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Abstract

Fishing ensures necessary food for humans and is inextricably linked with the environment because coastal com-
munities developed special fishing procedures to achieve better exploitation of the aquatic resources. Lake Trichonis,
Greece's largest natural lake, is a freshwater ecosystem in which a marine species (Atherina boyeri) has entered and
dominate the ichthyofauna. This species is exploited by purse seine fishing with the use of light, and previous stud-
ies revealed that the fishing lights create a particular food chain reaction, which promotes predation among the
attracted fish species, one of which is Scardinius acarnanicus that preys upon A. boyeri. The purse seine fishers typically
return to the lake alive S. acarnanicus, due to its low market demand, although it is the main predator of their catch.
This custom, apart from causing income losses, promotes instability in the fish populations, while eventually altered
the foraging behaviour of S. acarnanicus and made it a fish-predator instead of a typical omnivorous species. Based
on data from official fish landing recordings, interviews with local fishers, and responses to questionnaires completed
by residents of villages around Lake Trichonis, the present study investigates how changes in the dietary habits of the
lakeside communities over time have led to the low market demand for S. acarnanicus. The present findings revealed
an interesting relation between the dietary preferences of the local population and their ecological consequences

for the fish community of this lake. This will eventually lead to the increase in the top predator (S. acarnanicus) and an
inevitable decrease in the main catch (A. boyeri), affecting not only the ecological status of the lake, but also the socio-
economic characteristics of the human populations in this area. From another perspective, the results demonstrate a
paradigm of adapted evolution by a wild fish under the pressure of human activities.
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Introduction

Civilization began when humans first learned to use fire
and other tools to modify their surrounding natural envi-
ronment. Fishing, a practice older than agriculture, is a
method that seems to have evolved along with humans.
Evidence supports that it was practiced long before the
arrival of Homo sapiens and possibly represents the old-
est economic activity in human history [6, 21, 23]. The
practice was particularly important since it ensured nec-
essary food, while also being inextricably linked with the
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environment because special fishing procedures were
developed based on the aquatic ecosystem.

As human civilization has evolved, diets have shifted
from being high in fruits, vegetables, lean meats, and
seafood to being dominated by processed foods high in
sodium and hydrogenated fats and low in fibre [8]. These
dietary changes affect the environment, having the power
to change the natural stability of an ecosystem or even
the ecosphere. For example, global livestock production
is responsible for approximately 12% of the global green-
house gas emissions that are accelerating worldwide cli-
mate change [28].

However, the connection between the human diet
and the environment can also have beneficial effects on
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the ecosystem. For example, human consumption has
served to control invasive species such as nutria (Myo-
castor coypus) [20], and considerable effort has gone
into assessing the potential food use of invasive fish,
such as the Asian carp (Hypophthalmichthys molitrix
and Hypophthalmichthys nobilis) and the lionfish (Pter-
ois spp.) [1, 17, 26]. Given the above, it would be inter-
esting to see how a shift in the human diet could affect
the surrounding ecosystem on a small scale, such as for
a lake.

Lake Trichonis, Greece’s largest natural lake, represents
a typical example of a freshwater ecosystem that has
been exploited by humans owing to a rich supply of fish.
Situated in the western part of the country, it is part of
the Natura 2000 network of protected areas. The lake is
a deep (57 m) warm monomictic lake with oligotrophic
to mesotrophic characteristics [2, 11], and it is one of the
most important lakes of Greece in terms of freshwater
fish fauna. Twenty species of fish are present in the lake,
with many of them being endemic to the area [4]. Among
these species, big-scale sand smelt (Atherina boyeri) has
historically entered the lake via rivers and canals and is
the dominant fish species, as well as the main source of
fishing revenues [16]. Other fish from the lake are also
marketable species and are used as food almost exclu-
sively by the people living in lakeside communities. These
communities include 23 villages and have a total popula-
tion of about 20,000 residents.

The commercial fishing of A. boyeri in Lake Trichonis
uses the purse seine fishing method, mainly during night
hours and with the use of light from lamps mounted on
small floating rafts. Recent studies have shown that these
fishing lights create a particular food-chain interaction.
This interaction starts with the phototactic arrival of
zooplankton, which constitutes prey for the fish larvae
of several species. Endemic Economidichthys trichonis is
among these species and is in turn prey for A. boyeri [12—
14]. The latter species is heavily predated by Scardinius
acarnanicus, which arrives in the area after a few hours
[25].

A recent study by Tsounis and Kehayias [25] showed
that S. acarnanicus is the top predator in this particular
food chain and approaches the fishing lights to prey on A.
boyeri, instead of feeding on aquatic vegetation as it was
found to do in the past [7]. In the past few decades, fish-
ers have customarily returned S. acarnanicus from their
catch back into the lake alive. Aside from having a direct
financial impact for the fishers, this practice creates an
indirect problem as they are returning the predator of
their target catch to the lake. Over time, the custom is
expected to gradually increase the S. acarnanicus popula-
tion (predator) against the population of A. boyeri (prey)
and thus create an ecosystem imbalance.

Page 2 of 10

The reason why S. acarnanicus is returned to the
lake alive seems to originate from its low demand in
the local market. This low demand could reflect a shift
in the dietary habits of the lakeside population, which
includes the main consumers of fish from the lake. In
the present study, we investigate (1) a possible change
over time in the dietary habits of the lakeside commu-
nities, (2) how this change affects the local fishers and
the overall fisheries management of the lake, and (3)
the potential ecological impacts of this dietary altera-
tion on the fish fauna of Lake Trichonis. We anticipate
that the combination of these factors will reveal possi-
ble relationships between the dietary habits of a human
population and the ecological balance of a nearby
aquatic ecosystem.

Materials and methods

The study was conducted in Lake Trichonis from Febru-
ary 2019 until February 2020, and it was based on three
sources of information: fisheries data, interviews with
local fishers, and questionnaire responses by the local
population.

Fisheries data
Data of the official landing data collections were retrieved
from the archives of the Department of Fisheries of the
regional unit.

Interviews with local fishers

Interviews with 11 local fishers were conducted with the
aim of investigating possible shifts of the fishing habits
of the area. Interviewees included the three fishers who
had the necessary permissions from the Department of
Fisheries for commercial purse seine fishing of A. boyeri
in Lake Trichonis and eight fishers that fish avocational
in the lake for many years. In these interviews, the fishers
were asked about the following:

+ The landings of A. boyeri and S. acarnanicus in the
present and the past

o Whether they are currently selling S. acarnanicus,
and what its price is in the market

+ When the demand for fish from the lake began to
decline

+ How the fishes were distributed in the market in the
past and how they currently are

+ Ways of cooking of S. acarnanicus

+ Whether they would be willing to fish S. acarnani-
cus instead of throwing it back into the lake, if the
demand for processing S. acarnanicus arise
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Responses from the lakeside population

A questionnaire administered to the population living in
villages around Lake Trichonis was used to investigate
aspects of local diets with regard to lake fishes. The ques-
tionnaire was designed to be as simple as possible, with
all questions on one page, to be more approachable. Each
questionnaire had two parts. The first part requested
information about the gender, age, and the residence vil-
lage of the respondent. The second part included the fol-
lowing questions about dietary habits:

Do you consume fish from Lake Trichonis?

If yes, which species?

How often do you consume fish from the lake?

How often do you consume fish in general?

If you don't consume fish from Lake Trichonis, what

are the reasons for that?

6. In the past, did your parents and grandparents con-
sume more fish from Lake Trichonis?

7. If yes, which species?

8. During those years, how often was the family con-

suming fish from the lake?

Gubs W

The first five questions were aimed to obtain the cur-
rent opinion of the residents about their preferences for
the lake’s fishes and information about the frequency of
consumption. The last three questions were intended
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to reveal possible alterations in the dietary preferences
and frequencies. A total of 522 questionnaires were dis-
tributed to students in the fifth and sixth grades of the
elementary school, with special permission of the Direc-
torate of Primary Education of the district, with specific
directions that the questionnaires be answered by par-
ents and guardians and not the students themselves. This
method was selected instead of telephone interviews
to increase the number of answers and to ensure that
responses were from families residing in the lakeside vil-
lages. The villages where questionnaires were distributed
included Panetolio, Kenourgio, Paravola, Pandanasa,
Zevgaraki, Papadates, Mataraga, Grammatikou, Gavalou,
and Kato Makrinou (Fig. 1). Statistical significance of the
answers was tested using the Chi-square test, performed
in IBM SPSS Statistics. This test was used to investigate
possible differences between genders concerning the
consumption of fish from the lake, the age of the partici-
pants and the frequency of lake fish consumption, and
finally the age of the participants and the opinions about
the frequency of fish consumption in the past.

Results

Fisheries data

Data from the archives of the Department of Fisher-
ies provided the landings of A. boyeri for the period
2012-2020. In 2012, the landings of A. boyeri reached
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Fig. 1 Geographic location of Lake Trichonis and of the villages where the questionnaires were distributed
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133,106 kg (Fig. 2). Afterwards, landings generally
decreased, with only some occasional peaks, such as in
2014 or in 2017. Nevertheless, landings did not exceed
the amount in 2012, and the smallest quantity occurred
in 2020, reaching 57,564 kg.

Interviews with local fishers

All the fishers conducting commercial purse seine fish-
ing of A. boyeri reported that they usually catch and
return alive large quantities of various fishes, mainly
S. acarnanicus, to the lake. The discharges for this spe-
cies were estimated to be between 500 kg and up to 2-3
tons per night depending on the season. The fishers
also pointed out that the quantities of S. acarnanicus in
catches have increased significantly compared with past
catches, whereas those of A. boyeri have decreased con-
siderably. Moreover, they noted that the behaviour of S.
acarnanicus has changed during recent decades. In the
past, catching this fish required absolute silence on board
the fishing boat because the slightest sound frightened
the school, which would then swarm away. Now, large
schools of S. acarnanicus are created when the engines of
fishing boats are started, and the fish follow the boats to
take advantage of any fish discharge in the lake.

All the fishers agreed that from the 1980s onward, a
large decrease occurred in the demand for fishes from
the lake and subsequently for S. acarnanicus. Thus, their
custom of returning it to the lake alive arose owing to the
low demand for this fish in the local market, which leads
to a price of about 3 euros/kg.

In the past, lake fishes were distributed to local popula-
tions with animals such as donkeys and mules and later
with the use of motorcycles and tricycles. Currently,
transport is with pickup trucks, which can reach even
the most remote and mountainous village in the area.
According to the fishers, the lake fishes play an impor-
tant role in the local cuisine. For example, S. acarnanicus
is cooked in the oven with tomato sauce and potatoes,
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Fig. 2 The landings of Atherina boyeri (kg) from Lake Trichonis for the
period 2012-2020, according to the available data of the Department
of Fisheries of the district
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green vegetables, or unripe plums, or it is grilled, or fried
in local olive oil.

In response to the hypothetical question regarding
a renewed demand for S. acarnanicus (e.g. for process-
ing), all the fishers stated that they would not discard the
catch, as long as the wholesale price of the fish could pro-
vide them with a profit margin.

Responses from the lakeside population

Of the 522 people surveyed, 234 were men (44.8%) and
288 were women (55.2%). The sample was divided into
the following four age categories: 18—-25, 26—45, 46—60,
and >60 years old. The largest percentage of respond-
ents were in the age group 2645 (54.5%), while the age
group>60 had the lowest participation in the sample
(3.6%).

When the responders were asked if they consume fish
from Lake Trichonis, 379 people (72.61%) answered posi-
tively, while 143 (27.39%) responded negatively (Fig. 3
question 1). Men showed a greater preference for lake
fishes compared with women (77.78% vs. 68.40%, respec-
tively), and this difference was statistically significant
(Chi-square test, p <0.05) (Fig. 4).

With regard to the preference for specific fish, A. boy-
eri was top ranked (58.24%), followed by Rutilus panosi
(39.58%), Silurus aristotelis (22.80%), S. acarnanicus
(15.71%), and Luciobarbus albanicus (6.70%). Among the
respondents, 8.62% indicated that they preferred some
other species, such as eel (Anguilla anguilla). Respond-
ents had the opportunity to choose more than one
answer (Fig. 3, question 2).

Most of the people who consume lake fishes stated that
the frequency was once a month (28.74%) or once a week
(25.10%), while 18.58% of respondents answered that
they never eat fish from the lake. Only a few respondents
(0.96%) stated that they eat lake fish every day (Fig. 3,
question 3). In answer to the question about how fre-
quently they eat fish in general, 68.97% of the respond-
ents answered that they consume fish once a week, while
1.15% indicated that they never eat fish (Fig. 3, question
4).

Among the reasons why they do not eat fish from the
lake, 23.56% of the respondents stated that it is not easy
to find them in the market and 19.16% that the fish are
not so tasty, while 14.94% stated that it is difficult to pre-
pare them for cooking (Fig. 3, question 5).

When asked if their elders ate more fish from the lake,
a vast majority of the respondents (83.91%) answered
positively, while 13.79% replied negatively (Fig. 3, ques-
tion 6). Respondents who answered positively were
asked to choose which species of fish were consumed
more frequently. The order of preference was R. pan-
osi (67.43%), A. boyeri (58.43%), Silurus aristotelis
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Fig. 3 The overall answers in each of the eight questions as % percentage in the 522 answered questionnaires. 1: Do you consume fish from lake
Trichonis? 2: If yes, which species? 3: How often do you consume fish from the lake? 4: How often do you consume fish in general? 5: If you don't
consume fish from Lake Trichonis, which are the reasons for that? The A-F answers account for: a | can't find them in the market, b they are not so
tasty, c it is difficult to cook them, d It is difficult to prepare them for cooking, e | prefer to eat frozen fish, f Other. 6: In the past, were your parents
and grandparents consuming more fish from lake Trichonis? 7: If yes, which species? 8: Those years, how often was the family consuming fish from
the lake?

(53.83%), Scardinius acarnanicus (41.57%), L. albanicus
(24.71%), and other (10.34%) (Fig. 3, question 7).

With regard to the question about the frequency of
their family’s past consumption of fish from the lake,
66.18% of the respondents answered that they ate fish
once a week, while the 15.35% ate fish once a month.
A notable number (12.03%) stated that they consumed
fish from the lake every day in the past (Fig. 3, question
8).

To detect any differences in the opinions of people
in different age categories, an age-based analysis was
carried out. The results showed that as age increases,
the frequency of lake fish consumption decreases (Chi-
square test, p <0.05). Thus, in the age category 18-25,
fish from the lake were being consumed on a weekly
basis (42.3%), while in the age categories 26—45 and
46-60, most answers indicated fish consumption on a
monthly basis, with 29.06% and 43.75%, respectively
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(Fig. 5). Moreover, in response to the question on the
frequency of families’ consumption of fish from the
lake in the past, all age categories inclined towards
once a week. However, some of the people in the 18-25
age category believed that consumption of fish from
the lake was daily in the past. This opinion decreased
gradually as age increased (18-25: 20.9%, 26—45: 9.58%,
46-60: 9.47%,>60: 6.25%), with the “once a week”
answer becoming more common with age (18-25: 10%,
26-45: 14.94%, 46—60: 20%, > 60: 31.25%) (Fig. 6). These

results were also statistically significant (Chi-square
test, p <0.05).

Discussion

Background information

Lake Trichonis is a freshwater ecosystem with certain
peculiarities, including being among the few lakes world-
wide that are inhabited by a marine fish. Atherina boyeri
was naturally introduced from the sea into this ecosys-
tem via river Acheloos and connecting canals, and once
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it acclimatized, it became the dominant species [16]. The
large numbers of A. boyeri and the ease of cooking and
consuming this small fish made it especially desirable
to the local population. It also provided fishers with a
good profit, leading to its commercial fishery. Until the
early 1990s, the fishery of A. boyeri was conducted with
bottom trawling. Afterwards, purse seine fishing with
the use of light was introduced based on the scientific
opinion [25]. The introduction of a fishery method used
in marine environments is another peculiarity of this
lake. As in the sea, purse seine lights attract this fish by
attracting its prey, the zooplankton of the lake [3]. The
zooplankton, which is dominated by copepod and cla-
doceran crustaceans [2, 9], was found to respond to the
light [10] and to concentrate close to it, acting as a cue to
A. boyeri [12]. However, in this enclosed ecosystem, the
use of fishery lights had some unexpected consequences.
The planktivorous A. boyeri turned to prey heavily on the
larvae of the native and endangered fish E. trichonis that
were attracted to light [13, 14], while at the same time,

it suffered the predatory behaviour of another fish, S.
acarnanicus which had been found to be exclusively her-
bivorous [7] before the introduction of the fishery lights
[25]. This species proved to be among the top predators
in Lake Trichonis, consuming large numbers of A. boyeri,
which is the commercially targeted species [25].

The ecological perspective

Another reason for the altered feeding preferences of
S. acarnanicus could be improper on-board catch han-
dling. When fishers retrieve their purse seines, the catch
includes large numbers of S. acarnanicus in addition to
the targeted A. boyeri; owing to low market demand, the
live S. acarnanicus are returned to the lake. This prac-
tice of returning live fish to the lake, which has become
more common in recent decades, may have inadvertently
“taught” the S. acarnanicus population that it is safe to
prey on A. boyeri in the presence of light at night as pre-
sented in Fig. 7 [25]. This hypothesis is supported by the
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not dangerous

Fig. 7 Schematic representation of the “educational hypothesis”about the predation of Scardinius acarnanicus in Lake Trichonis. S. acarnanicus
specimens caught in the purse seine nets are returned alive back to the lake and eventually learn that preying A. boyeri close to the fishing lights is

Scardinius acarnanicus (tseroukla)

— Atherina boyeri

fishers’ observations that S. acarnanicus seem to not fear
human activity anymore and, in contrast, follow the fish-
ing boats. This “educational hypothesis” may be further
supported given that S. acarnanicus can live for 10 years
and that even the smaller members of its population can
prey on A. boyeri [25]. Evidence of cultural transmission
of foraging techniques in fish is not uncommon and has
been proven experimentally [29, 30]. There are several
other examples of how human behaviour and practices
may have conditioned animal behaviour [31], but to our
best knowledge, there is no other similar case referring to
the alteration of the feeding behaviour of a wild fish.

The combination of specific fishing methods (light-
assisted fishing) and improper catch handling (returning
live S. acarnanicus to the lake), promotes the increase in
abundance of S. acarnanicus in contrast to the A. boyeri
population, which is the target species in Lake Trichonis.
Indirect proof of this population imbalance comes from
the decrease in the A. boyeri landings, highlighting the
necessity of examining the state of the lake’s fish popula-
tions and proposing management actions to maintain the
ecological balance, as well as the continuation of fishing.
It must also be pointed out that in addition to the legal
purse seine fishing boats, there are also many others that
use fishing lights illegally, creating extra pressure on the
stability of the lake’s ecosystem.

The effects of the dietary alteration

The primary cause of the changes mentioned above
seems to be the alteration of the dietary habits of the
lakeside communities, with consequent reduction of
consumption of fish from the lake, which started, as
the fishers stated, in the 1980s. This diet alteration was
apparent in the residents’ answers, only when compari-
son with the past is attempted, since a significant pro-
portion of the population still includes lake fish in their
diet. Welcomme [27] reported that the landings of fresh-
water fishes in southern European countries, including
Greece, decreased from 44,000 tons in 1986 to 17,415
tons in 2009. An outcome of the decreased consumption
of freshwater fish is the depletion of workers in the inland
fishing sector [5, 19, 22]. In the case of Lake Trichonis,
this was reflected on the difficulty of finding lake fishes
in the market due to their low demand. Atherina boyeri
seems to be the most preferable fish not only because it
is the most abundant in the lake [3], but also because it
does not need any special preparation before cooking as
the entire fish is eaten, and is easily consumed even by
children, as it does not have any large bones. However,
this species is rarely available in the local market due to
the existence of such trade agreements which promote
the catch in other major markets, such as in Athens and
abroad.
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The diet alteration is probably a consequence of the
homogenization of lifestyles and the erosion of the Medi-
terranean diet cultural heritage. These changes have been
caused by factors such as shifts in intergenerational rela-
tionships and new interrelationships with the rest of the
world via tourism and migration, which have in turn led
to the Westernization of food consumption patterns in
the Mediterranean area [15]. In the present study, the
majority of respondents answered that they still con-
sume fish from the lake, proving that there is a “familiar-
ity” with the lake’s fishes. Moreover, in this non touristic
region of Greece, the local communities are more reclu-
sive and conservative, which is probably another reason
why old dietary habits are still maintained. A particularly
encouraging fact is that younger people stated that they
eat fish from the lake more frequently than the older,
which may indicate a shift of the younger generation
towards the traditional local diet.

Svanberg and Locker [24] claimed that the regression
of many freshwater fish species as food is also due to
the industrialization of marine fishing, leading to large
quantities of fish reaching the inland market. The reduc-
tion of the lake fish in the diet of lakeside communities
over the years in the studied area, could be also owed to
several other reasons such as the weaker economic situ-
ation of the past, the possibly greater abundance of fish
in the lake, the lack of other protein sources (e.g. meat),
the lack of frozen products, or ready meals, and the dis-
appearance of old recipes specifically for the lake fishes.
Loukopoulos [18] devoted a large part of his research to
the dietary habits of the inhabitants of Aetolia, which
encompasses Lake Trichonis. According to this study,
most of the fish in the lake were consumed during peri-
ods of fasting before major religious holidays, such as
Christmas and Easter. Loukopoulos [18] also reported the
ways in which each type of fish was cooked, for example,
S. acarnanicus was boiled, baked in the oven, and fried. It
is noteworthy that the specific dietary habits and recipes,
some of which were also mentioned by the fishers in the
interviews, come from ancient times and represent the
history and the struggle of the inhabitants for survival.
These recipes must be saved, preserved, and developed,
as they represent an intangible cultural heritage.

Conclusions

The present study reveals that in the case of Lake Tri-
chonis, a close relation may exist between the dietary
preferences of the local population and the environ-
mental status of the ecosystem. The present ecologi-
cal instability could eventually lead to an increase in
the population of S. acarnanicus as the top predator
and to an inevitable decrease in the main catch of the
lake (A. boyeri). Such changes would also affect the
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socioeconomic characteristics of the area. More spe-
cifically, the ecological instability could lead to the
destruction of the fishing industry of the lake, which
would inevitably lead to income loss, impoverishment,
and immigration away from the area. Thus, at a local
scale, the adoption of certain management measures is
necessary.

+ The adjustment of the fishing legislation to decrease
the days of fishing, especially during the reproduc-
tive periods, would strengthen the threatened pop-
ulations of A. boyeri and E. trichonis. Accordingly,
given that fishing lights remain on for more than
8 h before the purse seining, a decrease in this time
would reduce the predation impact on the popula-
tions of the above species. Both these actions would
be expected to decrease the ecological instability
through limiting the predatory behaviour among
fishes.

+ The establishment of a fishing association to man-
age the catches, in cooperation with scientific
research and contribution, would lead to a better
fishery management of the ichthyofauna of the lake.

+ Through this association, fishers could be edu-
cated on proper catch handling, which would prob-
ably alter their custom of returning S. acarnanicus
from their catch to the lake alive. However, their
main concern would always be the disposal of these
fishes in the most convenient way.

+ Processing the excess S. acarnanicus and produc-
ing quality products of high nutritional and com-
mercial value or/and creating new dietary products
and recipes would be helpful. This approach could
be combined with the promotion of ecotourism,
agritourism, and food tourism, which would bring
growth to the region, creating new jobs and oppor-
tunities in an area that is one of the poorest in the
country.

Considering a broader ecological perspective, the present
study demonstrates a paradigm of adapted evolution by a
wild fish under the pressure of human activities that have
led to specific dietary preferences and feeding behaviour.
Finally, considering that many communities around the
world live close to lakes and other freshwater ecosystems
and utilize their food resources, and that changes in their
diets seem to be inescapable, this investigation could
motivate similar studies and concerns.
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