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A B S T R A C T

Objectives: Tooth damage as a result of oral stereotypies is evident in captive orca, yet little research on the topic
exists. This study examines the associations between dental pathology, sex, facility, duration of captivity and
other factors in captive orca.
Design: We evaluated mandibular and maxillary teeth from dental images of 29 captive orca owned by a US-
based theme park. Each tooth was scored for coronal wear, wear at or below gum line and bore holes. Fractured
and missing teeth were also noted. Summary statistics described the distribution and severity of pathologies;
inferential statistics examined how pathologies differed between sexes, between wild-captured and captive-born
orcas and between captive orca at four facilities. We also evaluated how dental pathology and duration of
captivity were related.
Results: Approximately 24% of whales exhibited “major” to “extreme” mandibular coronal tooth wear, with
coronal wear and wear at or below gum line highly correlated. More than 60% of mandibular teeth 2 and 3
exhibited fractures. Bore holes were observed primarily among anterior mandibular teeth, with more than 61%
of teeth 2 and 3 bearing evidence of having been drilled. Four of five orca with the highest age-adjusted tooth
pathology indices were captive-born.
Conclusions: Various dental pathologies were observed across all whales, with pathologies beginning at a young
age. Oral stereotypies exhibited by captive orca contributed to the observed dental damage. By making dental
and health records of captive whales publicly available, the theme park industry is uniquely positioned to
provide further insight into dental pathology and resultant health consequences in captive orca.

1. Introduction

The dental morphology of most modern cetaceans – whales, dol-
phins and porpoises – suggest that their teeth have evolved to primarily
capture and hold prey rather than to masticate or process food items
(Ungar, 2010). As exceptions to this, both free-ranging Amazon River
dolphins (Inia geoffrensis) and free-ranging orca (Orcinus orca; also re-
ferred to as killer whales) may also, depending on prey type, use their
teeth to mechanically reduce their live prey for eventual consumption
(Werth, 2000). While dental wear is a physiological phenomenon
common in many free-ranging mammals, dental pathology is un-
common in toothed cetaceans (odontocetes), which include orca (Loch,
Grando, Kieser, & Simões-Lopes, 2011; Loch & Simões-Lopes, 2013).
Poor dentition may present serious health consequences to odontocetes
as they have a monophyodont dentition, or one set of teeth throughout
life (Ishiyama, 1987).

Generalized tooth wear may be associated with increasing age
among some odontocetes (Foote, Newton, Piertney,
Willerslev, & Gilbert, 2009; Loch & Simões-Lopes, 2013;
Perrin &Myrick, 1980; Ramos, Di Beneditto, & Lima, 2000); however,
advanced tooth deterioration among free-ranging orca is generally rare,
with feeding behavior and prey type thought to play prominent roles.
For example, when evaluating the dentition of three orca ecotypes
(Offshore, Transient and Resident), Ford et al. (2011) proposed that the
abrasive skin of sleeper sharks (Somniosus pacificus), a known prey of
Offshore orca, is perhaps implicated in their pronounced dental wear.
Among Offshore orca, chronic tooth abrasion may, over time, expose
pulp cavities and eventually cause wear to the gum line. Similarly,
Foote et al. (2009) attributed the significant tooth wear of some North
Atlantic orca to suction feeding behavior. Dahlheim et al. (2008)
pointed out that the extensive tooth wear seen in Offshore ecotypes was
absent from Transient orca skulls from museum collections, and
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similarly, Ford et al. (2011) reported that Resident (fish-eating) and
Transient (mammal-eating) orca exhibited much less coronal tooth
wear than their Offshore counterparts. In an earlier study describing the
advanced tooth wear of several deceased free-ranging orca, Caldwell
and Brown (1964) attributed wear to permanent mandible misalign-
ment secondary to prior injury or temporary misalignment during high
velocity feeding. Morin et al. (2006) later ascertained that two of the
specimens that Caldwell and Brown (1964) described as having ad-
vanced coronal wear were of the Offshore ecotype.

Unlike free-ranging orca which hunt live prey, orca in captive set-
tings are fed exclusively a diet of dead fish, dead squid and gelatin (the
latter administered to mitigate chronic dehydration). These food items
are placed into the posterior region of the oral cavity by facility workers
and the items are subsequently swallowed, with taking making
minimal, if any, contact with the food. Despite the absence of contact
with food items, captive orca teeth commonly exhibit extensive wear
and other dental pathologies such as fractures and exposed pulp cavities
(Jett & Ventre, 2012; Ventre & Jett, 2015; Visser & Lisker,2016). In the
United States of America (US), the severity and prevalence of dental
pathology among captive orca has prompted animal welfare complaints
to be filed in 2015 with the US Department of Agriculture's (USDA)
Animal and Plant Health Inspection Service (APHIS), the agency
charged with administering the Animal Welfare Act. Onsite USDA in-
vestigations of those orca, owned by a US-based theme park, confirmed
poor dentition, which included exposed pulp cavities from severe dental
wear (supporting document 1; obtained through a Freedom of In-
formation Act (US) request).1

Both the captive orca diet and feeding method are insufficient to
dislodge food and other debris that accumulates in an exposed tooth
cavity (Graham&Dow, 1990; J. Jett & J. Ventre, personal observation)
and this accumulation can become a locus for infection
(Dahlheim &Heyning, 1999; Graham&Dow,1990). In an effort to both
treat active abscesses and prophylactically avoid infection and health
complications, captive orca at theme parks often undergo a modified
pulpotomy procedure. In this procedure, staff core-drill diseased or
threatened teeth, with the primary objectives of pus drainage, removal
of diseased pulp tissue and clearing of impacted food and debris
(Ventre & Jett, 2015; see supporting document 2 for more detail).2

However, contrasting the common dental protocol for humans (e.g.,
Soncini, Maserejian, Trachtenberg, Tavares, & Hayes, 2007) and some
other mammal dentistry (e.g., Holmstrom, Fitch, & Eisner, 2004), the
bore holes in captive orca teeth are not typically sealed with amalgam
or composite resins.

Like other dental pathologies, tooth fractures are problematic
among a variety of spatially-confined mammals. Zoo mammals living in
communal conditions, such as dolphins and orca, tend to have a higher
proportion of broken teeth and subsequent extractions secondary to
aggression among conspecifics (Glatt, Francl, & Scheels, 2008). Spa-
tially-confined zoo and other mammals can also exhibit dental pa-
thology as a result of stereotypical behaviors. Stereotypies are described
as a repetitive pattern of activity having no outwardly obvious goal or
function (see Mason, 1991 for review; Mason & Latham, 2004) and their
occurrence is typically considered a manifestation of poor welfare
(Mason & Latham, 2004). Tooth injury as a result of stereotypical be-
havior has been identified by zoo personnel as a significant problem in
zoo settings (Glatt et al., 2008). Mason and Latham (2004) estimated
that 82% of wild carnivores held in zoos express stereotypical behavior,
and owing to their prevalence and potential for serious health im-
plications, oral stereotypies have been particularly well described in
captive terrestrial mammals (see Bergeron, Badnell-Waters,

Lambton, &Mason, 2006 for a review) and more recently in captive
orca (Jett & Ventre, 2012; Ventre & Jett, 2015; Visser, 2012;
Visser & Lisker, 2016).

There is an obvious need to better understand the causes, health
effects and potential treatments of dental pathology exhibited by zoo
animals; however, despite the prominent role that dentition plays in
overall health (e.g., Sheiham, 2005), few studies have focused on the
dental consequences of captivity for orca (see Graham&Dow, 1990;
Jett & Ventre, 2012; Ventre & Jett, 2015; Visser & Lisker,2016), and
none have attempted to quantify the problem across multiple facilities.
The aim of this paper is therefore to examine the extent and severity of
tooth damage among a captive population of orca owned by a US-based
theme park and housed across four different facilities. Specifically, this
study evaluates the prevalence and extent of dental wear, fractured and
missing teeth and the presence of bore holes in the teeth of captive orca.
The paper also examines the association between dental pathology, sex,
facility, duration of captivity and other factors among captive orca.

2. Materials &methods

2.1. Image acquisition and sample

High resolution digital images of 29 captive orca were taken from
public viewing areas at each facility between 2013 and 2015 and during
normal operating hours. Images were shot opportunistically when an
animal’s teeth were exposed and in total, 318 images were selected to
represent the whales held at the four facilities. Based on the coloration
patterns and other morphological attributes unique to individual orca,
each animal was identified by an experienced examiner and confirmed
by another. Selected images were then named to identify the animal
and the mouth quadrant represented. When multiple images were
available for a particular whale, the clearest and most recent images
were used for analysis. Each animal’s duration of captivity (DOC), sex,
source (wild-captured or captive-born) and facility were noted. Animal
DOC was determined by information contained within the Marine
Mammal Inventory Report (MMIR), maintained by the US Department
of Commerce's National Marine Fisheries Service, as described in Jett
and Ventre (2015). The facility was documented at the time each image
was captured and the location of each animal was re-confirmed via the
MMIR. In addition to the whales held in the three facilities situated in
the US (Florida, Texas and California), we also evaluated orca held at a
theme park in the Canary Islands, Spain. As with the rest of our sample,
all captive orca at the theme park in Tenerife are owned by the same
US-based theme park. In order to analyze the most current dentition, all
animals were alive when images were captured as well as when the
images were evaluated, although two animals have subsequently died
prior to publication.

2.2. Tooth evaluations and statistical analyses

Dental pathology and anomalies were evaluated based on Ford et al.
(2011) and Loch and Simões-Lopes (2013). Dental pathology was as-
sessed on a quadrant-tooth basis for both mandible and maxilla (Fig. 1),
with images zoomed in to the extent necessary to facilitate evaluation.
Following Ford et al. (2011), coronal wear on tooth crowns was scored
as an estimated percentage of flattening of the tooth relative to the base
diameter at the gum line (Fig. 2). Each tooth was additionally assessed
for wear down to or below the gum line, the presence of fractures
(which included teeth with jagged edges or other obvious breakage
characteristics), the presence of bore holes and missing teeth. A tooth
was scored as “not applicable” and was not counted in a specific pa-
thology category when it was broken beyond the ability to determine
coronal wearing or if the fracture obscured the possible presence of a
borehole. Any tooth fractured down to or below the gum line was not
only scored as fractured but was also scored positive for wearing down
to gum line. When a tooth was noted as missing, it was not assessed for

1 Accessed Oct 2015 through USDA, APHIS Animal Care: https://www.dm.usda.gov/
foia/.

2 Cornell (2011). Ontario Superior Court of Justice. Docket Number 52783/11. Sea-
World Parks & Entertainment v. Marineland of Canada. Cornell Affidavit (pp. 16–18):
Canada, Ontario.
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any other pathology.
Coronal wear scores for individual teeth in a specific quadrant were

summed and a mean coronal wear score was calculated for each whale.
Similarly, coronal wear scores for each quadrant-tooth among all
whales were summed to create a mean coronal wear score for each
tooth-position. Dichotomous scores (absence = 0 and presence = 1)
for individual teeth in a specific quadrant for each of the other tooth
pathology categories (i.e., worn down to or below the gum line, frac-
tures, bore holes and missing) were summed and the percentage of
teeth exhibiting that specific pathology was calculated for each whale.
As with coronal wear, the number of teeth exhibiting a particular di-
chotomous tooth pathology was summed on a quadrant-tooth basis
among all whales to determine the percentage of a specific tooth-po-
sition exhibiting that pathology.

Coronal wear scores ranged from 0 to 4 and were based on an es-
timation of the amount of tooth worn relative to the diameter of a tooth
at the gum line (0 = negligible or< 10%; 1 = minor or 11–25%;
2 = moderate or 26–50%; 3 = major or 51–75%; 4 = extreme or
76–100%), whereas the other category scores were dichotomous.
Consequently, mean coronal scores of the mandible and maxilla sepa-
rately, and percentages for dichotomous scores of the mandible and
maxilla separately, for each animal, were converted to z-scores and a
tooth pathology index (PI) was calculated for each animal for both
mandible and maxilla (e.g., PI mandible = z coronal wear mandible + gumline

mandible + z fracture mandible + z borehole mandible + missinmandible). As dental
wear may be concomitant with age, we generated an age-adjusted pa-
thology index (API) for each animal by dividing their PI values by their
DOC. An overall, age-adjusted pathology index (PIAO) for each whale
across all categories was also calculated (PIAO = (PI
mandible + P maxilla)/DOC). Summary and inferential statistics employed
both unadjusted and age-adjusted pathology indices.

To calibrate our scoring methodology, we first evaluated the teeth
of a specific animal to establish agreement on how individual teeth
would be scored within each pathology category. We then in-
dependently assessed each tooth across all categories and for all whales.
A two-way mixed, average-measures, inter-class consistency analysis on
the resultant PI values was then performed, with inter-class consistency
value (0.94) demonstrating high agreement in our scoring. Our scoring

methodology was therefore considered suitable for the analyses pre-
sented in the study.

Once each tooth was evaluated within each category of tooth pa-
thology and summary statistics were generated, an independent-sam-
ples Mann-Whitney U test was performed to determine if PI mandible, API
mandible, PI maxilla, API maxilla and PIAo differed between sexes and be-
tween wild-captured and captive-born orca. Independent-samples
Kruskal-Wallis test with Bonferroni multiple comparisons was em-
ployed to evaluate differences in PI mandible, API mandible, PI maxilla, API
maxilla and PIAo between orca held at the four facilities. In addition, a
related-samples Wilcoxon Signed Rank test was performed to evaluate
differences in coronal wear, fractures, wear at or below gum line and
missing teeth among age-adjusted, raw pathology scores for mandibular
and maxillary teeth. We employed linear regression to determine if
DOC served as a predictor of non-age-adjusted dental pathology. We
then subsequently divided DOC into quartiles and performed an in-
dependent-samples Kruskal-Wallis test with Bonferroni multiple com-
parisons to evaluate whether non-age-adjusted PI values differed be-
tween the DOC quartile groups. In addition, Pearson-r correlations were
performed on raw, non-age adjusted scores within each pathology ca-
tegory to evaluate how closely associated the scores within each cate-
gory may be related to those in other categories. All analyses were
evaluated at the 0.05 level of significance.

2.3. Affiliation & animal ethics

The authors are not affiliated with the US-based theme park com-
pany nor the Spanish offshore breeding facility, although both J. Jett
and J. Ventre were previously employed by one of the facilities in the
US. The dental damage documented herein is not part of any scientific
experiment that the authors were involved in, or are aware of, but in-
stead appears to be a consequence of various factors associated with
captivity. Therefore, no animal ethics guidelines were required for the
study.

3. Results

3.1. Description of sample

Of the 29 captive orca examined, seven were housed in the Florida
facility, five in Texas, 11 in California and six in the Canary Islands
(Spain). Forty one percent of the animals were male and 59% female
(Table 1). Among the whales evaluated, 21% were of wild-capture
origin while 79% were captive-born. Mean DOC was 18.8 yr for females
and 17.9 yr for males. Of the teeth that were assessed, 55% were
mandibular and 45% maxillary. In total, 713 of the 1127 (63.3%) teeth
(mandibular and maxillary teeth combined) evaluated for coronal wear
exhibited varying degrees of the pathology; 142 of 1116 (12.7%) teeth
exhibited fractures; 234 of 1154 (20.3%) teeth were worn to or below
the gum line; 158 of 1056 (15%) teeth were positive for bore holes; and
22 of 1130 (2%) teeth were missing. Differences in number of teeth
evaluated within each category occurred when a particular tooth ex-
hibited a pathology feature (e.g., a missing tooth) that reduced or
prevented clear evaluation of that tooth for other pathologies. Tooth
damage was observed in all whales.

3.2. Dental pathologies in mandible and maxilla

Highest mean coronal wear was observed among mandibular teeth,
with combined lower left (LL) and lower right (LR) mean scores at or
greater than 2.40 among teeth 1–4, with the distribution of combined
mean coronal wear differing markedly between teeth in the mandible
and maxilla (Fig. 3). For example, mandibular teeth 9–10 presented
with the lowest mean coronal scores (1.05 and 1.04, respectively),
whereas maxillary teeth 9–11 exhibited the highest coronal wear (0.64,
0.85, and 0.91, respectively). Mean coronal wear scores among

Fig. 1. Graphical layout (dental charting) of orca teeth. Numbers represent anterior to
posterior ordering.
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mandibular teeth ranged from 3.72 for tooth 1 to 1.04 for tooth 10.
Mean coronal wear scores among maxillary teeth ranged from 0.35 for
tooth 4 to 0.91 for tooth 11. All 29 orca evaluated exhibited some tooth
degradation, although two captive-born female calves housed in the
California facility (1.9 and 3.8 yrs of age) were observed with only
minimal coronal wear in mandibular tooth 1 and no other pathology.
One female calf at the Texas facility (2.96 yrs of age) exhibited major
mandibular coronal wear in tooth 1 and moderate to minor coronal
wear in teeth 2 and 3, respectively. The female was also observed with
five bore holes in 20 (25%) of the mandibular teeth evaluated; no other
pathologies were observed.

The highest percentage of fractured mandibular teeth was observed
in teeth 8–9 (25.45 and 22.64%, respectively) and tooth 12 (30%)
(Fig. 4). The highest percentages of mandibular teeth exhibiting wear at
or below the gum line occurred in teeth 1–5 (85.96, 61.40, 41.82,
32.14, and 26.32%, respectively) and tooth 12 (28.57%). As with
mandibular fractured teeth, an abrupt increase in the percentage of

teeth worn at or below the gum line was observed from tooth 11
(16.67%) to tooth 12 (28.57%). Highest percentages of mandibular
teeth with bore holes occurred in teeth 2–4 (61.82, 62.26, and 47.27%,
respectively); while no bore holes were observed in teeth 10–12. The
highest percentages of missing mandibular teeth occurred in teeth 3
and 4 (5.17% and 5.18%, respectively). No missing teeth were observed
among mandibular teeth 6 and 8–12.

Overall, maxillary teeth generally presented fewer pathologies than
mandibular teeth across categories, although more fractures were ob-
served in maxillary teeth 1 and 2 (3.92 and 19.61%, respectively) than
mandibular teeth 1 and 2 (1.79 and 14.29%, respectively). Similarly, a
higher percentage of missing teeth were observed in maxillary teeth 1
and 5–8 (2.04, 3.92, 3.94, 4, and 2.22%, respectively) than mandibular
teeth 1 and 5–8 (1.72, 1.72, 0, 1.72, and 0%, respectively) (Fig. 5). In
maxillary teeth, the highest percentage of fractures was observed in
teeth 2–4 and tooth 9 (19.61, 11.53, 9.61, and 9.52%, respectively).
The highest percentage of maxillary teeth exhibiting wear at or below

Fig. 2. Cropped images of the lower left (LL) (A) and lower
right (LR) (B) (i.e., mandibular) teeth of two male captive
orcas, with alpha numerical tooth identifiers above or be-
neath each tooth. Animal (A) was 15.5 yr old at the time he
was photographed; animal (B) was 20.8 yr old. The associated
table provides examples of how individual teeth were scored.
Note that for animal (B) LR 2–4 would not be scored for
coronal wear or bore holes. No missing teeth are depicted.
Photographs: I. N. Visser.
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the gum line was observed in teeth 1 and 2 (12.00 and 11.53%, re-
spectively) and 9–12 (9.30, 9.52, 8.57, and 9.09%, respectively).
Missing teeth in the maxilla were observed primarily between teeth 4–8
(3.85, 3.92, 3.92, 4.00, and 2.22%, respectively). No bore holes were
observed in the maxilla.

3.3. Pathology between sexes, origin and facilities

Males generally exhibited more severe dental pathology than fe-
males (PI mandible (0.45), API mandible (−0.06), PI maxilla (0.39), API maxilla

(−0.03) and PIAo (−0.09) (Table 2). However, Independent-samples
Mann-Whitney U tests of dental pathology indices revealed that the
observed difference between sexes was not statistically significant.

Independent-samples Mann-Whitney U tests demonstrated a sig-
nificant difference between wild-captured (PI maxilla = 1.55) and cap-
tive-born (PI maxilla =−0.25) orca in non-age-adjusted maxillary pa-
thology (U = 3.72; p = 0.047). Although wild-captured orca generally
exhibited more severe dental pathology than captive-born orca (PI
mandible (1.28), API mandible (−0.01), API maxilla (0.01), and PIAo
(−0.00)), these pathology summaries did not differ significantly

between the two cohorts. Independent-samples Mann-Whitney U tests
between individual, age-adjusted raw pathology scores of coronal wear,
fractures, wear at or below gum line and missing teeth in both the
mandible and maxilla demonstrated that the differences between wild-
captured and captive-born orca were not statistically significant.

Captive-born animals had significantly lower DOC (M = 14.65 yr;
SD = 8.22) than wild-captured whales (M = 33.01 yr; SD = 13.72;
U = 3.61; p < 0.01), while the mean percentage of mandibular teeth
with bore holes was higher among captive-born (29.89%) than wild-
captured whales (13.96%). However, the difference in the percentage
of mandibular bore holes between the two groups was not statistically
significant. The youngest orca at the Spanish facility (captive-born
male, 6.1 yrs of age) demonstrated the second highest non-age-ad-
justed, raw pathology index at that facility, and was observed to have
eight of 19 (42%) mandibular teeth bored, seven teeth (37%) with
coronal wear scored as extreme and seven worn at or below the gum
line. The two youngest whales at the Florida facility (captive-born male,
6.2 yrs of age; captive-born female 9.7 yrs of age) demonstrated the
second and fourth highest non-age-adjusted, raw pathology index at
that facility, respectively, with the younger of the two observed to have
14 of 22 (64%) mandibular teeth bored, 11 (50%) with coronal wear
scored as extreme and 10 (45%) worn at or below the gum line.

More severe mandibular and overall dental pathology indices were
observed among orca held in Florida than in the other theme parks (PI
mandible (1.87), API mandible (0.11) and PIAo (−0.04)), although these
differences were not statistically significant. Similarly, more severe
maxillary teeth pathology indices were generated for whales held in the
Texas facility (PI maxilla (0.54) and API maxilla (−0.06)), although the
values between facilities did not differ statistically.

3.4. Pathology between mandible and maxilla

Related-samples Wilcoxon Signed Rank test for age-adjusted, raw
pathology scores between mandibular and maxillary teeth differed
statistically for coronal wear (z = −4.70; p < 0.01), fractures
(z = −2.91; p < 0.01), and wear at or below the gum line categories
(z = −3.96; p < 0.01). These values indicated more severe pathology
for teeth in the mandible than in the maxilla. No statistically significant
difference between missing teeth in mandible and maxilla was found.
Differences in bore hole percentages were not evaluated as no bore
holes were observed in the maxilla.

3.5. Linear regression: DOC and dental pathology

Linear regression demonstrated that DOC was a significant predictor
of overall dental pathology, explaining 39% of the variance in non-age-
adjusted, overall dental pathology (R2 = 0.39, F(1,27) = 17.30,

Table 1
Summary of whales sampled, by facility, sex, source (wild-captured or captive-born) and
mean Duration of Captivity (DOC). Some teeth exhibited a pathology that prevented its
assessment in another category (e.g., a missing tooth could not be additionally evaluated
for coronal wear, wear at or below gum line and bore holes). Therefore, the mean number
of teeth assessed across all pathology categories in the mandible and maxilla is presented.

Facility & number of
orca

Sex Number of
individuals
(wild-captured;
captive-born)

Mean
DOC
(yr)

Mean number of
teeth assessed
over all pathology
categories
(mandible;
maxilla)

Florida, US (n = 7) male 1; 2 17.0 65.2; 56.4
female 1; 3 21.5 86.2; 82.4

Texas, US (n = 5) male 0; 2 21.2 42; 38
female 0; 3 11.7 59.8; 41.4

California, US
(n = 11)

male 1; 3 19.5 82.8; 51.2

female 2; 5 23.6 142.2; 115

Canary Islands,
Spain (n = 6)

male 0; 3 14.5 64.4; 62.2

female 1; 2 11.3 65.4; 61.6

Total facilities
(n = 4)

male 2; 10 17.9 63.6; 51.9

Total orcas (n = 29) female 4; 13 18.9 88.4; 75.1
combined 6; 23 18.5 76; 63.5

Fig. 3. Mean coronal wear for mandible (n = 605 teeth evaluated) and
maxilla (n = 522 teeth evaluated). Values depict combined scores for a
particular tooth on both the left and right side of the mandible and maxilla
of all orcas from all facilities.
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p <0.01). DOC values ranged from 1.97 yr to 46.29 yr
(median = 15.22 yr), and as DOC was a statistically significant pre-
dictor of overall pathology, we divided DOC values into quartiles to
evaluate how groups may differ (group 1 = 1.97 to 9.40 yr; group
2 = 9.41 to 15.22 yr; group 3 = 15.23 to 26.67 yr and group
4 = >26.68 yr). An independent-samples Kruskal-Wallis test with
Bonferroni multiple comparisons performed on non-age-adjusted PIo
values confirmed that groups differed significantly (χ2(3) = 14.34;
p < 0.01), with group 1 (M =−1.21; SD = 1.25) differing sig-
nificantly from group 2 (M =−0.14; SD = 0.28) (p = 0.05), group 3
(M = 0.08; SD = 0.25) (p < 0.01) and group 4 (M = 0.13;
SD = 0.12) (p < 0.01). Multiple comparisons between groups 2, 3 and
4 did not differ significantly.

3.6. Linear correlations

Pearson-r correlation analyses performed between raw non-age-
adjusted pathology values demonstrated that mandibular coronal wear
was strongly associated with the proportion of mandibular teeth worn
at or below the gum line (r = 0.93; p < 0.01), with the proportion of
mandibular teeth with bore holes (r = 0.69; p < 0.01) and with
maxillary coronal wear (r = 0.56; p < 0.01) (Table 3). The proportion
of fractured mandibular teeth was strongly associated with the pro-
portion of fractured maxillary teeth (r = 0.58; p < 0.01). The pro-
portion of mandibular teeth worn at or below the gum line was strongly
associated with both the proportion of bore holes in the mandible
(r = 0.58; p < 0.01) and coronal wear in maxilla (r = 0.64;
p < 0.01). Similarly, the proportion of fractured teeth in the maxilla
was strongly correlated with the proportion of maxillary teeth worn at

or below gum line (r = 0.64; p < 0.01).

4. Discussion

From the images of the 29 captive orca evaluated, we found tooth
damage present in all whales and the various pathologies were common
across animals with different durations of captivity, across both sexes,
in captive-born and wild-captured whales, as well as whales kept in
each facility. Dental pathology begins early in a whale’s captive life and
worsens with age. Dental pathology was especially prominent for
mandibular teeth.

In our sample, 13 animals (45%) exhibited moderate mandibular
coronal tooth wear (at or above index 2), with an additional seven
(24%) exhibiting major (index 3) to extreme (index 4) wear. Mean
coronal wear in mandibular teeth followed a general gradient of de-
clining severity from tooth 1 at the anterior part of the jaw (M = 3.72)
to tooth 10 towards the posterior end (M = 1.03). However, an in-
crease in mean coronal wear severity from tooth 10 to tooth 12
(M = 1.54) was also observed. Mean maxillary coronal tooth wear was
generally less severe and the wear pattern was somewhat opposite of
that for the mandible. Despite the divergent patterns of dental pa-
thology, significant positive correlations between raw, non-age-ad-
justed coronal wear values suggested that coronal wear in the mandible
is likely to coincide with coronal wear in the maxilla. Not surprisingly,
the percentage of teeth worn to or below the gum line was strongly
correlated with mean coronal wear in the mandible and, to a lesser
extent, mean coronal wear in the maxilla. The pattern of mean coronal
wear and the percentage of teeth worn to the gum line were similar,
with the majority of teeth worn to or below gum line occurring in the

Fig. 4. Percentages of fractures (n = 607 teeth evaluated),
teeth at or below gum line (n = 619 teeth evaluated), bore
holes (n = 589 evaluated) and missing teeth (n = 621 eval-
uated) in mandible. Indicated as lower left (LL) and lower
right (LR). Differences in the numbers of teeth evaluated
within each category is due to a tooth’s pathology (e.g.,
missing tooth) preventing its assessment in another category
(e.g., coronal wear). Values depict combined percentages for
a particular tooth on both the lower left (LL) and lower right
(LR) side of the mandible of all orcas from all facilities.
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Fig. 5. Percentages of fractures (n= 509 teeth evaluated),
teeth at or below gum line (n=535 teeth evaluated), bore
holes (n=467 evaluated) and missing teeth (n= 509 eval-
uated) in maxilla, indicated as upper left (UL) and upper right
(UR). Differences in the numbers of teeth evaluated within
each category is due to a tooth’s pathology (e.g., missing
tooth) preventing its assessment in another category (e.g.,
coronal wear). Values depict combined percentages for a
particular tooth on both the upper left (UL) and upper right
(UR) side of the maxilla of all orcas from all facilities. No bore
holes were observed in maxillary teeth.
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anterior part of the mandible.
Mandibular tooth fractures demonstrated a pattern somewhat op-

posite of coronal tooth wear. Unlike the generally declining gradient of
coronal wear from mandibular teeth 1 to 10, the percentage of fractures
generally increased from tooth 3 (12.72%) through tooth 12 (30%).
However, evidence of dental fractures likely decreases as teeth become
worn over time. Thus, the low percentage of mandibular fractures in
anterior teeth is likely a function of the substantial coronal wear we
observed in those teeth. Conversely, in maxillary tooth fractures, there
was a simultaneous low mean coronal wear in anterior teeth and a
higher percentage of fractures among teeth 1 and 2. Similarly, man-
dibular teeth 8, 9 and 12 exhibited the highest percentages of fractures
(25.45, 22.64 and 30%, respectively), while concomitantly having re-
latively low mean coronal wear (1.27, 1.05 and 1.53).

Bore holes were observed primarily within anterior mandibular
teeth, with 61.1% of teeth 2 and 3 and 47.27% of tooth 4 bearing
evidence of having undergone the modified pulpotomy procedure.
Perhaps due to the difficulty associated with drilling teeth in orca (i.e.,
particularly for posterior teeth where there is little room to place or
maneuver a drill, or maxillary teeth where the angle may be difficult),
no bore holes were observed beyond mandibular tooth 10 and none
were observed in the maxilla. As with fractures, it is probable that
additional mandibular teeth had been drilled in the past, but the evi-
dence for those holes has since been obscured by fractures, severe
coronal wear or other pathologies. Conversely, despite the fact that we
scored a tooth positive for the presence of a bore hole only if there was
a discreet hole discernible, some teeth could have been scored as bored
when instead they showed a hole as a result of being worn or fractured
to the point of exposing the pulp cavity. In humans, the removal of
dental tissues during drilling is associated with a loss of structural in-
tegrity and a greater risk of future mechanical failure (Reeh,
Messer, & Douglas, 1989; Trabert, Caputo, & Abou-Rass, 1978). The
drilling of captive orca teeth seems likely to also increase susceptibility
to tooth chipping, fracturing, and other progressive and acute dental
events. The public release of accurate drilling records by the theme
parks would help shed light on both the use and consequences of the
modified pulpotomy procedure in captive whales.

Missing teeth were observed most often in mandibular teeth 4 and 5
(> 5.0% in both teeth), whereas in the maxilla they were most common
among teeth 4–8 (range from>4.0% to>9.0%). Missing teeth can
occur due to mechanical extraction or trauma, the latter of which can
be sufficient to break a tooth off below the gum line leaving the root
extended into the mandible. At least one female whale at the Florida
facility (deceased 1996; not included in this study) had two teeth ex-
tracted by facility personnel due to dental intrusion from conspecific
aggression (Astrid van Ginneken personal communication). Regardless of

whether an acute event or chronic process lead to the tooth loss we
observed, missing mandibular teeth followed an anterior-posterior
gradient.

Both males and wild-captured whales generally exhibited more se-
vere dental pathology than females or captive-born whales, although
the differences were not statistically significant. Captive-born orca had
a significantly lower DOC (M = 14.78 yr) than wild-captured orca
(M = 33.01 yr), yet simultaneously exhibited a higher percentage of
mandibular bore holes (29.89%) than wild-captured whales (13.96%).
Overall, dental pathology was found to worsen significantly between
the first DOC quartile group (1.97–9.44 yr) and second quartile group
(9.41–5.22 yr), and with one exception, quartile groups 1 (n = 7) and 2
(n = 8) only included captive-born animals. In addition, three of five
captive orca with the highest non-age-adjusted pathology indices, and
four of five orca with the highest age-adjusted pathology indices, were
captive-born. Substantial dental pathology was also evident in several
of the youngest whales in our study. For example, one captive-born calf
at the Texas facility (female, 2.96 yrs of age) already exhibited major
mandibular coronal wear in tooth 1, moderate to minor coronal wear in
teeth 2 and 3, respectively, as well as bore holes in 25% of her man-
dibular teeth. The youngest orca at the Spanish facility (captive-born
male, 6.1 yrs of age) was observed to have 42% of his mandibular teeth
bored and 37% of mandibular teeth with extreme coronal wear.
Similarly, the youngest whale at the Florida facility (captive −born
male, 6.2 yrs of age) exhibited bore holes in 64% of his mandibular
teeth and 50% of his mandibular teeth demonstrated extreme coronal
wear.

It is known that cetaceans engage in observational learning and
mimicry in captive environments (Pace, 2000; Tayler & Saayman, 1973;
J. Jett & J. Ventre, personal observation), so it is not surprising that
young captive orca inflict damage to their teeth when they mimic the
oral stereotypies exhibited by the older animals inhabiting their tanks.
It is also known that in mammalian models, pathogens and pathogenic
byproducts associated with periodontal disease can reach and circulate
within a developing fetus and its amniotic fluid, adversely affecting a
developing fetus in a variety of ways (e.g., Madianos,
Bobetsis, & Offenbacher, 2013). Given the prevalence and severity of
dental pathologies in the captive-born individuals we observed, etiol-
ogies stemming from the in-utero environment cannot be ruled out,
especially among the offspring of mothers with poor dentition.

Consistent with our overall findings, poor dentition has been pre-
viously noted in USDA investigations of captive orca owned by the US-
based theme park housing the whales studied here (supporting docu-
ment 1). While a minority of free-ranging orca have also been noted to
have dental issues (e.g., Foote et al., 2009; Ford et al., 2011;
Loch & Simões-Lopes, 2013), the etiologies leading to dental pathology

Table 2
Summary of z-score pathology indices (PI), age-adjusted pathology indices (API) and overall, age-adjusted pathology indices (PIAo), with larger z-scores representing increased severity.
Also shown are the results of the independent-samples Mann-Whitney U tests for sex and origin, and independent-samples Kruskal-Wallis test for each facility.

Attribute Pathology Summary Mean (z scores) Standard Deviation Significant

Sex (male; female) PI mandible 0.4538; −0.3202 3.638; 3.368 ns
API mandible −0.0613; −0.2799 0.4664; 0.7656 ns
PI maxilla 0.3855; −0.0660 2.452; 2.522 ns
API maxilla −0.0283; −0.1201 0.1549; 0.2435 ns
PIAo −0.0896; −0.4001 0.4734; 0.9826 ns

Origin (wild-captured; captive-born) PI mandible 1.283; −0.3347 4.028; 3.287 ns
API mandible −0.0066; −0.2371 0.1792; 0.7212 ns
PI maxilla 1.553; −0.2529 2.476; 2.366 p = 0.047
API maxilla 0.0064; −0.1052 0.1364; 0.2256 ns
PIAo −0.0002; −0.3423 0.2889; 0.8948 ns

Facility (Florida; Texas; California; Spain) PI mandible 1.823; −0.9217; −0.2498; −1.071 3.098; 3.301; 4.401; 0.7527 ns
API mandible 0.1025; −0.3008; −0.3777; −0.1050 0.1849; 0.6006; 0.9640; 0.1022 ns
PI maxilla 0.1859; −0.1262; 0.6180; −0.7588 2.563; 2.935; 2.369; 2.557 ns
API maxilla −0.0597; −0.1622; −0.0512; −0.1069 0.1442; 0.3301; 0.2299; 0.1673 ns
PIAo 0.0428; −0.4630; −0.4289; −0.2117 .1975; 0.9166; 1.161; 0.2550 ns
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between free-ranging and captive orca are markedly different. Although
mostly limited to specific ecotypes, free-ranging orca may exhibit ex-
tensively worn teeth theorized to be a result of suction feeding behavior
(Foote et al., 2009) or consumption of abrasive food items (Ford et al.,
2011). However, unlike their ocean-dwelling counterparts, captive orca
teeth are never exposed to abrasive or otherwise potentially injurious
live prey as they are fed only dead fish, squid and gelatin
(Visser & Lisker, 2016; Authors, personal observation). Instead, as an oral
stereotypy, biting and chewing of hard tank surfaces by captive orca
seems to factor prominently in their dental pathology (Graham&Dow,
1990; Jett & Ventre, 2012; Ventre & Jett, 2015; Visser, 2012;
Visser & Lisker, 2016). Oral stereotypies by captive orca therefore result
in a pathological scenario in which the rate of tooth wear exceeds the
rate of secondary dentine deposition along the pulp chamber (see
Rose & Ungar, 1998). Even though free-ranging orca may exhibit worn
teeth, tooth wear is generally matched by secondary dentine deposition
such that pulp exposure is uncommon (Foote et al., 2009;
Loch & Simões-Lopes, 2013), although not undocumented (Ford et al.,
2011). Additionally, although broken teeth are rarely observed in free-
ranging odontocetes (I.N. Visser, personal observation; Colin MacLeod,
personal communication), fractures were observed in 12.7% of the orca
in the present study, and the distribution of broken teeth varied con-
siderably between the mandible and maxilla.

Graham and Dow (1990) reported that chewing on tank surfaces by
a captive orca had resulted in multiple teeth worn down to the gum line
and pulp cavity, with dead, infected, or hyperplastic exposed dental
pulps. Due to the health implications of the observed dental pathology,
Graham and Dow (1990) reported that the focus animal was also le-
thargic, leukocytic and suffered a risk of ensuing osteomyelitis, gingival
cellulitis and systemic infection. Of note is that in the present study, the
whale with the second highest non-age-adjusted pathology index died
of a bacterial respiratory infection on Jan 6, 2017 (wild-captured male;
Florida facility), and the whale with the 12th highest non-age-adjusted
pathology index was euthanized due to a bacterial respiratory infection
on Aug 15, 2017 (wild-captured female; California facility). At present,
the MMIR attributes a large number of captive orca deaths to various
infections and respiratory diseases such as pneumonia. Among humans,
poor dentition is associated with a variety of systemic disorders such as
cardiovascular ailments (e.g., Tonetti & Van Dyke, 2013), poor preg-
nancy outcomes (Madianos et al., 2013), respiratory diseases such as
bacterial pneumonia (e.g., Bansal, Khatri, & Taneja, 2013) and others.
Given the generally poor dentition observed in the present study, there
is an obvious need to better understand how dental pathology may be
related to morbidity and mortality among captive orca.

It is known that zoo mammals living in communal conditions have a
higher proportion of fractured teeth and subsequent extractions sec-
ondary to aggression between conspecifics (Glatt et al., 2008). As a sign
of aggression, captive orca may engage in a threat display referred to as
‘jaw popping’ in which whales snap their mouths closed at high speed,
as described for free-ranging bottlenose dolphins (Scott, Mann, Watson-
Capps, Sargeant, & Connor, 2005). While it is not known if free-ranging
orca fracture their teeth from similar aggressive displays, jaw popping
has been observed to result in fractures when captive orca teeth make
contact with steel segregation gates or other solid tank surfaces
(Jett & Ventre, 2012; J. Jett & J. Ventre, personal observation,). More
specifically, the horizontal components of segregation gates can facil-
itate dental damage from chewing and jaw popping (see Visser & Lisker,
2016). Jaw popping can result in a tooth fracturing to the point where
tooth sections break off and can then occasionally be found on the tank
floor (J. Jett & J. Ventre, personal observation). Conspecific aggression is
an important factor to address if dental pathologies are to be minimized
in orca held in captive environments.

Stereotypies certainly contributed to the dental pathology observed
in the present study. Stereotypical behavior is described as a repetitive
pattern of activity associated with sub-optimal living conditions, frus-
tration, stress, fear, and a lack of physical or mental stimulation, withTa
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much of the research indicating adverse health consequences to the
animals (see Mason & Latham, 2004; Mason, 1991). Owing to their
potential for serious health implications, oral stereotypies have been
particularly well described in captive terrestrial mammals (see
Bergeron et al., 2006 for a review) such as confined horses
(McBride &Hemmings, 2009; Nicol et al., 2005), sows (e.g., Cronin,
Wiepkema, & van Ree, 1985) and caged bears (e.g., Li, 2004; Wenker,
Hermann, Muller, & Lussi, 1999). Stereotypies are a likely function of
stress (Mason & Latham, 2004), and both acute and chronic stress is
thought to cause disorders of the autonomic and endocrine systems in
mammals (Koob, 1999; Tanaka, Yoshida, Yohoo, Tomita, & Tanaka,
1998). Along these lines it is known that oral behaviors such as biting,
gnawing and chewing serve to suppress stress-activated dopamine
metabolism and corticotropin-releasing factor in rat models (Gómez
et al., 1999; Hori, Yuyama, & Tamura, 2004). Further evidence of the
role that oral behaviors may play in coping with stress is found in re-
duced plasma cortisol levels following stereotypical crib-biting in, for
example, confined horses (Briefer Freymond et al., 2015;
McBride &Hemmings, 2009).

The MMIR lists gastric ulceration and other gastrointestinal dis-
orders as the cause of death for several captive orca and it is not un-
common for captive orca to be medicated for stomach conditions such
as gastric ulcers (Hargrove & Chua-Eoan 2015; J. Jett & J. Ventre, per-
sonal observation). In a similar scenario, crib-biting behavior in equines
is associated with gastric ulceration and general stomach disorders
(e.g., Moeller, McCall, Sliverman, &McElhenney, 2008; Nicol et al.,
2005). It is therefore feasible that an association exists between gastric
illnesses and stereotypical biting and chewing in captive orca, although
no published research exists on the topic. Additionally, there is a re-
cognized relationship between a confined animal’s propensity to engage
in stereotypical behavior and the size of their natural home range
(Clubb &Mason, 2003, 2007). If this also holds true for orca, then given
the enormous home ranges of free-ranging orca (see Dahlheim et al.,
2008; Matthews, Luque, Petersen, Andrews, & Ferguson, 2011; Visser,
1999), the generally poor dentition observed in captive whales may not
be surprising.

Finally, captivity-induced dental pathology among orca has been
evident since at least the late 1980s (J. Ventre, personal observation) and
early 1990s (Graham&Dow 1990; Authors, personal observation), and
those visiting the facilities in the present study can observe, in-situ, the
dental pathologies described here. However, despite the animal welfare
implications of tooth damage in captive orca, limited empirical research
on the topic exists. While the present study elucidates several of the
most obvious dental consequences and potential health effects in con-
fined orca, the theme park industry is in a unique position to provide
further insight into this phenomenon in captive orca and other odon-
tocetes. By making dental and health records publicly available for
captive whales, future management and husbandry practices may be
better informed.
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USDA, APIDS, Animal Care 

ANIMAL WELFARE COMPLAINT 

Complaint No.
AC15-503 
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Date Entered
13-Aug-15 

Received By
MAJ 
Reply Due 
14-Sep-15

Facili or Person Com laint Filed A ainst 
Name
Sea World Of Texas 

Address
10500 SEA WORLD DR 

City
SAN ANTONIO 

Complai�ant

Address
NA 

How was complaint received?
Email 

Customer/License/Registration No.
74-C-0180/4858 

'Zip
78251 I' 

Details of Complaint: SEE ATTACHED

Results: A focused inspection was conducted at Sea World of Texas to

address the complaint. 
a) Orcas with rake marks indicate intra group aggression and or

unsafe enclosures :

Orcas were brought up for close observation by USDA inspector at time
of inspection on 8/26/15. Several old rake marks were noted on

Kyuquot and Takara. These have been seen on past inspections. Medical
records reviewed this date did not indicate any recent injuries to the

animals. Trainers were questioned about compatibility of the Killer
Whales and said that there had been no serious aggression seen.

Enrichment for the Killer Whales has been increased and several new

items are being introduced to them.

There were no areas in or around the pool that would indicate the

enclosure is not safe for the animals.

b) Orcas with severe dental trauma, creating a severe vulnerability
to serious infection :
All Killer Whales were brought up for close view of teeth during the

- -- ---inspect-�on-.-Seve:r:aJ.-an-ima-ls-we:r:e-obse:r:-ved-to-have-some teeth which- are
worn with the pulp cavity exposed. Veterinary treatment for this 

condition involves opening the cavity enough to flush the cavity to 

prevent infection. A tom cat catheter is used to flush the area with 
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Com lainant 
Name 
Jared S. Goodman 

Address
153616th St NW 

Organization 
PETA Foundation 

-··· ·-- --·---

----�------------------------·-·-------

City State Zip Phone No./Email address 
!!ashin�_�o� -------�D_C ____ �_2_0_0_3_6 ____ �J�· a_r_e _d�g_@�petaf.org . __ -· .. ________ _ 
How was complaint received? 

Details of Complaint: SEE ;,._TTACHED 

Results: 

··--· - ----- - - - -------------

I will answer this complaint based upcn my recent inspection of SeaWorld 
which took place July 21-23, 2015 and follow-ups. 

I will address the complainanc's concerns as they appear on her complaint: 

lA Dolphin Skin Conditions: 

Many of the cetaceans do have pox virus. This is not a zoonotic disease and 
does not possess a health risk to humans. Seaworld is doing some clinical 
trials to reduce this by raising the water temperature in one of the back 
pools by 4-6 degrees. The results look promising. This raise in temperature 
seems to help in fading the lesions. If this study is successful it might be 
extended to all cetacean pools. 

I did not observe any ulcerations, lesions, papules, or other clinically 
significant skin abnormalities (with the exception of Pox Virus) in any of 

>-------+-he-de±ph¼ns-.--- - -------



1.5 % hydrogen peroxide. This is d9ne twice a day seven days a week as 
part of routine husbandry. Veterinary records for all Killer Whales 

were reviewed and dental issues appear to be properly addressed and 
appropriately treated when they do occur. 

c) Sea Lions prone to ocular disease confined to an enclosure

without shade and forced to look into the sun when begging for food
Sea Lion pool was recently renovated and now includes a roofed area
which extends over the edge of the pool. This area provides shade to
the animals during times of public feeding. At time of the inspection

(near mid-day), there were many shaded areas around the pool. There
were no ocular issues noted in any animal observed during the
inspection.

d) Death of the 3 week old Beluga Calf
There were 2 necropsy reports from 2 different pathologists for the

Beluga calf. Both had the same diagnosis of septicemia/premature birth
as cause of death. Records reviewed indicate that the calf was born at
least 3 weeks premature and had aspirated meconium during birth. The
calf failed to gain weight during its short life despite 24 hour

monitoring and many daily supplemental feedings. Records reviewed
indicate the calf did receive proper veterinary care.

**Other animals were crowded in back section of the pool while Beluga 
and calf had larger pool: At times, the Beluga and calf were housed in 
the main show pool. However, I was told they were rotated to other 

pools so the other Belugas were not housed in back pool areas for long 
periods of time. The back Beluga pool dimensions and water volumes 
were reviewed and space calculated for 8 Beluga and were found to be 
in compliance at time of the inspection. 

Application packet provided? 
No □ 

INSPECTOR 
E Pannill DVM VMO 

REVIEWED BY 

Yes □ 

Tami L Howard, DVM, SACS 

DATE 
27-Aug-15

DATE 
16-Sep-15
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1B Contact with Dolphins: 

As I explained in the last complaint, SeaWorld has changed how they do the 
dolphin encounters at Key West. Par a� additional charge, small numbers of 
people line up and are divided into small groups each with a trainer in the 
immediate area. There is no longer any public feeding anywhere in the Key 
West exhibit. Only the trainers feed. The public does have the opportunity 
to touch the dolphins under direct supervision in this paying area. There is 
still a small circumference of the pool where the public can come up to the 
pool for free. Since there is no feeding of any kind in this particular 
area, I observed the dolphins to be less interested in this area than in the 
other areas where they know that they will get fish. This free public area 
is still always monitored by at least one employee who has direct visual 
contact with the public at all times. 

I repeatedly asked if any member of the public was injured in any way during 
the interactions that occur throughout SeaWorld. Their answer was always 
"no-not to their knowledge", but allegedly there were articles that were 
published that indicated that there were. 

There are no skin conditions which pose a health risk to humans (or the 
animals) in Key West. There are wash stations in the area for the public to 
wash their hands. I have heard announcements that hand washing is 
recommended, but it is not an absolute SeaWorld requirement and it is not 
enforced by chem. There is no AWA regulation or standard that states that 
the public must wash their hands aft�.r touching animals (but I always 
encourage it) . 

lC Incompatibility of Dolphins: 

Throughout the 25 years that I have inspected SeaWorld I h<1ve ob::,erved a fair 
share of rake marks on the dolphins. These rakes were most often clinically 
insignificant and rarely (if ever) requi:?:"e any type of treatmenc or 
intervention. The numbers of rake marks tend to increase during breeding 
season. SeaWorld is not unique in having rake marks among dolphins, as many 
other facilities experience this also. All marine mammals were being held in 
pools which exceed all of our space requirements. 

On all of the necropsies that I looked ac in the past, there was either no 
mention of rake marks or the pathologist indicated that the rake marks 
observed were not clinically significant. As the complainant states the rake 
marks heal fairly quickly. 

lD Dolphins Overcrowded in Shallow Water Exhibit: 

At the time of the inspection there were 2.6 dolphins in the Dolphin Nursery 
exhibit. The complainant observed 4 females and 4 calves (but did not list 
the sexes of the calves). 

This pool is oval with an island in the center that has been in operation for 
at least 25 years. It is one of the o�iginal pools left at SeaWorld and is 
smaller than the majority of other dolphin exhibits. The MHD is 30', the SA 
is 3,945 sq. ft., the Volume is 29,587 cu ft., and the depth is 7'6". This 
pool meets the 6 foot depch requirements & the 24 foot MHD requirements for 

----�=t lan.tic __bot.t lenos.e.. dolphins_. 

Even with 8 dolphins in that pool, the volume requirement would be 2712.96 cu 



ft. (for the lst 2) + 4578 cu ft. for the next 6 for a total of 729l.08 cu 
ft. of water. The cu ft. of required volume of water is only about 25 % of 

the total cu ft. available and is well within compliance for volume of water. 
The SA required for 8 dolphins is 95.38 sq. ft. x 8 for a total of 763.04 sq. 

ft. which is only about 20% of the total surface area available and is also 
well with compliance for SA. 

SeaWorld calculated that they could actually hold as many as 35 dolphins in 
this pool but has never even come anywhere close to that number. 

According lo our current standards for space of group 1 cetaceans, this pool 
meets and exceeds the minimum space required. These 8 dolphins are not 
overcrowded. I did not observe any aggression or abnormal behaviors during 
my inspection. The dolphins in this pool do not s'pend their entire lives 
there anyw·ay and are eventually transferred to the Key West exhibit or other 
exhibits. While the exhibit is sm��ler than the others it is nonetheless 
compliant for all space requirements. 

2A Orcas with Dental Trauma: 

As the complaint alleges the areas do have long standing dental issues and 
wearing of their teeth. These problems have been observed by me for many 
years. SeaWorld constantly monitors this and does treat & flush their teeth 
as the veterinarians clinically determine. Some of these areas have had 
their teeth drilled in the past as the complainant alleges. They now try to 
get away from cutting the teeth and drilling into the pulp cavity. SeaWorld 
consults with both a human dentist and a board certified veterinary dentist 
who suggested that cutting & drilling to expose the pulp cavity should be 
avoided. 

When the animal fractures or grinds down a tooth and the pulp cavity gets 
exposed, the animals then produce an "epithelial cap" over the defect which 
then protects the pulp cavity from infections and debris. This ''epithelial 
cap" is now thought to be more beneficial than interference by drilling and 
exposing the pulp cavity to treat these dental issues. The last resort for a 
fractured tooth is extraction. All dental work is performed under local 
anesthesia. Interestingly, I have been told that studies have suggested that 
no nerve tissue can be found in the P'.!lp cavity. Seaworld is actively 

increasing the amount of enrichment a,d trainer interactions in an effort to 
prevent dental issues. I did observe several enrichment toys in the pools on 
my last inspection. 

2B Orea Rake Marks: 

Yes like the dolphins, the orcas (to a lesser extent) have rake marks, but 
these rake marks are also not clinically significant. They appear as light 
old rakes that have healed up completely. These rakes were also most often 
clinically insignificant and rarely (,if ever) require any type of treatment. 
All area pools exceed our space requirements. 

I have not observed any aggressive activity in Shamu Stadium during the 
inspection 

2C Injured Orea: 



I was informed that Trua spends most of his time housed with Tillicum. The 
complainant might have observed him lone because Tillicum was doing a show, 
they were shifting animals, training, vet care, etc. Trua has not had any 
injuries in several years. The veteri':larian did not know of any stereotypic 
behaviors and I did not observe any either during the inspection. 

Some of the areas have various notches on their fins. Some of the areas were 
born that way, others have had them for many years, some were a.cquired in 
that condition, and still in others it may have been due to ischemia in the 
general area which can occur in areas which creates these notches. In all 
cases these occurrences have not been clinically significant and rarely (if 
ever) require any veterinary care. 

3 Walrus: 

The Wild Artie exhibit exceeds our space requirements. The exhibit alone can 
hold a minimum of 14 walrus (not including the off exhibit pools) depending 
on the sex mix. There have never been close to that. They have 2. I looked 
at the video. On my inspections I have observed similar behaviors when the 

walrus swim up to the glass as the complainant alleges, but I do not consider 
this as necessarily a stereotypic behavior or non-compliant. In addition to 
the exhibit area they have access to the off exhibit pools also. The exhibit 
is not just a plain pool of water, but is a comple·x themed design which 
probably provides some additional enrichment for these animals. 

A walrus that is floating is also not necessarily a non-compliance. The 
veterinarian indicated that both walnis were normal. When I observed these 
animals they appeared to be normal as well. 
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