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Many ecological aspects of tool-use in sea otters are similar to those in
Indo-Pacific bottlenose dolphins. Within an area, most tool-using dolphins
share a single mitochondrial haplotype and are more related to each other
than to the population as a whole. We asked whether sea otters in California
showed similar genetic patterns by sequencing mitogenomes of 43 otters
and genotyping 154 otters at 38 microsatellite loci. There were six variable
sites in the mitogenome that yielded three haplotypes, one found in only a
single individual. The other two haplotypes contained similar percentages
(33 and 36%) of frequent tool-users and a variety of diet types. Microsatellite
analyses showed that snail specialists, the diet specialist group that most
frequently used tools, were no more related to each other than to the popu-
lation as a whole. The lack of genetic association among tool-using sea otters
compared with dolphins may result from the length of time each species has
been using tools. Tool-use in dolphins appears to be a relatively recent inno-
vation (less than 200 years) but sea otters have probably been using tools for
many thousands or even millions of years.

1. Introduction

Relatively little is known about tool-use in marine animals: the best-studied
species are sea otters (Enhydra lutris) and Indo-Pacific bottlenose dolphins
(Tursiops aduncus), both of which bring tools to the ocean’s surface where they
can be easily observed [1]. There are several intriguing parallels between the ecol-
ogy of tool-use in California sea otters and dolphins. First, not all individuals in a
population use tools [2,3]. Second, tool-use is related to consumption of prey that
are difficult to access. Sea otters use rocks or other hard objects to break open well
armoured prey such as marine snails [4]. Dolphins use conical sponges as tools to
protect their sensitive snouts while probing among rocks for small, burrowing
fish that live at the bottom of deep ocean trenches [3,5]. Third, tool-use appears
to be a response to resource limitation from high population density, which
leads to the development of dietary specialization [6,7]. In California sea otters,
food limitation results in individuals in the same area specializing on different
prey. Some eat mainly large prey such as abalones and crabs, others mainly urch-
ins and mussels, and others mainly small marine snails [7]. Individuals belonging
to every diet type sometimes use tools but tool-use is most frequent in those that
prey heavily on snails [4]. Tool-use in dolphins occurs in a subset of individuals
that specialize on small fish that cannot be accessed without the use of tools
and only individuals feeding on these fish use tools [8—10]. Finally, diet prefer-
ences appear to be transmitted by mothers to their female offspring in both sea
otters [11] and dolphins [12].
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Table 1. Mitogenomes in southern sea otters. The three complete mitogenome haplotypes and the four D-loop haplotypes found by Larson et al. [15] are n

shown for comparison. Individual genotypes are in table S1, electronic supplementary material.
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Analyses of maternally inherited mtDNA haplotypes
revealed that almost all the tool-using dolphins in an area
belong to a single matriline [12,13] and nuclear markers indi-
cated that tool-users were more related to other tool-users
than expected by chance (although, this finding was not signifi-
cant for the western gulf of Shark Bay). We asked whether sea
otters showed similar genetic patterns by analysing mito-
chondrial genomes and nuclear microsatellite genotypes of
individual sea otters together with behavioural data on their
diet and frequency of tool-use.

2. Material and methods

Individual sea otters were captured and tagged from 2000 to
2014 along the California coast (electronic supplemental material,
table 1). We used focal animal sampling [14] to opportunistically
record foraging data on individual otters. For each feeding dive,
we recorded whether or not prey was captured, prey identifica-
tion and the presence or absence of tool-use (see Tinker et al. [7]
for detailed methods). Each otter was assigned to one of six
diet specialist groups—ABALONE, CRAB, MUSSEL, CLAM,
URCHIN or SNAIL—using fractional composition analysis as
detailed in Tinker et al. [7]. We excluded abalone captures from
analyses of tool-use because we could not consistently determine
the frequency of underwater tool-use to obtain abalone [2]. Indi-
viduals were considered frequent tool-users if they used tools for
at least 40% of observed prey captures, based on a gap in the dis-
tribution of tool-use frequency between the individuals that used
tools on 1-27% of prey captures and those that used them on
44-90% of prey captures (electronic supplementary material).
Dependent pups were not considered in any analyses.

We used massively parallel multiplexed sequencing to obtain
complete mitochondrial genomes from 43 otters (electronic sup-
plementary material) in the hopes of finding new haplotypes, as
only three are known from D-loop [15]. We performed a x* test
and a Goodman—Kruskal 7 test to assess the relationship between
the mitochondrial haplotype and diet type. In addition, we geno-
typed 38 microsatellite loci from 154 otters. Mitochondrial
haplotypes were identified and compared with diet type and
whether individuals used tools frequently or infrequently. Micro-
satellite genotypes were used to determine if frequent tool-users
and otters belonging to the same diet specialist group were more
likely to be related to each other than to the population as

15365 bp
tRNA-Thr

ot

15592bp 15593 bp 15609 bp

D-loop

D-loop

D-loop

R Larson et . [15]

T Larson et al. [15]
T Larson et al. [15]

Larson et al. [15]

a whole using a permutation test implemented in the ‘related’
package in R [16] (electronic supplementary material).

3. Results

Mitochondrial sequencing revealed a 16 431 bp mitogenome
with a mean read depth ranging from 21 to 1100. The cytosine
homopolymer in the 16 s rRNA starting at position 2644 bp
was excluded from analyses because it could not be aligned
accurately. The mitogenome contained six variable sites reveal-
ing three mitogenome haplotypes (table 1). One haplotype
was found in only a single individual. The other two haplo-
types contained similar percentages of frequent tool-users
(33% in haplotype 1 and 36% in haplotype 3) and there
was no significant relationship with diet type (y* = 18.3, p =
0.405; Goodman-Kruskal 7value = 0.055) (table 2). Locations
of individual haplotypes are shown in electronic supplemen-
tary material, figure S1. We recovered one new D-loop
haplotype (GCT) in 23% of the samples (1 = 10). The rest of
the samples (77%) had D-loop haplotype GTT, congruent
with the Larson et al. [15] finding that ‘C’ haplotype for
D-loop was most common in California. We did not find
their haplotypes “A” or ‘D’, which were less common in their
sample (A < 10% and D < 20%), probably by chance. Larson
et al. [15] found haplotype ‘B’ only in Alaska.

The microsatellite data did not have any geographical
structuring (R. B. Gagne 2017, unpublished data). A summary
of locus information (e.g. average number of alleles) is included
in the electronic supplementary material. Neither the Queller &
Goodnight (Q&G) [17] nor the Lynch and Ritland (L&R) [18]
estimator found that frequent tool-users (n = 21) were more
likely to be related to each other than to the population
as a whole (n=133; L&R expected r= —0.0066, observed
r= —0.0067; Q&G r = —0.031, 95% CI10.021, p > 0.4) (see elec-
tronic supplementary material). The Q&G method found no
association with any diet type and relatedness, whereas the
L&R estimator found the otters specializing upon clams
(expected r = —0.0065, observed r = —0.0016, p < 0.05) and
crabs (expected r = —0.0066, observed r = —0.0040, p < 0.05)
were significantly more likely to be related to those with the
same diet type than to those with other diet types (electronic
supplementary material, figure S3). However, these values of
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Table 2. Number of sea otters by diet type and mitogenome haplotype.
Number of frequent tool-users (more than or equal to 40% of dives) in
parentheses.

mitogenome haplotype

diet type

snail 3(3) 0 9(9) 12(12)
cam 2 1 4 7
mussel 2 » 0 3 >5
abalone 1 0 1 2

mb N 0 13G) 140)
urchin 0 0 3 3

total 93) 1 3(12) 83015

relatedness are close to zero (i.e. negative and in the third dec-
imal place) and can likely be interpreted as zero or no
relatedness. On a sample of 11 known mothers and pups, the
mean value of the Q&G estimator was closer to the expected
value of 0.5 (0.46 + 0.04) than that of the L&R estimator
(0.37 £ 0.03).

4. Discussion

Despite the many ecological similarities between tool-use in
dolphins and sea otters, we found that the genetic patterns
in these two species are different. In otters, diet types and
tool-use are dispersed across both common mitogenome
haplotypes and neither otters that specialize on snails (the
diet type that contains most of the frequent tool-users) nor fre-
quent tool-users are more related to each other than to the
population as a whole. By contrast, tool-use in the dolphins
and its associated diet type (small cryptic fish) are predomi-
nantly confined to a single mitochondrial matriline in each of
the two geographical areas in which it occurs and individuals
that use tools are more related to each other than expected
(however, relatedness was not statistically significant for the
western gulf of Shark Bay) [12,13,19].

The lack of genetic association with tool-use in sea otters,
compared with dolphins, may result from the length of time
each species has been using tools. Tool-use in dolphins is
thought to be a recent innovation [20]; however, it is likely a
much older behaviour in sea otters. This is supported by evi-
dence that, as in some tool-using birds [21] but unlike
dolphins, all young otters appear to be innately predisposed
to use tools; orphaned otter pups raised in captivity exhibit
rudimentary pounding behaviour without training or previous
experience [4,22] and wild pups develop tool-use behaviour
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