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REVIEW OF LITERATURE

The North American river otter (Lontra canadensis) is a member of the Mustelidae or
weasel family, and belongs to the Lutrinae subfamily. Lutra, the generic genus, was originally
proposed in 1762 and is the Latin name for otter. Canadensis, its specific name, refers to
Canada, with its suffix meaning ‘belonging to’ (Reed-Smith 1994-1995). In 1972, it was
proposed that Lontra would be used for the new world river otters (Reed-Smith 1994-1995).
This generic name was adopted and replaced Lutra in the 1990s (Reed-Smith 2001).

The northern river otter is long and cylindrical in shape, with a thick neck, and a small,
flattened head. It has a short muzzle, small rounded ears set well back and eyes set high on the
head. Legs are short and stocky with pentadactyl feet which have interdigital webs. Its tail is
relatively long, thick and pointed at the end (Toweill and Tabor 1982). Adult river otters range
from 90 to 150 cm, with weight ranging from 5 to 15 kg. On average, adult males are 17%
heavier than adult females (Reed-Smith 1994-1995). Fur is relatively short but very dense with
dorsal color ranging from rich chocolate brown to pale chestnut. Sexual maturity occurs at two
years of age for both males and females. Breeding normally occurs in late winter or early spring,
with breeding season spread over approximately three months. The gestation period lasts
anywhere from 290 to 380 days, much of which falls into a period known as delayed
implantation. The blastocyst is delayed for a time period before implanting into the uterine wall.
Litters range from one to six pups; however two to four pups is most common.

River otters have adapted to a wide variety of aquatic habitats which is shown by their
vast geographic range. Aquatic habitats include marine environments, mountain lakes, and food-

rich coastal areas like lower parts of streams, rivers and estuaries. Areas with non-polluted
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waterways and minimal human interaction are also favored for habitation (Toweill and Tabor
1982).

Generally nocturnal, river otters have been noted to be more diurnal during the winter
(Reed-Smith 1994-1995). Home ranges are well defined and are used by family groups which
consist of an adult female and her young. Home ranges are about 7 km in diameter, with an
increase of 3 to 4 km as pups mature. Male river otters have been found to occupy more
extensive home ranges then female river otters, ranging anywhere from 8-78 km.

The majority of the river otter’s diet is composed of fish. Other food includes
crustaceans, amphibians, insects, birds and even other mammals. Due to their efficient digestive
system and high metabolic rates, they are able to consume a variety of food.

River otters are known for their intelligence and curiosity. Much time is spent exploring
new areas or objects. Their senses are highly developed and help river otters with their daily
activities and play. In comparison to other Lutrinae subfamily members, the river otter is less
vocal; however, they do have a variety of vocalizations (Toweill and Tabor 1982). River otters
are believed to be one of the most social animals of the Mustelidae family (Reed-Smith 1994-
1995).

While information does come from wild river otter populations, a great deal has been
recorded by researchers through the observation and experiments done on captive river otters in
zoos and aquariums throughout the world. Caged environments can be extremely stressful for
captive animals, especially wild animals in zoos (Repp et. al, 1988). Stereotypical behavior such
as pacing and weaving is exhibited by captive river otters, and these stereotyped behavior
patterns are considered symptomatic of boredom and unhappiness in the animal caused by

captivity (Markowitz et. al., 1978). These occurrences are seen as a result of the river otter
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spending long periods in captivity, the majority of whom spend their entire lives there (Hawke
et. al., 2000). Behavioral/environmental enrichment has been introduced in many facilities to
increase the welfare of the animals by incorporating a stimulating environment. Enrichment
goals include reducing stereotyped behaviors and increasing more natural behaviors such as
hunting, foraging and mating techniques observed in the wild (Wooster 1997). Interaction with
trainers, commands and tasks required for execution before feedings, use of varied scents and
play items, like objects or toys, are all common forms of environmental enrichment (Renner et.
al. 2002).

While enrichment is currently widespread, there is still concern about the stress in captive
animals. Stress is a hard concept to define and it has most notably been defined as the biological
response elicited when an individual perceives a threat to its homeostasis. The threat is the
“stressor” and the animal experiences “distress” when the stress response truly threatens the
animal’s well-being. When faced with stressors, animals go through a set of stages to deal with
the stress. There are three main parts to the stress response: recognition of a stressor, the
biological defense against the stressor and the consequences of the stress response. An animal
will recognize a stressor when the central nervous system perceives a potential threat to
homeostasis. Then a defense response is developed that consists of a behavioral response,
autonomic nervous system response, neuroendocrine response and/or immune response. The
first response is a behavioral one; the animal may just remove itself from the stressor. The
second line of defense is the autonomic nervous system which is the basis of the “flight or fight”
response. The autonomic nervous system response affects many biological systems and
influences heart rate and/or blood pressure. If the first two responses are not effective, the

neuroendocrine response will occur. This has a long lasting effect on the body due to the
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hormones that are released from the hypothalamic-pituitary neuroendocrine system. Almost all
the biological functions are regulated by these hormones and, hence, have a profound long-term
effect. As the stress response continues and is prolonged, serious pathologies can develop which
negatively affect the animal’s well being. These include infectious diseases, suppressed
reproduction and diminished growth rates (Moberg 2000).

In studying the stress response, the area that is focused upon next during the response is
the hypothalamic-pituitary-adrenocortical axis (HPA). Stress activation of the HPA leads to the
secretion of corticotropin-releasing hormone (CRH) from the neurosecretory cells of the
hypothalamus. The primary function of CRH is to stimulate the secretion of adrenocorticotropic
hormone (ACTH) from the pituitary gland (Moberg 2000). ACTH stimulates the synthesis and
secretion of glucocorticosteriods, like cortisol, from the adrenal cortex. Cortisol and
corticosterone are glucocorticoid (GC) hormones, with cortisol being the primary GC in humans
and mammals such as river otters. Maintaining a sufficient concentration of GCs is imperative in
order to maintain homeostasis in the body (Matteri 2000).

GCs can be measured through extraction from blood, urine, scat or saliva. In order to
collect blood, urine, or saliva the animal must be handled. However, handling an animal has been
shown to elevate stress levels, as it is a stressor in itself (Hemsworth et al. 1981, Moberg 2000).
Measuring GCs extracted from fecal samples is a relatively new procedure in free ranging
animals (von der Ohe et. al., 2002) and unlike blood, urine and saliva samples, collection of fecal
samples is a non-invasive method and does not involve contact with the animal. GCs can be
measured through enzyme immunoassays and each individual species must have the use of these

assays validated. Recently this procedure was validated for use in the North American River
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Otter by demonstrating there were no significant differences between the slopes of a serially

diluted standard and a pooled scat sample from captive river otters (Rothschild 2005).

RESEARCH QUESTION AND HYPOTHESIS

The purpose of this research study is to evaluate whether non-edible behavioral
enrichment, in the form of objects of artificial or natural composition intended for mental and
physical stimulation, reduces the stress levels in captive North American river otters (Lontra
canadensis). While varying the frequency of non-edible behavioral enrichment in zoo/aquarium
river otter exhibits, measurement of stress via corticosterone levels were evaluated to see if this
change in frequency reduced stress levels. The research hypothesis was that as the frequency of
non-edible behavioral enrichment increases, the stress levels of the captive river otters will

decrease.

METHODS AND MATERIALS

Manipulation of Non-Edible Behavioral Enrichment

The researcher acquired permission from two Northeastern zoos/aquariums (facilities) to use
their captive North American river otters in the research. Included in the study were one male
and one female from the Maritime Aquarium of Norwalk, CT, and two males from the Seneca
Zoo of Rochester, NY. Each river otter was given a unique identification code for later
identification of scat samples.

An 18 day experiment was conducted at both facilities from May 17, 2006 to June 3,
2006. The Seneca Zoo of Rochester, NY, began by including non-edible behavioral enrichment

in the exhibit every day for the first 6 days (May 17, 2006 to May 22, 2006), then non-edible
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behavioral enrichment was included in the exhibit every other day for the following 6 days (May
23, 2006 to May 28, 2006) and finally no non-edible behavioral enrichment was included in the
exhibit for the last 6 days (May 29, 2006 to June 3, 2006).

The Maritime Aquarium of Norwalk, CT, began with no non-edible behavioral
enrichment included in the exhibit for the first 6 days (May 17, 2006 to May 22, 2006), then non-
edible behavioral enrichment was included in the exhibit every other day for the following 6
days (May 23, 2006 to May 28, 2006), and finally non-edible behavioral enrichment was
included in the exhibit every day for the last 6 days (May 29, 2006 to June 3, 2006).

The amount and specific non-edible objects/toys were determined by the facility staff
based upon the amount and kind of non-edible behavioral enrichment objects/toys available at
the given time. The objects/toys that were included in the exhibit were usually objects that had
not been in the exhibit recently or on a frequent basis. All other procedures normally followed
by each facility, including edible enrichment schedule, feeding times, cleaning, trainer
interactment, etc., remained unchanged during the 18-day experiment. Beginning with day 1 of
the experiment, fecal samples were collected every other day from each river otter in the
mornings prior to the first feeding. The fecal samples were labeled with identification numbers
and stored at -20°C. By the end of the experiment, nine fecal samples were collected for each
river otter. Information including diet, feeding times, and training behaviors of the river otters
were also recorded. In addition, medication and veterinarian examinations also were recorded by
200 keepers.

Enzyme Assay Procedure

At the completion of the 18-day experiment (June 3, 2006), the 36 fecal samples were

shipped in dry ice, to prevent steroid degradation, to Frostburg State University and were stored
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at -80°C. The steroid extraction process ran between July 8, 2006 and July 16, 2006. Samples
were lyophilized for a minimum of 18 hours, six samples at a time. After each sample was
finished being lyophilized it was sifted individually through a screen sieve in order to remove
any large particles and homogenized by pulverizing thoroughly with a mortar and pestle. Then
0.2 grams of the ground, freeze-dried sample was placed into a glass test tube and 5.0 mL of
95% ethanol was added and the glass test tube was heated in a beaker of boiling water for 20
minutes, the ethanol was replenished as needed. After heating, the tube was centrifuged for 20
minutes at 500 g force, and the supernatant removed. The pellet was re-suspended in 5 mL of
95% ethanol, mixed for 1 minute, re-centrifuged, and the supernatants combined. The extracts
were dried in a CentriVap Mobile System (Labconco; Kansas City, MO 64132, USA) and kept at
-20°C until ready for assay (Rothschild 2005).

The Correlate-EIA Corticosterone Enzyme Immunoassay Kit (Assay Designs, Inc.; Ann
Arbor, M1 48108, USA) was used to determine the glucocorticoid values in the river otter fecal
samples. The directions included in the kit were followed precisely, without any modifications.
In full, extracted samples were re-dissolved in a total of 2 mL of assay buffer and diluted 1:100
before performing the assay. A standard curve was created for each plate using corticosterone
concentrations of 20,000, 4,000, 800, 160, and 32 pg/mL. Absorbance was read at 405 and 650
nm using a SPECTRAmax Microplate Spectrophotometer (Molecular Devices Corporation;
Sunnydale, CA 94089, USA). Samples that were out of the linear range of the standard curve

were diluted further and re-assayed.

DATA
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The following two tables display the non-edible enrichment included over the 18-day experiment
at the respective facilities.

Table 1
Non-edible Behavioral Enrichment included at the Maritime Aquarium, Norwalk, CT

Date Non-edible Enrichment
Included

5/17/06 None

5/18/06 None

5/19/06 None

5/20/06 None

5/21/06 None

5/22/06 None

5/23/06 Bottomless Bucket

5/24/06 None

5/25/06 Rubber Duck, Filter Wheel

5/26/06 None

5/27/06 Kong Toy, Pepsi Can Crate

5/28/06 None

5/29/06 Toy Boat

5/30/06 Green Mat

5/31/06 PVC Rattle

6/1/06 Tire, Car Wash Cloth

6/2/06 Blue hood

6/3/06 Rubber Duck, Yellow
Board w/ keys
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Table 2

Non-edible Behavioral Enrichment included at the Seneca Zoo, Rochester, NY

Date Non-edible Enrichment
Included

5/17/06 Pine tree branch

5/18/06 Plastic Ball

5/19/06 Plastic Spool

5/20/06 Plastic Ball

5/21/06 Pine tree branch

5/22/06 Plastic Ball

5/23/06 None

5/24/06 New wooden lean-to

5/25/06 None

5/26/06 2 plastic balls

5/27/06 None

5/28/06 Plastic Spool

5/29/06 None

5/30/06 None

5/31/06 None

6/1/06 None

6/2/06 None

6/3/06 None

10
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Table 3 displays the corticosterone levels for each river otter over the 18-day experiment. Fecal
samples were collected every other day; hence there are nine time points for each river otter.
The Seneca Zoo, Rochester, NY has river otters Al and A3, which are male 1 and male 2,
respectively. The Maritime Aquarium, Norwalk, CT has river otters C1 and C2, which are the

male and female river otter, respectively.

Table 3-
Corticosterone Levels for Otters Al, A3, C1, and C2 for May 17, 2006 to June 3, 2006

Time Corticosterone Levels (ng/ml)
Point Otter

Al A3 C1l C2
17-May | 16.785 9.955 16.270 | 15.804

19-May | 84.698 9.721 16.508 19.112

21-May | 20.935 16.764 31.979 20.820
23-May | 85.146 18.840 13.983 75.801
25-May | 27.157 29.555 13.708 28.788

27-May | 19.346 10.616 22.999 18.613

29-May | 21.627 18.875 15.140 24.710

31-May | 17.094 8.966 11.053 16.964

2-Jun 31.536 14.217 21.616 23.541

RESULTS

Figures 1 and 2 show the comparisons of each of the two river otters at the two respective
facilities. Otters C1 and C2 had their non-edible enrichment increase in frequency (none, every
other day, every day), as opposed to Otters A1 and A3 who had their non-edible enrichment
decrease in frequency (every day, every other day, none). Note that the graphs for Otter C1 and
C2 have been reversed so that all graphs display a decrease in non-edible behavioral enrichment.
Days 1-6 show non-edible behavioral enrichment every day, days 7-12 show non-edible

behavioral enrichment every other day and days 13-18 show no non-edible behavioral

11
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enrichment. Reversing the values for Otters C1 and C2 was done to make it easier to compare

the river otters at the different facilities.

Figure 1 Figure 2
Comparison GC levels for A1 and A3 Comparison of GC levels for C1 and C2
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There appears to be three accurate, yet higher GC values (Figure 1 has Day 3=84.698 ng/ml, and

Day 7=85.146 ng/ml; Figure 2 has Day 11=75.801 ng/ml) in both graphs, however aside from

these three values, the other 33 values range between 8.966 ng/ml to 31.979 ng/ml; which is a

range of 23.013 ng/ml.
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Figures 3 and 4 display the means of the corticosterone values of each of the two river otters at
their respective facilities:
Figure 3

Mean GC Values for each manipulation of non-edible behavioral enrichment at the Seneca
Z00, Rochester, NY
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Figure 4
Mean GC Values for each manipulation of non-edible behavioral enrichment at the
Maritime Aquarium, Norwalk, CT
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Figure 5 displays the mean corticosterone levels for all four river otters for each manipulation of
non-edible behavioral enrichment.
Figure 5

Mean GC Values for each manipulation of non-edible behavioral enrichment for all 4 river
otters

Comparison of Mean Values for all 4 river otters
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River otters A1 and A3 exhibited similar average GC values for the 18-day experiment
(Al: BE every day=18.86 ng/ml, BE every other day=23.2515 ng/ml, No BE=23.419 ng/ml
versus A3: BE every day=12.4166 ng/ml, BE every other day=19.6703 ng/ml, No BE=14.0913
ng/ml). The lowest average GC values occurred during the period where non-edible behavioral
enrichment was included in the exhibit every other day, with the exception of Otter A3 who
exhibited only a 1.8727 ng/ml average difference between non-edible behavioral enrichment
every day and no non-edible behavioral enrichment. Average GC levels during the periods of no
non-edible behavioral enrichment and non-edible enrichment every day were lower then every
other day, however the lowest GC levels when non-edible behavioral enrichment was provided

every day (Al: BE every day=18.86 ng/ml and A3: BE every day=12.4166 ng/ml).

14
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River otters C1 and C2 also exhibited similar average GC values for the 18-day
experiment (C1: BE every day=15.9363 ng/ml, BE every other day=16.8966 ng/ml, No
BE=21.5856 ng/ml versus C2: BE every day=21.7383 ng/ml, BE every other day=23.7005
ng/ml, No BE=18.5786 ng/ml). C1 displayed a steady increase in average corticosterone levels
as the frequency of non-edible behavioral enrichment decreased, contrary to the other three river
otters that had the highest levels during periods of non-edible behavioral enrichment every other
day. Inrecords kept by aquarists, it is noted that Otter C1 was very aggressive towards Otter C2
throughout the experiment, thus possibly having an effect on the corticosterone levels.

With the exception of Otter C2 (21.7383 ng/ml), the other three river otters exhibited the
lowest GC values during the period of non-edible behavioral enrichment every day (Al: 18.86
ng/ml, A3: 12.1466 ng/ml, and C1: 15.9363 ng/ml). Additionally, the highest GC values are
found during the period of non-edible behavioral enrichment every day (Al: 23.2515 ng/ml, A3:
19.6703 ng/ml, and C2: 23.7005 ng/ml) with the exception of Otter C1 (16.8966 ng/ml).

It was observed that at each manipulation of non-edible behavioral enrichment the mean
values of the corticosterone levels were all approximately within a 10.000 ng/ml range for all
four river otters. The lowest GC value was 12.1466 ng/ml and the highest GC value was

23.7005 ng/ml, resulting in a range of 11.5539 ng/ml.

DISCUSSION

All 4 river otters had increased average GC values when given non-edible
behavioral enrichment every other day compared to when given non-edible behavioral
enrichment every day. Additionally, three of the four (75%) river otters in this study exhibited

the lowest GC levels during periods of non-edible behavioral enrichment consistently every day.
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These GC levels were the lowest when non-edible behavioral enrichment was provided
every day in the river otter exhibits. This supports the idea that non-edible behavioral
enrichment provided every day is an ideal protocol for non-edible behavioral enrichment.
Periods of on again-off again non-edible behavioral enrichment are not ideal in a captive setting
because it is a bigger stressor then having no non-edible behavioral enrichment at all.

The results of this experiment show that my hypothesis was supported in that stress levels
were the lowest when non-edible behavioral enrichment was occurring every day. However, the
highest stress levels were actually found to be during periods of non-edible behavioral
enrichment every other day versus no non-edible behavioral enrichment at all. This could
possibly be because of the irregularity of the frequency of the non-edible behavioral enrichment.
When the river otters are unaware of whether or not non-edible behavioral enrichment will be
provided it potentially elevates stress levels. When non-edible behavioral enrichment is included
in the exhibit every day, the river otters are expecting non-edible behavioral enrichment because

it is on a fixed schedule, hence this is when the lowest GC values are observed.

STUDY LIMITATIONS

There were several factors that limited this research. First, having a larger sample size
would greatly benefit this research. A small sample size also limited the use of statistical
analysis. Additionally, it would have been helpful to study a more evenly distributed number of
male/female river otters. This way a better comparison of gender differences could be executed.
Overall, an ideal study would include a large sample size of evenly distributed male/female river
otters all under identical conditions (i.e. 10 river otters in the same zoo exhibit), which would

allow for control of many extraneous variables.
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IDEAS FOR FUTURE RESEARCH

The uses of fecal GC assays have tremendous and far reaching practical applications.

This procedure could greatly benefit captive wildlife management in enabling zoos/aquariums to
see what sources of stressors there are for their captive river otters. Fecal GC assays could be
used to see if other parts of a captive environment, like edible behavioral enrichment, land/water
ratio, outdoor vs. indoor enclosure, etc., are stressors and then could design an ideal exhibit
bearing these stressors in mind. Also in the future, measuring the stress levels of wild river
otters would be ideal to see how elevated captive river otter stress levels are in comparison to
those in the wild. However, this procedure would entail DNA testing in conjunction with the

fecal GC assays and would require great periods of time.
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Figures 6-9 display the corticosterone levels in each of the four river otters over the course of the

18-day experiment.

Figure 6. Corticosterone Concentration
for Otter Al
(Seneca Zoo, Rochester, NY)
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Figure 7. Corticosterone Concentration
for Otter A3

(Seneca Zoo, Rochester, NY)
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Figure 8. Corticosterone Concentration
for Otter C1
(Maritime Aquarium, Norwalk, CT)

Figure 9. Corticosterone Concentration
for Otter C2
(Maritime Aquarium, Norwalk, CT)
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The GC values are non- linear for each individual river otter over the 18-day period.
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