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#m L& H : Human and wildlife in the Anthropocene: The multidimensional approach to urban

ecology in Eurasian red squirrels

In this Anthropocene, human activities negatively affect ecosystems. Urbanization, one of the
features in the Anthropocene, has reduced natural habitats for wildlife, provided anthropogenic
disturbance, and consequently induced the loss of biodiversity. At the same time, urban
environments work as alternative habitats for wildlife by providing anthropogenic resources such
as food and refugia. Actually, numerous species altered their behavioral and ecological traits to
live in urban environments. As those modifications were well investigated in these few decades, it
was found that factors facilitating their urban lives are species and region-specific. To understand
urban adaptation of wildlife and conduct evidence-based conservation in urban environments,
urban ecology should be conducted in various species and regions. However, studies of urban
ecology are biased, with studies in specific taxa and Western countries being predominantly
accumulated. Here we compared behavior, life history patterns (diet, body weight, reproductive
output), and population genetic structure of Eurasian red squirrels Sciurus vulgaris in urban and
rural areas in Obihiro area, Hokkaido, Japan.

In chapter 2, I investigated the composition and seasonality of diets in urban and rural
squirrels. Squirrels strongly rely on tree seeds (e.g., walnuts and pine nuts) which bear only in fall.
So, it is predicted that rural squirrels would have the seasonal difference of seed use. On the other
hand, urban squirrels would mitigate the seasonal difference of seed use due to the supplemental
feeding from citizens. To test these ideas, I conducted behavioral observation and stable isotope
analysis for comparing the diet between urban and rural squirrels. As a consequence of dietary
change, I compared body weight between urban and rural squirrels. I found that urban squirrels
had a higher intake of tree seed than that of rural ones throughout the year. Also, I found that urban
females increased more weight in the spring than rural ones. These results suggest that urban
squirrels utilizing SF changed their diet composition and increased body mass (but only in females).
Since heavy body weight in females is usually associated with reproductive success, urban females
might have better reproductive condition than that of rural ones.

In chapter 3, I compared female reproductive conditions between urban and rural squirrels
and tested whether the increase in female body mass in urban areas resulted in high reproductive
success. We investigated six proxies for their reproductive condition: (1) rates of pregnant females,
(2) the age of initial pregnancy, (3) the maximum age of reproduction, (4) birth date, (5) the number
of weaned litters, and (6) whether females attended multiple breeding. I found that the urban

population had a higher rate of pregnancy and an earlier breeding season than rural populations.



Urban females had earlier initial pregnancy (one year old) and longer maximum age of reproduction
(five years old) than rural females (two and four years old respectively). Although the number of
weaned young did not differ between rural and urban females, urban females attended multiple
breeding more frequently than rural females. My results suggest that urban squirrels have better
reproductive conditions than rural ones, which possibly due to the advantages from SF. Overall,
those suggest that squirrels seemed to obtain benefits from living in urban areas.

Finally, in chapter 4, I investigated the population genetic structure of squirrels in the
Obihiro area. The squirrels in Obihiro city have been settled in large residential lots with a high
risk of vehicle collisions for about 30 years, raising a possibility that the urban population would
be genetically isolated from nearby rural populations and may have rapidly decreased genetic
diversity. In this study, I analyzed the population genetic structure, genetic distance, and nucleotide
diversity by using genome-wide SNPs extracted by MIG-seq. [ used 12 populations with different
degrees of urbanization, which were divided into “urban”, “border”, and “rural” areas. Principal
component analysis and ADMIXTURE showed that the urban and rural populations formed distinct
clusters with an intermediate of the urban and rural boundary populations. The genetic distances
(Fst) between urban and other populations were higher than the other pairs. In addition, the
nucleotide diversities (1) were lower in urban populations than in the other populations, suggesting
limited gene flow between urban and other populations possibly due to urbanization. The difference
in the genetic characteristics of urban squirrel populations in this short period (i.e., 30 years)
demonstrates the strong impact of urbanization.

Overall, my thesis found that urban lives had both positive (diet, body weight, and
female’s reproductive success) and negative (population genetic structure) impacts for squirrels.
Urban environments would be suitable habitat at the individual level and in the short timescale,
but not at the population level and in the long timescale. My thesis suggested that urban ecology
of wildlife should be conducted not only for multi-species and regions, but also for multidimension

of animal ecology and at multi-levels from individuals to populations.
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