Received: 16 May 2023

Revised: 11 October 2023

Accepted: 12 October 2023

DOI: 10.1002/wsb.1502

RESEARCH ARTICLE

WILDL

SOCIETY

Diet of the North American river otter (Lontra
canadensis) in North Carolina using 2 methods

Charles W. Sanders 11* |
Colleen Olfenbuttel® |

IFisheries, Wildlife, and Conservation Biology
Program, Department of Forestry and
Environmental Resources, College of Natural
Resources, North Carolina State University,
Raleigh, NC 27695, USA

2The Wilds, Wildlife Ecology,
14000 International Road, Cumberland,
OH 43732, USA

3Surveys and Research Program, Wildlife
Management Division, North Carolina
Wildlife Resources Commission, Pittsboro,
NC 27312, USA

Correspondence

Christopher S. DePerno, Fisheries, Wildlife,
and Conservation Biology Program,
Department of Forestry and Environmental
Resources, College of Natural Resources,
North Carolina State University, Raleigh, NC
27695, USA.

Email: chris_deperno@ncsu.edu

Funding information

North Carolina Wildlife Resources
Commission, Federal Aid to Wildlife
Restoration; The Wilds; Fisheries, Wildlife,
and Conservation Biology, North Carolina
State University

Stephen F. Spear? |
Christopher S. DePerno?

Kristina Black? |

Abstract

River otters (Lontra canadensis) are key predators in North
Carolina's aquatic systems, but they are often seen as
competitors by anglers and fish hatcheries. River otter diets
typically consist of fish and crayfish, but also include occasional
herpetofauna, mammals, and birds. While standard diet studies
focus on identification of prey through manual examination of
stomach contents and feces, metabarcoding DNA analysis has
become more popular to determine the presence or frequency
of species that are often missed, misidentified, or under-
estimated. We collected river otter carcasses from licensed
trappers and fur dealers across North Carolina from the
2009-10 trapping season through the 2015-16 season. We
conducted necropsies and analyzed the stomach contents using
standard observational methods and metabarcoding DNA
analysis. We manually examined 522 river otter stomachs, of
which 377 contained prey items. Decapods (crustaceans) were
identified in 41% of stomachs and made up similar percentages
within each Furbearer Management Unit (FMU). The order
Perciformes composed the majority (62%) of fish prey across all
stomach samples. Coastal Plain river otters primarily consumed
crustaceans (50%) and fish (40%). Piedmont and Mountain river
otters consumed fish (32% and 42%, respectively) most often
followed by crustaceans (62% and 50%, respectively). Prey

selection was similar between the sexes. Out of 368 samples,
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metabarcoding DNA examination was able to reliably match 164
prey items to species, 5 classes, 18 orders, 25 families, and 42
genera. Fishes made up 33% of the identifications, particularly
Perciformes (13%), Cypriniformes (7%), and Siluriformes (5%).
Twelve percent of identifications was made up by Amphibia,
split evenly by Anura and Urodela. No birds or reptiles were
detected in the Mountain or Piedmont FMUs, and no mammals
were detected in the Coastal Plain or Mountain FMU. Overall,
river otters in North Carolina consume a large variety of prey
that varied regionally. The manual examination provided
identifications that were not provided by the DNA examination
(i.e., crayfish, brown snakes), while the DNA examination
provided a more accurate identification of the broad array of
prey items. To understand the composition of annual river otter
diets we encourage managers to expand research to evaluate
river otter diets year-round and incorporate additional non-

invasive methods (e.g., scat surveys) throughout the year.

KEYWORDS
diet, DNA, Lontra canadensis, metabarcoding, river otter

Diet is an important ecological component for apex predators like the North American river otter (Lontra canadensis;
hereafter river otter). River otters are key predators in aquatic systems (Melquist and Dronkert 1987), and prey upon a
diverse group of fish, reptiles, amphibians, mollusks, and crayfish species (Anderson and Woolf 1987, Crait and Ben-
David 2006, Cote et al. 2008, Barding and Lacki 2012, Feltrop 2016). Additionally, river otters will feed on mammals
and birds (Toweill 1974, Crimmins et al. 2009, Penland and Black 2009, Wengeler et al. 2010, Barding and Lacki
2012). River otters follow optimal foraging theory (Thompson and Stelle 2014) and select large slow-moving prey
when it is available. Further, river otter diets reflect the availability of prey across the landscape and seasons (Stenson
et al. 1984, Taylor et al. 2003, Roberts et al. 2008, Penland and Black 2009, Stearns and Serfass 2010).

While otter species serve a vital role in aquatic systems (Hammerschlag et al. 2019), they are often seen as
competition by anglers, commercial fishermen, and fish hatcheries (Johnson 1982, Vaclavikova et al. 2011, Barbieri
et al. 2012, Rosas-Ribeiro et al. 2012). Trout fishermen have long complained about river otter predation (Lagler and
Ostenson 1942, Knudsen and Hale 1968, Serfass et al. 2014) even though, with the exception of lake ecosystems
(Crait and Ben-David 2006, Wengeler et al. 2010), studies have confirmed that trout play a minor role in river otter
diets (Lagler and Ostenson 1942, Ryder 1955, Knudsen and Hale 1968, Toweill 1974).

Standard river otter diet studies focus on identifying prey through the remaining hard parts in either scat
(Gallant et al. 2007) or stomach contents (Hyslop 1980). While hard parts are identified with the help of manuals
and keys, they often overestimate the volume of some species in the overall diet (Klare et al. 2011). Conversely, soft
prey items are usually underestimated in diet analyses because they are easily digestible (Mizukami et al. 2005,
Osaki et al. 2019). Metabarcoding DNA analysis has increased in prevalence due to the availability of affordable
high-throughput sequencing and has come into regular use to detect environmental DNA of species communities
(Taberlet et al. 2018) and to more accurately determine the diet of various species (Valentini et al. 2009). Our
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objective was to establish baseline diet parameters of river otters in North Carolina and determine the feasibility
and benefits of metabarcoding DNA analysis on river otter stomach contents.

STUDY AREA

We conducted our study across North Carolina. For management purposes, the North Carolina Wildlife Resources
Commission (NCWRC) divides the state into 3 Furbearer Management Units (FMUs; Mountain, Piedmont, and
Coastal Plain) which followed physiographic regions and county boundaries (Figure 1). However, because river
otters are semiaquatic, their territories are linear and tend to correspond to river-basin geographic features
(Melquist and Hornocker 1983, Melquist and Dronkert 1987, Reid et al. 1994, Sauer et al. 1999, Blundell et al.
2001). Therefore, we focused our study on the 14 river basins that occur throughout North Carolina (Figure 1)
which include cold water systems in the Mountains and Piedmont and warm water systems throughout the state.
Within those river basins are 17 terrestrial and 11 wetland communities including bogs, black and brown water
systems, freshwater tidal wetlands, pocosins, swamps, natural lakes, reservoirs, impoundments, and saltwater

estuaries (North Carolina Wildlife Resources Commission 2015).

MATERIALS AND METHODS
General and necropsy methods

We collected river otter carcasses from licensed trappers and wildlife damage control agents (WDCA) during the
regulated trapping seasons beginning 1 November 2009 and ending 29 February 2016. We did not collect any
carcasses during the November 2013-February 2014 trapping season. Trappers and WDCA provided general
location data (county) for all river otter samples and we used ArcGIS to assign each sample to a specific FMU. We

froze the carcasses until necropsy.

Manual examination data analysis

We emptied the stomach contents into a collecting tray. We identified whole prey items using the naked eye and
40X dissection microscopes. We used dichotomous keys (Chesapeake Bay Multispecies Monitoring and

FIGURE 1 Furbearer Management Units (FMU) and river basins of North Carolina, USA, from 2009-2016.
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Assessment Program and Northeast Area Monitoring and Assessment Program 2013, 2020; Moore and Spence
1974; Roest 1991; Daniels 1996; Cooper 2004aq, b, c, d, €, f) and identification guides (Martof et al. 1980, Webster
et al. 1985, Page and Burr 1991, Conant and Stebbins 1999, Reid 2006, Beane et al. 2010) to identify scales,
exoskeletons, and other parts. We identified prey items to the lowest possible taxonomic classification. After the
identification process, all stomach contents and all liquid were homogenized with an immersion blender. We
extracted 5 mL samples for metabarcoding DNA analysis. No fixative was used and all samples were frozen until
DNA processing. We excluded empty stomachs from the data analysis. Frequency of manual examined prey items
and DNA extracted from prey items were analyzed across order, FMU, sex, and age using analysis of variance
(ANOVA). We set alpha at 0.05 for all analyses.

DNA laboratory methods

Stomach contents were purified by vortexing 200 ul of each sample with 1 ml InhibitEX Buffer (Qiagen, Venlo,
Netherlands) for two minutes, and then centrifuging for one minute to pellet the impurities. The supernatant was
further processed for DNA extraction using a DNeasy blood and tissue kit (Qiagen, Venlo, Netherlands). Starting
with 600 ul of the supernatant, we added 600 ul Buffer AL and lysed with 25 ul Proteinase K at 70°C for 10 minutes
in 2-ml microcentrifuge tubes. Following incubation, the lysate was homogenized with 600-ul EtOH, and DNA was
collected by centrifuging the entire mixture through the spin column in three 600-ul increments at 13,500 rpm for
one minute each. The remaining extraction protocol followed the standard kit guidelines, with the exception that
DNA was eluted in 150-pl volume of elution buffer.

We amplified the 16 S rRNA gene using the V16S (Vences et al. 2016) primer pair. We tested these primers on
river otter stomach samples, river otter tissue, and tissue from 35 fish and mussel species native to the United
States and ran the PCR to verify broad taxonomic coverage. Initial amplification of all samples was performed in a
25-pl reaction volume using 5 ul of KAPA HiFi HotStart ReadyMix (KAPA Biosystems, Wilmington, MA, USA),
10.75-pl nuclease-free water, 0.75-ul dNTPs, 0.5-ul KAPA HiFi DNA polymerase, and 5 ul of template. Every
sample contained 1.5 pl (5 uM) of the V16S primer mix. The thermal cycle profile contained an initial denaturation at
98°C for 3 minutes, followed by 17 cycles involving denaturation at 98°C for 30 seconds, annealing at 55°C for
30 seconds, and elongation at 72°C for 30 seconds, and a final extension 72°C for 5 minutes.

The PCR product served as a template for a second PCR to add internal identifying tags. The components in this
reaction were the same, except that instead of adding the unlabeled V16S primers across every sample, we added
1.5 ul (5 uM) of each forward (A-H) and reverse (1-12) 16S fusion-indexed primers in combination across each
96-well plate using a TaggiMatrix spreadsheet (Glenn et al. 2019). We ran this reaction for 17 more cycles using the
same thermal profile and checked the products on a gel. We pooled 5 pl of the tagged amplicons from each sample
into 1.5-ml microcentrifuge tubes by plate with final volumes of 480 pl each. The pooled containers were purified
using Speedbeads (ThermoFisher-Scientific, Waltham, MA, USA) in a ratio of PCR product volume to beads of 1:1.5
and resuspended in 100 ul of TE. We checked the purified products for the correct fragments size and primer dimer
removal on a gel.

We used the pooled and purified products as a template in a third PCR to add iTru adapter sequences. This
round involved a 50-pl reaction volume containing 10-pl 5X Kapa Hifi Buffer, 1.5-pl dNTPs, 1-pl Kapa HiFi DNA
polymerase, 10-ul template, and different combinations of 5-ul (5 uM) iTru5 and iTru7 primers. The thermal cycling
profile had an initial denaturation at 98°C for 2 minutes, followed by 7 cycles of denaturation at 98°C for
20 seconds, annealing at 60°C for 15 seconds, and elongation at 72°C for 30 seconds, and a final extension 72°C for
5 minutes. We ran each sample from the previous PCR in three replicate reactions, each with a different iTru5/iTru7
index. All three reactions were quantified with Qubit and pooled in equimolar concentrations before sequencing.
We submitted libraries and primers for paired-end sequencing on an lllumina MiSeq platform at the University of
Kentucky HealthCare Core Genomics Facility.
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DNA data analyses

Reads were demultiplexed using python program Mr. Demuxy v1.2.2 (https://pypi.org/project/Mr_Demuxy/) to separate
pooled samples with combinatorial barcodes. We imported the demultiplexed dataset as a fastq to Qiime 2 (Bolyen et al.
2019) for all further analyses. We performed quality control using DADA2 (Callahan et al. 2016) to trim primers and
adapters as well as to denoise and dereplicate paired-end sequences. We assembled a custom-made reference database
that included all available sequences of vertebrates, crayfish, freshwater mussels, and oyster species within the study area
and that had 16 S rRNA sequences and taxonomy information from Genbank (Benson et al. 2013). We extracted target
regions from the reference sequences by trimming according to each universal primer set. The trimmed reference reads
were used to train a Naive Bayes classifier to match their corresponding taxonomic classification. Then, we applied the
trained classifier to our dataset to determine taxon representation within each stomach sample. After classification, prey
species were assigned to each sample if sequences were present in all three PCR replicates and if the combined number of
reads across replicates exceeded 242 reads. The threshold of 242 reads was selected because it represented the highest
number of reads that represented a clearly erroneous classification, which in this case was the identification of Siren
salamander (Sirenidae) sequences in a Mountain sample.

RESULTS

We evaluated river otter diet by manual and DNA comparison across North Carolina, by order, sex, and FMU
(Figures 2-7). Additionally, we provided manual and DNA data across North Carolina by class, family, genus,
species, FMU, and river basin (Tables S1-514, available in Supporting Information).

Manual examination
We manually examined the contents of 522 (325 male, 197 female) river otter stomachs. Of these 28% (n = 145, 98

male, 47 female) of river otter stomachs were empty and were excluded from future analyses (Figures 2-7). Of the

377 nonempty stomachs, 11% (n = 43, 27 male, 16 female) contained items unidentifiable to order but we manually
Manual

DNA

' ' ' '
Female Male Female Male
sex

Prey Order

. Empty

[ unidentiiable

. Anseriformes (waterfowl)

- Anura (frogs and toads)

. Artiodactyla (even-toed ungulates)
. Decapoda (crayfish, crabs, etc.)
. Orthoptera (grasshoppers and crickets)
. Passeriformes (perching birds)
. Rodentia

. Squamata (scaled reptiles)

. Urodela (salamanders)

- Fish orders

1.00 -

0.75-

0.50 -

percent

0.25-

0.00 -

FIGURE 2 Frequency of manually-examined prey items and DNA extracted from prey items of river otters by
sex during trapping season (1 November-28/29 February) in North Carolina, USA, from 2009-2016.
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Manual
1.00- Prey Order
- Empty
. Unidentifiable
075~ I Anseriformes (waterfowl)
- Anura (frogs and toads)
E - Artiodactyla (even-toed ungulates)
g 0.50 - - Decapoda (crayfish, crabs, etc.)
Q - Orthoptera (grasshoppers and crickets)
. Passeriformes (perching birds)
0.25- . Rodentia
. Squamata (scaled reptiles)
. Urodela (salamanders)
0.00- . Fish orders
CoastaI.PIain Mountain Piedmom CoastaIAPIain Mountain Piedmont
location

FIGURE 3 Frequency of manually-examined prey items and DNA extracted from prey items of river otters by
Furbearer Management Units (FMU) during trapping season (1 November-28/29 February) in North Carolina, USA,
from 2009 to 2016.

Coastal Plain Mountain

Prey Order

. Empty

[ Unidentifiable

. Anseriformes (waterfowl)

. Anura (frogs and toads)

B Artiodactyla (even-toed unguiates)

. Decapoda (crayfish, crabs, etc.)

. Orthoptera (grasshoppers and crickets)
. Passeriformes (perching birds)

. Rodentia

- Squamata (scaled reptiles)

. Urodela (salamanders)

I Fish orders

Female Male Female Male Female Male
sex

1.00-

0.75-

0.50 -

VNG

0.25-

0.00-
1.00-

percent

0.75-

|enuepy

0.25-

0.00-

FIGURE 4 Frequency of manually-examined prey items and DNA extracted from prey items of river otters by
sex and Furbearer Management Units (FMU) during trapping season (1 November-28/29 February) in North
Carolina, USA, from 2009 to 2016.

identified prey from 23 biological orders across North Carolina. Decapods (e.g., crayfish, crabs, shrimp) were
identified in 41% (n =153, 93 male, 60 female) of stomachs and made up similar percentages within each FMU
(Figures 2-4). The order Perciformes (perch-like fishes), including the families Centrarchidae (sunfish) and Percidae
(perch), composed the majority (62%) of fish prey. Cypriniformes (carps and minnows) were present in 14% of
stomachs, and Squamata (snakes and lizards) were present in 7% (Tables 5-7).

Orders consumed by otters differed by FMU. Cypriniformes (F = 5.15, 374, P = 0.0062) were mostly consumed
in the Piedmont FMU, while Decapoda (F = 6.18, 374, P=0.0023) was mostly consumed in the Piedmont and
Coastal Plain FMUs (Figures 5-7). Lepisosteiformes (F = 7.61, 374, P = 0.0006) was only consumed in the Mountain
FMU, while Mugiliformes (F = 6.20, 374, P = 0.0022) were only consumed in the Coastal Plain FMU (Figures 5-7).
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Fish orders only
Prey Order

- Acipenseriformes (Sturgeons)

DNA Manual
1007 . Amiiformes (bowfin)
Bl Anguiliformes (eets)
Bl Atheriniformes (siversides)
0757 = Clupeiformes (herring and anchovies)
. Cyprinif (carps and mil )
Bl cyerinodontitormes (toothcarps)
Bl Etopitormes (tarpons and ladyfish)
20 B Esociformes (Pikes and mudmi
B Gaditormes (cods)
. Hiodontiformes (mooneye)
B Lepisosteiformes (gar)
0.25- B Mugiitormes (mutiet)
Bl Perciformes (perch-like fishes)
. Percopsiformes (trout-perch)
. Pleuronectiformes (flatfish)
0.00-

- Salmoniformes (salmon, trout, whitefish)

Female Male Female Male Bl siuritormes (catfish)
sex

percent

FIGURE 5 Frequency of manually-examined fish orders and DNA extracted from fish orders of river otters by
sex during trapping season (1 November-28/29 February) in North Carolina, USA, from 2009 to 2016.

Fish orders only
DNA Manual

Prey Order

100 . Acipenseriformes (Sturgeons)
B Amiiformes (bowin)
. Anguilliformes (eels)
. Atheriniformes (silversides)

0.75- - i i )
. Clupeiformes (herring and anchovies)
. Cyprini (carps and mii )
. Cyprinodontiformes (toothcarps)

5050_ . Elopi (tarpons and ladyfi:
?g ’ . i (Pikes and i )

. Gadiformes (cods)
. Hiodontiformes (mooneye)
. Lepisosteiformes (gar)

0.25- B Mugiiformes (muttet)
- Perciformes (perch-like fishes)
. Percopsiformes (trout-perch)
. Pleuronectiformes (flatfish)

0.00- . Salmoniformes (salmon, trout, whitefish)

) ) | | | ! . Siluriformes (catfish)
Coastal.Plain Mountain Piedmont Coastal.Plain Mountain Piedmont
location

FIGURE 6 Frequency of manually-examined fish orders and DNA extracted from fish orders of river otters by
Furbearer Management Units (FMU) during trapping season (1 November-28/29 February) in North Carolina, USA,
from 2009 to 2016.

Perciformes (F = 13.24, 374, P < 0.0001) and Salmoniformes (F = 3.78, 374, P = 0.0237) were consumed more in the
Piedmont FMU than in other FMUs, and Salmoniformes were not consumed in the Mountain FMU (Figures 5-7.
The only significant difference by sex was that more members of the order Anura (frogs and toads) were consumed
by females (F = 4.25, 347.5, P = 0.0406) in the Piedmont FMU (F = 5.76, 247, P=0.0171; Figures 2-4).
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Fish orders only
Coastal Plain Mountain Piedmont Prey Order

1.00- . Acipenseriformes (Sturgeons)
. Amiiformes (bowfin)

0.75-

0.50-

0.25-

0.00-

: I l I I I I

. Anguilliformes (eels)
. Atheriniformes (silversides)
. . ' . . . i
Female Male Female Male Female Male . Siluriformes (catfish)
sex

VNG

I seioni )
. Clupeiformes (herring and anchovies)
. Cypriniformes (carps and minnows)
. Cyprinodontiformes (toothcarps)

- Elopiformes (tarpons and ladyfish)
. Esoci (Pikes and innows)
. Gadiformes (cods)

. Hiodontiformes (mooneye)

. Lepisosteiformes (gar)

. Mugiliformes (mullet)

. Perciformes (perch-like fishes)

. Percopsiformes (trout-perch)

. Pleuronectiformes (flatfish)

. Salmoniformes (salmon, trout, whitefish)

percent

0.75-

0.50 -

|enuepy

0.25-

0.00-

FIGURE 7 Frequency of manually- examined fish orders and DNA extracted from fish orders of river otters by
sex and Furbearer Management Units (FMU) during trapping season (1 November-28/29 February) in North
Carolina, USA, from 2009 to 2016.

DNA examination

We identified a total of 320,245 reads to species other than river otter across 368 samples and were able to match
prey species to 164 samples representing 198,508 total reads. We were unable to identify prey items in 204
specimens based on the minimum threshold of 242 DNA reads. We identified prey from 17 orders and the
statewide analysis revealed only one significant difference in prey selection between males and females; males
selected fish at a higher level than females (males 37%, females 25%, F = 6.38, 344, P = 0.0120; Figures 5-7). When
examined by FMU, however, the difference was specific to the Piedmont FMU (F = 6.15,490, P = 0.0140) with 20%
of females consuming fish as opposed to 37% of males.

When separated by order no eels (Anguilliformes), pikes (Esociformes), trout-perch (Percopsiformes), or
salamanders (Urodela) were observed in the Mountain FMU (Figures 5-7). Sturgeons (Acipenseriformes), waterfowl
(Anseriformes), mullet (Mugiliformes), and scaled reptiles (Squamata) were only consumed in the Coastal Plain.
Rodents (Rodentia) were only observed in the Piedmont FMU. While frogs and toads (Anura) were present in the
diet for each FMU, they were more common (11%) in the Coastal Plain river otters (F = 3.29, 345, P = 0.0385). Carps
and minnows (Cypriniformes) were present in all three FMUs as well but were significantly more common (24%) in
the Mountain FMU (F = 8.16, 345, P = 0.0003). Salmonids (Salmoniformes) were only detected in the Mountain FMU,
and while salamanders (Urodela) were detected in both the Coastal Plain (11%) and Piedmont FMUs (3%), they

were far more common in the Coastal Plain (F = 5.15, 345, P = 0.0062; Figures 5-7).

DISCUSSION

We noted a large difference in the species identified between manual examination and DNA metabarcoding. The
manual examination identified more species including the presence of invertebrates, particularly crayfish, that DNA

analysis did not reveal (but note that a metabarcoding primer set targeted toward decapods would likely amplify
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crayfish). Also, manual identification provided for the identification of species such as brown snakes, which
provided reads in the DNA analysis, but the reads were less than our filtering threshold. We note, however that
soft-bodied species were more common in the metabarcoding results. While amphibians were detected with both
methods, there were a higher percentage of detections with metabarcoding. Two groups of scaleless fishes, catfish
and sturgeon, were only detected using our genetic evaluation. Furthermore, DNA analysis provided better
precision in prey classification and based on spatial appropriateness, better accuracy. Therefore, our results
indicated that manual and genetic approaches are complementary and that a complete inventory of prey items
would likely require both, especially for a generalist predator.

Our manual examination of river otter stomachs confirmed both vertebrate and invertebrate prey, with
vertebrates, particularly fish, being the most common by presence. Also, crustaceans were common and considered
a staple in the diet of North Carolina river otters. However, the manual examination was only able to reliably
identify prey items to family, and in some cases to order, which was mostly done by examination of hard parts such
as exoskeletons and scales, though some soft-bodied species such as frogs and salamanders were still intact enough
to identify visually based on markings. While most of the identifications seem to be spatially appropriate, we did
identify prey from the families Pomatomidae (bluefish), Serranidae (sea basses and groupers), and Sparidae (porgies
or sea bream) in the Piedmont FMU. While it is possible that trappers could have used these species as bait for their
trap sets, it is more likely that the lack of complete and spatially-specific dichotomous keys, particularly in the
Piedmont and Mountain FMUs, led to misidentification.

Our DNA examination failed to identify invertebrates but was able to identify vertebrates to species. The V16S
marker we used was designed for vertebrates, however, we tested the 208 primers on DNA extracts from
representative mussels and were able to amplify the mussel species in those tests, which is why we used V16S as a
single marker. However, it is likely that in a vertebrate and invertebrate species mix (such as stomach contents),
vertebrates are preferentially sequenced to invertebrates. Therefore, future diet studies with otters should include
both vertebrate and decapod primer pairs. The other notable difference in broad taxonomic representation
between manual and genetic examination was the lack of reptiles in the metabarcoding results (only a single
detection). Future studies would be useful to determine if the V16S marker does not amplify reptiles effectively or if
the lack of reptiles is due to low DNA vyield from scales in stomach contents. Centrarchidae (sunfishes) was the
major prey family identified, but Aphredoderidae (pirate perches), Catostomidae (suckers), Cyprinidae (minnows and
carps), and Ictaluridae (common catfishes) were all important fish families. In addition, Ranidae (true frogs) and
Sirenidae (sirens) were important prey items, particularly in the Coastal Plain (both) and Piedmont (Ranidae only)
FMUs. We identified some smaller fish such as killifish (Fundulidae) and mosquitofish (Poecilidae) which could have
been the prey of a larger fish that was captured by the river otter. The identifications are all spatially appropriate,
with species such as sheepshead minnows and mummichogs limited to the Coastal Plain FMU and orangefin
madtom limited to the Piedmont FMU.

We confirmed that river otters in North Carolina consume a large range of prey, but mostly concentrate on aquatic
species such as fish, crayfish, and amphibians. Fish from the order Perciformes, particularly sunfish, were selected at
higher levels than other fish species. Fish most commonly consumed included largemouth bass (Micropterus salmoides),
bluegill (Lepomis macrochirus), and redear sunfish (Lepomis microlophus). While some anglers have expressed concern
about river otter consumption of trout species, we did not identify any fish of the family Salmonidae by manual
examination, and we only identified trout species (brook trout) through DNA analyses in two river otters from the
Mountain FMU. Although we conducted our study over a 7-year period during January and February, to fully
understand the annual composition of river otter diets we encourage managers to expand this research to evaluate river

otter diets year-round and incorporate additional noninvasive methods (e.g., scat surveys) throughout the year.

ACKNOWLEDGMENTS
We thank the NCWRC, the Federal Aid to Wildlife Restoration Program, the Wilds at the Columbus Zoo and

Aquarium, and the Fisheries, Wildlife, and Conservation Biology program at NCSU for funding this research, as well

SUONIPUOD pue SWie | 84} 89S *[¢Z02/T0/S0] U0 AkelqiT8ul|uO 8|1 ‘A1SIBAIUN STRIS BUIj0D YUON AQ ZOST GSM/Z00T 0T/I0P/LI00" 8| 1M AR1q1pUI|UO'S}1 [P |1M//:SANY WOy pepeolumoq ‘v 'E20Z '0rSS8ZEe

Aol

35USD1 T SUOLILLOD A1) 3|geot|dde au A pausench a1 sSpie YO ‘88N JO S3|nJ 10} AReiqi auljuQ 8|1 uo



10 of 12 SANDERS ET AL

as the North Carolina State University College of Natural Resources for their unwavering support. We thank A.
Bumgardner, B. Vassos, H. Deasy, and M. Koontz for the manual analysis and preparation. We thank T. Kieran and T.
Pierson for assistance with laboratory protocol and bioinformatics. We thank the North Carolina Trappers’ Association

and its members for providing the otter carcasses to sample, the corresponding data, and their support of the project.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

ETHICS STATEMENT
All methods involving the handling and capture of live animals in this study were approved by the North Carolina
State University Institutional Animal Care and Use Committee (protocol number 15-171-0). Methods involving

deceased animals were overseen by North Carolina State University and NCWRC personnel.

DATA AVAILABILITY STATEMENT
The data that support the results of this study are available from the corresponding author upon reasonable

request.

ORCID
Christopher S. DePerno " http://orcid.org/0000-0002-2147-8607

REFERENCES

Anderson, E. A., and A. Woolf. 1987. River otter food habits in northwestern lllinois. Transactions of the lllinois Academy of
Science 80:115-118.

Barbieri, F., R. Machado, C. A. Zappes, and L. R. de Oliveira. 2012. Interactions between the neotropical otter (Lontra
longicaudis) and gillnet fishery in the southern Brazilian coast. Ocean & Coastal Management 63:16-23.

Barding, E. E., and M. J. Lacki. 2012. Winter diet of river otters in Kentucky. Northeastern Naturalist 19:157-164.

Beane, J. C, A. L. Braswell, J. C. Mitchell, W. M. Palmer, and J. R. Harrison Ill. 2010. Amphibians and reptiles of the Carolinas
and Virginia. 2nd ed., rev. updated. North Carolina history & culture anthology, University of North Carolina Press,
Chapel Hill, USA.

Benson, D. A., M. Cavanaugh, K. Clark, I. Karsch-Mizrachi, D. J. Lipman, J. Ostell, and E. W. Sayers. 2013. GenBank. Nucleic
Acids Research D36-42.

Blundell, G. M., J. A. K. Maier, and E. M. Debevec. 2001. Linear home ranges: Effects of smoothing, sample size, and
autocorrelation on kernel estimates. Ecological Monographs 71:469-489.

Bolyen, E., J. R. Rideout, M. R. Dillon, N. A. Bokulich, C. C. Abnet, G. A. Al-Ghalith, H. Alexander, E. J. Alm, M. Arumugam,
F. Asnicar, et al. 2019. Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2.
Nature Biotechnology 37:852-857.

Callahan, B. J., P. J. McMurdie, M. J. Rosen, A. W. Han, A. J. A. Johnson, and S. P. Holmes. 2016. DADA2: High-Resolution
Sample Inference from Illlumina Amplicon Data. Nature Methods 13:581-583. https://doi.org/10.1038/nmeth.3869

Chesapeake Bay Multispecies Monitoring and Assessment Program, and Northeast Area Monitoring and Assessment
Program. 2013. Fishes identification guide for ChesMMAP and NEAMAP diet analysis studies. University of William
and Mary, Virginia Institute of Marine Science, School of Marine Science, Gloucester Point, Virginia, USA.

Chesapeake Bay Multispecies Monitoring and Assessment Program, and Northeast Area Monitoring and Assessment
Program. 2020. Invertebrate identification guide for ChesMMAP and NEAMAP diet analysis studies. University of
William and Mary, Virginia Institute of Marine Science, School of Marine Science, Gloucester Point, Virginia, USA.

Conant, R, and R. C. Stebbins. 1999. Reptiles and amphibians. Peterson field guides, Houghton Mifflin Co, Boston,
Massachusetts USA.

Cooper, J. E. 2004a. Guide to crayfishes of the Cape Fear and Northeast Cape Fear River drainages. North Carolina State
Museum of Natural Sciences, Raleigh, USA.

Cooper, J. E. 2004b. Guide to crayfishes of the Hiwassee river basin, North Carolina. North Carolina State Museum of
Natural Sciences, Raleigh, USA.

Cooper, J. E. 2004c. Guide to crayfishes of the Little Tennessee river basin, North Carolina. North Carolina State Museum of
Natural Sciences, Raleigh, USA.

SUORIPUOD PUE SWLB 1 341 39S *[202/T0/50] U0 AkeiqrT8UIIUO A31IM *AISIAIN SIS BUIOED ULON AQ Z0ST GSM/Z00T OT/I0P/LICY A1 ARe1q]1[BU1 U031 11w/ SAIY WO1} PAPeojumod ‘v ‘202 ‘0vSS8ZEZ

Aol

35USD1 T SUOLILLOD A1) 3|geot|dde au A pausench a1 sSpie YO ‘88N JO S3|nJ 10} AReiqi auljuQ 8|1 uo


http://orcid.org/0000-0002-2147-8607
https://doi.org/10.1038/nmeth.3869

DIET OF THE NORTH AMERICAN RIVER OTTER (LONTRA CANADENSIS) 11 of 12

Cooper, J. E. 2004d. Guide to crayfishes of the Neuse and Tar-Pamlico river drainages. North Carolina State Museum of
Natural Sciences, Raleigh, USA.

Cooper, J. E. 2004e. Guide to the crayfishes of the Pee Dee river drainage (excluding the Yadkin River Basin). North Carolina
State Museum of Natural Sciences, Raleigh, USA.

Cooper, J. E. 2004f. Preliminary key to native crayfishes of the Roanoke river basin, North Carolina. North Carolina State
Museum of Natural Sciences, Raleigh, USA.

Cote, D., H. M. J. Stewart, R. S. Gregory, J. Gosse, J. J. Reynolds, G. B. Stenson, and E. H. Miller. 2008. Prey selection by
marine-coastal river otters (Lontra canadensis) in Newland, Canada. Journal of Mammalogy 89:1001-1011.

Crait, J. R,, and M. Ben-David. 2006. River otters in Yellowstone Lake depend on a declining cutthroat trout population.
Journal of Mammalogy 87:485-494.

Crimmins, S. M., N. M. Roberts, and D. A. Hamilton. 2009. Effects of prey size on scat analysis to determine river otter
Lontra canadensis diet. Wildlife Biology 15:449-453.

Daniels, R. A. 1996. Guide to the identification of scales of inland fishes of northeastern North America. New York State
Museum bulletin no. 488, University of the State of New York, State Education Dept, Albany, USA.

Feltrop, P. D., C. K. Nielsen, and E. M. Schauber. 2016. Asian carp in the diet of river otters in lllinois. The American Midland
Naturalist 176:298-305.

Gallant, D., L. Vasseur, and C. H. Bérubé. 2007. Unveiling the limitations of scat surveys to monitor social species: A Case
Study on River Otters. The Journal of Wildlife Management 71:258-266.

Glenn, T. C., R. A. Nilsen, T. J. Kieran, J. G. Sanders, N. J. Bayona-Vasquez, J. W. Finger, T. W. Pierson, K. E. Bentley,
S. L. Hoffberg, S. Louha, et al. 2019. Adapterama I: universal stubs and primers for 384 unique dual-indexed or
147,456 combinatorially-indexed lllumina libraries (iTru & iNext). Peer) 7:e7755.

Hammerschlag, N., O. J. Schmitz, A. S. Flecker, K. D. Lafferty, A. Sih, T. B. Atwood, A. J. Gallagher, D. J. Irschick, R. Skubel,
and S. J. Cooke. 2019. Ecosystem function and services of aquatic predators in the Anthropocene. Trends in Ecology
& Evolution 34:369-383

Hyslop, E. J. 1980. Stomach contents analysis-a review of methods and their application. Journal of Fish Biology 17:
411-429.

Johnson, A. M. 1982. Status of Alaska sea otter populations and developing conflicts with fisheries. Transactions of the
47th North American Wildlife and Natural Resources Conference, Washington, D.C. 42:293-299.

Klare, U., J. F. Kamler, and D. W. Macdonald. 2011. A comparison and critique of different scat-analysis methods for
determining carnivore diet: Comparison of scat-analysis methods. Mammal Review 41:294-312.

Knudsen, G. J., and J. B. Hale. 1968. Food Habits of Otters in the Great Lakes Region. The Journal of Wildlife Management
32:89-93.

Lagler, K. F., and B. T. Ostenson. 1942. Early Spring Food of the Otter in Michigan. The Journal of Wildlife Management 6:
244-254,

Martof, B. S., W. M. Palmer, J. R. Bailey, J. Dermid, and J. R. Harrison lIl. 1980. Amphibians and reptiles of the Carolinas and
Virginia. University of North Carolina Press, Chapel Hill, USA.

Melquist, W. E., and A. E. Dronkert. 1987. River Otter. Pages 626-641 in J. Bedford and G. Thompson, editors. Wild
furbearer management and conservation in North America section iv: Species biology, management, and
conservation. Ashton-Potter Limited, Concord, Ontario, Canada.

Melquist, W. E., and M. G. Hornocker. 1983. Ecology of river otters in West Central Idaho. Wildlife Monographs 83:3-60.
Mizukami, R., M. Goto, S. Izumiyama, M. Yoh, N. Ogura, and H. Hayashi. 2005. Temporal diet changes recorded by stable
isotopes in Asiatic black bear (Ursus thibetanus) hair. Isotopes in Environmental and Health Studies 41:87-94.
Moore, T. D., and L. E. Spence. 1974. Identification of the dorsal guard hairs of some mammals of Wyoming. Bulletin no. 14

Wyoming Game and Fish Department, Cheyenne, USA.

North Carolina Wildlife Resources Commission. 2015. North Carolina Wildlife Action Plan. Raleigh, North Carolina. 1298 pages.

Osaki, A., M. Sashika, G. Abe, K. Shinjo, A. Fujimoto, M. Nakai, M. Shimozuru, and T. Tsubota. 2019. Comparison of feeding
habits and habitat use between invasive raccoons and native raccoon dogs in Hokkaido, Japan. BMC Ecology 19:35

Page, L. M., and B. M. Burr. 1991. A field guide to freshwater fishes: North America north of Mexico. The Peterson field
guide series. Houghton Mifflin, Boston, Massachusetts, USA.

Penland, T. F., and J. M. Black. 2009. Seasonal variation in river otter diet in coastal northern California. Northwestern
Naturalist 90:233-237.

Reid, D. G, T. E. Code, A. C. H. Reid, and S. M. Herrero. 1994. Spacing, movements, and habitat selection of the river otter
in boreal Alberta. Canadian Journal of Zoology 72:1314-1324.

Reid, F. A. 2006. A field guide to mammals of North America. 4th ed. The Peterson field guide series. Houghton Mifflin
Company, Boston, Massachusetts, USA.

Roberts, N. M., C. F. Rabeni, J. S. Stanovick, and D. A. Hamilton. 2008. River otter, Lontra canadensis, food habits in the
Missouri Ozarks. The Canadian Field-Naturalist 122:303-311.

SUONIPUOD pue SWie | 84} 89S *[¢Z02/T0/S0] U0 AkelqiT8ul|uO 8|1 ‘A1SIBAIUN STRIS BUIj0D YUON AQ ZOST GSM/Z00T 0T/I0P/LI00" 8| 1M AR1q1pUI|UO'S}1 [P |1M//:SANY WOy pepeolumoq ‘v 'E20Z '0rSS8ZEe

Aol

35USD1 T SUOLILLOD A1) 3|geot|dde au A pausench a1 sSpie YO ‘88N JO S3|nJ 10} AReiqi auljuQ 8|1 uo



12 of 12 SANDERS ET AL

Roest, A. I. 1991. A key-guide to mammal skulls and lower jaws: a nontechnical introduction for beginners. Mad River Press,
Eureka, Canada.

Rosas-Ribeiro, P. F., F. C. W. Rosas, and J. Zuanon. 2012. Conflict between Fishermen and Giant Otters Pteronura
brasiliensis in Western Brazilian Amazon. Biotropica 44:437-444.

Ryder, R. A. 1955. Fish Predation by the otter in Michigan. The Journal of Wildlife Management 19:497-498.

Sauer, T. M., M. Ben-David, and R. T. Bowyer. 1999. A new application of the adaptive-kernel method: Estimating linear
home ranges of river otters, Lutra canadensis. Canadian Field- Naturalist 113:419-424.

Serfass, T. L., J. A. Bohrman, S. S. Stevens, and J. T. Bruskotter. 2014. Otters and anglers can share the stream! The role of
social science in dissuading negative messaging about reintroduced predators. Human Dimensions of Wildlife 19:
532-544.

Stearns, C. R., and T. L. Serfass. 2010. Food habits and fish prey size selection of a newly colonizing population of river
otters (Lontra canadensis) in eastern North Dakota. The American Midland Naturalist 165:169-184.

Stenson, G. B., G. A. Badgero, and H. D. Fisher. 1984. Food habits of the river otter Lutra canadensis in the marine
environment of British Columbia. Canadian Journal of Zoology 62:88-91.

Taberlet, P., A. Bonin, L. Zinger, and E. Coissac. 2018. Environmental DNA: for biodiversity research and monitoring. First
edition. Oxford University Press, Oxford, UK.

Taylor, M., J. E. Rettig, and G. R. Smith. 2003. Diet of re-introduced river otters, Lontra canadensis, in North-Central Arizona.
Journal of Freshwater Ecology 18:337-338.

Thompson, L., and L. L. Stelle. 2014. Prey preference of the North American river otter (Lontra canadensis) evaluated based
on optimal foraging theory. IUCN Otter Specialist Group Bulletin 31:15-29.

Toweill, D. E. 1974. Winter Food Habits of River Otters in Western Oregon. The Journal of Wildlife Management 38:
107-111.

Vaclavikova, M., T. Vaclavik, and V. Kostkan. 2011. Otters vs. fishermen: Stakeholders’ perceptions of otter predation and
damage compensation in the Czech Republic. Journal for Nature Conservation 19:95-102.

Valentini, A., F. Pompanon, and P. Taberlet. 2009. DNA barcoding for ecologists. Trends in Ecology & Evolution 24:
110-117.

Vences, M., M. L. Lyra, R. G. B. Perl, M. C. Bletz, D. Stankovi¢, C. M. Lopes, M. Jarek, S. Bhuju, R. Geffers, C. F. B. Haddad,
and S. Steinfartz. 2016. Freshwater vertebrate metabarcoding on lllumina platforms using double-indexed primers of
the mitochondrial 16S rRNA gene. Conservation Genetics Resources 8:323-327. https://doi.org/10.1007/512686-
016-0550-y

Webster, D., J. F. Parnell, and W. C. Biggs Jr. 1985. Mammals of the Carolinas, Virginia, and Maryland. The Fred W.
Morrison series in Southern studies, University of North Carolina Press, Chapel Hill, USA.

Wengeler, W. R., D. A. Kelt, and M. L. Johnson. 2010. Ecological consequences of invasive lake trout on river otters in
Yellowstone National Park. Biological Conservation 143:1144-1153.

Associate Editor: Antoinette Piaggio.

SUPPORTING INFORMATION

Additional supporting material may be found in the online version of this article at the publisher's website.

How to cite this article: Sanders Il, C. W., S. F. Spear, K. Black, C. Olfenbuttel, and C. S. DePerno. 2023. Diet
of the North American river otter (Lontra canadensis) in North Carolina using 2 methods. Wildlife Society
Bulletin 47:€1502. https://doi.org/10.1002/wsb.1502

SUORIPUOD PUE SWLB 1 341 39S *[202/T0/50] U0 AkeiqrT8UIIUO A31IM *AISIAIN SIS BUIOED ULON AQ Z0ST GSM/Z00T OT/I0P/LICY A1 ARe1q]1[BU1 U031 11w/ SAIY WO1} PAPeojumod ‘v ‘202 ‘0vSS8ZEZ

Aol

35USD1 T SUOLILLOD A1) 3|geot|dde au A pausench a1 sSpie YO ‘88N JO S3|nJ 10} AReiqi auljuQ 8|1 uo


https://doi.org/10.1007/s12686-016-0550-y
https://doi.org/10.1007/s12686-016-0550-y
https://doi.org/10.1002/wsb.1502

	Diet of the North American river otter (Lontra canadensis) in North Carolina using 2 methods
	STUDY AREA
	MATERIALS AND METHODS
	General and necropsy methods
	Manual examination data analysis
	DNA laboratory methods
	DNA data analyses

	RESULTS
	Manual examination
	DNA examination

	DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




