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Abstract

Previous studies have reported that older people are more knowledgeable about nature than the younger generation. The rela-
tionship between people’s age and level of knowledge can be explained via two mechanisms: knowledge increases with age
(wisdom of the elders), and opportunities to acquire knowledge decrease with successive generations (loss of experience). In
this study, we examined the association between age and knowledge regarding the use of wild fruits among people living on
Awaji Island in Japan. Analysis of the results revealed that the decline in knowledge among young people can be attributed
to loss of experience. Furthermore, we found that the channels of knowledge transfer have changed between generations,
earlier, children received it from their peers, but in recent years, it has been coming to them from older people and teachers.

Keywords Age effect - Cohort effect - Traditional ecological knowledge - Loss of local ecological knowledge - Cultural
transmission of local knowledge - Wild fruits - Awaji Island, Hyogo, Japan

Introduction

Local ecological knowledge (LEK) refers to human’s abil-
ity to use their natural surroundings, and especially the
knowledge that has been passed down through generations,
is called traditional ecological knowledge (TEK). LEK
and TEK have been actively studied across the globe since
the 1980s (Berkes et al. 2000). TEK can be wide-ranging,
including the knowledge and skills used in the conservation
of rare species (Uchida and Kamura 2020), management of
protected areas (Gémez-Baggethun ez al. 2010), and the use
of sustainable resources (Berkes 1999). Many earlier studies
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focused on the knowledge of indigenous peoples, also known
as Indigenous Ecological Knowledge; in contrast, knowledge
regarding the use of natural resources in developed countries
has gained attention in recent years. Gomez-Baggethun et
al. (2010) studied changes in traditional knowledge in agri-
culture and livestock farming among three generations in
communities linked to protected areas in Dofiana, south-
western Spain, revealing a decline in knowledge between
generations. Von Glasenapp and Thornton (2011) assessed
the status and pragmatics of TEK in relation to the evolv-
ing sociopolitical and climate changes in the Swiss Alpine
community of Vals, and discussed how it can contribute to
resilience and adaptability vis-a-vis those changes affecting
the community. Olsson and Folke (2001) explored the role of
LEK through a local fishing association in a contemporary
rural Swedish community, and clarified how such knowledge
and practice are embedded in and influenced by institutions
across scales. Thus, the local and traditional knowledge of
using nature is not only for indigenous peoples, but is also
relevant for ecosystem management and conservation in
other regions, including any developed countries.

All of the previous studies that reviewed TEK/LEK
found the decline in or loss or degradation of knowledge
over recent years to be the dominant trend. For example,
Hanazaki ef al. (2013) reported that 57% of the 84 studies
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on traditional uses of plants indicated a decline in or loss of
knowledge, Aswani et al. (2018) found a similar trend for
77% of the 92 studies on LEK, and Tang and Gavin (2016)
reported that TEK degradation was by far the most com-
mon trend noted (89% of 152 studies; 87% of 137 question-
naire respondents). Although there were some cases that the
trend of decreasing knowledge was not observed (Zarger and
Stepp 2004), overall, the knowledge about uses of natural
resources has been lost in many parts of the world. Fur-
thermore, many studies have shown a correlation between
age and knowledge, suggesting that older people are more
knowledgeable than younger people (e.g., Sujarwo et al.
2014; Ianni et al. 2015).

There are two possible mechanisms to explain the cor-
relation between age and knowledge (Godoy et al. 2009;
Reyes-Garcia et al. 2013; Koster et al. 2016): (a) Wisdom
of the elders: knowledge accumulates with age. This is also
called the “age effect;” and (b) Loss of experience: oppor-
tunities to acquire knowledge decrease with each successive
generation. This is also referred to as the “cohort effect.”

If the age effect is predominant over the cohort effect,
there exists possibility where knowledge increases with age,
and young generations should acquire it in the future. If the
cohort effect is more important than the age effect, it sug-
gests that knowledge is actually declining over generations.
Only a few studies have attempted to evaluate the role of
these mechanisms, although the importance of this evalua-
tion has been emphasized (Godoy et al. 2009; Reyes-Garcia
et al. 2013). Gomez-Baggethun, et al. (2010), in their study
of the Dofiana Natural Areas in Spain, did in fact confirm
the importance of age effect. In contrast to these earlier
studies that used regression analysis to examine the mecha-
nisms, our study devised a new method to examine the age
at which transmission occurred to understand the mechanism
of knowledge decline.

Loss of knowledge is associated with loss of knowl-
edge transmission. Tang and Gavin (2016) classified “loss
of pathways of TEK transmission” as the first category of
direct threats to TEK. Cavalli-Sforza and Feldman (1981)
introduced three models of cultural transmission: “verti-
cal” transmission, in which knowledge is passed down
from parents to children; “horizontal” transmission, in
which knowledge transmission occurs between peers; and
“oblique” transmission, in which knowledge is passed on
from the older generation to the younger one without family
relationship, as well as from teachers and mass media. How
and when knowledge is transferred and from whom to whom
depends on the domain of knowledge and the local context.
For example, in a previous study on the use of wild edible
plants in India, vertical transmission from mothers to chil-
dren was important (Cruz-Garcia 2006). In contrast, fathers
were the primary transmitters of TEK in an Inuit community
in Canada (Pearce et al. 2011). In the Hutulus communities
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of Ukraine and Romania, books were an important medium
of plants-related knowledge transfer on the Ukrainian side,
whereas on the Romanian side, it was older people with a
wealth of knowledge (Mattalia ez al. 2020). The relationship
between age and knowledge of natural resource uses depends
on the time dedicated to such uses in daily life (Koster et
al. 2016). In addition, it has been pointed out that differ-
ent domains of knowledge follow different secular trends.
For example, among the Tsimané in the Bolivian Amazon,
while knowledge of house building has not declined, that of
edible wild plants and medicines has been shown to be easy
to lose (Reyes-Garcia er al. 2013). These studies highlight
the importance of knowledge transmission in understanding
the loss of knowledge and proposing effective measures to
conserve knowledge over generations.

The present study focused on the actual use of wild fruits,
a typical use of natural resources, on Awaji Island, Hyogo
Prefecture, Japan, and compared the experience of this use
between generations. We used the method described in the
next section to separate the age effect from the cohort effect
and analyze whether knowledge of natural resource use is
actually declining. Additionally, we aim to clarify the inter-
generational changes in channels of knowledge transfer, and
discuss how knowledge transfer can be sustained in the future.

Materials and Methods
Study Site

Awaji Island is located approximately 34°N and 134°E,
and has an area of 592.5 km? (Fig. 1). Located in the
southern part of Hyogo Prefecture, it comprises three cit-
ies and various types of settlements, including urban areas,
rural villages in plains, and mountain and fishing villages.
The island has abundant natural resources, with 51.6% of
forest cover as of 2015 (Ministry of Agriculture, Forestry
and Fisheries 2015), and it has not yet been seen large-
scale urbanization (Himiyama 1995). It has been reported
that forest cover across Awaji Island decreased by approxi-
mately 0.5% between the early 1800s and the 1980s (Ich-
inose and Ito 2007). According to the Statistics Bureau
of Japan (2015), the island has a population of approxi-
mately 135,000, and 13.7% of the employed islanders
aged over 15 are engaged in agriculture; when compared
with the national average of 3%, it is clear that agriculture
is thriving on the island. In contrast, 3% of the island-
ers are involved in the fishing industry, which is roughly
equal to the national average. Manufacturing accounts for
15% (national average 3.5%), retail and wholesale trade
14% (national average 3.4%), and health and welfare 12%
(national average 7.4%). Close to Osaka and Kobe, Japan’s
third most and seventh most populous cities, respectively,
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Fig. 1 Location of the study
area, Awaji Island in Hyogo

Prefecture, Japan

this island is visited by many day trip and overnight tour-
ists. The islanders, like those in most of Japan except for
big cities, have lived here for many generations.

The average annual temperature is 15.5 degrees Cel-
sius, and the annual rainfall is about 1,400 mm (Japan
Meteorological Agency 2020), indicating a temperate cli-
mate (Beck et al. 2018). The main forests on Awaji Island
are those of evergreen broadleaf trees such as Castanop-
sis, deciduous broadleaf trees such as Quercus serrata,
and Pinus densiflora trees (Biodiversity Center of Japan,
Ministry of the Environment n.d.). Most of these forests
are secondary ones. According to the “Flora of the Awaji
Island (revised and enlarged edition)” compiled by Kob-
ayashi et al. (2012), at least 1,524 species belonging to 173
families of vascular plants have been documented on the
island (15.5% of them are naturalized or escaped species).

We conducted a qualitative interview survey (unstruc-
tured interviews) of 40 people born and raised on Awaji
Island and a quantitative questionnaire survey of 228 peo-
ple, in 2015 and 2016 (Tables S1, S2). The birthplaces of
the informants in both surveys covered a wide area of the
island.
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Unstructured Interviews

Informants selection for the qualitative survey proceeded
by requesting the first informant to nominate the next one
to be interviewed. This allowed us to find someone with an
abundant knowledge and encourage them to speak freely.
Howeyver, not all informants were known to each other, and
in order to interview a wide range of generations, we some-
times asked for referrals based solely on age criteria, such
as their parents or children. In order to avoid any bias in the
area of residence among the informants, that of the next
informants was designated as necessary.

Each informant was interviewed for around one to two
hours and, in most cases, one at a time; on rare occasions,
two to four informants were interviewed at the same time—
these interviews were conducted within three hours. Inform-
ants were encouraged to talk frankly about their experience
of using and memories of wild fruits, while we used sup-
plemental materials such as photographs, real wild fruits,
and maps to elicit their memories. Based on the information
obtained from the interviews, we listed species, usage, and
the common names of wild fruits that had been used by
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the informants (Table S3). We interviewed informants of
all ages, from those born in the 1920s to the 1990s, though
approximately half of them were born between the 1930s
and 1950s (Table S1).

Questionnaire Survey

We designed the quantitative survey based on the responses
obtained in the qualitative one. The questionnaire included
informants’ birth year and gender as well as the places where
they lived and the duration of stay. They were asked about
their experience of using six species of wild fruits (Rubus
spp., Elaeagnus spp., Akebia spp., Castanopsis spp., Morella
rubra, and Vitis spp.), the duration of their usage (age), and
the source of their information on the fruits. We selected six
species from those frequently mentioned by informants in
the interviews, and these are still commonly found near the
inhabited areas on the island. We also listed several local
names of each wild fruit identified in the interviews. In addi-
tion, a free text box was provided in the questionnaire to
obtain information on the use of wild fruits of species other
than these six.

Informants of qualitative survey and their family and
friends participated in the questionnaire survey. We also
asked groups such as the local fire brigade to take part and
participated in local festivals where local people gathered
in order to find more informants. We also asked teachers in
a local junior high school to conduct questionnaire survey
in their classes.

The relationship between knowledge about the use of wild
fruits and age was analyzed by linear regression. Informants
who had not answered any part of the questionnaire were
excluded from the analysis. We also excluded informants
aged 11 or below from the comparison of the 12 years, from
age 0 to 12, between generations, leaving 187 informants.
To assess the mechanism explaining the decline in knowl-
edge, we first evaluated when each informant put specific
knowledge to use during their lifetime, and then compared
the results for the same age between the generations. This
allowed the evaluation of the “cohort effect” by subtracting
the “age effect.” Additionally, we compared which knowl-
edge holder passed on the information and to whom among
the different generations. This analysis provided another
aspect to help explain how the changes in knowledge trans-
mission occurred.

Results
Usage of Wild Fruits

Based on the responses to the open-ended questions in the
interview and questionnaire surveys, we confirmed the use
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of 50 species of wild fruits (Table S3). These included only
wild fruits and excluded planted fruit trees and cultivars
as well as herb fruits. Among the multiple species of wild
raspberries and grapes, we listed only those whose use was
confirmed. For example, 17 species of wild raspberries have
been identified on Awaji Island; while people sometimes
refer to them by their specific local names, they are in gen-
eral called “noichigo” (Rubus spp.). We did not list those
whose species could not be identified, even though they had
local names. In addition, although all 17 species are edible,
the use of six of them was confirmed in our surveys. The
most common use of wild fruits (32 species) was “to eat.”
Also, six species were collected and sold, and 17 were used
for other purposes, which included those related to daily life
and rituals such as “to make toy(s),” “to get tannin (preserva-
tion),” “to extract oil,” and “to sacrifice.”

Knowledge of using Wild Fruits

Based on the responses in the interview survey, we catego-
rized knowledge related to the use of wild fruits was cat-
egorized as:

— Recognition of names (especially local names): most
wild fruits are referred to by their local names (Table S3),
and different parts of the island have different names for
some wild fruits (e.g., Ebiko, Ebuko, Nobudo, and Yama-
budo for Vitis ficifolia). In addition, some of the species
have different names depending on their size or sex (e.g.,
Mizumomo (big fruit) and Ishimomo (small fruit) for
Morella rubra, Itabi (female tree), and Inuitabi (male
tree) for Ficus erecta).

— Method of use: users were aware of the methods of col-
lecting and processing wild fruits, their inedible parts,
and how to use them. They also knew the care to be taken
during harvesting, such as the brittleness of the branches.
In addition, they had knowledge of using special tools
to collect wild fruits (e.g., holding the umbrella upside
down and collecting the fruits by shaking the trees,
soaking Castanopsis sieboldii in water and eating only
the sunk ones, and threading multiple wild raspberries
through a long stem of grass to carry around).

— Habitat: users were familiar with the environment in
which the wild fruits grew, specifically, the places where
they grew. Knowledge regarding the places where good
wild fruits can be found has been shared among peers or
kept confidential (e.g., a large fruit-bearing tree is located
behind the shrine (Castanopsis spp.), and Rubus parvifo-
lius crawls on stone walls).

— Phenology: users recognized the seasons and processes
of fructification of wild fruits (e.g., Actinidia rufa bears
fruit in winter, and Elaeagnus pungens does not taste
good until it becomes sufficiently red).
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Not all of the above information was provided for all
fruits mentioned in the interviews, and the type and amount
of information varied depending on the fruit.

Relationship between Birth Year and Experience
of using Wild Fruits

The number of species used during an informant’s lifetime
increased with increase in age, and conversely, decreased
with decrease in age (Fig. 2a). Regarding the duration of
the use of wild fruits, most informants reported using them
in childhood (below the age of 12) (Fig. 3). Also, many of
them reported using them only during childhood, although
some continued their usage into adulthood; only a few
started using them in adulthood. In addition, the relationship
between age and the number of species used until the age of
12 showed that the younger generation had used fewer spe-
cies (Fig. 2a), while the older generation had used a larger
number (Fig. 2b).

Knowledge Transmission

We divided the informants into four generations, and aligned
the channels of knowledge transfer most frequently seen in
each generation in descending order (Fig. 4). Approximately
40% of those born in the period 1920-1949 learned how
to use wild fruits from their friends and seniors, but the
percentage declined with increase in age. In the 1970-1989
generation, grandmothers were the most frequently cited
channel of knowledge transfer at 45%; for the 1990-2009
generation at 33%. Knowledge transfer between siblings was
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Fig.2 a The relationship between an informant’s birth year and his/
her experience (and underlying knowledge) of using wild fruits dur-
ing his/her lifetime. The dotted line represents the result of the
regression analysis; (number of species used during lifetime) =
—0.0678*(birth year)+ 136.96, R? = 0.4772, N = 187. b The rela-

last seen in the 1970-1989 generation, and were not found in
the subsequent generation. Meanwhile, teachers emerged as
a new channel of knowledge transfer, more popular among
the younger generations. In addition, it was found that for
the older generations, knowledge was transferred by peers
during childhood, but this channel has shifted to the elderly
and adults for the younger generations. Moreover, traveling
salespersons who were frequently cited as transmitters of
knowledge in the 1920-1949 generation have disappeared
in younger generations, and the young generations reported
acquiring knowledge from the Internet, television, books,
and other media.

Discussion

Our results revealed that the widely documented decline in
TEK can be attributed to the decline in experience among
younger generations, not the accumulation of knowledge
with age (wisdom of the elders) (Figs. 2a, b and 3). We also
found that the use of wild fruits began during childhood
and rarely persists in adulthood. In addition, the channels of
knowledge transfer were observed to have changed over gen-
erations. While those born between 1920 and 1949 acquired
knowledge from their friends and seniors, the proportion
of these channels has declined, and new channels emerged,
in the younger generations. In this study, it was possible to
compare the level of knowledge between the generations
because the use of wild fruits started in childhood for all
of them; had the start time differed between generations,
this method would not have been able to compare them by
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tionship between an informant’s birth year and his/her experience of
using wild fruits during his/her childhood (aged 12 or below). The
dotted line represents the result of the regression analysis; (number of
species used during childhood) = —0.0596*(birth year) 4+ 120.48, R? =
0.4549, N = 187
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Fig.3 Each informant’s duration of wild fruit use. The thin line represents each informant’s lifetime (birth year to 2015), whereas the thick one
shows the duration of use within the lifetime. Data of only those informants who have used each wild fruit is shown here

Fig.4 Channels of knowledge
transfer (i.e., the source the
informants acquired information
about wild fruits from) for four
different generations. The num-
ber indicates the percentage of
use of each channel among the
informants in each generation
(each informant used more than
one channel)
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subtracting the age effect. To see if all generations used spe-
cific knowledge at the same age, it is important to understand
the pattern of knowledge usage during people’s lifetimes, as
shown in Fig. 3.

Acquisition of Knowledge in Life and Duration of its
Use

Previous studies have reported that the duration of using
knowledge in one’s lifetime varies depending on the area
of the traditional knowledge (Reyes-Garcia et al. 2013;
Koster et al. 2016). In addition, it has been shown that peo-
ple acquire considerable ecological knowledge about plants
from their peers during childhood (Zarger and Stepp 2004).
Our results show that the use of wild fruits as food not only
begins but also tends to end in childhood, and a majority of
those who continued to use wild fruits in adulthood began
using them as children. It is imperative to understand the
use of natural resources in order to promote conservation
strategies that are appropriate and effective in maintaining
knowledge transfer. For example, people in modern Japan
are familiar with wild fruits during their childhood, but this
interest tends to decline as they age. It is common in Japan
to see young children playing with acorns in the fall, but
it is rare to see students in junior high school, older stu-
dents, or adults doing the same. Many informants said in the
interviews that they often consumed wild fruits as snacks
while playing and on their way home from school. Inter-
est in wild fruits and opportunities to collect them diminish
with age. By making use of the demands and opportunities
corresponding to age, we can measure the transfer knowl-
edge. Information about users and the duration of use of the
knowledge is essential when considering sustaining knowl-
edge transfer.

Differences in Awareness of the Use of Wild Fruits
Between Generations

Since Awaji Island has not undergone rapid urbanization,
wild fruits are still readily found around villages. There-
fore, a decline in their use among younger generations is not
likely due to changes in the natural environment. Despite
there being enough wild fruits around, younger generations
do not use them. The qualitative interview survey suggests
that social context and changes in children’s lifestyles are
responsible for the decline in wild fruit use. Informants offer
various accounts of the use of wild fruit. Some whose child-
hoods spanned the post-war food shortage era said, “I ate
anything edible,” a strategy never mentioned by other gen-
erations. This suggests that one of the uses of wild fruits—
“to eat”—became most important use of this resource in
an era when food was scarce. War is an important factor
when considering the use of wild fruits, and many of our

informants gave war-related accounts of wild fruit uses in
the surveys. However, those born between 1920 and 1940
who had reported consuming wild fruits in their childhood
stated in 2015 that eating wild things was “barbaric,” sug-
gesting that personal values can change over time. Cruz-
Garcia (2006) also found a similar situation in which the use
of natural resources was seen as a symbol of low status and
poverty, and associated with shame and inferiority.

Informants born in the 1970s noted that they had not
played outdoors after the emergence of video games, which
could also be one of the reasons that children become alien-
ated from nature, suggesting a clear shift in the sources of
children’s play materials. Also, those born in the 1980s said
that they rarely played outdoors on weekdays because they
returned home late after participating in sports club or other
activities at school. These statements demonstrate the impact
of children’s use of time on their use of wild fruits. Senda
(1992) found that the amount of natural space available for
children to play in declined by more than half between 1955
and 1990. Compared with Yokohama, the second-largest
city in Japan with a sizeable population that was the site of
Senda’s study (1992), Awaji Island still has an abundance
of nature, so it is unlikely that the amount of natural space
for children has similarly decreased there. A previous study
conducted on Awaji Island showed that children born in the
late 1990s were less likely to play in nature than their parents
(One et al. 2013). In addition, the number of children on
Awaji Island has been declining, as one of the elementary
schools shut down during the period of this study. Many
children’s schools are located far from their homes, and
hence, they commute by bus or car. Possible reasons for the
decrease in learning from friends and seniors include fewer
children, lack of friends in the neighborhood, and a decrease
in the amount of time children spend with each other during
the commute between home and school.

Changes in Channels of Knowledge Transfer

Previous studies have shown that horizontal transmission is
the most common channel of knowledge transfer for chil-
dren (Gallois et al. 2018). However, our study showed that
horizontal transmission in childhood has changed to vertical
and oblique transmissions with time. Channels of knowledge
transfer have shifted in recent years, highlighting not only
changes in the relationship between people and nature but
also the communication between people. Knowledge transfer
between children, as experienced by the older generations,
has been replaced by transfer from older people, such as
grandmothers, for younger generations. In addition to the
changes in the way children play and the places they fre-
quent, this may demonstrate the changes in the relationship
between children of the same or different ages.
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Teachers and to a lesser degree, television, books, and
internet which were increasingly channels of transfer or
emerging as such in the younger generations, are likely to
bring knowledge that is outside of children’s area of activ-
ity and not local. Due to this change in channels of knowl-
edge transfer, it is possible that the local names and usage
of wild fruits unique to an area have been replaced by those
from other areas. It also suggests that location information,
such as the detailed location of useful natural resources, has
become increasingly unavailable for transfer.

Previous studies have suggested that cultural knowledge
in adulthood is likely to be mixed information collected from
various channels of transfer (Reyes-Garcia et al. 2016). We
found that each informant had a maximum of eight chan-
nels of knowledge transfer for the use of wild fruits. Also,
those born in the period 1990-2009 had a median of one
channel of transfer, while older generations had a median
of approximately two channels of transfer, although it is not
clear in which part of their life the two channels existed and
they might not have endured beyond childhood.

Preserving Children’s Experiences

It has been suggested that a decline in or loss of experience
of using natural resources may further reduce people’s inter-
est in and awareness of biodiversity and its benefits (Soga
and Gaston 2016) and that providing environments and
opportunities to enhance interactions between humans and
nature would restore a connection to nature (Miller 2005).
As more efforts for conservation and restoration of biodi-
versity and ecosystem services are demanded in national
and local policies, such activities are expected to increase
significantly in the future. Our results showed that the use
of wild fruits generally began in childhood, suggesting that
these are objects that stimulate children’s curiosity and thus
may have a role in enhancing their interactions with nature
more widely. In order for children to play in nature in their
daily lives, they need to have not only an abundance of
nature close to their locations but also easy access to it psy-
chologically (Kinoshita 1992). Given the lack of correlation
between regional characteristics (urban or rural) and chil-
dren’s experiences of nature (Ye 1994), it is likely that a new
mechanism or system is needed to reconnect children with
nature, even in rural areas where nature is still abundant.

Conclusion

Our study results show that the fact that older people tend
to have more knowledge about using natural resources com-
pared to younger generations can be attributed to loss of
experience and not to age-related accumulation of knowl-
edge (wisdom of the elders). In addition, they revealed that
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the channels of knowledge transfer had changed significantly
in recent years. Information about users and the duration of
using knowledge are essential when considering sustaining
the transfer of local environmental knowledge. Young peo-
ple’s knowledge of natural resource uses has been declining
even in areas with a rich natural environment. As a decline in
experience reduces interest in biodiversity and ecosystems,
activities to restore connections between people and nature
should be encouraged to support conservation efforts into
the future.
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