoc
surrounding the exercise of routine examinations has not been abanddegdof the stingrays
in these studies have moved to other facilities or larger exhibits that are amtessible, but
with the importance of regular health exams, it is routine to coordinate andesaaouil
examinations on major species at this facility

Along with the importance of educating and communicating with the aquarium on organ
identification and sample collection, it is also critical to communicate with the laboratory
technicians and pathologists. Proper organ identification and thorougtylage essential in
the first steps to understanding the mechanisms and process of physiologe améipgtential

diagnoses.

7.1.2 Follow up and conclusions

The initial investigation began because there were more deaths than exygested
stocking a elatively new exhibit Initial necropsy reports indicated that the livers were small and
dark brown, bluish, or black and often no other descriptions, details, or histories were provided.
Interviews of the aquarists were not very useful, as the aquarium no longeyednmplanyof
them. One curator alluded to a possible toxicity (such as accidentally beied it copper)
but there was no record of any incident. Records from the transport company arenaditynor
provided and were not available. The possible toxicityoresother intermittent event is
possible since the discoloration of a bluish tinge of the liver was not observed ontgdthis s

officially began. Another explanation for this could be related to size. It sethatethe more
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severe the lipid depletion, the darker the liver presented. So, due to the close monittweng of
stingrays’ livers that were in the study and the consideration for a small liseh&a¥ 0%
(thereby teatment administered}e livers in these stingrays never decreased to déhsize
would elicit the darker discoloration described in the reports or witnessedaarf§mall livers
appearing dark with a bluish, brownish, or grayish tone (depending on how one sees it) have
been shown elsewhere and described as emaciation (Gair#&r Whatcame from thigproject,
as a process for determining the risk factors for morbidity and moytahtya process for
determining baseline anatomy, imaging, hematology, biochemistry, anabgisfol southern
stingrays. Because much of the time was spent establishing and confirminéptinngtion, it
was compiled into a desktop application or interactive website that is aceessibliser-
friendly in hopes of promoting stingrays’ health at other facilities (Appendix 4,
southernstingray.busesscatalyst.com). One thing that was not well established in this study
was obtaining weights in the stingrays. Monitoring weights can be exyraelpful with
regards to the health of any animal. Weights were never obtained in live aninzalsdtee
was not a feasible way to do so at the exhibit.

The small livers in these studies wassociated with recently acquired stingrays that
were likely nutritionally deprivednd pregnant stingrays with a greater energy denieid
being in a negative metabolic statEhe condition of the recently acquired stingrangs/ or may
not have existed upon capture dhe process afapture, transport, crowdingjauma,and p@r
water quality contributed or exacerbated the condition. The discoloration of thikiahe
corresponds to the degree of lipid-depletion although toxicity cannot be ruled outedtegpm
this researcthat the smallelivers presented as darlerers. Weighing the liverand

calculating the hepatosomatic index (H®9uld supporthis assumptiofiSherman and Gilliam
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1996). Small livers were also seen during suspected feed competition and pregcanitye
stingrayshad been acclimated to captivityhe animals experiencing these conditions were
under more controlled circumstances and all of them recovered uneventfully.

In review of all the records and histology slides, the suspected oophoritis @sisecr
cysts, or abscesses) on gross necropsy was likely an observatimmovafywith large follicles
as seen witlheproductively maturadult stingrag. The histologic diagnosis of oophoritis was
misidentified due to the close proximity of the ovary to the epigonal orgasome cases, this
was likely a normal presentatioi folliculogenesishut in other cases, @fstingrays may have
been experiencing follicular stagis another unknown reproductive conditioBtingrays that
experiencdollicular stasismay not be able to ovulate or extrinsitrinsic factors are not
allowing her to ovulate. If the follicles@not reabsorbed then they are considered to be in pre-
ovulatory follicular stasis, which can act like a compressive coelomic nrassher animals this
causes inappetence, anorexia, and lethargy and treatment includes an ova(iRatkmgs and
Ramsayl994; Rivera 2008).

Upon further review of the histology sections, melanomacrophages in the liver and
epigonal organ edema were noted and further evaludieel epigonal organ was edematous to
varying degrees. It is unknown as to whether or not thereasrelatioramong cases with
epigonal organ edema afallicular stasis or liver sizeThe epigonal organ is a lymphomyeloid
or hematopoietic organ and produces leukocytes similarly to the bone marrow in higher
vertebrates. The morphology of the epigonal organ is unique compared to other tesrtdhirza
to the close association it has with the gonad. The function of this association isl not wel
understood but in the skate there is vascular and cellular communication betweenahal epig

organ and ovary (Lutton and Callard 2008). Interaction of these organs includes evidence of
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apoptosis of epigonal leukocytes by progesterone and testosterone (LuttonlarttZDal7) and

by an epigonal organ derived substance that inhibits spermatogenesis inRieates @nd

Callard 1995). Perhaps there is a relationship between epigonal organ edema andttak pote
follicular stasis presumably seen here. Fromdtudy, it can be stated thstingrays found dead

with a diagnosis of hemorrhagic or necrotic ovafjeresumed follicular stasis with epigonal
ovarian complex edema) also had small livers but it is not clear as to whettweo ttenditions

were related. An unknown disease or condition that disrupted the immune system invaving
epigonal organ and subsequently affecting the ovary due to its morphologicahstigti

(Lutton et al. 2005; Lutton and Callard 2008) to the epigonal organ cannot be ruled out. Such a
condition may also affect the nutritional status thereby changing the stz lofer.

In a pilot study, he difference in melanomacrophage counts was different betiween
size and degree of epigonal organ edetdantifying follicular stasis or epigonal edemiate
mortem wasiot done due to extreme difficulty and antiquated equipmerine case where the
liver was extremely reduced in size (23%), the epigonal organ was removed enapt &bt
perform an ovariectomy. Histolmglly, there was no evidence gpigonal organ edema in that
case. Perhapthe epigonal organ is respangd toshockas the animal is dyingndtherefore not
present in a living animal but further study is neededsome ante mortem cases, cystic ovaries
with or without an enlarged, fluifiled uterus were occasionally identifiedtrasonographically
(aswas an enlarged uterus without cystic ovareag)hematological and biochemical results
were uneventful. Antibiotic treatment was administered in one case; howev&mgray’s
reproductive condition didat change. Further studies are needed taiat@the possible
association with stress from dés® and melanomacrophage counts or epigonal organ edema as

well as determining the difference between normal follicle maturation and follicatas & this
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species. In the future, with this information, sample collection for histology shuldie
several tissue samples from various locations of the liver, epigonal organ, gonadgandlepi
organgonad complex.

It is worthy to note that at the start of this project, 12 other aquariums were agite
staff, biologists, or veterinarians were interviewed inquiring about this prod\ame of these
other facilities, at the time, had experienced this issue. Other aquariunosvaegperiencing,
what appears to be, reproductive issues with their festialgrays and research efforts are being
conducted by the South-East Zoo Alliance for Reproductive Conservation organization
(SEZARC 2014) and collaboratianith this aquariunhas been discussed. They suggest that the
hormones, estradiol and progestin, may contribute to this condition (SEZARC). Another
publication suggests that female stingrays in captivity that are housed wémalk groups
develop a reproductive disorder attributed in part by extremely elevated wngw@stradiol and
low progeserone (Penfold et a2014). Thus far, there is no evidence from this study that the
reproductive condition is the primary cause of death but in some (older, unmonitoredheeses
were no other findings. In future evaluations, hormone assays should be evaluated,thlong wi
ultrasonographic status of the ovary (follicular size and characteristies)s, and epigonal
organ.

Overall, a possible scenario regarding the newly arrived stingrays to thesaguath an
unknown cause of death could be that they may or may not have been nutritionally deprived
when captured> chronic stress from the capture and transport process (plus possiblgingde
disease)— epigonal organ edema (if edema develops in association with the epigonal organ-
ovarian complex condition}> reproductively mature females experienced follicular stasis

(environmental conditions are not met and inadequatkdipres)—»> anorexia— further
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depleting liver of lipid stores> emaciation— epigonal organ edema (if the epigonal organ is a

shock organ)» death

This was a very small sample size but continued assessment of these findirfggpma

further explain the presumed follicular stasis or reproductive disease.idQadstanswer for

future studies might include:

1.

Differentiating ovaries that have and have not ovulated (identify follicukegien

and follicular stasis). Perhaps this may include looking at cargtoetica (or

atretic follicles or follicular atresia) versus corpora lutea in post mortem sample

and ultrasound antemortem (Lutton et al. 2005; Cek et al. 2009; Diaz-Andrade et al.
2011).

Establish ovarian cycle or status. During necropsy, use ultrasound imaging to
capture images of follicles of different stages and evaluate them histdijpgica
Evaluating hormone assays with ovarian and reproductive cycles. Are the
hormonal signals coordinated for ovulation and uterine pregnancy preparation? It
appars that this is the case (at least in one stingray here) and, if so, thiem conf
hormonal peaks for ovulation (then there must be inhibitory effects that prevent it)
or if no hormonal peaks for ovulation, then what promotes uterine preparedness?
Plasmaor muscle tissue may likely be used for progesterone, testosterone, and
estradiol evaluation (Prohaska et al. 2013).

Further evaluation of the communication (immunologic and vascular/hormonal)
between the epigonal organ and ovary. And would an ovariectomy (but leaving the

epigonal organ) from a dorsal approach be beneficial in females suspected of
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follicular stasis? And, perhaps reviewing male stingray epigonal organs for a
relationship of edema with different disease processes.

As a result of this resea, including the preliminary work as well as the formal studies,
an understanding of the previous mortalities and a process for monitoring timeoth ¢adt
stingrays was established. Once attention was brought to this issue, themadnaasrinot
experienceananyunknown causes of death and the aquarists are observant to potential risk

factors that may compromise thngrays’ health.

7.2 Specific Aim 1(Risk Factors for Small Livers)

Several southern stingray deaths over the course of a few years aftiéatiostof a
touch pool exhibit prompted this investigation. Initial necropsy and pathology repoctstaui
hepatic lipid atrophy and oophoritis but it was unclear as to whether or not thesgdindin
attributed to the deaths. An analysis of contributors for the unknown causes of deatedndica
that liver size and the time in captivity péda role. Liver e was found to be a confounder
therefore served as the dependent varigdsléhis study. The collection was observed and
examined over a fivgear period and thesk factors associated with small livers iraal
pregnancy, time in captivity, and wingmn

Examining the rays regularly and using liver size as aegiadnutritional status
appeared to resoltbe issuavith unknown cause of mortality in the touch pool exhibihese
rays have since been moved to other larger exhibits (some to aifiee$d making routine
examinations more challenging. The aquarists though are more aware wéldxtery condition
(muscle mass), signs of pregnancy, and appetite and are able to identify amdimgiar

guestionable animals for further examination. In the larger exhigiisally largerindividual
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animals are fedsaopposed to broadcast feeding, which should allow closer observation by the
aquarists.The adult southern stingrays reside in three exhibits meaning at leastimésta
are responbie for their care and feedin@hallenges still exist and include the rotating of

exhibit care among aquarists and communication bettheeaquaristand veterinarians.

7.3 Specific Aim 2(Liver measurement)

A size decrease in livar hepatic lipidatrophy was a consistent finding upon gross
necropsy in several cases prompting the start of this project. As part aerphyisical
examinations, evaluating the length of the liver with respect to the length ofetloenco
opening, bordered by the pectoral and pelvic cartilaginous girdles, provided one point of
reference to their metabolic statEvaluation was done with ultrasound imaging therefore it was
a relatively easy process and a #avasive diagnostic technique witlery little to no harm or
pain afflicted orthe stingray.Evaluating the liver routinely helped deithe health of the
collection and condition of individual stingrays especially since obtaining veeigde difficult.

The difficulty in conducting examinations arose once the stingrays outgrew the touc
pool and were moved to larger exhibits or other facilities. Of course, stingmased to other
facilities were ndonger in the aquarium’s collection and therefore were not being monitored any
longer. Stingrays moved to otHarger exhibits were also difficult to monitor because access to
them was much more difficult. Generally, they were moved to one of two other sxbibder
the Sea or Dining. Six stingrays that were moved to the dining exhibit exgefiparcsh feed
competition and two of them were found dead shortly after the transitlemaquarists
performed the necropsiesd the incident and results were revealed during the next veterinary

visit. The aquarists noted that the livers of both stingrays were lsmatieasurements and
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other details were unknovtherefore emaciation or starvation was suspected as the primary
cause of deathBecause it was difficult for the aquarists to monitor feed intake for indigdual
that particular exhibiand it was difficult to examine them at that exhibit, the remaining four
stingrays were moved into quarantine. Upon examination of the stingrays in quegrathif
their livers were lass than 50% and hematological and biochemical profilesimemarkable
with the exception that all but one ray had a mild leukocytosis. There were no othersfinding
explaining the leukocytosis therefore a stress leukogram was suspeaststi dd this
information, the stingrays remained in quarantine where individual feeding andongesiid
be closely monitored. The stingrays were examined weekly until their livsr isiereased in
approximately two months and they were moved either back to the touch pool or to the other,
largerexhibit.

Measuring the liver lengtis an easy and quick evaluation for body condition and
metabolic status. Possibly liver length along with a muscle mass evaluatsbns{fipe along
the spine) and weight would be an even better general indication of nutritionaiadofee
status. Liver depth measurements using an ultrasound could also be considered éor a mor
complete estimate of liver sizé.iver depth measurements would likely need to be measured at
multiple locations since the livers appear to taper off from the dorsal agpe(tdi the ventral
aspect of the liver tends to extend more caudally than the dorsal aspect whear teadith

shortens).

7.4 Specific Aim 3(Hematology and Biochemistry)
This specific aim concentrated on the hematological and biochemical podfites

captive southern stingray. This stutlgcussedhe interpretation of diffring values between the
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acclimated group and recently acquired groDpe to the limitation of study subjects and the
fact that they are housed in the same facility us@eilar conditions, more studies like this are
needed to gain a broader understandingtadt anchow extrinsic and intrinsic factors may
affect these valued-urther studies here may include collecting blood from this collection as
well as associated water quality parameters and collesitimtar data from other facilitie® see
if there are correlations between biochemistry values and water quality pagan@tteer areas
of study might also include hematological profiles of wild caught southernagmd-urther
study is always needed in this arena for any elasmobranch species and aynsigfeanulocyte
nomenclature would also be helpful. Granulocyte nomenclature could be more spatified w

cytochemical studies evaluating possible function of these cells.

7.5 Specific Aim 4(Predicting parturition date range)

This specific ainfocused on captive breeding and predicting a parturition date range in
order to reduce the amount of time pregnant stingrays needed to be in quarantinée Whthllt
sample size of pregnant stingrays and the space limitation for stocking thehpugisidly ran for
three reproduction cycles. The first two cycles were used to develop the modetlictiqgore
and the third cycle was used to assess the accuracy of the model predictibe.thtde
pregnant stingrays in the third cycle, the model predicted two parturition d#t@s twio weeks
and under predicted the third one by two more weeks (within one month total). It would always
be better to have more subjects and examine them more frequently and copdmieratain,
because this study was conducted at an exhibit at the aquarium, it was intparapect th
production of the facility. With the information that was obtained from this stuggoved

useful for this aquarium. The pregnant stingrays were moved to quarantine whetec:qne
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usually pupped within two weeks. Future studies could include measurements (cranial
body, caudal body, length, etc.), noting organ development, hormone assays, and measurement
and weights of the fema(pre- and posparturition)and pups (pogparturition.

For this study, only reproducing females were usedinQsubject selection, it was
notedthat several females appeapgdpard for pregnancy (large follicles and a large, fluid-
filled uterus with long trophonemata) but never became pregnant (no evidence gieggs;a
embryos, or fetuses)One of these females died after completion of the study due to a water
quality mishap. On gross necropsy, the liver was relatively large andagherharrhagic
ovaries. This presentatiors suspected to be the reproductive disease described by SEZARC
(SEZARC 2014) or what is proposed here as follicular stasis (or other reprodwctoigon).
Histologically, there were no lesions noted for the ovary. The epigonal organ wes\gev
erythematous and milgledematous. The$emales are likely in folliculastasisand not
ovulating for some reason. This particular stingray was with males and tednatbthe
opportunity to mate but perhaps was not able to ovulate or environmental cues (sigoikis)
wereinhibiting ovulation. Unfortunately, oviducal gland svaot submittedor histological
evaluation therefore sperm storage could not be evaluated. There were no sperm abtsved i
uterus but this female had not been with males for over two yEewsm this study, it appears as
though this presentation mt the cause of death but in other caiseannot be ruled out a&s
contributing factor.

Once the aquarium reached a limit for stocking pups, males and females weredeparat
to halt reproduction. Approximately two yedaser, one stingray that had r#\been pregnant
and had a wingspan 62 cm at the time this study had started, became pregdaintg the

parturition prediction model established in chapter 6, it was predicted that she would pup in
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14.75 days therefore she was moved to quarantine. She pupped 15 days later in quitiantine.
suspected that this stingray had stored sperm, which has been describedahbraladms but not
for this species to the authors’ knowledge (Hamlett et al. 2002; Storrie et al. 20083r C
examination of histological sections of the oviducal glands for sperm may reirifiarc

presumption that this species also stores sperm.
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Ampullaeof
Lorenzini
Aplacental viviparity
with uterine villi
Aplacental yolk sac
viviparity

Benthic

Coelomor
Coelomic cavity

Coelomocentesis
Echogenicity
Elasmobranch
Epigonal organ
Follicular stasir
folliculostasis
Folliculogenesis
Histotroph

Husbandry

Immunocompromised

Immunosuppressed

Interrenal gland

Lecithotroply or
lecithotrophic
Matrotrophy or
matrotrophic

APPENDIX 1: Definition of Terms

Specialized electrosensory receptoated in the skin on the
head and wings.

The reproductive mode of elasmobranchs where secrete
histotroph to provide nutrients to the embryos.

The reproductive mode of elasmobranchs where the embryos
rely heavily on the yolk for nutrients.

Bottom-dwelling animals in a sea or lake

The body cavity of fish, reptiles or birds since they do not
possess a diaphragm

Tapping the coelomic cavity with a needle and aspirating fluid
The ability of creating an echo relating to ultrasound imaging
Pertaining to the subclass elasmobranchii, cartilaginous fish

The lymphomyeloid structure in elasmobranchs, closely
associated with the ovaries in females

When the act of creating follicles and ovulating stops

The act of creating new follicles for ovulation

The lipid-rich secretions or “milk” produced by trophonemata
during uteroladtion in preparation for or during gestation.
Domestic management, overall parameters for caretaking of ¢
exhibit and its animals

The immune system of an animg&lcompromised by stress or
disease

The immune system of an animal is suppressed by stress or
disease

A gland in elasmobranchs similar to mammalian adrenal glan
located dorsally between the two kidneys.
When the embryo only receives its nutrition from egg yolk

When the embryo receives nutrients from the female
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Melanomacrophage
Necropsy
Oophoritis

Organ of Leydig
Ovoviviparity
Pelagic

Pups

Trophonemata

Viviparous

Macrophage aggmtes; pigmentontaining cells within the
liver of elasmobranchs
The equivalent of an autopsy in an animal

Inflammation oftheovaries

Hematopoietic organ attached to the esophagus

See aplacental yolk s&eviparity

Used to describe tHecation where a fish may reside relating tc
the open sea or ocean

The offspring of stingrays

The fingerlike projection extending from the mucosal surface
the uterus, which provides the nutrients to the fetuses during

gestation.
Live bearers
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APPENDIX 2: Mortality Investigation Preliminary Research

Synopsis

An aquarium experienced several southern stingray deaths over course dfysewera
after opening a touch pool exhibit. Similar findings during necropsy included g dar&lliver
and hemorrhagic ovaries in the females. A thorough review of the necropsy frecords
histopathology reports, and histology slides was conducted to assess for amtaisk farom
the necropsy records, consistent variablessgess as risk factors for a casatrol study
included age (juvenile/adult), liver size (small/large), follicles (absentipesed time at the
aquarium (</> three months).iver size and time at aquarium were statistically significant (odds
ratios >1 and 95% confidence intervals not including 1). The odds of a stingray having a small
liver is almost 40 times as high when the cause of death is unknown compared to a known cause
of death and the odds of it being at the aquarium less than 3 months is 57 times as high when the
cause of death is unknown compared to knoWwnese two variables were stratified and liver
appeared to be a confounder. Elasmobranch histology identification can be somewhat
challenging due to their unique anatomy especially for those who do not routinelstevthese
species therefore some organ identification was incorrect on the histopatrepgogy. After
evaluation of the histology slides, it is likely that the diagnosis of oophoritis wae due to
confusion with its association with the epigonal organ. Common findings included hepatic

melanomacrophages, normal ovaries, and epigonal organ edema.
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Introduction
An aquarium added a touch pool exhibit and experienced several deaths within their
stingray collection used to populate the pool. The deaths occurred over sevsralyibe
death rate appeared to ligher than expected. This prompted a closer look at the mortalities.
During a brief review of several necropsy records at the facility, thetsapdicated o
clinical signs prior to death; during gross necropsies, all of these anindadsniadl, dark livers;
for cases that were submitted to a diagnostic laboratory for histopathaogye dipid depletion
in the liver was confirmed; and one other commonifigdamong many of the femadmimals
was a hemorrhagic ovargften diagnosed as oophoritis. These findings prompted a more in-
depth evaluation. The purpose of this preliminary investigation is to gain a bettestandiergy
of the risk factors involved with the deaths of these stingrays by reviewing ttopsygcecords
and the histology. The suspicion is that recent arrivals are likely more at dektbfdue to the

stress of transport, lack of nutrition, and suboptimal environmental conditions.

Methods
Necropsy Records Review

As a pilot caseontrol study, necropsy records were reviewed from 36 stingrays and
limited consistent information gathered from these records included agei(@giadult), liver
size (small/large), follicle§resent/absent), time at the aquarium (<3mo/>3mo), and cause of
death (unknown/known A threemonth time frame was selected for the variable ‘time at the
aquarium’ because three months would allow for arrival, quarantine (with tregtnogéocol),
veterinary examination, and acclimation to the exhibits for the adults. @aseslefined as

those with an unknown cause of death and controls were those with a known cause of death.
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Known causes of death included water quality problems and accidentaafvertently

jumping out of the exhibit). To prevent further accidental deaths, the exhibit ochaed to

avoid exits from the exhibit bstingraysswimming out on the shallow end of the pool. In order

to evaluate each variable independent of the unknown or known cause of death, the odds ratios
(retrospective) and 95% confidence intervals were calculated using acstldisttware package

(Epi Info™ version 7.1.5) Significant risk factors were stratified to assess for interaction and

variables thatlid not act independently were also checked for confounding.

Histology Review
The histology slides for cases that were submitted to the diagnostic lab trerede
The slides were reviewed for consistent organ identification and for anyfedbares that may

have been overlooked during the initial evaluation. Histological observations wede note

Results
Necropsy Records Review

Thedatacollected from the necropsy reco® summarized in Tabk2.1. Four
necropsy reports (gross findings) stated oophoritis. Two of the reports statebtb#idr and
three other stingrays also died from their respective groups with similarfgrdsigs (small,
dark bluish livers and necrotic or hemorrhagic ovarig$)s increases the total numbér o
deaths to 41; however, there were not individual necropsy reports for those fiveystingra

therefore they were not included in the analysis.
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Table A21. Summary of data from necropsy records

Cases Controls OR 95% Cl
(n=19) (n=17)
Age
Juvenile 6 0
Adult 13 17 ° [0.99, 81.93]
Liver size
Small 17 3
Large 2 14 39.67 [5.79, 271.64]
Follicles
Present 11 15
Absent 8 2 0.18 [0.03, 1.04]
Time at
Aquarium
< 3 months 15 0
OR: Oddgatio

CI: Confidence interval

Liver size and time at aquarium were statistically significant (odds ratios & 958t
confidence intervals not including 1). The odds of a stingray having a small liverasta0
times as high when the cause of death is unknown compared to a known cause of death and the
odds of it being at the aquarium less than 3 months is 57 times as high when the caubasof deat
unknown compared to known. The sample odds ratios for these variables are not very precise as
shown by the wide confidence intervals, but they do not include 1 therefore smalhlikless
than three months at the aquarium are statistically significant risk$dor unknown causes of
death at the 0.05 level.

The association between time at the aquarium and unknown cause of defttthgas

explored (stratified) among those with and withawimall liver(TableA2.2).
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Table A22. The association between time at the aquarium and unknown cause of death am«
those with small and large livers.

Unknown cause of death

Liver size Time at aquarium Yes No OR 95% ClI

Small < 3 months 14 0 112.5 [7.22,4409.14]
> 3 months 3 3 7.5 [0.73,97.29]

Large < 3 months 1 0 15.0 [0.58,803.98]
> 3 months 1 14 1.0 -

*Referent group
OR = Odds ratio
Cl = Confidence interval

Effectmodification (interaction) is used to assess the risk of the outcome (unknown cause
of death) if exposure to two risk factors (small liver and less than three natrtkigsaquarium)
are involved. The increase in an unknown cause of death due to |va@nsizime at the
aquarium is perfectly multiplicative (15 * 7.5 = 112.5, more than additive and no multiplicative
interaction) and therefore liver size and time at the agquarium do not act indepenuctly it

necessary to check for confounding.

TableA2.3. Strataspecific odds ratios of those at the aquarium less than and greater t
three months among those with a small and large liver.

Unknown cause of death

Yes No OR 95% ClI
Small Livers
< 3 month: 14 0
> 3 month: 3 3 15 [1.29, 174.29]
Large Livers
< 3 month: 1 0
> 3 month: 1 14 15  [0.9, 251.07]

OR = Odds ratio
CIl = Confidence interval

The small liver is associated with less than three months at the aquarium, is etoisk fa

for an unknown cause of death, and is not a link in the direct (biological, physical, acahem
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causal chain between stingrays at the aquarium for less thamtbrehs and an unknown cause
of death. The liver size variable was found to be a confounder because the spratifrnedds
ratios (OR = 15 in Table A2.3) for those at the aquarium less than and greatérékananths
were the same but different from the crudiels ratio (OR = 57.6 in Table A2.1) by much more

than 10%.

Histology Review

Elasmobranch histology identification can be somewhat challenging duertariltpie
anatomy especially for those who do not routinely evaluate these speciesablgeerrors were
made which complicated the investigation. In three reports the epmgaa was mistaken for
spleen, in one report the epigonal organ was mistaken for lymph node, in one reportahal epig
organ was submitted as gonad and reported as unidentifiable, in one report the stomach was
mistaken for bladder, in one report the uterus was mistaken for intestine, and two reports
identified the liver as normal when it was severely lipid depleted.

For cases that diagnosed oophoritis, they described the ovary as being @dfikret
numerous heterophils and fewer mononuclear cells.” Upon further review of the hisibtbgy
ovary, it was determined that there was likely confusion regarding the disghasiphoritis
due to the ovary’s close proximity to the epigonal organ. A more consistent findomg dhe
epigonalovarian conplex was edema. A consistent diagnosis for the liver was lipid atrophy

and/or glycogen depletion.
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Discussion

This preliminary study showed, given the limited number of variables for righr$ac
that the liver was a confounder for the stingray deaths at the aquarium. The oddsgfat bee
aquarium for less than three months were high when the cause of death was unknowre therefor
the likelihood of recent arrivals having a small liver is good. It should be noteti¢haide
confidence intevals are likely due to a small sample size and the distribution of the animals in
each group (exposure and outcome).

In order for a small liver to be the sole risk factor for death, it seema thate severe
compromise or disease process would nedx tpresent unless the animals are truly starving to
death. Considering all the variables evaluated here, and knowing that the lkedyia |
confounder, it would appear that the actual cause of the outcome (unknown cause of death) is
exacerbated by #hvariables that contribute to the confounder. In an elasmobranch pathology
study, southern stingrays were one of the most commonly submitted speciéscovheésponds
to the southern stingray being one of the most exhibited elasmobranchs (GarnerE913, A
2008). Although nutritional disease was the diagnosis in 12% of all cases, it was elibgsos
the sole problem in only 1.5% of all cases (Garner 2013). The nutritional contribution te diseas
processes was based on the depletion or lack of lipid stores from hepatocytesZGEZheA
subjective observation in this study was the association of liver size and cafger livers
were offwhite to tan and smaller livers were dark brown to black (or gray or bligeiré~
A2.1). Similar observations in the association between liver color and lipid contentonad

in one study on the lesser sand sh&tiilbatos annulat)gRossouw 1987).
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FigureA2.1. Five livers from various female southern stingrays during necropsy
showing the progression from top left to bottom right of large, fiflied to small, lipid
depleted and varying in color from light to dark, respectivélyese images are not to
scale. The liver in the bottom left image is likely larger than that toatight image as
seen bythe caudal margin of the liver on the smaller curvature of the stomach.

Four necropsy reports (gross findings) stated oophoritis. Two of the reports stated tha
two other and three other stingrays also died from their respective groupsmiiin gross
findings (small, dark bluish livers and necrotic or hemorrhagic ovaries) but indivepats
were not documented because the aquarists assumed it was the same “liver antisoophori
disease” that has been diagnosed. The issue was that the presumed diagnoses on gross
necropsies came from one previous histopathology report and continued. Although oophoritis

was reported in many of the necropsy and diagnostic lab results, it did not seeyretogiéain
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subsequent deaths probably due to the young age and reproductive status of many of the
stingrays. It appeared that what was likely being described, as ooptpar#sty, was a
presumably normal reproductive maturation process or follicular stasis. Quathi®logy

report stated that the ovary was normal with adjacent edema and another ctetedisa normal
ovary despite the gross description of hemorrhagic ovaries in the grossdinthrtie yellow
stingray,Urolophus jamaicensjsanother aplacental viviparous specdsing folliculogenesis

and vitellogenesis, inward follicular folding occurs to increase surfaeefar yolk transport
(Hamlett et al. 1999; Hamlett et al. 2005). Vascularization also proliferates ineofdhedsand
persists to ovulation. In a study evaluating the epigonal organ-ovary complex kdtine s
Leucorajaerinacea it was noted that angiogenesis and vasculogenesis increased (developed and
became more abundant) during the reproductive development period and is greager durin
advanced follicular development (Lutton and Callard 2008). The development of the southern
stingray ovaries appears to be similar in both of the species in the same way.th&y are
reproductively inactive or immature, the skate ovaries are completelyddetwithin the

epigonal organ, which is also seen with the southern stingray (Lutton and Callard 2008).
Femaleghat do not ovulate and remain in a state of folliculostasis, or continue to develop
follicles without absorbing them, are likely in trouble. After reviewing the lugyoslides, in

the majority of cases, the ovary and follicespeared normal. Histopathology reports with
oophoritis as the diagnosis had misidentified the epigonal organ as ovarian inflmmati
therefore the problem that contributed at the start of this project was misedeas oophoritis.

A more appropriateonclusion is that these females are not ovulating and therefore experiencing
pre-ovulatory folliculostasis or follicular stasis. In these cases, a meor@ry may be seen but

is likely dependent on the duration of the condition. This condition has been identified in
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reptiles where it is commonly referred to as-pvelatory egepinding or retained follicles

(Sykes 2010; Chitty and Raftery 2013). Bxedatory follicular stasis in reptiles is often

resolved with ovariectomies (Backues and Ramsay 1994; Rivera 2008). This swagery w
conducted in one stingray during this study; however, she died four days later due tendehisc
The ovary was removed with a majority of the epigonal organ (mistaking ittasf plae gonad

at the time). There are mdher reports of this type of surgery in elasmobranchs and it is
unknown as to the potential consequences for removing the epigonal organ. Also, if this or a
similar procedure is attempted, a ventral midline approach should be reconsisigeedlly in
benthic species.

Recent arrivals or having spent less time in captivity may definitely contribthe to
small liver confounder but may also include other problems. For example, an ediséiage or
potential condition may exist and the stress of catching, transport, crowding,,tciiamge in
water quality, or new environment may immunosuppress the stingray allowingehaseal{such
as parasitism) an opportunity to overwhelm the animal. Parasitism has pegad@n other
elasmobranch deaths (Bomska and Adams 2013; Marancik et al. 2012). There were some
deaths upon arrival as well as some that died shortly after arrival. Stingaaygete dead on
arrival appeared severely traumatized. Other factors in the latter scenarioytitatrndguteto
an unknown cause of death include continued or chronic stress, fighting, or falling fudteer int
negative metabolic balance from food competition or aggression. With eachustesst and
considering the duration of the stressor, physiologicaily resources will be used to either
combat the stressor or be used for maintenance. Depending on how the animakdheaat
resources, and the degree and length of the stressful event, may determinebatesotheir

probability of survival (McNamara and Buchanan 2005). After reviewing the histeloigg of
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the liver in some of these cases, it was noted that moderate numbers of melanomgasropha
existed. Although the presence of melanomacrophages in hematopoietic tissuesis nor
presencen the liver in increasing size and frequency may indicate exposures to envirahment
stress and therefore is considered a biomarker for that condition (Agius amsROIGS;

Adams et al. 2015; Borucinska et al. 2009).

The next steps included a more formal approach to counting melanomacrophages and
comparing those counts between different conditions (Appendix 3). The living colleetson w
examined on a routine basis in an observatistnaly to further evaluate the risk factors (Chapter
3). Also, due to the dynamic characteristic of the liver and the consistencydaldplietion

among cases, a study evaluating the liver size was conducted (Chapter 4).
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APPENDIX 3: Hepatic Melanomacrophage Pilot Study

Synopsis

An aquarium experiencadultiple southern stingray deaths over the course of several
years. Many of the deaths occurred in recently wild-caught stingrays tieatayured and
transported to the aquarium to stock the exhibit. Common findings on gross necropsy included
small, dark livers and presumably hemorrhagic ovaries in females. Histologic findings
confirmed hepatic lipidiepletion but also noted hepatic melanomacrophages. The presence of
melanomacrophages the liver and hematopoietic organs of fish may indicate starvation, stress,
or other environmental change. A negative metabolic state was presumed in thedecase
the decreased size of the liver and confirmation of lipid-depletion. Stresskalgabntributed
to the condition of the stingrays but is difficto assess poshortem. The purpose of this study
was to establish melanomacrophage counts in cases where liver tissue wasdubitie
diagnostic lab and compare counts between cases using dichotomous variablesioé Jiver s
presence of hemorrhagovaries, and presence and degree of epigonal organ edema. The
difference in melanomacrophage counts was signifigestt.05) for liver size§=0.048)and
epigonal organ eden{p=0.042) but not significant for thegsence of hemorrhagic ovaries
(p=0.222). The increased counts may be due to starvation and/or stress, given themsituati

but further study in fish, especially elasmobranchs, is needed.

Introduction
An aquarium with a touch pool exhil@kperienced several deaths within ttsgiuthern

stingray collection used to populate the pool. The deaths occurred over sevsrauybe
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death rate seemdiilgher than expectedJpon initial review of the facility’s recor¢she reports
indicated no clinical signs prior to death; during gross necropsies, all of thissdsahad small,
dark livers; for cases that were submitted to a diagnostic laboratory for histiopgt severe

lipid depletion in the liver was confirmed; and one other common finding among many of the
female animals was a&morrhagic ovary and often diagnosed as oophoritth@®n
histopathologyeports

Of the 36 stingray deaths, 15 cases were submitted to the diagnostic laboratory for
histological evaluation and diagnosis. The diagnostic lab reports and histologywstide
retrieved for further evaluationiThe organ tissues sampled for each case varied. In some cases,
only the ovary, and associated epigonal organ, and liver were subniiktshsive review of
these caseaided in the proper identification of gross anatomy and histology for future
examinations and necropsies.

During review of the liver histology and reports, many cases showed and reported
melanomacrophages or infiltrates of hemosiderin (or hemosiderosis) or pigrmeltge
Melanomacrophage centers in fish are typically found in hematopoietic, tigguarily spleen
or kidney, but have also been noted in the liver in some teleost fish compared to predominantly
in the liver in elasmbranchs (Agius 1980; Agius 1983; Wolke 1992). The intracytoplasmic
pigments usually consist of melanin, lipofuscin, or hemosiderin (Wolke 1992). Changes in
morphology within a species due to age, gender, nutritional status (starvatioe)ptisakdown,
hemolysis, iron and hemoglobin metabolism, and inflammatory and immunological cosditi
have been described (Agius and Roberts 2003; Borucinska et al. 2008). When experiencing
environmental stressors, such as pollution or poor water quality, the increasecinfs@zgiency

of the melanomacrophages has served as a reliable biomarker for theserm®nditleosts

153



(Agius and Roberts 2003). Although very little research has been conducted on elash®bra
and hepatic melanomacrophages, one study established a baselitseepafrdggh power field in
three shark species, the blue sh&fqnacae glaucg the shortfin makolgurus oxyrhinchus
and the thresheA(opias vulpinu¥ (Borucinska et al. 2009 One case report included the
presumptive increase in hepatic melanorophages (from a baseline of 12 cells/hpf to 62
cells/hpf) in a wildcaught blue shark with hepatic cholangiocarcinoma and testicular
mesothelioma (Borucinska et al. 2003). Another study reported the size and number of
melanomacrophage centers around the portal vein compared to other areas in thiedivers
freshwater stingrayRotamotrygon motono(Engracia de Moraes et al. 2016). Due to their
possible association with stress and the likelihood that stress was arfabodeathsthe
melanomacroplge counts will be recorded in this study.

Generally, the purpose for reviewing the slides in these cases was to gaer a bet
understanding of organ identification both grossly and histologic#lhe objective for this part
of the study was to determirfehepatic melanomacrophages are potential biomarkers for stress
in southern stingrays. This was accomplished by evaluating the descstatigécs of hepatic
melanomacrophage counts in the 15 cases submitted to the diagnostic lab. Tble resear
guestions for this portion of the study are:

1. What is the baseline melanomacrophages count in southern stingrays?
2. Do melanomacrophage counts differ between stingrays with different potenigds of
death or necropsy findings (liver size, hemorrhagic ovaryepes epigonal edema

presence)?
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Methods

This was a retrospective pilot study comparing melanomacrophage cobethisilogy
reports, as well as the histology slides, were used to collect data and the tiofofroan the
following variables wasecordedor each casestingray ID, the presumed primary contributor to
death, gross liver appesance (small or large), adequéifed stores (yes or no), gross
hemorrhagic follicles (yes or no), histological epigonal organ edema (yes, @ndd)epatic
melanomacrophage count per high power field (40x). Gross necropsy reportsectte
determine whether the liver was small or large (as stated in the report] as wkether or not
the ovary appeared hemorrhagic (or stated presumptive oophoriésrosis).

The liver and epigonal tissue were histologically evaluated for each caséar Sithe
shark study (Borucinska et al. 20@G®&e random areas of the liver were selected and the
melanomacrophages in each high power field (40x) area were counted. In thi®studye
liver tissue sample was used for each stingray due to the limited number ofdisgliesstaken
at the time of necropsy, therefore only the five random areas were used for(ooudt as in
the shark study). The liver was also evaluated for adequate lipid stordschstamous
variable, either adequate or not (Figure A3.1). In order for a liver to be catsmkehaving
adequate liver stores, lipid vacuoles had to be present throughout the tissue saveplessuie
samples with sparse or no hepatic lipid vacuoles were considered inadequateig®hal ep
organ was evaluated for the degree of edema, either absent to mild or sevevealHEiggue
samples were considered severely edematous when fluid severely dishgpt@rmal reticular

stroma of uniform mature granulocytes (Figure A3.2).
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Figure A31. Histologic sections of southern stingray livers (H&E, x200). Top: exaof@
liver with adequate lipid stores. Hepatocytes are vaculoated with lipiereTs one
melanomacrophage in the upper left corner. Bottom: example of liver pidrdiépletion.
There are several pigmented cells or melanomacrophages.
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Figure A3.2. Histologic
sections of southern stingray
epigonal organs (H&E, x200).

Top: Normal epigonal organ

Middle: Epigonal organ with
mild edema

Bottom: Epigonal orgawith
severe edema



Statistical Analyses

TheMannWhitney Utestwas used to compare the difference in melanomacrophage
counts between small and large livers, presence or absence of hemorrhags; andribe
absent to mild or severe epigonal edema.ragbability value of less than 0.05 was considered

statistically significant.

Results

There were 12 cases in total because one slide set was missing and two of the eases wer
severely autolytic. Adequacy of lipid stores coincided with liver size gi¢iser therefore only
theliver sizevariable was usedTwo of the stingrays were male so the ovary data did not apply
but they were included to increase the sample size for the liver size and epiganadema.
There were three cases that had melanoophage counts that were too numerous to count and
therefore were recorded as greater than 100. Because some counts warthgrea@ and not
specifically counted, means are not presented. The remaining descriptive datavaransh
Table A3.1.

As for the primary contributors to death, six were recent arrivals (in capuvitggs than
three months), two had anorexia and lethargy, one died from high ammonia levels, anddhree die
from low dissolved oxygen levels. The four stingrays that died from water quality moble
were all acute deatt@ndthe necropsies were done within two hours of death. Of the four
stingraysall of them had absent to mild epigonal edema, three had large livers, and two had
hemorrhagic ovaries. The two cases of anorexlathargy had mild and severe epigonal
edema, respectively; one had a large liver; and they both had hemorrhagic oVagiepigbnal

organ in both of those cases was also erythematous or hemorrhagic. The recéntaesvall

158



had small livers, twthad mild epigonal edema, and all the females (four) had hemorrhagic
ovaries.

The difference between melanomacrophage counts among liver size and epggmal or
edema were significantly differen € 0.048 and 0.042, respectively) and counts among

hemorhagic ovaries was not significantly differept< 0.222).

Table A3.1. Descriptive statistics for melanomacrophage counts (MMC)
liver size, hemorrhagic ovary, and epigonal organ edema. Numbers in
parentheses represent the sample number.
Median Min Max p-
MMC MMC MMC value

Liver size
Large/adequate lipid (3 10 1 27 0.048
Small/inadequate lipid (9 67 25 >100
Gross hemorrhagic ovary
Yes(8) 34 10 68 0.222
No (1) 1 1 1
Epigonal organ edema
Absentmild (7) 26 1 >100 0.042
Severe (4) 68 45 >100

Discussion

Although the presence of melanomacrophages in hematopoietic tissues is normal,
presence in the liver in increasing size and frequency may indicate exposenegonmental
stress and thereforegsnsidered a biomarker for that condition (Agius and Roberts 2003;
Adams et al. 2015; Borucinska et al. 2009). Another biomarker used to identify stress is

follicular atresia (Adams et al. 2015), which was also identified in one répguré A3.3).
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Figure A3.3. Histologisection of southern stingray ovary with many atretic follicles
(H&E, x200)

A baseline count in this species was not established due to the small sampid sazk a
of information surrounding the deaths (like time from death to necropsy). The counts were
significantly different among the small and large liver as well as in absemld and severe
epigonal organ edema but not different among the absent or present hemorrhagid bees
was only one stingray that did not have a hemorrhagic ovary reported but looking back in the
record, this stingray’s wingspan was only 41 cm, so not reproductively mature. Uafelgun
records for the other stingrays were not as complete but for the cases whemawiwgs
recordedthenext smallest rayas 62 cmindicating they were all likelyeproductively mature.
An explanation may bhat the hemorrhagic follicles are a normal process of reproductive
maturity and not an indication of follicular stasis or other abnormal reproductiveaioandi
There was also one case that was not included imétenomacrophage courdmparison

becauseissues sapies only included the ovary and an “unidentified organ” but not the liver.
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The stingray in this case had seven fetuses in utero and the report also notezh“oysises”
which likely referredo large, vitellogenic (yoldilled) follicles. It is not surprising that only
“hemorrhagic” ovaries are found in reproductively mature females (sincatéelye ones with
prominent follicles) but the two cases here (the reproductively immatuendaghe pregnant
ray) support the thought that it is not an abnormal finding in, at least, some caseseskioa qu
now becomes, can normal, mature follicles be differentiated from edirbufar stasis?

The melanomacrophage counts were significantly different among the sichddirge
liver, which would be expected. With lipid depletion, the hepatocytes are physlosky c
together therefore more cells are seen per high power field. This allowslforamacrophages
the opportunity to also increase in density per high power field and theref@e diifficult to
discern whether the melanomacrophages were truly increased in animaisalltiivers. In
one pathology study, gross and histological images of cownose livers were shdothfa
lipid-filled and lipid-depleted liver (Garner 2013). In the corresponding histology images of the
livers, it appeared that there are more melanomacrophages in the lipid-fulblnpaied to the
lipid-depleted liver but the slides would be needed to confirm (Garner 2013). Certairdy, mor
research is needéxkre and it would beleal in anticipation of looking for these features on
histology, to select multiple tissue samples and make appropriate tissue cuts. The
melanomacrophage counts among absent to mild and severe edema in the epigone®rg
also sgnificantly different. This, too, is not surprising if one assumes that the stsngrtn
small livers are experiencing a negative metabolic balance due to a disease promegsion
that may also produce edema in the epigonal organ. This is alsniag that edema in the

epigonal organ is abnormal. There is one case study describing edema and lgenmotHe
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epigonal organ of a bonnethead sh&gphyrna tiburowith a bacterial infection and associated
septicemia (Camus et al. 2013).

This pilot study was conducted in part to support the thought that stress was a awntribut
to the stingrays’ condition. Typical assessment of melanomacrophages occulds caught
fish to evaluate the effects of environmental changer{(texposure, starvation, etc.) (Mizuno et
al. 2002), although there are also reports aimed at determining possible funasey(idr et al.
1994). Most of the information regarding fish is in regards to teleosts, which may an@talc
apply to elasmobranchs (Agius 1983). Clinically, there would likely be othenlessive
indicators (physical exam findings, ultrasonographic imaging of the likanges in blood
parameters, etc.) of stress in a wabnitored collection therefore collecting a liveosy for
the sole purpose of counting melanomacrophages would be unreasdnetdéll an interesting
finding and should be evaluated during any histological review of the liver or hen&topoi

organs.
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APPENDIX 4: Southern Stingray,Dasyatis americana Website/desktop application

Website: southernstingray.businesscatalyst.com
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Anatomy — Example page

Elasmobranch Necropsy Procedure
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Physical Exam- Example page

Capture
PIT Tag Reader
Implanting PIT Tag

Toniec Immaobilization

Measuring Wingspan

Measuring Small Liver

Acknowledgments

With the stingray either in dorsal (shown here) or ventral recumbency the wingspan
may be measured using a tape measure. The tape measure should be held close to
the body while holding the ends of the tape at each wing tip.
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Imaging— Example page

Ultrasonographic Imaging

The image above represents a stingray
in dorsal recumbency with various
locations marked for ultrasound

imaging. Click on the linear transducer
This is an image with the transducer in a sagittal orientation to the left of

|Ocati0ﬂ to disp‘ay a oon'esponding midline at midcoelom. The liver, stomach, and epigonal organ are seen.

image to the right. Hovering over The bii'lsl;xis s the smn;ch -;1 I;Icatad just Iaf: of mangg: Eh:;mf"a;eu
F . . ' f organ is closely associated with the ovary in this sp an en ima
major organs will highlight their fahacssibag oty

margins for identification.
When hovering over the image the liver highlights blue, the stomach

highlights yellow, and the epigonal organ highlights green.

A special thank you to Ray Parham and the Colorado State University

radiclogy department for use of the ultrasound and imaging storage

equipment; as well as to Tawni Silver for her expertise on equipment use and

interpretation.

Krystan R. Grant, DVM © 2015
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Hematology- Example page

Hematology

Exotic Animal Hematology
and Cytology, 4th Edition

by
Terry W. Campbell

Hematology Reference Values

!

Reference:
 WBCx103/ul 13.6 (3.8-27.9)
' Gi (Heterophils) x103/ul . 4.8(1.0-89)

G2 (Neutrophils) x10%/ul 0.3 (0-0.9)
' G; (Eosinophils) x10%/ul - 0.75(0.1-3.1)
' Basophils x103/ul | 0.1 (0-0.5)
' Lymphocytes x103/ul 8.25 (1.1-30.1)
Monocytes x10%/ul ~02(0-10)
Plasma protein g/dl 6.1 (5.3-8.6)
PCV % 26 (21-36)

_Thrombocytes
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Reference Values

Clinical Cases in Avian &
Exotic Animal Hematology
& Cytology

by

Terry W. Campbell and
Krystan R. Grant




Reproduction -Example page

sect of Fetus

Caudal aspect of Fetus

Post-gestation

All images were captured
using a commmercial
ultrasound unit (Aloka SSD-
900v) and 7.5 MHz linear
array transducer. The overall
gain, time gain compensation,
and depth settings were
adjusted in order to maximize
image resolution and organ
visualization. Hovering over
the image will reveal colored
overlays to help with
identification of certain organs
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This image is obtained with
the transducer in a
transverse position relative
to the fetus on the left side of
the pregnant stingray.

This image shows the caudal
aspect of the fetus (coelomic
cavity of the fetus). Within
the uterine wall (blue
overlay) the fetus occupies
the majority of the space.
The large and small +
symbols along with the
dotted line denote the overall
thickness of the fetus (3.92
cm). The cartilage forming
the spine at the dorsal
aspect of the fetus produces
an acoustic shadow (yellow
overlay). The gall bladder
(green overlay) and spiral
intestine (pink overlay) are
also distinctly seen here.

This particular stingray
pupped one month after this
exam was conducted.



Histology— Example page

Histolo gy Krystan R. Grant, DVM © 2015

Skin

Ampullae of Lorenzini

The ampullae of Lorenzini are specialized electrosensory receptors located in the skin on the head and wings. Their use includes detecting changes
in electric fields as a result of nearby prey and for navigation and orientation (Bleckmann and Hofmiann, 1999). The images below show cross
sections of the ampullary canals in the skin (arrow). The ampullary canal walls and inside consist of squamous epithelium (resistance of 6 million
ohms/em) and mucopolysaccharides (20-25 ohms/cm, similar to seawater), respectively (Bleckmann and Hofimann, 1999).

Brain - Cerebrum
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APPENDIX 5: Physical Examination Form

PIT Tag # Location of chip: Snout
Identification (Dorsal)
Blood [0 Blood smear Notes:
. 0 Blood smear
Collection
(Tail vein) 0 Green toptube
[0 Green top tube
| Physical Exam
| Location | 0 Touch pool I 0 Quarantine # | O Other Tank #
| Species | O Southem
Color |
| Sex | 0 Male
| Size | Wingspan:
BCS (out of 5) (Flesh slope from the spine) HR: RR: WT:
Vitals 1 2 3 4 5
Integument g -
Measurements Pectoral to pelvic girdle: | Liver (Distance to cd cart): | Liver: Coelom (%):
(cm)
| Ultrasound Exam
Liver 0 Sagittal- mid, LT, RT (gb)
[0 Transverse:mid, LT, RT (gh)
[0 Spleen comparison
Stomach 0 Sagittal
[0 Transverse
Spiral colon 0 Sagittal
0 Transverse
Pancreas 0 Sagittal
[0 Transverse
Epigonal organ 0 Sagittal
a3 Left
0 Follicles
3 Measure follicles
Uterus 0 Sagittal
[ Measure uterus
0 Trephonemata?
Free Fluid 0 No
0 Yes
0 Coelom tap
| Comments
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APPENDIX 6: Elasmobranch Necropsy Procedure

Elasmobranch Mecropsy
Data collection and external examination

Gather supplies:

Gloves

Ruler or tape measure
Scissors

Forceps

Bone cutter

Scalpel blades

10% buffered formalin
Microscopes slides
Sterile syringe
Culturette

—

Data collection:
» Record history - presumptive cause of death, loca-
tion found, health status, exhibit/quarantine
s PIT tag number?
«  Weight and length (sharks measure snout to caudal
2 notch; rays measure discwidth)
« Male or female?

Mote; The necropsy should be completed as soon as
possible after death. If 4 necropsy cannot be per-
formed do NOT freeze the specimen. Keep in a cooler

Or on ice.

External examination:

= Integument (SKIN induding fins and tail} - note
any lesions (type and location], unique markings.

+ Examine EYES (3a) - note darity (clear, cloudy),

3 color, or possible trauma

« Examine MOUTH (3b/c) - note any discoloration
or blockage (it may be difficult to pry open)

- FExamine GILLS - note color (pink, red, blanched)
and presence or absence of blood

« Examine CLOACA for any parasites or discharge -
if 50 then collect a sample for cytology
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Inctsion

'The approach to the internal organs is a ventral midline incision in small sharks. The approach in larger sharks is
the same with the addition of two perpendicular incisions at both ends, making an *I" incision, and retracting or
removing the flaps. The approach in stingrays is o cut along the pectoral and pelvic cartilaginous margins and
make a circular window,

Shark skin is made up of tiny denticles, making it very difficult to cut through. To begin the incision, pinch the
skin with forceps {or forefinger and thumb, but be careful not to cut yourself) and make a stab incision with a
scalpel or sharp knife (4a). Continue the incision cranially and caudally with cither the scalpel, knife or scis-
sors (4b). 'The normal liver in elasmaobrachs is ventral and large so be careful not to cut the liver while making
the initial incicsion (4c). The incision should span the entire length of the shark from mouth to cloaca (4d). Do
not touch the internal cavity. Cultures and fluid should be collected before touching any internal orgrans. The
pectoral (de) and pelvic (4f) cartilaginous girdles may need to be cut to access organs cranial and caundal to them,

respectively.
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Anatormy

As mentioned, the liver in elasmobranchs is typically located along the ventral coelom and is quite large. Many
times it will be the only organ seen upon Initial view of the opened coelomic cavity (5a). Once the liver Is re-
moved (5¢), most of the other internal orgrans can be seen (5b). The liver is the organ used in elasmobranchs for
storing fat therefore its gross appearance should be large and tan-colored (5d).

Key for Images 5a/5b:
L Rectal gland
A. Liver . Spleen
B. Thyroid K. Pancreas
. Esophagus L. Epigonal organ
[ Heart M. Ovary
E. Stomach M. Cloaca
E Proximal intestine Mot pictured: Repro-
G Spiral intestine ductive tract, kidney,
H. Rectocolon brain
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Sample Collection
Each organ should be properly identified and assessed for any gross pathology or abnormalities (masses, discol-
6 oration, size discrepencies, trauma, parasites, odor, obstructions, torsions, or other lesions). If potential disease
is present consider taking impressions (on a slide away from formalin) and culture samples. Samples for histopa-
thology should be no larger than 1 cm by 1 cm and placed in 10% buffered formalin (6a and 6b). In some cases,
the entire organ may be placed in formalin. Multiple samples may be placed in the same formalin container. If
an organ appears abnormal, take a sample of the abnormal section as well as a sample from the apparent normal
section. Organs for sample collection should include:

« Liver - large organ seen first when opening the coelom. It should be tan or beige and have sharp edges (6a).

« Gall bladder - attached to the liver, green and filled with bile.

+ Thyroid - small, flattened gland caudal to the mouth (6c).

« Heart - just cranial to pectoral cartilaginous girdle (6d).

» Esophagus (and leydig organ) - extended from the distal oral cavity to the stomach. The leydig organ is usu-

ally located along the outer surface at the distal end (not in all species).

Stomach - open stomach and inspect contents (6¢).

Proximal spiral intestine - connects stomach and body of spiral intestine (&f).

Spiral intestine - open spiral intestine and inspect contents (6g).

Distal spiral intestine (rectocolon)- connects body of spiral intestine to cloaca

Gastrointestinal samples for histopathology (pictured left to right in 6h): esophagus, stomach, proximal spiral

intestine, spiral intestine, distal spiral intestine (rectocolon).

« Rectal gland - small gland found near outer surface of distal spiral intestine (6i)

» Pancreas - small, tan organ located on the outer surface of the proximal spiral intestine (&j).

» Spleen - reddish organ located near pancreas (6k).

» Epigonal organ - varies in size (dynamic organ) and may be closely associated with the gonad, may be red-
dish or tan and bilateral (&]).

» Gonad (ovary or testis) - may be uni- or bilateral depending on species and may be in close proximity to
epigonal orgran

+ Reproductive tract (oviduct, oviducal gland, uterus) - be sure to check for egg development and fetuses.

This organ may also be uni- or bilateral depending on species (6m).

Kidney - retroperitoneal, bilateral organ located near spinal column (6n).

Eye - carefully remove one eye and place in formalin (60).

Gill - red organ found inside gill slits (6p).

Skin (and ampuli of Lorenzini) - collect any portion, ampuli of Lorenzini is a special sensory organ on the

ventral surface.

»  Muscle - collect any 1 cm by | cm portion and place in formalin.

» Brain - shave skin and cartilage to access the brain, should be light yellow to white. Carefully remove and
place entire brain in formalin if the animal is small as in this example. Larger brains may need to be sec-
tioned (6g-6t).
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Sample Collection (continued)
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