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Abstract

The North American river otter (Lontra canadensis) is a semi-aquatic, apex predator that has
undergone vast changes in its distribution in the past few decades. In the Midwest, river otters
were extirpated and later reintroduced with little follow up on their population status. It is
important to assess the current population in order to make the proper management decisions
statewide. In addition to the lack of demographic knowledge, spatio-temporal variation in the
North American river otter (Lontra canadensis) diet is not well understood. As resource
availability and usage can influence population demographics, it is important to assess river otter
diet to properly understand river otter ecology. In order to assess the river otter population in
Ohio, the Ohio Department of Natural Resources (ODNR) requested carcass submission by
licensed trappers. Throughout the 2016-2017 and 2017-2018 trapping seasons, 107 river otter
carcasses were collected. Necropsies were performed to assess age and sex, reproductive status,
and stable-isotope informed diet composition. Reproductive rates were determined from
counting corpora lutea in female river otters. Demographic data were compared to the 2005-2008
harvests seasons, when river otter trapping was first reinstated. Samples of river otter muscle
were collected, prepared and assessed for stable isotopes of 13C and 15N to estimate the
variability in the dietary contribution of multiple prey sources by age, sex, and location.
My analysis suggests that the Ohio river otter population was stable to increasing with the
addition of harvest pressure. The population age distribution was skewed toward younger age
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classes, with yearling river otters being the most prominent age class in the 2016-2018 harvest
season. The sex was male biased ratio (136:100), similar to the 2005-2008 harvest season
(107:100) and other river otter populations in the eastern United States. Results indicate half of
female river otters in the yearling age class presented evidence of reproductive activity for the
most current harvest season. The reproductive rate of the 2016-2018 harvest seasons (0.92) and
average litter size [3.18 ± 1.00 (SD)] of adult females was compared with the 2005-2008 harvest
seasons and values reported for established populations of river otter elsewhere in eastern North
America.
MixSIAR, an isotopic source partitioning model, quantified the relative range in
proportions of 5 important prey items in the diets of river otter. The distribution of contributions
from each source was dominated by minnow (Cyprinidiae) (mean: 38%, SD = 0.10, range: 1145%), crayfish (mean: 29%, SD = 0.19, range: 15-43%), and freshwater mussels (mean: 22%,
SD = 0.10, range: 9-38%). Dietary portioning was slightly different between different age
classes, however not between the sexes. My analyses revealed significant difference in diet by
geographic location, with the greatest difference found in western Ohio.
As knowledge of the spatial variation in the use of food resources is important when
trying to effectively manage carnivores like the North American river otter, the current study
reveals important information that can be used to further assess management practices. As river
otter populations increase, it is important to examine prey species availability and usage in the
area and apply proper harvest pressure to ensure a balanced ecosystem where river otter and prey
species populations are sustainable.
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CHAPTER 1: POPULATION DEMOGRAPHICS AND REPRODUCTIVE PARAMETERS OF
THE NORTH AMERICAN RIVER OTTER IN OHIO

ABSTRACT
Estimates of population demographics and reproductive parameters of the North
American river otter (Lontra canadensis) are poorly documented in the eastern United States. In
the present study, I examined the current population status of river otters in Ohio, reintroduced in
1986, by deriving demographic and reproductive characteristics from necropsies of river otter
carcasses collected during harvest from 2016-2018. Results were compared to those of the 20052008 harvest season when river otter trapping was first reinstated. I derived age distribution, sex
ratio, pregnancy rate, and litter size of river otters in Ohio. Data indicated 50% of female river
otters in the yearling age class showed evidence of reproductive activity. The reproductive rate
of the most current harvest seasons (0.92) and average litter size [3.18 ± 1.00 (SD)] of adult
females was compared with the 2005-2008 harvest seasons and values reported for established
populations of river otters elsewhere in eastern North American; consistent with an expanding
and successfully recolonizing population. The population age distribution was skewed toward
younger age classes, with yearling river otters being the most prominent age class in the 20162018 harvest season. The sex ratio (136:100) was male biased, similar to the 2005-2008 harvest
season (107:100) and other river otter populations in the eastern United States. My data support
an increasing river otter population with acceptable harvest limits in Ohio.
INTRODUCTION
The river otter (Lontra canadensis), an apex riverine predator, has undergone extensive
changes in its distribution in the midwestern United States over the past several decades
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(Melquist and Dronkert 1987, Lariviere and Walton 1998, Raesly 2001, Melquist et al. 2003).
Historically, river otters were abundant across the Midwest, but high trapping pressure, habitat
change, and stream pollution led to the extirpation of river otters across most of the Midwest by
the 1970s. In the late 20th century, after changes in land management, environmental cleanup,
and a push to restore native species, the reintroduction of river otters was attempted in multiple
states (Raesly 2001). Evidence suggests that these efforts have been successful in several areas
(Raesly 2001). Several midwestern states have reinstated river otter trapping seasons, as river
otter populations appear to be stable. However, we lack a complete understanding of the
population demographics of river otters, how these metrics vary spatially and temporally, and the
stability of populations in the face of reinitiated harvest pressure across the Midwest.
In Ohio, river otters were extirpated by the 1950s, reintroduced in 1986, and otter
trapping was reinstated in 2005 (McDonald 1989, Dwyer 2005) with a regulated harvest (Figure
1.1). In the few years leading up to and immediately following the reinstatement of river otter
trapping in Ohio, the Ohio Department of Natural Resources (ODNR) estimated river otter
abundance and other associated population demographics in the state (Dwyer 2005). Preliminary
work indicated that the river otter population in Ohio was large and increasing prior to the
reinstatement of river otter trapping in 2005 (Ellington et al. 2018). These results suggested that
river otter trapping from 2005-2007 was sustainable. Unknown, however, is how demographic
patterns and reproductive rate have influenced population growth of river otters after the addition
of harvest pressure.
Population demographics, such as age structure, sex ratio, and reproductive output, often
give insight into the status of a population (Lebreton et al. 1992).Typically, an expanding
population will have a larger proportion of younger, reproductive individuals, stable populations
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show a more even distribution of age classes, and declining population have a larger proportion
of older individuals (Lebreton et al. 1992). Stable populations often maintain a 1:1 sex ratio and
therefore keep their growth rate constant, whereas declining populations may develop a 3:1 sex
ratio favoring females, resulting in an increased growth rate as more females often increase
productivity (Hamilton 1967). The percentage of younger, reproductively active females tend to
be lower than that of older females in a population approaching carrying capacity, however
reproductive output tends to increase in younger individuals when populations are increasing
(Dixon 1981). These dynamics can vary both temporally and spatially for reasons such as habitat
quality, population density, and dispersal (Lebreton et al. 1992). River otter young disperse
around 1 year of age and can travel up to 32 kilometers from where they are reared (Melquist and
Dronkert 1987).
In this study, I present demographic and reproductive characteristics of harvested river
otters in Ohio in order to address the objective of examining Ohio’s river otter populations and
how they have changed after the harvest season reinstated in 2005. I used necropsies of river
otter carcasses to test my hypothesis that the river otter population in Ohio is increasing, as
preliminary results may indicate (Ellington et al. 2018). To do so, I examined age structure, sex
ratio, and reproductive parameters. I predict that these demographics will vary spatially, as river
otters have likely dispersed to other locations in Ohio after reintroduction. Temporally, recent
demographics are predicted to have differed from previous demographics, due to the
reintroduced harvest pressure.
MATERIALS AND METHODS
Study Area
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Ohio, a midwestern state in the United States of America, has an area of 116,096 km2,
including about 640 km2 of inland water. Lake Erie falls along a large part of Ohio’s northern
border. The vast majority of the land cover in Ohio is agriculture (60%), followed by forestland
(35%), urban (<1%), open water (<1%), wetland (<1%), and barren (<1%) (Ohio Department of
Development 2018). Ohio is 1 of the 13 states that encompasses part of the Appalachian
Mountains and Appalachian Plateau, having mountainous ranges running diagonally through the
state and peaking at 274 m. Geologically, this area corresponds closely to the terminal moraine
of an ancient glacier that runs southwest to northeast through the state, consisting of 32 counties
within Ohio. Areas south and east of the moraine are characterized by rough, irregular hills, and
hollows. Unlike eastern Appalachia, this region does not have long ridges like those of the
Ridge-and-Valley Appalachians subranges, but a network of rocky hollows and hills going in all
directions. Ohio has a temperate climate; average temperature is 6°C in the winter and 17°C in
the summer (United States Climate Data 2018). Average rainfall for Ohio is 143 cm per year and
average snowfall is 56 cm per year (United States Climate Data 2018). Ohio has an estimated
human population of 11.69 million, which makes this the 7th most populous state in the country
(United States Census Bureau 2018).
This study took place statewide, however, for my analysis I considered 3 distinct
ecological regions: northeastern Ohio, southeastern Ohio, and western Ohio. The northeastern
and southeastern regions fell entirely within the trapping zone C (3 bag limit; Figure 1.1), but
were ecologically distinct. The northeastern region was largely interspersed with forest and
agricultural land, encompassing 2 important areas for river otters: Grand River Wildlife Area and
Killbuck Marsh. These areas contain numerous beaver impoundments, which river otters will
often use as dens, and many man-made marshes. The Grand River and 5 tributary streams are
4

part of the Lake Erie watershed and meander through the wildlife area (Ohio Department of
Natural Resources 2018). About 46% of the area is second growth hardwoods, 49% is openland,
cropland, and brushland, and 5% is wetland and water. On this area, and on private lands to the
north, are extensive swamp forests which were once typical of much of northeast Ohio. This
portion of the Grand River valley is 1 of the largest areas of semi-wilderness remaining in
heavily populated northeast Ohio (Ohio Department of Natural Resources 2018). The
combination of beaver impoundments, good water quality, and a large variety of fish species has
made it possible to reintroduce and sustain river otters here (Ohio Department of Natural
Resources 2018). Killbuck Marsh is in a shallow, U-shaped glacial outwash valley. About 56%
of the acquisition unit consists of marsh and swamp that is flooded during some portion of the
year. This complex is Ohio’s largest remaining marshland outside of the Lake Erie region (Ohio
Department of Natural Resources 2018). Both areas within the Lake Erie watershed were found
to be prominent locations from harvested river otters in this study.
The southeastern region holds the Appalachian mountain range, as well as part of the
Ohio River watershed. This area holds Stillwater Creek and the Little Muskingum River, which
are 2 important areas for river otters in this region. Emptying into the Ohio River, the
predominant land uses in Stillwater creek include 67% forest, 8% cultivated crops, and 15%
pasture/hay. Approximately 7% of the watershed is developed land and 1.5% is open water. Coal
and clay mining had been extensive throughout the watershed. The Little Muskingum River is a
tributary of the Ohio River that is characterized by rugged topography and numerous rocky hills
(Ohio Department of Natural Resources 2018). The good quality of this river offers excellent
opportunities for wildlife such as river otters, as there is little human population and recreation
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(Ohio Department of Natural Resources 2018). Both areas within the Ohio River watershed were
found to be prominent locations from harvested river otters in this study.
The western region of Ohio is closed for river otter harvest, therefore a large portion of
our samples from this region come from roadkill or incidental harvest. It is important to note that
the western region also contains otters harvested from “zone B” in central Ohio. This region also
includes some counties boarding Lake Erie. The western region of the state is a highly
fragmented matrix of agriculture, with minimal topographical variation. Due to a large portion of
agricultural practices along a majority of the western’s watersheds, agriculture has contributed to
high phosphate levels, rendering issues with drinking water and affecting native species.
Following drastic flooding, many rivers in the area have dams, levees, and storage areas to
control water levels of the rivers (Ohio Department of Natural Resources 2018). This area
contains the Maumee River, the largest watershed of any of the rivers feeding the Great Lakes
which supplies 5% of Lake Erie’s water. The Maumee River provides optimal habitat for a large
number of river otters found in the western region.
Sample Collection
Ohio Department of Natural Resources (ODNR) personnel collected river otter carcasses
from licensed trappers during the 2016-2017 and 2017-2018 trapping seasons. The trapping
season was December 26th to February 28th. ODNR personnel also collected incidentally
captured river otters that were voluntarily surrendered, as well as road kill.
Carcasses were frozen and stored at the ODNR regional offices until I brought them to
The Terrestrial Wildlife Ecology Laboratory at The Ohio State University in Columbus, Ohio.
When the carcasses arrived, they were placed into a chest freezer and kept frozen. Legally
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harvested river otters had been pelted by licensed trappers, while incidental river otters were not
pelted. ODNR personnel recorded: date of harvest, location of harvest (body of water or
surrounding area), sex, and a Convention of International Trade in Endangered Species (CITES)
tag for legally harvested river otters in most cases. ODNR occasionally recorded mortality date,
cause of death, and sex for incidentally collected river otters. Otter carcasses were also given a
unique laboratory necropsy number.
Carcass Analysis
Carcasses were thawed for approximately 2 days prior to necropsy. Once thawed, I
weighed the river otter carcass in kilograms with a hand scale. I measured total length in
centimeters from the tip of the nose to the tip of the last caudal vertebrae, careful to align my
measurement along the vertebral column while the carcass was laid on its sternum. I also
measured tail length in centimeters. Next, I performed an external examination for gross
abnormalities on each carcass, including wounds and scars. I recorded the conditions of all toes,
claws, and foot pads.
Before I opened the carcass, I extracted half the bottom jaw of the otter and stored it for
age analysis. When the bottom jaw was not present (11 of 99), extraction of the upper jaw
occurred. A total of 8 otters was not able to be aged due to a missing skull or teeth. Tissue
located between the cheek and neck area was also removed from the carcass and stored for
isotope analysis (see chapter 2). I began the necropsy with a mid-ventral incision through the
abdominal wall along the linea alba, starting at the groin and extending upward to the tip of the
sternum. The flaps of the abdominal wall were then retracted. After the removal of tissue
samples for stable isotope analysis, I observed the organs in situ, and recorded any gross
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abnormalities. River otter bacula and female reproductive tracts were removed from the carcass
and stored for later analysis.
Age Determination
Age was determined with cementum annuli analysis. Cementum is a calcified tissue
incrementally produced at the distal margin of the tooth throughout life. Annual deposition of a
wide translucent band and successive incremental line is referred to as a growth layer. Counts of
these distinct layers of cementum in teeth are used to estimate age in a variety of mammalian
species (Grue and Jensen 1979). To extract a tooth for cementum annuli analysis, I first
simmered the lower (n=88) or upper jaw (n=11) in a hot water bath for approximately 4 hours.
The hot water bath softened the tissue and loosened the teeth, which allowed me to extract 1
canine tooth using a dental elevator and extractor. Canine teeth were then sent to Matson’s
Laboratory (Milltown, Montana) for cementum annuli analysis.
Reproductive Tracts
Reproduction tracts from all female individuals were completely excised and examined to
determine reproductive state. Ovaries were excised from the ovarian bursa. Each ovary was
sliced at 1 mm intervals along its long axis, being careful to not cause severance so that sections
remained joined along the mesovarian edge (following Diggs 2013). Ovaries were then
examined under a dissecting microscope, and corpora lutea were counted. Counts of corpora
lutea provide counts of ova shed and corpora lutea are more visible than other methods used to
estimate reproductive rate, such as blastocysts (Chilelli et al. 1996). Furthermore, blastocyst
counts may be biased low compared to corpora lutea or embryo counts. This bias is likely caused
by inadequate flushing of uterine horns and losses caused by autolysis or freezing damage
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(Hamilton and Eadie 1964, Tabor and Wight 1977, Lauhachinda 1978, Polechla 1987). Corpora
lutea counts are generally considered an accurate method for estimating ovulation rates (Harder
and Kirkpatrick 1996), although they may over estimate actual reproductive output (Chilelli et al.
1996), possibly due to pre- or post-implantation failure.
When I observed swelling in the uterus, I sliced each uterine horn open longitudinally
and examined for the presence of embryos (following Diggs 2013). The number of embryos
were recorded and sex was determined if the fetus was developed sufficiently. The sex of an
embryo greater than 37 mm long can be identified by the location of external genitalia (Melquist
et al. 2003).
Data Analysis
I analyzed data in a hierarchical manner within each population demographic or body
size metric and within each time period (2005-2008 and 2016-2018). When years were not
significantly (p < 0.05) different across time periods, I pooled them for subsequent analyses.
Once I had pooled the data into the fewest unique groups, I tested whether these groups differed
for the population demographic between the 2 time periods.
For all age structure analyses, I used a linear by linear association test because a
traditional chi-square contingency table analysis would not account for the ordered nature of my
age class data (Agresti 2007). The linear-by-linear test can be used to test the association among
variables in a contingency table with ordered categories (Agresti, 2007). When I examined age
structure, I first determined whether age structure differed among harvest seasons, and then
whether age structure differed between sexes. Finally, I determined whether age structure was
different among geographic regions.
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For my sex ratio analyses, I used a chi-squared contingency table and Pearson’s chisquared test when there were 2 or more test groups. When analysis of categorical data is
concerned with more than 1 variable, contingency tables are employed. These tables provide a
foundation for statistical inference, where statistical tests, such as a chi-squared, question the
relationship between the variables on the basis of the data observed (Agresti, 2007). When the
expected count within the chi-square contingency tables was less than 10, I applied the Yates
continuity correction (Yates 1934). A chi-square goodness of fit test was used when analyzing if
the sex ratio was different from a 1:1. This test is applied when you have 1 categorical variable
from a single population. It is used to determine whether sample data are consistent with a
hypothesized distribution (Agresti, 2007). When I examined sex ratio, I first determined whether
age structure differed among harvest seasons, and then whether sex ratio differed between age
groups. Finally, I determined whether sex ratio was significantly different among geographic
regions.
My reproductive data were divided into 2 demographics: reproductive status and
potential litter size. Reproductive status was analyzed using chi-squared contingency tables. For
litter size, I used both the Mann Whitney U and Kruskal-Wallis tests. These test are nonparametric and used because count data are typically not normally distributed. When I examined
my reproductive data, I first determined whether these demographics differed among harvest
seasons, and then whether they differed between age classes. Finally, I determined whether the
reproductive data was different among geographic regions.
RESULTS
During the 2016-2017 and 2017-2018 trapping seasons, 107 river otters were collected
(Figure 1.2); 62 and 45 respectively. Out of the 107 otters, 61 were harvested with CITES
10

numbers. The remaining 46 were incidental harvests. Incidental harvests were defined as either
roadkill or bycatch animals harvested out of season. For some of the collected river otters,
complete data was not received, or I was unable to collect full data from the carcass. Therefore,
the number of individuals in each analysis varies. During the 2005-2006, 2006-2007, and 20072008 harvest seasons, 465 carcasses were collected (224, 133, and 108 respectively), and river
otters from incidental harvest were not collected during this time period.
Age Structure
Of the 107 river otters collected during the 2016-2017 and 2017-2018 harvest seasons,
only 99 could be aged, and of the 465 river collected during the 2005-2006, 2006-2007, and
2007-2008 harvest seasons only 403 could be aged. The maximum age of any river otter
recorded in this sample was 10 years of age. Age structure did not differ between the 2016-2017
and 2017-2018 harvest seasons (Z = -1.47, p = 0.14, Table 1.1). Therefore, I considered both
seasons combined and refer to them as the 2016-2018 harvest seasons. Adults (≥ 2 years of age)
were the least common age class (27%), yearlings (35%) were the most common, then juveniles
(31%; Table 1.1). A total of 8 individuals could not be aged (7%). Age structure did not differ
between sexes during the 2016-2018 harvest season (Z = 1.04, p = 0.30, Table 1.2).
Not all harvested individuals had an identified harvest location (n=15). Geographic
location did differ when comparing Northeast Ohio to Southeast (Z = 0.44, p = 0.66), Northeast
to West (Z = 0.52, p = 0.60), or Southeast to West (Z = 0.20, p = 0.84, Table 1.3). The age
structure of the Southeast region was primarily juveniles (12 of 40) and yearlings (13 of 40),
with few adult individuals (13 of 40). Northeast otters (n=34) too were primarily juvenile (12 of
33) and yearling (12 of 33) river otters. Less adults were found in this area (10 of 33), than in the
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Southeast region. In the west, more yearlings were collected (6 of 18) than both juvenile (3 of
18) and adult (4 of 18) age classes.
Age structure between the harvest seasons 2005-2006 and 2006-2007 (Z = 0.08, p =
0.94), 2005-2006 and 2007-2008 (Z = -0.65, p = 0.52), and 2006-2007 -2007-2008 (Z = -0.68, p
= 0.49) did not differ from each other, therefore these seasons were combined for further analysis
and referred to as the 2005-2008 harvest season. Of the river otters analyzed, juveniles
constituted 33% of the harvest, while yearlings made up 19%. Adult river otters made up 35%
for the harvest from 2005-2008 (Table 1.1). A total of 62 otters were not able to be aged for
these combined harvest seasons. Age structure showed no difference between sexes in the 20052008 harvest season (Z = -0.46, p = 0.64, Table 1.2).
Geographic locations did not differ when comparing age structure for the 2005-2008
harvest season (Northeast vs. Southeast: Z = -0.38, p = 0.71, Southeast vs. West: Z = 1.32, p =
0.19, Northeast vs. West: Z = 1.42, p = 0.16, Table 1.3). Of those who could be aged, the age
structure of the Southeast region shows primarily juveniles (28 of 62) and adults (24 of 62), with
few yearling individuals (10 of 62). Northeast otters (n=231) too were primarily juvenile (88 of
231) and adult (84 of 231) river otters, with fewer yearling otters (59 of 231). In the west, more
adults were collected (53 of 110) than both juvenile (39 of 110) and yearling (18 of 110) age
classes.
Adult river otters were a smaller proportion of the harvested population in 2016-2018
than in 2005-2008 in the northeast region (proportion of adults in 2005-2008 = 0.36, in 20162018 = 0.29), southeast region (proportion of adults in 2005-2008 = 0.39, in 2016-2018 = 0.34)
and western region (proportion of adults in 2005-2008 = 0.48, in 2016-2018 = 0.31; Table 1.4).
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This decline in harvested adults coincided with an increase in the proportion of yearlings, but not
juveniles in the harvest in the northeast (proportion of yearlings in 2005-2008 = 0.26, in 20162018 = 0.38), southeast (proportion of yearlings in 2005-2008 = 0.16, in 2016-2018 = 0.34) and
western region (proportion of yearlings in 2005-2008 = 0.16, in 2016-2018 = 0.46; Table 1.4).
Overall, the age structure of harvest otters differed significantly between the 2005-2007 and
2016-2018 data (Z = 2.17, p = 0.03).
Sex Ratio
Of the otters collected in 2016-2017; 32 (52%) were male, 29 (48 %) were female, and 1
was unknown. The sex ratio was not different from 1:1 (x21= 0.15, p = 0.70; Table 1.4). In 20172018, 29 (64%) were male and 16 (36%) were female, and the sex ratio was different from 1:1
(x21= 3.76, p = 0.05). However, the sex ratios did not differ between the 2 harvest seasons (x21 =
1.52, p = 0.22) (Table 1.4). Of the collected otters, 46 were of incidental harvest with 25 being
male and 21 being female. The sex ratio of otters from incidental harvest did not differ from
harvested individuals (x21 = 0.34, p = 0.56). The combined 2016-2018 sex ratio was 136:100,
which was not different from a 1:1 sex ratio (x21 = 2.42, p = 0.12).
Of the otters collected in 2005-2006; 127 (57%) were male, 96 (43%) were female, and 1
was unknown. There was a difference between the sex ratio of the 2005-2006 harvest and 1:1
(x21 = 4.31, p = 0.04). However, the sex ratios of the 2006-2007 (63 males and 70 females) and
2007-2008 (50 males and 58 females) harvest seasons were not different from 1:1 (2006-2007:
x21 = 0.37, p = 0.54 2007-2008: x21 = 0.59, p = 0.44). The 2005-2006 sex ratio did not differ from
2006-2007 (x21 = 3.07, p = 0.08) or 2007-2008 (x21 = 3.32, p = 0.07), nor was there a difference
in sex ratio between the 2006-2007 and 2007-2008 harvest seasons (x21 = 0.03, p = 0.87). The
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combined 2005-2008 sex ratio was 107:100 which did not differ from a 1:1 sex ratio (x21 = 0.55,
p = 0.46). Since age structure did not vary between sexes, sex ratio did not vary between ages.
During the combined harvest seasons from 2016-2018, the sex ratios were not different
across the 3 geographic regions (Southeast vs. Northeast: x21 = 0.01, p = 0.92, Southeast vs.
West: x21 < 0.01, p = 0.98, Northeast vs. West: x21 < 0.01, p = 1.00), nor did they differ from a
sex 1:1 ratio (Northeast: x21 = 1.06, p = 0.30, Southeast: x21 = 1.60, p = 0.21, West: x21 = 0.22, p =
0.64, Table 1.5). In the combined 2005-2008 harvest seasons, the sex ratios did not differ across
the same geographic regions (Northeast vs. Southeast: x21 = 1.33, p = 0.25, Southeast vs. West:
x21 = 0.56, p = 0.46, Northeast vs. West: x21 = 0.21, p = 0.65). There was also no difference
between the Northeast (x21 = 0.55, p = 0.46), Southeast (x21 = 2.97, p = 0.08) or Western (x21 =
1.42, p = 0.23, Table 1.5) river otter populations from a 1:1 sex ratio. Overall, no difference was
found between the sex ratios of the 2016-2018 (61 males, 45 females) and 2005-2008 (240
males, 224 females) harvest seasons (x21 = 1.17, p = 0.28).
Reproductive Parameters
Of the 29 female otters collected in the 2016-2017 harvest season, 9 (31%) had corpora
lutea present. The 2017-2018 season shows that 9 out of the 16 females harvested (56%) had
corpora lutea present. The presence of corpora lutea, or the estimate of reproductive rate, did not
differ between the 2 harvest seasons (x21 =1.78, p = 0.18). From the 2005-2006 harvest season,
64 female reproductive tracks were tested for the presence or absence of corpora lutea. Of these,
24 (38%) had corpora lutea present. The 2006-2007 harvest season had 62 female reproductive
tracks analyzed with 23 (37%) having corpora lutea present. The 2007-2008 harvest season had
38 female otter reproductive tracks analyzed, with 18 (47%) showing corpora lutea presence.
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The reproductive rate between the 2005-2006 and 2006-2007 harvest seasons did not differ from
each other (x21 = 0.05, p = 0.82), nor did the 2006-2007 season differ from the 2007-2008 season
(x21 = 0.65, p = 0.42). No difference found between the 2005-2006 and 2007-2008 harvest
seasons (x21 = 0.68, p = 0.41), allowing us to combine these seasons.
No juveniles were found with the presence of corpora lutea for either harvest season
(2005-2008: n = 76, 2016-2018: n = 16). In the 2016-2018 harvest season 7 of 14 (50%) yearling
otters were found with corpora lutea along with 11 of 12 (92%) adults. Reproductive rate, though
close, did not differ between yearling and adult river otters in the 2016-2018 harvest season (x21
= 0.35, p = 0.06). However, reproductive rate did differ between yearling and adult river otters in
the 2005-2008 harvest season (x21 = 7.97, p < 0.01). In the 2005-2008 harvest season 12 of 34
(35%) yearling otters and 53 of 83 (64%) adult otters were found with the presence of corpora
lutea.
I assessed potential geographic differences in age-specific reproduction. In the 2016-2018
harvest season the northeast region had 3 of 4 (75%) of yearling and 4 of 4 (100%) adult river
otters with corpora lutea present. No difference was found between the southeast region (x21 =
0.07, p = 0.80), with 3 of 6 (50%) yearling and 3 of 4 (75%) adult river otters having corpora
lutea present. No difference was found between northeast (x21 = 0.36, p = 0.55), and southeast
(x21 = 0.56, p = 0.45), when compared to the western region, with 0 of 8 yearling otters collected
and 3 of 3 (100%) adult river otters with the presence of corpora lutea. In the 2005-2008 harvest
season, the northeast region had 10 of 24 (42%) yearling river otters and 26 of 40 (65%) of adult
otters with corpora lutea present, showing no difference in age structure from the southeast
region (x21 < 0.01, p = 0.94) with 1 of 2 (50%) yearlings and 5 of 5 (100%) adult river otters with
corpora lutea presence. The southeast region did not differ from the western region (x21 = 0.46, p
15

= 0.50), with the western region having 0 of 5 (0%) yearlings and 21 of 24 (88%) adults with
corpora lutea present. However, there was a significant difference between the northeast and
west regions (x21 = 5.28, p = 0.02) in terms of reproductive rate among age classes. Overall,
reproductive status of river otters did not differ between the 2016-2018 and 2005-2008 harvest
seasons (x21 = 0.02, p = 0.90).
The 2016-2017 and 2017-2018 harvest seasons did not differ from each other regarding
potential litter size (W = 42, p = 0.80), therefore the 2 seasons were combined for subsequent
analysis. The mean number of corpora lutea for reproductive adult female river otters (n = 11)
was 3.18 (range: 1 – 4, SD = 1.00). The mean number of corpora lutea for reproductive yearling
female river otters (n=7) was 2.86 (range: 1-4, SD=0.90). There was no difference found
between yearling and adult river otter corpora lutea totals (U = 40, p = 0.47, Table 1.6). When
comparing corpora lutea counts across the 3 geographic regions, no difference was found (H2 =
1.01, p = 0.60).
The 2005-2006, 2006-2007, and 2007-2008 harvest seasons did not differ from each
other in terms of potential litter size (H2 = 1.87, p = 0.39), thus these years were combined in
subsequent analysis. The mean number of corpora lutea for reproductive adult female river otters
(n = 53) was 3.50 (range: 1 – 5, SD = 0.91). Reproductive yearling female river otters (n = 12)
exhibit an average of 3.64 (1 – 5, SD = 0.81). The mean number of corpora lutea was compared
among age classes with no difference between yearling female river otters and adult female river
otters (U = 284, p = 0.54, Table 1.6). When comparing corpora lutea counts across the
geographic regions, no difference was found (H2 = 0.63, p = 0.73). Overall, potential litter size
did differ between the 2016-2018 and 2005-2008 harvest seasons (U = 418, p = 0.02).
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DISCUSSION
Harvest data largely supported the hypothesis that the river otter population is increasing
across Ohio. Populations of river otters in Ohio possessed a young age distribution, high
reproductive rates, and successful reproduction by females in the yearling age class. Although
not significant, a male biased sex ratio did not support the hypothesis. Age structure was the only
demographic that differed temporally, whereas no demographics differed between geographic
region.
Proportion of juveniles in our sample was likely under-represented due to natural river
otter behaviors. Lauhachinda (1978) hypothesized juvenile river otters should be
underrepresented in harvested samples, as movements of younger-aged river otters are
constrained by the tendency to remain with family units early in life. Theoretically, increasing
populations should tend to have a higher proportion of younger-aged individuals, where
declining populations have a larger proportion of older individuals (Krebs 1972). The 2016-2018
harvest season had a larger proportion of younger individuals, similar to increasing populations
in both Oklahoma (Barrett and Leslie 2012) and Kentucky (Barding and Lacki 2014). The oldest
river otters found in our sample were aged at 10 years old. This suggests some river otters in
Ohio can survive for an extended period of time. The minimum know longevity matches the
maximum age recorded for otters in Arkansas (Polechla 1987), Oklahoma (Barrett and Leslie
2012), and Kentucky (Barding and Lacki 2014). Differences found between the age structures of
the 2005-2008 and 2016-2018 harvest seasons suggest that river otter populations have
increased, even after reinstated harvest pressure.
How a species reacts to population fluctuations often depends on an animal’s life history.
K-selected species, also called K-strategist, are species whose populations fluctuate at or near
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the carrying capacity of the environment in which they reside (Reznick et al. 2002). Oftentimes,
when populations are stable, K- selected species will have a higher percentage of adult
individuals and tend to produce relatively low numbers of offspring (Reznick et al. 2002). These
species tend to increase production when populations drop below carrying capacity, similar to
the possible trend observed in the Ohio river otter population after reinstated harvest pressure.
High ratios of males to females have been reported in samples from harvested
populations of river otters (Lauhachinda 1978, Polecha 1987, Chilelli et al. 1996). Polechla
(1987) reported an overall sex ratio of 138:100 in a summary of population data collected from
river otter carcasses and embryos gathered from 12 states. Male-dominated sex ratios, as found
in this study, have been attributed to difference in trapping vulnerability, as male river otters
often form social groups, have larger home ranges, and travel more extensively during the
breeding season, resulting in a higher probability of adult males being captured (Melquist and
Hornocker 1983, Melquist and Dronkert 1987, Blundell et al. 2002). With sex ratios not differing
between incidental and harvested river otters, this suggests that methods of acquiring carcasses
does not change the sex ratio.
Most accounts of breeding success in yearling river otters have been interpreted as
anomalous findings (Tabor and Wright 1977, Lauhachinda 1978, Chilelli el al. 1996). However,
this study found evidence of reproduction in the form of corpora lutea in a high proportion of
yearling females, suggesting yearling females are contributing to the overall reproductive output
of the Ohio river otter population. Other states report successful reproduction in yearling river
otters including Maine (Docktor et al. 1987), Minnesota (Liers 1958), Missouri (Gallagher
1999), and Kentucky (Barding and Lacki 2014). The reproductive status and potential litter size
calculated for the Ohio river otter population, though exhibiting a small sample size, are similar
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to values reported for Missouri (Gallagher 1999) and Kentucky (Barding and Lacki 2014), and
higher than those reported for states with established populations (Hamilton 1998). This suggests
that, as in Missouri (Gallagher 1999) and Kentucky (Barding and Lacki 2014), the population of
river otters in Ohio is increasing and is potentially secure.
It is important to note that some trends in Ohio’s river otter population could be masked
due to small sample size. If a sample size is too small, it can be difficult to find significant
relationships from the data, as statistical tests normally require a larger sample size to ensure a
representative distribution of the population (Agresti, 2007). Nevertheless, the data reported in
this study suggests river otter populations in Ohio are increasing, based on age distribution and
the percentage of younger otters represented in the collection. As river otter populations increase,
it is important to note how they may affect an ecosystem. As an apex predator, an increasing
population could cause changes to the trophic regime, giving future direction to Ohio river otter
studies.
MANAGEMENT IMPLICATIONS
Harvest data is often the only form of data collected on furbearer species by state agencies,
including the river otter. Unfortunately, year-to-year harvest data alone can be a poor short-term
indicator of river otter population status (Melquist et al. 2003). Harvest data collected over long
periods of time are often more reliable in depicting general population trends in distribution and
abundance of many furbearer species (Melquist et al. 2003). Oftentimes, the following data is
needed to provide accurate status indication of furbearer species: harvest level, Catch Per Unit
Effort (CPUE), age-specific pregnancy rates, litter size, and overall survival (Dixon 1981).
Currently, many wildlife managers collect only harvest data.
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Despite the fact that age distribution is not 1 of the factors listed above, I still encourage
wildlife divisions to periodically collect jaws from harvested river otters so that age distribution
and structure can be determined, providing a more accurate indication of the status of the river
otter population. This information can be important, providing justification for CITES to continues
export authorization.
With harvest data being the primary data collected to determine the river otter population
status in Ohio, I strongly encourage the wildlife division to begin or continue a long-term collection
to provide insights into river otter population status and trends. I encourage wildlife managers to
continue the voluntary submission of otter jaws to allow the continuation of age data to be
collected, allowing insight into river otter age distribution of harvested individuals. Periodic
mandatory surrender should be required if a voluntary program fails.
I highly encourage carcass collection to continue to evaluate long-term trends in both
reproductive parameters and reproduction rates. Bridge-sign and latrine surveys are other potential
low-cost methods that could be incorporated into the harvest report and help provide additional
information on the status of Ohio’s river otter population. These methods could measure relative
river otter abundance and possibly movement patterns, giving wildlife managers a better
understanding of their river otter populations.
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FIGURES AND TABLES

Figure 1.1. Trapping zones and bag limits for river otter (Lontra canadensis) in Ohio for the
2005-2006 trapping season until 2017-2018.
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Figure 1.2. North American river otters (Lontra canadensis) collected from the 2016-2017 (blue)
and 2017-2018 (green) seasons, assigned to their location of harvest in Ohio, USA.
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Table 1.1. Temporal distribution in age structure of the Ohio river otter population from the
2005-2008 and 2016-2018 harvest seasons.

1

Juvenile

2005-2008
Percentage
n
155
33%

2016-2018
Percentage
n
33
31%

Yearling

87

19%

37

35%

Adult

161

35%

29

27%

Unknown1

62

13%

8

7%

River otters were not able to be aged due to missing skulls or teeth
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Table 1.2. Distribution of sex-age composition of the North American river otter in Ohio for the
2005-2008 and 2016-2018 harvest seasons.
2005-20081

2016-20181
Male
17

Juvenile

79

Yearling
Adult

52
78

23
17

Unknown2

31

4

Juvenile
Yearling
Adult
Unknown2

76
34
83
31

Female

1
2

16
14
12
3

Sex was unknown for 1 individual in each harvest season
Age was unknown for some animals
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Table 1.3. Spatial distribution in age structure of the North American river otter in Ohio from
2005-2008 and 2016-2018 harvest seasons.
2005-2008
2016-20182
Northeastern Ohio
Juvenile
Yearling
Adult

88
59
84

Unknown1
Juvenile
Yearling
Adult

28
0
Southeastern Ohio
28
12
10
13
24
13

Unknown1

6

2

Juvenile
Yearling
Adult

Western Ohio
39
18
53
28

3
6
4

Unknown1

12
12
10

5

1

Age was unknown for some animals
2
Of the otters harvested in the 2016-2018 harvest season, geographic location was not known for 15 individuals
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Table 1.4. Temporal distribution in sex ratio of the North American river otter in Ohio from the
2005-2007 and 2016-2018 harvest seasons.

Male

2005-2008
Percentage
n
253
54%

2016-2018
Percentage
n
61
57%

Female

211

45%

45

42%

1

1%

1

1%

Unknown1
1

Sex was unknown for some individuals
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Table 1.5. Spatial distribution in sex ratio of the North American river otter in Ohio from the
2005-2007 and 2016-2018 harvest seasons.

Male
Female

2005-2008
2016-20182
Northeastern Ohio
137
20
123
14

Unknown1

1

0

Male
Female

40
26

Southeastern Ohio
24
16

Unknown1

0

0

Male
Female

76
62

10
8

Unknown1

0

0

Western Ohio

1
2

Sex was unknown for some individuals
Of the otters harvested in the 2016-2018 harvest season, geographic location was now known for 15 individuals
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Table 1.6. Average corpora lutea found in female river otters in relation to age class harvested
from 2005-2018 in Ohio.
2005-2008
n
SD
𝑥̅

2016-2018
n
SD
𝑥̅

Yearlings

3.64

12

0.54

2.86

7

0.90

Adults

3.50

53

0.91

3.18

11

1.00
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CHAPTER 2: DIET VARIABILITY OF THE NORTH AMERICAN RIVER OTTER IN OHIO
ABSTRACT
Dietary differences among conspecifics have been documented across a wide range of
taxonomic groups and habitats. However, spatio-temporal variation in the North American river
otter (Lontra canadensis) diet is not well understood. River otters are apex riverine predators that
are adapted to hunting in the water with a diet focused on aquatic and semi-aquatic species. I
sought to determine river otter diet composition and variability using stable isotopes of 15N and
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C. I collected muscle tissue samples from 99 river otters across Ohio during 2016-2018.

Variability in isotope values for otters was investigated as a proxy for variation in diet among
individuals. MixSIAR, an isotopic source partitioning model, quantified the relative range in
proportions of 5 most-likely prey items in the diets of river otters. The distribution of feasible
contributions from each source was dominated by minnow (Cyprinidiae) (mean: 38%, SD =
0.10, range: 11-45%), crayfish (mean: 29%, SD = 0.19, range: 15-43%), and freshwater mussels
(mean: 22%, SD = 0.10, range: 9-38%). Dietary portioning was slightly different between
different age classes, however not between the sexes. My analyses revealed significant
geographic variation in diet, with the greatest difference found in western Ohio. These results
indicate that there is diet variability between individual river otters with high plasticity. Isotopic
differences between geographic locations can be a result of prey availability, as well as
differences in habitat and additional nitrogen input. As prey availability and abundance attribute
to river otter prey selection, it is important to monitor both Ohio’s river otter populations, as well
as their prey species.
INTRODUCTION
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Knowledge of spatial and temporal variation in the use of food resources is important
when trying to effectively manage wide-ranging carnivores (Molsher et al. 2000, Eide et al.
2004). Seasonal differences in the availability and use of food resources may have an influence
on population dynamics (Fuller 1989, Fuller and Sievert 2001), foraging ecology (Gonzalez
1997), and habitat selection (Wang et al. 2010). For many carnivores, there is limited
information for predicting changes in diet across time and space (Molsher et al. 2000, Eide et al.
2004).
Although scat and gut content analysis are long-standing methods for assessing the diet
of carnivores with predictable sampling locations, the analysis of stable isotopes within an
animal’s tissue is proving to be a widely applicable and perhaps more effective and efficient
method for determining diet (Urton and Hobson 2005, Mowat and Heard 2006). Using this
technique, the ratios of naturally occurring carbon and nitrogen stable isotopes in blood, tissue,
bone, or hair samples are measured from the focal species. The isotopic signatures of potential
prey items are then related to the carbon and nitrogen signature of the predator to determine the
contribution of each item to the total diet (Dalerum and Angerbjorn 2005). Isotopic analysis has
been used to investigate diets of many apex predators, including wolves (Darimont and
Reimchen 2002, Milakovic and Parker 2011), brown bear (Ben-David et al 2004), and arctic fox
(Roth 2002).
Stable isotopes have become a popular method for understanding aquatic
ecosystems because they aid in the understanding source links and process information in aquatic
food webs (Fry 2006). These analyses can also be used to a certain degree in terrestrial systems.
Certain isotopes can signify distinct primary producers forming the bases of food webs and
relative trophic level (Urton and Hobson 2005, Mowat and Heard 2006, Fry 2006). Stable
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isotopes assist in analyzing animal diets and food webs by examining the animal tissues that bear
a fixed isotopic enrichment or depletion in comparison to their diet (Fry 2006). Muscle or protein
fractions have become the most common animal tissue used to examine the isotopes because
they represent the assimilated nutrients in their diet (Urton and Hobson 2005, Mowat and Heard
2006, Fry 2006). The main advantage to using stable isotope analysis as opposed to stomach
content observations is that no matter what the status is of the animal's stomach, the isotope
tracers in the tissues will give us an understanding of its trophic niche and food sources (Urton
and Hobson 2005, Mowat and Heard 2006, Fry 2006).
The 2 major isotopes used in aquatic ecosystem food web analysis are 13C and 15N. While
both indicate information on trophic dynamics, it is common to perform analysis on both
isotopes for better understanding of trophic interactions and for stronger results (Fry 2006).
Carbon isotopes aid us in determining the primary production source responsible for the energy
flow in an ecosystem. Large differences of δ13C between animals indicate that they have
different food sources or that their food webs are based on different primary producers (Fry
2006). C3 plants (those that rely on the Calvin cycle for CO2 fixation) fix 12C-bearing CO2,
resulting in depleted δ13C values. In contrast, C4 plants (those who rely on Hatch-Slack cycle and
phosphoenol pyruvate carboxylase for CO2 fixation) and those that use crassulacean acid
metabolism (CAM) show lower preference for the δ13C isotope, resulting in higher δ13C values
(Dawson et al. 2002, Ben-David and Flaherty 2012). Nitrogen isotopes are used in assessing
the trophic level of organisms, reflective of the time the tissue samples were taken. This will also
vary depending on the tissue type. Typically, organisms higher in the trophic pyramid have
accumulated higher levels of 15N relative to their prey and others before them in the food web
(Fry 2006). Oftentimes, plant water-use efficiency will influence δ15N values (Dawson et al.
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2002). In addition to trophic positioning of organisms, δ15N values have become commonly used
in distinguishing between land derived and natural sources of nutrients (Fry 2006). In freshwater
ecosystems, the extent of local nitrogen fixation relative to inputs from precipitation and leaching
from the surrounding land and watershed will determine the variation in δ15N (Ben-David and
Flaherty 2012).
The North American river otter (Lontra canadensis) is an apex predator adapted to
hunting in an aquatic ecosystem and mainly feeding on aquatic and semi-aquatic species
(Blundell et al. 2002). The vulnerability and seasonal availability of prey animals primarily
determines the habits and prey preference of the river otter (Erlinge 1968, Melquist and
Hornocker 1983). The majority of diet studies for river otters have been premised on analysis of
prey remains in scat. These studies suggest that the diet of river otters throughout their range
consists predominately of fish (Greer 1955, Larsen 1984, Reid et al. 1994, Roberts et al. 2008).
River otters predominantly feed on prey that is in proportion to their abundance, but has inverse
proportion to their swimming ability (Ryder 1955), suggesting that slow swimming fish are
preyed upon more often than faster swimming game fish when both are equally abundant
(Serfass et al. 1990, Toweill and Tabor 1982, Wengeler et al. 2010). Crayfish and frogs,
however, can comprise a substantial portion of the diet of southern populations (Wilson 1954,
Toweill 1974). In coastal environments, both crabs and mollusks can contribute to otter diet, but
these occur in lower frequencies than fish (Larsen 1984, Stenson et al. 1984). Insects, clams,
snails, snakes, turtles, waterfowl, shorebirds, beaver, and muskrat have all been documented as
secondary prey items for both costal and interior populations (Toweill 1974, Larsen 1964,
Stenson et al. 1984, Reid et al. 1994). Although fish are the predominant prey item for most
populations of otter, the importance of individual fish species and the occurrence of secondary
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prey items can vary spatially (Melquist and Hornocker 1983, Reid et al. 1994, Crait and BenDavid 2006, Roberts et al. 2008).
There are many studies that have documented the food habits of the river otter for most of
their present range in North America. Specific areas of study include south-eastern Alaska
(Bowyer et al. 1994, Larsen 1984); Arkansas (Tumlison and Karnes 1987); Minnesota (Route
and Peterson 1988); north-eastern Alberta, Canada (Reid et al. 1994); Oregon (Toweill 1974);
Idaho (Melquist and Hornocker 1983); Colorado (Berg 1999); Pennsylvania (Serfass et al. 1990);
and British Columbia (Crowley et al. 2013). All studies found fish to be the primary prey source
in river otter diet, however some fish species and secondary prey source consumption varied
geographically, watersheds differ in prey availability, even in the same geographic region
(Larsen 1984, Berg 1999, Crowley et al. 2013).
Although not well understood, diet variation could exist between sexes and age classes.
Sexual dimorphism is present within river otter populations, with males averaging around 5%
larger than females (Melquist and Hornocker 1983, Jackson 1961). Male river otter skulls, on
average, are slightly larger than female skulls which could influence the prey species and size
most desirable (Larivière and Walton 1998). Variation in terrestrial mammalian skull
morphology is known to constrain feeding performance, which in turn influences an animal’s
dietary habits (Jackson 1961). The age of a river otter can influence the mobility and distance the
animal is willing to travel (Melquist & Hornocker 1983). Juvenile river otters are known to be
the least mobile, followed by adult otters. Yearling river otters are the most mobile age class,
possibly influencing differences in prey availability (Melquist & Hornocker 1983). The feeding
habits of younger individuals (Melquist & Hornocker 1983), and consequently their trophic
level, will often change over time.
36

Understanding diet variability provides insight into how river otters might influence
community dynamics and potentially reveal important prey species for river otters in various
riverine systems. The objectives of this study were to examine river otter diet in Ohio and
variation between sex, age class, and geographic location. To do so, potential river otter prey
species were collected and analyzed for the relative range in proportions of river otter diet. I
hypothesized that river otter diet mostly consists of smaller, slower swimming fish. Invertebrates
will be the second most plentiful prey item, as other studies have indicated. I believe diet will
vary between age class and geographic location, however I do not believe there will be a
difference in diet between sexes.
MATERIALS AND METHODS
Study Area
Ohio is a midwestern state in the United States of America that has an area of 116,096
km2 with about 640 km2 of inland water. Along a large part of Ohio’s northern border is the
bottom half of Lake Erie. A large majority of the land cover in Ohio is agriculture (60%) and
forestland (35%). This is followed by urban (<1%), open water (<1%), wetland (<1%), and
barren (<1%) (Ohio Department of Development 2018). Ohio exhibits a temperate climate with
the average temperature being 6°C in the winter and 17°C in the summer (United States Climate
Data 2018). In Ohio, average rainfall is 143 cm per year and average snowfall is 56 cm per year
(United States Climate Data 2018). Ohio has an estimated human population of 11.69 million,
making it the 7th most populous state in the country (United States Census Bureau 2018).
For my analysis I considered 3 distinct ecological regions in Ohio: northeastern Ohio,
southeastern Ohio, and western Ohio. Both the northeastern and southeastern regions fell entirely
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within the trapping zone C (3 bag limit), but were ecologically distinct. The northeastern region
is majority forest and agricultural land, encompassing 2 important areas for river otters: Grand
River Wildlife Area and Killbuck Marsh. The Grand River and 5 tributary streams are part of the
Lake Erie watershed and are present throughout the wildlife area (Ohio Department of Natural
Resources 2018). About 49% of this area is openland, cropland, and brushland, 46% is second
growth hardwoods, and 5% is wetland and open water. Extensive swamp forests are found on
this area, and on private lands to the north, which were once typical of northeast Ohio. This
Grand River is 1 of the largest areas of semi-wilderness remaining in heavily populated northeast
Ohio (Ohio Department of Natural Resources 2018). The mixture of beaver impoundments, a
large variety of fish species, and good water quality has made it possible to reintroduce and
sustain river otters here (Ohio Department of Natural Resources 2018). Killbuck Marsh is in a
shallow, glacial outwash valley. About 56% of this area consists of marsh and swamp. Killbuck
Marsh is Ohio’s largest remaining marshland outside of the Lake Erie region (Ohio Department
of Natural Resources 2018). Both areas within the Lake Erie watershed were found to be notable
locations from harvested river otters in this study. In this region, a variety of sunfish species are
found in abundance (Ohio Department of Natural Resources 2018). The northeastern region also
supports good populations of various minnow species, northern pike, bass, carp, suckers, and
catfish (Ohio Department of Natural Resources 2018). Over 17 species of freshwater mussel are
found in this area, along with a large number of crayfish (Ohio Department of Natural
Resources).
The southeastern region holds the Appalachian mountain range and part of the Ohio
River watershed. The Stillwater Creek and the Little Muskingum River are present in this area,
which are 2 important areas for river otters in this region. Emptying into the Ohio River, land
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uses in Stillwater creek include 67% forest, 15% pasture/hay, and 8% cultivated crops. Roughly
7% of the watershed is developed land and 1.5% is open water. The Little Muskingum River is a
tributary of the Ohio River that is has uneven topography and rocky hills (Ohio Department of
Natural Resources 2018). The good quality of this river offers excellent opportunities for river
otters, as there is little human population and recreation (Ohio Department of Natural Resources
2018). Both areas within the Ohio River watershed were found to be prominent locations from
harvested river otters in this study. This region supports a plethora of fish species, with
smallmouth bass being in large abundance (Ohio Department of Natural Resources 2018). The
southeast region also contains species such as catfish, saugeye, pike, minnow, and darter species.
There are over 11 species of freshwater mussel in this regions, as well as various crayfish species
(Ohio Department of Natural Resources 2018).
The western region of Ohio was closed for river otter harvest, therefore a large portion of
our samples from this region come from roadkill or incidental harvest. The western region also
contains otters harvested from “zone B” in central Ohio. Some counties boarding Lake Erie
were included in the western region. This region of the state is a highly fragmented matrix of
agriculture, with minimal topographical variation. Agriculture has contributed to high phosphate
levels, rendering issues with drinking water and affecting native species, due to a large portion of
agricultural practices along a majority of this watershed. Following drastic flooding, many rivers
in the area have dams, levees, and storage areas to control water levels of the rivers (Ohio
Department of Natural Resources 2018). This area contains the Maumee River, which is the
largest watershed of any of the rivers feeding the Great Lakes, supplying 5% of Lake Erie’s
water. The Maumee River provides habitat for a large number of river otters found in the western
region. This region supports a large amount of fish species, such as bass, carp, catfish, Northern
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pike, perch, and various sunfish species. There is also an abundance of freshwater mussels, as
well as various species of crayfish in the western region.
Sample Collection
Ohio Department of Natural Resource (ODNR) personnel collected river otter carcasses
from licensed trappers during the 2016-2017 and 2017-2018 trapping seasons. Personnel also
collected roadkill, as well as incidentally captured river otters that were voluntarily surrendered.
River otter trapping season was December 26th to February 28th.
Carcasses were frozen and stored at the ODNR regional offices until brought to The
Wildlife Ecology Laboratory at The Ohio State University in Columbus, Ohio. When the
carcasses arrived, they were placed into a chest freezer to keep frozen. The majority of legally
harvested river otters had been pelted by licensed trappers, while incidental river otters were not
pelted. Personnel recorded: date of harvest, location of harvest, sex of river otter, and a
Convention of International Trade in Endangered Species (CITES) tag for legally harvested river
otters. Personnel occasionally recorded mortality date, cause of death, and sex for incidentally
collected river otters. Otter carcasses were also given a laboratory necropsy number.
Carcass Analysis
Carcasses were thawed for approximately 2 days prior to necropsy. Once thawed, I
weighed the river otter carcass with a hand scale in kilograms. I measured total length in
centimeters from the tip of the nose to the tip of the last caudal vertebrae while the carcass was
laid on its sternum. Next, I performed an external examination for gross abnormalities on each
carcass, including wounds and scars. I recorded the conditions of all river otter extremities.
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I extracted half the bottom jaw of the otter and stored it for age analysis. When bottom
jaw was not present (11 of 99), extraction of the upper jaw occurred. Tissue located between the
cheek and neck area (Vander Zanden et al. 2015), was removed from the carcass and stored for
isotope analysis.
Age Determination
Cementum annuli analysis was used to determine the age of river otter carcasses.
Cementum is a calcified tissue incrementally produced at the distal margin of the tooth
throughout life, creating growth layers. Counts of these distinct layers of cementum are used to
estimate age in a variety of mammalian species (Grue and Jensen 1979). I first simmered the
lower (n=86) or upper jaw (n=13) in a hot water bath for approximately 4 hours to extract a tooth
for cementum annuli analysis. The hot water bath softened the tissue and loosened the teeth,
which allowed me to extract 1 canine tooth using a dental extractor. Canine teeth were then sent
to Matson’s Laboratory (Milltown, Montana) for cementum annuli analysis.
Prey Species Collection
Various fish species were collected opportunistically through electrofishing by the Ohio
Department of Natural Resources. To provide proper representation of river otter diet, fish were
sampled as close to similar watersheds as the otters when available. Prey sampling locations
include 7 different lakes and reservoirs of the Lake Erie watershed, as well as sampling from the
Little Muskingum River and the Ohio River. Fish were frozen and stored until sample
preparation. To prepare fish for stable isotope analysis, they were first thawed, identified and
measured for length. I then collected the fish samples as skin off filets. Crayfish (Kautza and
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Sullivan 2016) and freshwater mussel (Christian et al. 2004, Weber et al. 2017) values were
derived from other sources.
Sample Processing
All muscle samples, both otter and fish, were dried at 60◦C for 24 hours. I then ran the
samples through a soxhlet extraction, using a 2:1 mixture of chloroform methanol to remove all
lipids. This extraction took place over a 6 hour time span to ensure a purified sample. I then
placed the muscle in an air-tight vacuum overnight to completely dry. After all moisture was
removed, samples were ground and placed in a polycarbonate desiccator with the relative
humidity maintained at 0-5%.
Ground samples of otter tissue and potential prey sources for 13C and 15N analysis were
weighed and packed into tin capsules, preparing for isotope analysis. These samples were
measured by elemental analysis-isotope ratio mass spectrometry at the University of Akron in
the Stable Isotope Laboratory, with Dr. Anne Wiley. Ground samples were first ran through an
elemental analyzer, converting them into CO2 and N2, and then processed through a mass
spectrometer, giving us our isotopic values. Isotopic results are expressed as δ values, δ13C or
δ15N = 1000 [(Rsam/Rstd) - 1], where Rsam and Rstd are the 13C:12C or 15N:14N ratios of the sample
and standard, respectively. The standards are Vienna-Pee Dee Belem nite limestone (V-PDB) for
carbon and atmospheric N2 for nitrogen. The units are expressed as parts per thousand, or per mil
(o/oo). The typical analytical precision for δ15N was 0.08 o/oo and 0.19 o/oo for δ13C determination.
Data Analysis
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I used an analysis of variance (ANOVA) for both δ13C and δ15N values to first determine
if there was an isotopic difference between river otter harvest seasons. If no isotopic differences
were found, subsequent analysis were performed after combining harvest season data. ANOVAs
were then used to test the isotopic differences among individual prey species.
I then used the Bayesian modeling program MixSIAR (Semmens et al. 2009; Semmens
2013) in R (R Core Team 2014) to estimate the relative contributions of different potential prey
sources to river otter tissue that can explained by the isotopic signature (δ13C and δ15N) measured
for each source. This model incorporated variability in river otter isotopic values, potential prey
sources, and trophic discrimination factors, as well as an additional residual error term to account
for unknown errors in the observed data. MixSIAR uses Markov chain Monte Carlo (MCMC)
methods to estimate posterior distributions of variables of interest that are specified in the model
(e.g., proportion of C from fish species in consumer tissues). I used visual interpretations of trace
plots as well as standard MCMC diagnostics including Gelman-Rubin, Heidelberger-Welch, and
Geweke tests to assess model convergence (Stock and Semmens 2013). For the Gelman-Rubin
test, values <~1.1 are acceptable and indicate model convergence (Gelman et al. 2003). The
Heidelberger-Welch test reports variables in the model as “pass” or “fail.” The Geweke test uses
a two-sided z test to compare the means of the first and second part of each chain. The means
should be approximately the same to ensure convergence of the model, meaning a large z score
should indicate rejection of the model. Trophic discrimination factors of 1.1‰ ± 0.2‰ for δ13C
and 3.3‰ ± 0.1‰ for δ15N, derived from Roth and Hobson (1999), were used to reflect potential
dietary breadth. δ13C and δ15N trophic discrimination factors can vary (Vander Zanden et al.
2000; Van derklift and Ponsard 2003) depending on prey type, prey quality, and the general
metabolic pathways consumers use to digest and assimilate food.
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Finally, I used linear models, meeting key assumptions, to examine the partitioning of
diet between individual river otters. Linear regression is an analysis that assesses whether 1 or
more predictor variables explain the dependent, or criterion, variable (Chatterjee et al. 2000).
Assumptions of normality and homoscedasticity were tested by a series of scatterplots and Q-Q
plots. Variance inflation factors (VIF) were used to assess multicollinearity (Chatterjee et al.
2000). Analysis of variance (ANOVA) was used to analyze variance components for random
effects. Nonsignificant variance components (p > 0.05) were assumed to be equal to 0. In my
models, the fixed effects included geographic location (3 levels: Northeast, Southeast, and
Western Ohio), sex (2 levels: Male and Female), and age (3 levels: Juvenile, Yearling, Adult).
The residual error term corresponded to within-individual variation, accounting for all remaining
variance not explained by other terms.
RESULTS
Isotopic Values of River Otters
Tissue samples from 99 river otter samples were collected from 2016-2018 to undergo
diet analysis (Table 2.1), including 58 males and 41 females. The ranges in isotopic values for
river otters were broad (δ13C : -29.37 ‰ - -21.25 ‰, δ15N: 11.89 ‰ – 19.98 ‰), suggesting a
highly varied diet and dietary differences among individuals during the period of tissue growth.
On average, male river otters had similar nitrogen values (mean: 𝑥̅ = 15.10 ‰, standard
deviation: σ = 1.83 ‰) and carbon values (𝑥̅ = -26.18 ‰, σ = 1.59 ‰) compared to female river
otters (δ15N: 𝑥̅ = 14.96 ‰, σ = 2.12 ‰; δ13C: 𝑥̅ = -26.67 ‰, σ = 1.51 ‰), suggesting similar
dietary habits.
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Of the 99 river otters collected, 31 were juvenile otters (< 1 year of age), 37 were
yearlings (1 – 2 years of age), and 30 were adults (> 2 years of age). There was 1 river otter that
could not be aged. Juvenile otters (𝑥̅ = 14.94 ‰, σ = 1.80 ‰) had similar δ15N values when
compared to adults (𝑥̅ = 15.04 ‰, σ = 2.09 ‰), whereas yearling river otters had slightly higher
δ15N values (𝑥̅ = 15.21 ‰, σ = 1.95 ‰). When examining δ13C values, adult river otters seemed
to have the highest (𝑥̅ = -26.20 ‰, σ = 1.59 ‰), followed by yearlings (𝑥̅ = -26.25 ‰, σ = 1.83
‰), with juvenile river otters having the lowest δ13C values (𝑥̅ = -26.78 ‰, σ = 1.13 ‰).
Lastly, I examined the samples separated by the geographic location in which they were
found (Figure 2.4). This was classified into Northeast Ohio, Southeast Ohio, and Western Ohio.
Our Northeast sample was comprised of 32 individuals, our Southeast population had 35
individuals, and Western Ohio had 14 individuals. There were 18 individuals who were not given
a location. River otters collected from Northeast Ohio (𝑥̅ = 14.88 ‰, σ = 1.37 ‰) had similar
δ15N values as otters coming from Southeast (𝑥̅ = 14.20 ‰, σ = 1.53 ‰). Whereas, river otters
collected from Western Ohio had a much higher δ15N value (𝑥̅ = 17.12 ‰, σ = 2.52 ‰), possibly
indicating an additional nitrogen source to bodies of water in the western region (Figure 2.5).
Northeast (𝑥̅ = -27.25 ‰, σ = 1.03 ‰) otter populations have similar δ13C values as the
Southeast (δ13C = 𝑥̅ = -2 6.13‰, σ = 1.69 ‰) otter populations. Otters found in the west (𝑥̅ = 24.75 ‰, σ = 0.97 ‰) had a much higher δ13C value, suggesting a more dominate C-4
ecosystem (Figure 2.6).
δ15N and δ13C values were unaffected by year sampled (δ13C: F (1,97) = 1.16, p = 0.28 and
δ15N: F(1,97) = 0.67, p = 0.42) or calendar month of collection (δ13C: F (1,97) = 1.75, p = 0.31 and
δ15N: F (1,97) = 2.50, p = 0.12) however, not all calendar months were sampled.
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Isotopic Values of Potential Prey Sources
Different prey species were grouped by (1) taxonomy and (2) similar δ13C and δ15N
values. Centratchidae consists of sunfish such as bass and bluegill (δ13C: 𝑥̅ = -25.75 ‰, σ = 1.55
‰, δ15N: 𝑥̅ = 13.19 ‰, σ = 1.17 ‰). There was no significance found between the isotopic
values of these species (δ13C: F(1,8) = 1.65, p = 0.24, δ15N; F(1,8) = 3.39, p = 0.10). Fish group 1
consists of carp, catfish, darter, perch, and sucker species (δ13C: 𝑥̅ = -27.42 ‰, σ = 1.01 ‰,
δ15N: : 𝑥̅ = 14.42 ‰, σ = 2.04 ‰). All fish in this group had a similar isotopic composition. No
difference was found between δ13C (F(1,14) = 2.76, p = 0.12) and δ15N (F(1,14) = 0.06, p = 0.81)
values. Minnow (Cyprinidiae) (δ13C: 𝑥̅ = -26.69 ‰, σ = 0.32 ‰, δ15N: : 𝑥̅ = 9.43 ‰, σ = 0.67
‰), freshwater mussel (δ13C: 𝑥̅ = -29.84 ‰, σ = 0.43 ‰, δ15N: : 𝑥̅ = 11.78 ‰, σ = 0.47 ‰), and
crayfish (δ13C: 𝑥̅ = -27.38 ‰, σ = 1.03 ‰, δ15N: : 𝑥̅ = 13.35 ‰, σ = 1.14 ‰) were left as their
own prey groups because of the differences in their δ13C and δ15N values (Table 2.2). To correct
river otter isotope data for trophic discrimination and plot consumers in dietary space (Figure
2.1), I have subtracted 1.1 ± 0.2% and 3.3 ± 0.1% from mean individual δ13C and δ15N values,
respectively.
Dietary Sources
δ13C and δ15N values from 2016-2017 and 2017-2018 river otters and their prey species
were plotted in an isotopic bi-plot (Figure 2.1). Trophic discrimination factors from experimental
and modelling studies (Roth and Hobson 2000) were then applied to prey source values and
plotted in bivariate space to analyze overlap with values from river otter muscle tissue. Due to
small sample sizes for some individual prey species, mean δ 15N and δ 13C values were calculated
for each prey species and then combined into a mean value for use in mixing models.
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Minnows (Cyprinidiae) were the most dominate prey species among river otters as a
whole (𝑥̅ = 38%, SD = 0.10, CI = 11-45%) (Table 2.3). This was followed by crayfish (𝑥̅ = 29%,
SD = 0.19 CI = 15-43%) and freshwater mussels (𝑥̅ = 22%, SD = 0.10, CI = 9-38%).
Centratchidae (𝑥̅ = 3%, SD = 0.11, CI = 1-27%) and fish group 1 (𝑥̅ = 7%, SD = 0.14, CI = 525%) averaged around 10%, suggesting these prey species are the smallest proportion total river
otter diet (Table 2.3).
When grouping individuals by sex, similar results were found (Figure 2.2). Minnows
(Cyprinidiae) were the most dominate prey species among both male (𝑥̅ = 30%, SD = 0.11, CI =
10-43%) and female (𝑥̅ = 31%, SD = 0.11, CI = 21-53%) (Table 2.4). This was followed by
crayfish (male: 𝑥̅ = 23%, SD = 0.14, CI = 10-32%; female: 𝑥̅ = 24%, SD = 0.14, CI = 9-31%)
and freshwater mussels (male: 𝑥̅ = 22%, SD = 0.10, CI = 9-36%; female: 𝑥̅ = 19%, SD = 0.09, CI
= 9-30%). Centratchidae (male: 𝑥̅ = 9%, SD = 0.12, CI = 5-29%; female: 𝑥̅ = 10%, SD = 0.12,
CI = 2-24%) and fish group 1 (male: 𝑥̅ = 9%, SD = 0.12, CI = 5-29%; female: 𝑥̅ = 9%, SD =
0.12, CI = 2-26%) averaged around 18% of the total river otter diet.
River otter dietary values were then divided into age classes (Figure 2.3). These classes
consisted of juvenile individuals (< 1 year olds), yearlings (between 1-2 years old), and adults (>
2 year olds). All age classes had the prey group of minnows as their largest diet component.
Once again, this was followed by crayfish and freshwater mussel (Table 2.5). Although
proportions seemed relatively similar, freshwater mussels seemed to be a more prevalent prey
source in the diet of an adult river otter (𝑥̅ = 28%, SD = 0.12, CI = 6-33%) as compared to the
rest of the age classes (juvenile: 𝑥̅ = 17%, SD = 0.10, CI = 3-24%; yearling: 𝑥̅ = 17%, SD = 0.10,
CI = 3-31%). Juvenile (𝑥̅ = 25%, SD = 0.15, CI = 10-43%) and yearling otters (𝑥̅ = 29%, SD =
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0.16, CI = 12-38%) had a higher percentage of crayfish in their overall diet, where adult river
otters had less (𝑥̅ = 18%, SD = 0.15, CI = 7-35%)
River otter values were grouped in relation to their geographic location at time of
collection (Figure 2.4). These regions were grouped as followed: Northeast Ohio (n= 32),
Southeast Ohio (n = 35), and Western Ohio (n = 12). The Northeast region had higher prevalence
of freshwater mussels (𝑥̅ = 49%, SD = 0.09, CI = 0.2-10%) in their overall diet, where the
Southeast region had minnows as their largest diet component (𝑥̅ = 58%, SD = 0.11, CI = 4872%) and the Western region having Centrarchidae (𝑥̅ = 76%, SD = 0.19, CI = 62-97%) (Table
2.6, Figure 2.7). All age groups and sexes were represented within each region.
Linear Models
I derived models to evaluate proportioning of diet for each individual otter. All fish were
combined into 1 proportion, as we already know the difference in proportions between fish
species via our mixing models. When looking at the proportion of fish within river otter diet, the
fixed effects of sex (t1 = -0.93, p = 0.36) and age (t2 = 0.04, p = 0.97) were not significant,
whereas location was (t2 = -3.00, p < 0.01). Location alone accounted for about 15% of the
variance in our model (R2adjusted = 0.15). Yearling male river otters had a slightly negative
correlation with the proportion of fish in their diet.
When evaluating the proportion of freshwater mussels in river otter diet, the fixed effects
of sex (t1 < -0.01, p = 0.99) and age (t2 = 0.31, p = 0.76) were not significant, whereas location
was (t2 = 2.81, p < 0.01). Northeast and western Ohio were all found significant in response to
the proportion of freshwater mussels in river otter diet, however Southeast Ohio was not (t1 = 1.39, p = 0.17). Location alone accounted for about 11% of the variance in our model (R2adjusted
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= 0.11). Juvenile male river otters had a slightly negative correlation with the proportion of
freshwater mussels in their diet.
Lastly, when considering the proportion of crayfish in river otter diet, the fixed effects of
sex (t1 = 0.35, p = 0.73) and age (t2 = 0.22, p = 0.83) were not significant, whereas location was
(t2 = - 2.64, p = 0.01). Northeast and southeast Ohio were all found significant in response to the
proportion of crayfish in river otter diet, however western Ohio was not found significant (t1 = 1.18, p = 0.24). Location alone accounted for about 5% of the variance in our model (R2adjusted =
0.05).
The remaining variance in our models is due to individual variation and might be
explained by other factors that were not taken into account in the analysis, such as seasonality or
other prey species not sampled.
DISCUSSION
Stable isotope values of otters sampled in western Ohio were significantly different than
those sampled in the northeast and southeast. Differences in prey abundance and distribution
may account for these differences indicating varied otter diets. With results suggesting that
geographic location effects the proportion of prey species in the diet of a river otter, it is
important to look at prey availability in each area. Although all listed prey items can be found in
all regions, the western region of Ohio has a greater abundance of sunfish and bass, whereas both
the northeast and southeast regions have a high abundance of freshwater mussel and minnow
populations (Ohio Department of Natural Resources 2018). Differences in prey availability and
abundance across Ohio can cause differences in prey species proportions in the diet of the river
otter. Mobility may also be linked to isotopic variation. The age and sex of a river otter can
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influence the mobility and distance the animal is willing to travel (Melquist & Hornocker 1983).
Yearling river otters are known to be the most mobile, followed by adults, then juveniles
(Melquist & Hornocker 1983), possibly influencing prey availability. Mobility could explain the
difference in prey species proportioning between river otter age groups in the current study.
Although there is little information on diet variability among age classes of river otters, it is not
uncommon. Other species, such as wolves and arctic foxes, have been reported to have
differences in prey species selection between juvenile, yearling, and adult individuals (Darimont
and Reimchen 2002, Roth 2002, Milakovic and Parker 2011).
Spatial differences can also be attributed to additional nitrogen sources added to an
ecosystem, as well as difference in metabolic pathways for plants in the region. Due to a large
portion of agricultural practices along a majority of the western’s watersheds, agriculture has
contributed to high nitrogen and phosphate levels (Ohio Department of Natural Resources 2018).
This region likely reflects a C-4 dominated ecosystem due to the surrounding farmland and
abundance of crops, such as corn, contributing to the surrounding waterbodies. With these
differences in nitrogen and carbon, the primary producers in the western region likely have
elevated δ15N and δ13C values, reflecting similar trends in our river otter isotope values.
Northeast and southeast Ohio are more similar in regards to habitat. Both areas have little
agriculture and represent a more typical C-3 dominated ecosystem with the surrounding trees and
grasses.
The Bayesian model, used to estimate the relative contributions of different potential prey
sources to river otter tissue, suggested that minnows, crayfish, and freshwater mussels made up
the majority of the diet. Relative prey contributions, as indicated by MixSIAR, is consistent with
river otter stomach content and latrine studies, reporting that smaller fish species are the most
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prevalent prey source, followed by invertebrates, such as crayfish, and different bivalves (Berg
1999, Melquist and Hornocker 1983, Reid et al. 1994, Serfass et al. 1990).
Stable isotopic mixing models that focus on mean isotopic signatures have proved to be
a robust measure of diet at the population level. The possibility of incorporating individual
variability in isotope signatures into dietary mixing models is an important prospect for refining
investigations of food web models, predator–prey interactions, and competition (DeAngelis and
Gross 1992). Moreover, variance in the measurements of proxies that determine niche width
among individual species is ecologically meaningful. Generally, narrow posteriors for
populations or groups denote low variability of resource use, whereas wide posteriors suggest
higher dietary plasticity (Hopkins and Kurle 2015). A large range of median posteriors for
individuals, with little overlap, suggests consumers have heterogeneous diets. However, in this
case, river otters seem to exhibit plasticity in their diets in all regions with prey species
proportional overlap. Although in some regions where prey species are in higher abundance,
confidence intervals tend to overlap, suggesting variability in river otter diet. Further supporting
this idea, the large variance measured for both river otter isotopes (SD > 1‰, n = 99) is
indicative of real isotopic variation in diet among individual otters. Diet variability has been
found in multiple river otter diet studies, suggesting river otters consume a variety of fish
species, as well as invertebrates, bivalves, and various secondary prey species (Berg 1999,
Melquist and Hornocker 1983, Reid et al. 1994, Serfass et al. 1990, Crowley et al. 2013). The
width of posteriors is also related to the variability of isotope values for each prey species and
their positions relative to each other in the isotopic mixing space (Hopkins and Kurle 2015). An
increase in the isotopic variation of a prey species or the overlap of isotope values for prey items
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may decrease the precision of dietary estimates, increasing credible intervals (Hopkins and Kurle
2015).
It is important to note that some trends in Ohio’s river otter population could be masked
due to small sample size. If a sample size is too small, it can be difficult to find significant
relationships from the data, as statistical tests normally require a larger sample size to ensure a
representative distribution of the population (Agresti, 2007). Known river otter prey items, such
as frogs, turtles, small mammals, waterfowl eggs and insects, were not collected due to time and
resource limitations. Prey species such small mammals and waterfowl eggs are recorded in such
small abundance in relation to river otter diet, the likelihood of significance is trivial. However,
because we do not have every potential prey source accounted for, our model could have some
limitations, missing a proportion of other prey sources. Prey species were not specifically located
where the river otters were collected, leaving room for possible fluctuations in both δ13C and
δ15N values. Nevertheless, this study suggests that the diet of the Ohio river otters predominately
consists of smaller fish, freshwater mussel, and crayfish. River otters exhibits dietary plasticity,
often reliant on prey abundance and availability. Dietary differences and isotopic variability can
be found across Ohio, suggesting differences in prey species selection or possible isotopic
fluctuations between watersheds.
MANANGEMENT IMPLICATIONS
Our model indicates that river otters prefer fish such as minnows in larger proportion, as
well as freshwater mussels and crayfish, which are not items highly sought out by fisherman.
These results suggest that the otters may not be detrimental to sport fishing over a large scale,
however they may impact fishing locally, depending on the prey availability within the region.
With Centrarchidae being a large proportion of Western river otter diet, bass populations in the
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area may decrease if otter populations are abundant. Prey availability is known to influence
factors such as population dynamics (Fuller 1989, Fuller and Sievert 2001), foraging ecology
(Gonzalez 1997), and habitat selection (Wang et al. 2010). With prey availability and abundance
influencing river otter prey selection, it is important to monitor both Ohio’s river otter
populations, as well as their prey species. River otters are aquatic keystone predators, thus
managing for an adequate prey base is critical for maintaining a healthy ecosystem. I suggest
continuation of river otter demographic studies in Ohio to increase knowledge of river otter
population densities. As the river otter population continues to increase in eastern Ohio, fish and
other abundant prey sources are likely to be consumed at a higher rate than those in areas with
smaller river otter populations. Seasonal variation in the diet of river otters likely reflects
changes in the availability and vulnerability of prey (Serfass et al. 1990, Giordano 2005). As this
was not examined in the current study, investigating seasonality for the diet of river otters in
Ohio should be the next step in examining Ohio river otter ecology. I believe it is important to
continue studies on river otter diet and sample more prey species not represented in the current
study, as this could provide more information and be more informative of the animal’s dietary
niche and foraging habits.
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Figure 2.1. Bivariate plot of δ13C (‰) vs. δ15N (‰) values of individual river otter from muscle
tissue samples collected from 2016-2017 and 2017-2018 harvest seasons and the average of
potential prey species and their standard error from fall of 2017 in Ohio.
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Figure 2.2. Bivariate plot of δ13C (‰) vs. δ15N (‰) values from muscle tissue samples collected
from river otters during the 2016-2017 and 2017-2018 harvest seasons and the average of
potential prey species and their standard error from fall of 2017 in Ohio, separated by female
(n=41) and male (n=58).
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Figure 2.3. Bivariate plot of δ13C (‰) vs. δ15N (‰) values from muscle tissue samples collected
from river otters during the 2016-2017 and 2017-2018 harvest seasons and the average of
potential prey species and their standard error from fall of 2017 in Ohio, separated by juvenile
(n=31), yearling (n=37), and adult (n=30) age classes.
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Figure 2.4. Bivariate plot of δ13C (‰) vs. δ15N (‰) values from muscle tissue samples collected
from river otters during the 2016-2017 and 2017-2018 harvest seasons and the average of
potential prey species and their standard error from fall of 2017, separated by Northeast (n=32),
Southeast (n=35), and Western (n=14) Ohio.
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Figure 2.5. Boxplot of δ15N (‰) values of river otter compared by geographic location of harvest
for the combined years of 2016-2017 and 2017-2018 in Ohio. Median contribution of prey
species is represented by the solid line. Maximum, minimum, interquartile range represents the
range of isotopic values for river otters in each region. Outliers present are represented as dots on
the figure.
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Figure 2.6. Boxplot δ13C (‰) values of river otter compared by geographic location of harvest
for the combined years of 2016-2017 and 2017-2018 in Ohio. Median contribution of prey
species is represented by the solid line. Maximum, minimum, interquartile range represents the
range of isotopic values for river otters in each region. Outliers present are represented as dots on
the figure.
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Figure 2.7. Boxplot exhibiting proportional dietary contributions for river otter sampled in Ohio
from 2016-2017 and 2017-2018 harvest seasons, grouped by geographic location. Median
contribution of prey species is represented by the solid line. Maximum, minimum, interquartile
range represents the range of prey species proportion in river otter diet.
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Table 2.1. Average isotopic values of river otter muscle collected from 2016-2017 and 20172018 seasons in Ohio, USA. Otters were then broken into groups depending on their sex, age,
and geographic location at time of collection.
Average δ13C
(‰)

SD

Average δ15N
(‰)

SD

River Otter

-26.39

1.57

15.04

1.94

Sex
Male
Female

-26.18
-26.67

1.59
1.51

15.10
14.96

1.83
2.12

Age
Juvenile
Yearling
Adult

-26.78
-26.25
-26.20

1.13
1.83
1.59

14.94
15.21
15.04

1.80
1.95
2.09

Location
Northeast
Southeast
West

-27.25
-26.13
-24.75

1.03
1.69
0.97

14.88
14.20
17.12

1.37
1.53
2.52

61

Table 2.2. Average isotopic values of potential river otter prey species collected from 2016-2017
in Ohio watersheds. Prey source groups were divided based off of family groups and similar δ13C
and δ15N values.

Centrarchidae
Crayfish
Cyprinidiae
Fish 1*
Freshwater Mussels

Average δ13C
(‰)

SD

Average δ15N
(‰)

SD

-25.75
-27.38
-26.69
-27.42
-29.84

1.55
1.03
0.32
1.01
0.43

13.19
13.35
9.43
14.42
11.78

1.17
1.14
0.67
2.04
0.47

*Fish 1 is a combined group of fish with similar isotopic values, including perch, suckers, catfish, and darters.
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Table 2.3. Average prey species proportion in river otter diet from muscle samples collected
between 2016-2017 and 2017-2018 in Ohio watersheds
Proportion of Diet
𝑥̅

95% CI

SD

Cyprinidiae
Centrarchidae
Fish 1*

0.38
0.03
0.07

0.11 - 0.45
0.01 - 0.27
0.05 - 0.25

0.10
0.11
0.14

Mussels

0.22

0.09 - 0.38

0.10

Crayfish

0.29

0.15 - 0.43

0.19

Average Otter

*Fish 1 is a combined group of fish with similar isotopic values, including perch, suckers, catfish, and darters.
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Table 2.4. Prey species proportion in river otter diet from muscle samples collected between
2016-2017 and 2017-2018 in Ohio watersheds, separated between river otter sex.
Proportion of Diet
𝑥̅

95% CI

SD

Male
Cyprinidiae
Centrarchidae
Fish 1*

0.30
0.09
0.09

0.10 - 0.43
0.05 - 0.29
0.05 - 0.29

0.11
0.12
0.12

Mussels

0.22

0.09 - 0.36

0.10

Crayfish

0.23

0.10 - 0.32

0.14

Cyprinidiae
Centrarchidae
Fish 1*

0.31
0.10
0.09

0.21 - 0.53
0.02 -0.24
0.02 - 0.26

0.11
0.12
0.11

Mussels

0.19

0.9 -0.30

0.09

Crayfish

0.24

0.09 - 0.31

0.14

Female

*Fish 1 is a combined group of fish with similar isotopic values, including perch, suckers, catfish, and darters.
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Table 2.5. Proportions of prey species in river otter diet from muscle samples collected between
2016-2017 and 2017-2018 in Ohio watersheds, partitioned by age class.
Proportion of Diet
𝑥̅

95% CI

SD

Juveniles
Cyprinidiae
Centratchidae
Fish 1*

0.31
0.09
0.09

0.19 - 0.46
0.03 - 0.26
0.02 - 0.20

0.12
0.13
0.12

Mussels

0.17

0.03 - 0.24

0.10

Crayfish

0.25

0.10- 0.43

0.15

Cyprinidiae
Centratchidae
Fish 1*

0.28
0.09
0.08

0.11 - 0.41
0.003 - 0.19
0.02 - 0.21

0.11
0.14
0.11

Mussels

0.17

0.03 - 0.31

0.10

Crayfish

0.29

0.12 - 0.38

0.16

Cyprinidiae
Centratchidae
Fish 1*

0.30
0.09
0.08

0.14 - 0.41
0.003 - 0.27
0.009 - 0.24

0.11
0.10
0.10

Mussels

0.28

0.06 - 0.33

0.12

Crayfish

0.18

0.07 - 0.35

0.12

Yearlings

Adults

*Fish 1 is a combined group of fish with similar isotopic values, including perch, suckers, catfish, and darters.
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Table 2.6. Prey species proportion in river otter diet from muscle samples collected between
2016-2017 and 2017-2018 in Ohio watersheds, partitioned by geographic regions where river
otters were collected.
Proportion of Diet
𝑥̅

95% CI

SD

Cyprinidiae
Centratchidae
Fish 1*

0.31
0.03
0.04

0.19 - 0.48
0.002 - 0.16
0.005 - 0.17

0.09
0.08
0.08

Mussels

0.49

0.31 -0.65

0.09

Crayfish

0.02

0.002 - 0.10

0.08

Cyprinidiae
Centratchidae
Fish 1*

0.58
0.02
0.02

0.48 - 0.72
0.002 - 0.15
0.003 - 0.16

0.11
0.07
0.07

Mussels

0.08

0.007 - 0.22

0.10

Crayfish

0.22

0.12 - 0.31

0.17

Cyprinidiae
Centratchidae
Fish 1*

0.02
0.76
0.02

0.003 - 0.17
0.62 - 0.97
0.005 - 0.27

0.08
0.19
0.11

Mussels

0.02

0.004 - 0.14

0.05

Crayfish

0.03

0.008 - 0.23

0.12

Northeast

Southeast

West

*Fish 1 is a combined group of fish with similar isotopic values, including perch, suckers, catfish, and darters
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