Journal of Limnology press

Journal of Limnology 2026, 85:2270
doi:10.4081/jlimnol.2026.2270

N

©Copyright: the Author(s), 2026
Licensee PAGEPress, Italy

Local ecological knowledge and attitude toward the Great Cormorant
(Phalacrocorax carbo) among the fishermen’s community at Beni
Haroun Dam, Algeria

Abdelaziz Bouzegag,!-2* Abderraouf Chouaib Rebbah,!2 Noureddine Bouchareb,> Hocine Mennour,3 Ibrahim Mouhoub,?
Slimane Tabet,!.2 Sabri Bousbia,* Intissar Meghzili3

1Laboratory of Functional Ecology and Environment, University of “Larbi Ben M hidi” Oum El Bouaghi; 2Department of Ecology and
Environment, Faculty of Natural and Life Sciences, University of Mila; 3Laboratory of Natural Sciences and Materials, Department of
Ecology and Environment, Faculty of Natural and Life Sciences, University of Mila; 4Laboratory of Natural Sciences and Materials,
Department of Biological Sciences, Faculty of Natural and Life Sciences, University of Mila, Algeria

Abstract

Incorporating the perspectives of local fishing communities and their ecological knowledge (LEK) can enhance policymaking and
improve wildlife and economic management strategies. This study aimed to evaluate the local ecological knowledge of fishermen at
Beni Haroun Dam regarding the Great Cormorant (Phalacrocorax carbo) a species legally protected under Algerian law, and to reveal
their conservation attitudes toward this species. We qualitatively evaluated and analyzed the respondents’ local ecological knowledge,
while their attitudes were quantitatively assessed by correlation with factors from the sociological and fishing profiles. Fishermen suc-
cessfully identified the ecological properties of cormorants, including their habitats, prey types, and foraging behavior. They demon-
strated a generally favorable attitude towards the conservation of Great Cormorants. Fishermen’s reports were compared against pub-
lished data on a topic-by-topic basis, showing a moderate to relatively high level of ecological knowledge overall, alongside some
notable overestimations (e.g., in daily food intake and residency duration). No significant connections were identified between fish-
ermen’s attitudes and any socio-demographic or fishing-related variables. We therefore reiterate the significance of the current study
as foundational knowledge about P. carbo in Beni Haroun Dam and the incorporation of Local Ecological Knowledge into conserva-
tion strategies and future ecological studies for Mediterranean inland freshwater habitats.
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lethal control, set hunting seasons, and adopt protective measures
(Pimenta et al., 2024), stakeholders regularly doubt their efficacy,
citing persistent population expansion and inherent constraints
(Carss, 2022).

The continental subspecies Phalacrocorax carbo sinensis has
significantly contributed to this range expansion, establishing new
wintering and feeding habitats throughout Europe and neighboring
areas (Carss et al., 2009; Lyach et al., 2018). Its habitat selection is
determined by food availability, lesser hunting pressure, and mod-
erate winter weather, allowing it to establish itself in previously
vacant areas (Collas and Burgun, 2011). In Algeria, the Great
Cormorant is legally protected under Executive Decree No. 12-235
of 3 Rajab 1433 corresponding to 24 May 2012, setting the list of
protected non-domesticated animal species (République
Algérienne, 2012), which prohibits its hunting, capture, and
destruction nationwide.

Algeria serves as a significant waypoint on the Mediterranean

INTRODUCTION

The Great Cormorant (Phalacrocorax carbo) is one of the most
important piscivorous predators in aquatic environments (Lyach et
al., 2018). It preys on numerous fish species of differing sizes
(Kallo et al., 2023), with its high mobility and opportunistic feeding
behavior enhancing its influence across freshwater, estuarine, and
coastal ecosystems (Dinesen et al., 2024). These traits, along with
its tendency to hunt in large groups, make it both an ecological con-
cern and an economic burden.

In recent years, cormorant populations in Europe have signifi-
cantly increased, primarily due to strong conservation initiatives
and legal protections implemented by legislators (Harding and
Mesler, 2022). The success of these conservation efforts intensified
tensions between the species and fishing communities (Saarikoski
et al., 2024), since numerous fishermen claim financial losses due

to predation and disturbances produced by Great Cormorants
(Zumpano et al., 2024). While present regulations typically permit
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migratory route for Western Palearctic waterbirds, acting as both a
wintering habitat and a transit location between European breeding
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regions and African wintering sites (Samraoui et al., 2011; Bensaci
et al., 2013; Bouldjedri and Mayache, 2020). Every winter, the
nation receives as many as 97 species of waterbirds, including eight
piscivorous species, such as the Great Cormorant (Samraoui et al.,
2011). During this phase, the species inhabits a range of water habi-
tats to suit its feeding requirements, with large dams and reservoirs
constituting its principal foraging and roosting sites (Benmetir et al.,
2020; Belfethi and Moulai, 2022).

These water bodies are significant to Algeria’s inland fishing
sector. Freshwater fisheries are concentrated in dams and reservoirs
across northern Algeria (Tandjir, 2008), contributing to the national
fish production, supplementing marine fisheries and supporting
local fishing communities (Ferroukhi et al., 2022). The spatial over-
lap between cormorant foraging areas and active fishing zones has
proved to create human—wildlife conflict (Vieite ez al., 2022; Villar
et al., 2024), yet this issue remains relatively understudied in the
Algerian context.

Despite the observed increase in cormorant populations across
Algerian freshwater systems in recent decades (Benmetir et al.,
2020), to our knowledge, no published study has explored local eco-
logical knowledge among fishermen or assessed their attitudes
toward the species’ impacts on fishing activities. This study was con-
ducted at Beni Haroun Dam, which accommodates more than 6,000
Great Cormorants (DGF, 2018), making it a key site for understand-
ing human—cormorant interactions in North Africa. This study there-
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fore pursues two specific aims: (1) to document and evaluate the
accuracy of fishermen’s local ecological knowledge (LEK) of the
Great Cormorant relative to the published scientific literature, and
(2) to assess fishermen’s attitudes toward the conservation of the
species and identify the socio-demographic and fishing-related fac-
tors associated with these attitudes. The findings contribute to
human wildlife conflict research, enable the incorporation of local
ecological knowledge into conservation frameworks, and provide
baseline data to inform the development of management strategies
for inland aquatic systems in North Africa.

METHODS
Study area

Beni Haroun Dam, the largest hydraulic structure in Algeria, is
situated in northeastern Mila Province (36°33'18.55” N; 6°16'10.93"
E) among the eastern Tellian Atlas Mountains (Fig. 1). The area fea-
tures sedimentary rock formations, including limestone, marl, and
sandstone, and has a Mediterranean climate characterized by hot,
dry summers and warm, wet winters (500-800 mm annual precipita-
tion). The geography ranges from northern highlands to middle val-
leys and southern plains, diverting surface water toward the Rhumel
and Endja rivers (Chebbah and Kabourer al, 2023; Bouchareb et al.,
2025; Marouf and Remini, 2019).

G'15I'0'E 61 S;JO'E 5“13"0‘5 5"13;30'5 6"21I'0"E S“ZZ;:IO‘E E“Z‘I'O"E

= =
5 | 2
. oy £ Y
R e W -1 3
3 w"*{:\-rﬁ,.\_f‘ 42 .
Y ; B Dam wall B
& L s ) 3
5 . 8 g
~ Mila z
& - h
Lo 5 -5
S ) 3
<. g z
- 1 2
& ' D s
g [ Endja River g
Rhumel River
x z
S S e
§- e o "%
8 _ S8 8
£ e z
8 8
87 K
8 2
z z
S S
- 87 B
®lo 15 3 6 9 ®
Kilometers
1 ) ¥ J ) ) 1 ) 1 1 I 1
6°7°30°E &°90°E 6°10'30°F 6°12GE 6°13'30°F &150°F 6°16°30°E 6°180°E 6°719°30°E 6°210°E 6°2230"E 6°24°0°F

Legend

Beni Haroun Dam

® Stations

Fig. 1. Geographical location of the Béni Haroun Dam.
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Built on the Oued El Kebir river downstream of where the
Rhumel and Endja meet, the dam is a gravity structure in roller-
compacted concrete (RCC), 710 m long at the crest and 118 m high
above its foundation, operating since 2002, with a total storage
capacity of roughly one billion cubic meters (1 x 10 m®) and a
useful volume of 732 hm? between elevations of 172 and 200 m; it
currently holds around 435 million cubic meters, spread over a
reservoir surface of about 39.29 km? (= 4,000 ha), with an average
depth of 24 m (Kabour and Chebbah, 2023; Rebbah et al., 2025).
Water transparency, assessed through turbidity measurements at 20
stations across the reservoir, ranged from 3.38 to 101 NTU (mean
16.5 NTU), with the highest values recorded in the Oued Endja
arm, likely reflecting sediment input and agricultural runoff, and
the lowest on the Oued Rhumel side and surface temperature
ranged from 13.9 to 25.5°C (Rebbah et al., 2025). Turbidity rather
than Secchi disk depth is reported here, as the latter becomes unre-
liable for differentiating water quality once turbidity exceeds
roughly 20-40 NTU in productive reservoirs (Golubkov and
Golubkov, 2024). The shores and surrounding areas of the reser-
voir are characterized by a mosaic of cereal fields, olive groves,
and woody vegetation dominated by Pinus halepensis, Cupressus
sempervirens, Eucalyptus camaldulensis, Tamarix africana, and
Populus alba, together with stands of Phragmites australis. These
habitats provide suitable resting and roosting sites for wintering
waterbirds, particularly the Great Cormorant (Phalacrocorax
carbo). It provides water supply for six provinces, irrigates
approximately 41,000 acres, and sustains local fisheries and socio-
economic activities (ANBT, 2014; Marouf and Remini, 2019). The
dam also supports recreational and commercial fisheries, having
benefited from fish stocking three times in the past 10 years, and
acts as a destination for ecotourism, underscoring its essential
environmental and economic importance (Habila, 2017; DSPAM,
2025). Among the avifauna using the reservoir, the Great
Cormorant (Phalacrocorax carbo) is the dominant wintering
species, accounting for 37.82% of the relative abundance of all
birds recorded at the dam (Chabou et al., 2020). According to the
Direction Générale des Foréts, 3,675 wintering Great Cormorants
were counted at Beni Haroun Dam in 2013, representing 70% of
the total population recorded in Algeria that year, while a subse-
quent count in 2018 recorded 6,947 individuals at the dam (DGF,
2013; 2018).

Data collection and sampling procedure

Face-to-face semi-structured interviews were conducted
between February and April 2025, with fieldwork taking place in
eight fishing sites along the Beni Haroun Dam, which are considered
the most important fishing sites frequented by fishermen regularly,
distributed from west to east as follows: S1 (El Maleh 1), S2 (El
Maleh 2), S3 (Djelama), S4 (ElI Medyous), S5 (Ferdoua), S6 (Sidi
Merouane), S7 (Kikaya 1), and S8 (Kikaya 2) (Fig. 1). Interviews
were conducted with fishermen who were available and willing to
participate (Villar ef al., 2024). They were approached individually
to prevent interference from other fishermen, which can introduce
biases (Vieite et al., 2022). The average time to complete the survey
was estimated at 30 min (Liordos et al., 2025).

The questionnaire consisted of three sections (Supplementary
Material). The first section was devoted to the fishermen’s profile
and included questions about their socio-demographic characteris-
tics (age, location and duration of residence, education, number of
children, income, and internet access) and fishing activity (whether
they still fish, fishing experience, fishing time, fishing effort, fishing
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locations, fishing gear, and target species). The second section was
devoted to fishermen’s knowledge of the Great Cormorant, where
we asked several questions about the target species’ habitat, such as
period of residence and preferred location (Vieite et al., 2022), and
the third section was devoted to fishermen’s attitudes toward its con-
servation. We also showed the fishermen an illustrative image of a
Great Cormorant to assess whether they were able to identify it.
Following an emic-etic approach (Cheung et al., 2011), fishermen’s
responses regarding cormorant ecology were compared with scien-
tific literature to assess the accuracy of their ecological knowledge.
In order to assess whether local knowledge aligns with, deviates
from, or enhances scientific understanding of cormorant ecology,
migration patterns, and habitat utilization, this dual perspective
enables the merging of culturally-specific observations with known
ecological data.

Statistical analysis

Attitude data were analyzed using R version 4.4.3 (R Core
Team, 2025). A three-point Likert scale (unfavorable, moderate,
favorable) was transformed to continuous scores ranging from 0 to
1 (0.5 for moderate replies) (Braga and Schiavetti, 2013; Braga et
al., 2018). Negatively worded questions (Q1-Q4) were reverse-
coded so that higher scores indicated more positive attitudes across
the seven questions. Individual mean attitude index was determined
(range: 0-1) and divided into three categories: negative (0-0.33),
moderate (0.34-0.66), and positive (0.67-1.00) (Vieite et al., 2022).
Scale reliability was examined using Cronbach’s alpha (Cronbach,
1951), and we used the Shapiro-Wilk test to check normality.
Fishing effort was extracted from how many days per week each
fisherman spends fishing and also grouped into three classes: low (1-
2 days/week), moderate (3-4 days/week), and high (5-7 days/week)
(Vieite et al., 2022). The prevalence of attitude groups was com-
pared using a chi-square goodness-of-fit test.

We examined predictors of attitude scores using Spearman’s
rank correlation coefficient to test relationships between the mean
attitude index and continuous variables (age, years of experience,
hours per session, and number of children). To analyze differences
between the mean attitude index and categorical variables, we per-
formed the appropriate non-parametric test, depending on the num-
ber of independent groups. For multi-level factors (residence, educa-
tion, and fishing effort), we used Kruskal-Wallis H tests with Dunn’s
post-hoc tests (Bonferroni-corrected). For binary factors (internet
access, fishing for consumption, and fishing purpose), we used
Mann-Whitney U tests. Statistical significance was set at a = 0.05.
Additional packages used included car, psych, and ggplot2
(Wickham, 2016; Fox and Weisberg, 2018; Revelle, 2023).

RESULTS
Socio-demographic profile of surveyed fishermen

This study was conducted through interviews with 88 fishermen
frequenting eight different sites around Beni Haroun Dam, over a
period of three months. Due to local traditions, all interviewees were
male and over the age of 29. Among them, 80 practiced recreational
fishing, while only eight were commercial fishermen. The average
age of fishermen was 53 years. Nevertheless, there was a difference
between the two main groups: the average age of commercial fish-
ermen was lower (47 years) than that of recreational fishermen (53
years), with the maximum age reaching 97 years.

Regarding educational level, basic education (intermediate edu-
cation) was predominant among the interviewees (n=32; 36.4%),
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with no university-level attainment among commercial fishermen,
while this level was observed only among recreational fishermen
(n=10; 12.5%). As for internet use, the majority of fishermen inter-
viewed (n=65; 73.9%) reported using it in their daily lives, with a
higher rate among commercial fishermen (n=7; 87.5%) compared to
recreational fishermen (n=58; 72.5%).

With respect to income from fishing, this was reported exclu-
sively by commercial fishermen, while all recreational fishermen
affirmed that they engaged in fishing for non-material reasons.
However, most recreational fishermen (n=52; 65%) stated that they
occasionally consumed the fish they caught if the size was sufficient.
For commercial fishermen, the declared monthly income ranged
between 10,000 and 150,000 Algerian dinars (approximately 75-
1,125 USD).

According to the collected data, the majority of interviewees are
still practicing fishing (n=80; 90.9%). Their experience in this field
ranged from 1 to 55 years, with an overall average of 24.4 years. The
commercial group presented a lower average experience of 24.1
years, with experience ranging from 6 to 38 years, while the recre-
ational group had an average of 24.5 years, with a broader range (1-
55 years).

Concerning the frequency of fishing during the week, fishing
was practiced from one to seven days per week. The results showed
that the commercial group has a higher average frequency (4.25 days
per week), while the recreational group displayed less frequent fish-
ing (an average of 3.01 days per week).

Species recognition and vernacular names
for the Great Cormorant

When shown the images, most fishermen were able to recognize
the target species (n=86; 97.7%). Of these, 54 fishermen offered a

name for it. The name “Al-ghaq” was the most commonly used by
fishermen to refer to the Great Cormorant (n=15; 27.8%), followed
by “Al-brak” (n=13; 24.1%), then “Ghorab al-ma” (n=8; 14.8%),
followed by “Al-ghattas” (n=5; 9.3%), and then “Al-ghora” and “Al-
marzouk” (n=3; 5.6% each), as well as “Tair al-assouad,” and
“Sardana” (n=2; 3.7% each), and “Tiar al-ma” (n = 1; 1.9%).
Analysis by group showed that the name “Ghorab al-ma” was most
frequently cited within the commercial group (n=2; 25%), while the
name “Al-ghaq” was most commonly used among members of the
recreational group (n=14; 17.5%).

Perceived population trends and seasonality
of the Great Cormorant

The data showed that 53 fishermen (60.2%) reported an increase
in the number of Great Cormorants in recent years, while 3 fisher-
men (3.4%) recorded a decrease, and 14 fishermen (15.9%) noted
stability, whereas 18 fishermen (20.5%) observed no change. When
analyzing the recreational fishermen, 46 fishermen (57.5%) reported
an increase in cormorant numbers, compared to 3 fishermen (3.8%)
reporting a decrease, 13 fishermen (16.2%) reporting stability, and
18 fishermen (22.5%) reporting no change. As for the commercial
fishermen, 7 fishermen (87.5%) reported an increase in cormorant
numbers, none reporting a decrease or lack of observation, while one
fisherman (12.5%) reported relative stability.

Regarding the temporal distribution of the Great Cormorant, fish-
ermen’s reports indicate that this species is observed at Beni Haroun
Dam from late September to early June (Fig. 2), with an increase in
sightings during the winter months, particularly in January and
February (n = 84; 95.4%). With respect to the residency period of the
Great Cormorant at the dam, fishermen’s estimates varied and were
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Fig. 2. Bar plot demonstrating the total number of citations regarding Great Cormorant presence during a whole annual cycle, organized
from September to August. The x-axis depicts individual months, while the y-axis denotes the frequency of citations. The image indicates
a surge in reported observations during the winter and early spring months, with citations dropping drastically over the spring and summer

periods.
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categorized into several timeframes (Fig. 3). Category A, which
included 28 fishermen (31.8%), indicated that the bird remains at the
dam for seven months each year, arriving in October and departing at
the end of April. This period corresponds to that reported by the
majority of commercial fishermen (n=3; 37.5%) and recreational
fishermen (n=25; 31.2%). In category B, 12 fishermen (13.6%) stated
that the residency lasts six months, from October to the end of March.
Alternatively, seven fishermen (7.95%) in category C reported an
eight-month residency, from October to the end of May. The longest
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period was reported by category L, where two fishermen (2.27%)
noted that the Great Cormorant stays for about nine months at the
dam, arriving in late September and leaving in early June.

Perceived spatial distribution and habitat use
of the Great Cormorant
Based on the fishermen’s responses, data were collected regard-

ing the geographical distribution of the Great Cormorant and its pre-
ferred habitats at Beni Haroun Dam. Survey results indicated agree-
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Fig. 3. Heatmaps demonstrating the monthly citation patterns of Great Cormorant presence, stratified by fishing purpose (commercial,
recreational, and overall). Each row represents a separate perception group (designated A-Z), defined by a unique combination of months
in which cormorants were reported as present. Groups are arranged by frequency, with Group A reflecting the most popular pattern. Shaded
cells show months where presence was cited (“yes”), while white cells indicate months where it was not (“no”
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ment between commercial and recreational fishermen, as 59 fisher-
men (68.6%) reported that this species is most concentrated in the
western part of the dam (Oued Endja area), while 45 fishermen
(52.3%) indicated a presence in the eastern part (Oued Rhumel area),
and 15 fishermen (17.4%) noted that the central part of the dam (Sidi
Marouane area) supports the highest numbers (Fig. 4).

With regard to the types of habitats in which the Great
Cormorant is observed at Beni Haroun Dam, fishermen reported that
trees were the most commonly used habitat (n=77; 87.5%), followed
by banks (n=38; 43.2%), shallow waters (n=37; 42%), and deep
waters (n=34; 38.6%) (Fig. 5). Riverbeds were reported less fre-
quently (n=24; 27.3%), with a discrepancy between the two groups
of fishermen: commercial fishermen reported sightings in riverbeds
more often (n=5; 62.5%) than recreational fishermen (n=19; 23.8%).
Finally, other less common habitats were mentioned, such as islands
within the dam (n=1; 1.1%).

Fishermen’s perceptions of Great Cormorant prey

species selection

Based on interviews conducted with fishermen at Beni Haroun
Dam, most respondents (n= 1; 35.23%) indicated that the Great
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Cormorant preys upon five of the six fish species targeted by fisher-
men, with the exception of Rutilus rutilus. These species include
Barbus barbus, Cyprinus carpio, Abramis brama, Perca fluviatilis,
and Carassius carassius.

Barbus barbus appeared as the most frequently mentioned and
preferred prey for the Great Cormorant, as reported by the majority
of fishermen, with the highest citation rate (63.64%). This propor-
tion was distributed as 62.5% among commercial fishermen and
63.75% among recreational fishermen, indicating a consistent per-
ception of predation across both groups. Cyprinus carpio and
Abramis brama followed closely, generally ranked second and third
in both citation frequency and preference.

Cormorant diet perceptions: prey size, daily food
intake, and consumption rate

The majority of surveyed fishermen consider that the Great
Cormorant primarily targets small-sized prey. Indeed, 78 respon-
dents (88.6%) reported that this bird predominantly preys on
small-sized fish. In contrast, only one fisherman (1.1%) believed
that cormorants favor large-sized prey. A minority group of seven
fishermen (8.0%) indicated that the cormorant feeds indiscrimi-
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Fig. 4. Spatial distribution of Great Cormorant observations reported by fishermen at Beni Haroun Dam. Circle sizes represent observer
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nately of size. Additionally, two fishermen (2.3%) were unable to
specify the size of the fish targeted by Great Cormorants. Both
recreational and commercial fishermen agreed that cormorants
prefer small-sized fish: 90.0% of recreational fishermen (72/80)
and 75.0% of commercial fishermen (6/8) held this view. Among
recreational fishermen, 8.75% (7/80) indicated that cormorants
feed indiscriminately of size, while one (1.25%) did not provide an
answer. Among commercial fishermen, one (12.5%) believed cor-
morants target large fish, and one (12.5%) did not provide an
answer.

Regarding fish consumption, 22 fishermen (25%) reported being
unable to accurately estimate the daily food intake (DFI), that is, the
number of kilograms consumed daily by the Great Cormorant. The
estimated values provided by fishermen ranged from a minimum of
0.5 kg to a maximum of 8 kg, resulting in a mean daily intake of 2.27
kg (= 1.32). These results closely matched the estimates from recre-
ational fishermen, whereas among commercial fishermen, the mini-
mum value reported was 1 kg and the maximum 3.5 kg, with a high-
er mean daily consumption of 2.43 kg (£ 0.98).

Concerning the number of fish consumed daily by the Great
Cormorant, fishermen’s estimates ranged from 2 as the minimum to
25 as the maximum, with an average of approximately 8 fish per day
(+4.27). These figures were also similar to the recreational fisher-
men’s responses. However, according to commercial fishermen, the
minimum number consumed daily was 4 fish, with a maximum of
12 and an average daily consumption of about 8 fish (£3.02).

Perceived foraging behavior and activity patterns
of the Great Cormorant

Regarding the foraging behavior of the Great Cormorant, fisher-
men’s responses were divided into three main categories: the major-
ity of participants (first category) reported that this species forages

alone (n=57; 64.77%), followed by those who observed that the bird
hunts in groups (n=19; 21.59%), while a minority (third category)
indicated that the Great Cormorant forages both solitarily and in
groups (n=12; 13.64%). The responses from both recreational and
commercial fishermen reflected a similar distribution pattern, with a
predominance for the first category, followed by the second and
third categories, respectively.

When asked about the timing of the cormorants’ feeding activ-
ity, 87 fishermen provided a response, while one recreational fish-
erman did not specify a foraging time period. The most common
response was that the Great Cormorant hunts during both the
morning and evening periods (n=40; 45.45%), followed by the
answer that it feeds throughout the day without a specific time
(n=20; 22.73%), then exclusively in the evening (n=14; 15.91%),
exclusively in the morning (n=10; 11.36%), only in the afternoon
(n=2; 2.27%), and finally both in the afternoon and evening (n=1;
1.14%). There was agreement between the recreational and com-
mercial fishermen that the morning and evening are the main peri-
ods of foraging activity. However, the response “foraging only in
the morning” ranked second among commercial fishermen, while
“foraging throughout the day” was the next most common answer
among the recreational group.

Attitude scale validity and distribution
of fishermen’s attitudes toward cormorants

The seven-item attitude scale demonstrated good internal con-
sistency (o = 0.837, standardized a = 0.847). The Shapiro-Wilk test
indicated that mean attitude scores departed from normality (W =
0.906, p<0.001). The chi-square goodness-of-fit test revealed an
unequal distribution of attitudes across the sample (¥*(2, n=88) =
35.75, p<0.001). The dominant attitude category was positive (n=55;
62.5%), followed by moderate (n=22; 25.0%) and negative (n=11;
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Fig. 5. Bar plot depicting the proportion of respondents who identified distinct habitat types as being exploited by Great Cormorants.
Habitats are sorted in descending order of citation frequency. Values denote the percentage of the entire sample (n) and the absolute count
of respondents for each category. “Trees” was the most often reported habitat, followed by “Banks” and “Shallow Water”.
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12.5%). Taken together, 87.5% of respondents held moderate to pos-
itive attitudes toward cormorants (Fig. 6).

Kruskal-Wallis tests revealed no differences in attitude scores by
residence (H(7) = 5.107, p=0.647), education level (H(3) = 1.276,
p=0.735), or fishing effort category (H(2) = 0.397, p=0.820). Mann-
Whitney U tests indicated no differences in attitude scores by inter-
net access (W = 865.5, p=0.263), fishing for consumption (W =
942.5, p=0.765), or fishing purpose (W = 315.5, p=0.954).
Spearman rank correlations showed no associations between attitude
scores and age (p=—0.062, p=0.568), number of children (p=0.016,
p=0.890), years of fishing experience (p=—0.028, p=0.796), or hours
fished per session (p = —0.107, p=0.322).

DISCUSSION

Accuracy of local nomenclature as an indicator
of ecological knowledge

The recognition rate of 97.7% for the Great Cormorant
(Phalacrocorax carbo) among fishermen at Beni Haroun Dam falls
within the high values reported for avian species viewed as having
economic or cultural influence. Several recent ethno-ornithological
studies suggest that when fishermen are routinely exposed to locally
abundant piscivorous birds, recognition rates can surpass 90%
(Vieite et al., 2022; Katselis ef al., 2023). The diversity of the docu-

Chi-square goodness-of-fit: x?(2, N = 88) = 35.75, p < .001

mented local names (ten distinct appellations) reflects the richness of
local popular nomenclature and aligns with patterns observed in eth-
nobiology, where vernacular name diversity correlates positively
with the ecological and cultural importance of species (Jari¢ et al.,
2016; Gosler, 2017; Medeiros, 2022).

Beyond overall name diversity, the accuracy of the cited names
relative to established nomenclature offers further insight into the
depth of local ecological knowledge. Of the 54 fishermen who
offered a name for the species, we consider four appellations to be
accurate: “Al-ghaq” /al'ya:q/, a shortened form of “Al-ghaq al-
kabir” /al'ya:q alka'bi:r/, the standard Arabic name recorded for the
Great Cormorant in international databases (Avibase, 2025);
“Ghorab al-ma” /yu'ra:b al'ma:/, closely paralleling “Ghorab al-
bahr” /yu'ra:b al'bahr/ (Sea Raven) and, notably, the etymological
root of the genus name Phalacrocorax itself, derived from the
Ancient Greek phalakrés (bald) and kdrax (raven or crow); “Tair al-
assouad” /al 't'ajr al ?aswad/ (“the black bird”), which aligns closely
with the specific epithet carbo (Latin for coal or charcoal, referenc-
ing the bird’s dark plumage); and “Al-ghattas” /al'yu.t‘a:s/ (“the
diver”), which accurately reflects the species’ characteristic diving
foraging behavior. Together, these four names accounted for 30 of
the 54 responses (55.6%).

In contrast, we consider the remaining names to be inaccurate.
In particular, “Al-ghora” /al'yurra/ is, in fact, the established Arabic
name for the Eurasian Coot (Fulica atra) (Avibase, 2025), a differ-
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Fig. 6. Distribution of mean attitude ratings across three attitude groups (negative, moderate, positive) toward cormorants among fisher-
man at Beni Haroun dam (n=88). Boxplots depict median (thick horizontal line), interquartile range (box), and whiskers extending to 1.5x
the interquartile range. Individual data points (jittered) indicate individual responses. The black dotted line reflects the general average of
the mean attitude score (average = 0.663), with the majority of respondents (62.5%) falling into the positive attitude category.
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ent species entirely, indicating a degree of taxonomic confusion
among the fishermen who used this term. The names “Al-brak”
/al'bara:k/ which means (duck), “Al-marzouk” /almar'zu:q/,
“Sardana” /sar'da:na/, and “Tair al-ma” /t‘ajr al'ma:/ do not corre-
spond to recognized Arabic designations for the Great Cormorant
and are similarly considered inaccurate or non-standard.

Taken together, the combination of near-universal visual recog-
nition (97.7%) with a moderate proportion of etymologically and
taxonomically accurate naming (55.6% of named responses) sug-
gests that fishermen at Beni Haroun Dam possess a moderate to rel-
atively high level of local ecological knowledge regarding this
species’ identity, even where vernacular terminology diverges from
standardized nomenclature.

Population trends and seasonality in light
of regional cormorant ecology

The majority of fishermen reported an increase in Great
Cormorant populations (60.2% total, 87.5% commercial, 57.5%
recreational). This observation coincides with previous demographic
trends for Phalacrocorax carbo sinensis, including the rapid
increase in the eastern Baltic and pan-European region (Van Eerden
et al.,2022a; Van Eerden et al., 2022b). We consider this perception
broadly accurate, as it aligns qualitatively with confirmed pan-
European population growth, though our survey did not specify a
timeframe over which this increase was perceived, limiting direct
quantitative comparison. Expanding cormorant populations have
escalated confrontations with fisheries, particularly in constructed
habitats such as dams (Katselis et al., 2023). The perceptual dispar-
ity between commercial (87.5%) and recreational (57.5%) fishermen
reflects sensitivity linked to economic risks, corroborating findings
that perceived conflict severity changes with stakeholder interests
(Ekblad et al., 2025). These demographic insights are particularly
relevant in the Mediterranean, where scientific data on wintering
populations remain scarce (Carss, 2022).

31.8% of fishermen reported observing the Great Cormorant
from October to the end of April, with a winter peak in January—
February (95.4%), which corresponds to the winter temporal distri-
bution patterns documented for the species in the Mediterranean and
North Africa (Van Eerden et al., 2022a; Katselis et al., 2023). This
seven-month presence period coincides with scientific data on
species migration, which shows autumnal arrival and departure in
early spring (Adalsteinsson et al., 2023). However, this duration
exceeds the residence period recorded by Benmetir et al. (2020) in
their study conducted in eastern Algeria.

The reported differences in residence duration (6 to 9 months
according to fishermen) exceed scientific estimates of ~4.5 months
(136 days) for Mediterranean wintering populations (Frederiksen et
al., 2018). We consider these estimates inaccurate in quantitative
terms, overestimating residency by a factor of roughly 1.3 to 2,
though they remain qualitatively correct in identifying winter as the
peak presence period and January—February as the seasonal high
point. While fishermen’s calculations extend beyond known aver-
ages, they accurately capture the extended temporal distribution of
the species, including the winter concentration peak reported in
January—February during pan-European censuses. Recent research
confirms that cormorants wintering in the Mediterranean and North
Africa originate primarily from breeding populations of Northern
and Eastern Europe, with site fidelity driven by favorable thermal
conditions (average temperature above —5°C) and continuous food
availability (Van Eerden et al., 2022a). This comparison shows that
fishermen’s ecological knowledge parallels the qualitative reality of
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seasonal abundance and extended presence, even if quantitative pre-
cision varies.

Habitat Selection and Spatial Ecology of the Great
Cormorant at Beni Haroun Dam

The difference in the spatial distribution of the Great Cormorant
at Beni Haroun Dam, with preferential concentration in the western
(68.6% of fishermen) and eastern (52.3%) parts, compared to the
central part (17.4%), reflects typical habitat selection patterns of the
species documented in recent literature on artificial aquatic ecosys-
tems. We consider this spatial perception accurate, as it matches the
documented preference of the species for river-mouth and shallow
littoral zones over open central-reservoir waters. This uneven distri-
bution is mostly explained by the selection of shallow-water zones
with high prey density, as indicated by Gwiazda and Flis (2022),
who affirms that cormorants favor locations where water is shallow
and transparent to enhance hunting effectiveness. Fishermen’s
observations are consistent with recent research on European reser-
voirs, where cormorants demonstrate a predilection for convergence
zones of river streams and shallow littoral areas (Kucherenko, 2023;
Golubev, 2024). The favored concentration in mouth zones (Oued
Endja and Oued Rhumel) corresponds to trends seen in other
European reservoirs, where these sectors offer habitat diversity and
good accessibility to fish resources (Saarikoski et al., 2024).

The preference for trees (87.5%) as resting, feather-drying, and
communal roosting sites aligns with habitat-selection patterns doc-
umented in artificial aquatic systems (Emmrich and Diittmann,
2011; Golubev, 2024; Sydorenko, 2025), meeting the species’
behavioral requirements for thermoregulation and maintaining
plumage waterproofing after dives (Cech and Vejtik, 2011; Cook
et al., 2020). This habitat-use report is likewise consistent with the
literature and considered accurate. The complementary use of
banks (43.2%) also strengthens these thermoregulatory functions,
whilst exploitation of shallow waters (42%) corresponds to opti-
mal foraging zones where underwater visibility and prey accessi-
bility are maximized (Kéllo et al., 2020; Gwiazda and Flis, 2022).
The gap in observations on rocky substrates between commercial
and recreational fishermen (62.5% vs. 23.8%) presumably reflects
unequal fishing effort and accessibility, as both groups operate in
different ecosystems (Hansen, 2021; Saarikoski et al., 2024). This
multi-habitat distribution highlights the species’ adaptation strate-
gy of spatially separating resting, thermoregulation, and feeding
functions to enhance energetic efficiency in artificial aquatic habi-
tats (Peck-Richardson et al., 2018).

Corroborating fishermen’s prey species reports
with diet literature

Local fishermen describe the Great Cormorant as a generalist
predator, as it preys on five of the six targeted fish species (with the
exception of Rutilus rutilus). Our results include one additional
species (Perca fluviatilis) compared to a previous study conducted in
Beni Haroun Dam on the diet of the Great Cormorant, which report-
ed four main fish species as its primary winter prey: Barbus barbus,
Cyprinus carpio, Abramis brama, and Carassius carassius, with B.
barbus being the most common and widespread species (Belfethi
and Moulai, 2022). We consider fishermen’s prey-species reports
largely accurate, as four of the five cited species directly corroborate
pellet-based evidence; the fifth (Perca fluviatilis) cannot be con-
firmed or refuted from existing local data but is not implausible
given the species’ known diet elsewhere.
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Notably, however, both fishermen and Belfethi and Moulai
(2022) exclude R. rutilus from the Great Cormorant’s diet at Beni
Haroun Dam, despite this species being reported as the most abun-
dant prey item in the cormorant’s diet in several other studies (Cech
et al., 2008; Cech and Vejtik, 2011). Given the Great Cormorant’s
well-documented status as a generalist and opportunistic forager,
this consistent absence across both local ecological knowledge and
pellet-based sampling is unlikely to reflect a shared blind spot in
either method, and more plausibly indicates comparatively low local
abundance or accessibility of R. rutilus at this reservoir relative to
other systems, rather than a genuine gap in fishermen’s or
researchers’ knowledge.

This disparity underlines the relevance of local ecological
knowledge in providing a more complete picture of species interac-
tions. While Belfethi and Moulai (2022) identified four main fish
species based on 75 pellets taken between October and January, our
interviews with fishermen showed five prey species, including P, flu-
viatilis (Salmi et al., 2015; Traczuk et al., 2021). This difference pre-
sumably derives from the narrow temporal span of the previous
study, which did not cover the complete wintering season.
Fishermen’s year-round observations at the dam thus offered larger
temporal coverage and revealed prey species that shorter-term scien-
tific sampling may miss due to changes in diet between sites and sea-
sons (Santoul and Mastrorillo, 2004).

Fishermen indicated that B. barbus was the most frequently
hunted fish species by the Great Cormorant, which is consistent with
the findings of Belfethi and Moulai (2022). This pattern may be
attributable to the great abundance of this species and its ease of cap-
ture (Magath et al., 2015).

Evaluating fishermen’s estimates of prey size
and daily food intake

Regarding the size of the fish captured by Great Cormorants
during feeding, research has indicated that this species demon-
strates selectivity in prey size based on seasonal fluctuations. The
average weight of the collected fish grows substantially as temper-
atures decline. However, the Great Cormorant consumes larger
amounts of somewhat larger prey as the season progresses from
summer to winter (Cech et al., 2008). Our data reveal that 88.6%
of fishermen report that the Great Cormorant preys predominantly
on small-sized fish, which is consistent with other prior research
suggesting that Great Cormorants primarily feed on small fish
(Gagliardi et al., 2015; Traczuk et al., 2021; Lyach, 2022).

Local fishermen’s estimates of the Great Cormorant’s (P.
carbo) daily fish consumption are generally higher than recent
scientific measurements reported for the species in Europe and
Africa, which typically range between 0.2 and 1.4 kg/day
(Grémillet et al., 2000; Traczuk et al., 2021; Dehnhard et al.,
2021). However, the observed range (0.5-8 kg, mean =2.27+1.32
kg) encompasses the maximum values documented locally at
Beni Haroun Dam, where daily consumption varies from 0.57 to
2.35 kg/day depending on the analyzed pellets (Belfethi and
Moulai, 2022), suggesting that fishermen’s perceptions partially
reflect real variability linked to local and seasonal conditions.
This moderate overestimation, similar to that noted among
Minho River fishermen (estimated mean of 1.96 kg/day vs lower
published data) (Vieite et al., 2022), often highlights cognitive
biases in local ecological knowledge (LEK), amplified by per-
ceived conflicts with fisheries, although commercial fishermen’s
estimates (2.43+0.98 kg) align more closely with locally
observed maxima.
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Foraging behavior in comparative perspective

The observations made by fishermen at Beni Haroun Dam about
the foraging habits of the Great Cormorant somewhat coincide with
findings from current scientific literature. The predominance of
responses indicating solitary hunting (64.77%) is consistent with the
perspectives of fishermen along the Minho River in Portugal, where
88% describe mostly solitary activity, however adaptable depending
on water turbidity or other environmental circumstances (Vieite et
al., 2022). We consider this reported foraging pattern accurate, as it
matches both fisher-reported behavior elsewhere and confirmed
behavioral flexibility in the species. In the Great Cormorant, such
behavioral flexibility has been confirmed by recent research reveal-
ing that the species alternates between solitary and group foraging
according to underwater visibility and prey quantity, particularly
during wintering at lacustrine locales (Van Eerden and van Rijn,
2021). Regarding timing, the “morning and evening” modality
(45.45%) reflects bimodal diurnal patterns observed in P. carbo,
with crepuscular peaks that optimize energy efficiency, while the
low frequency of responses indicating no specific foraging time
(1.14%) highlights the species’ adaptability to fluctuations in fish
resources (Lyach et al., 2018). This timing pattern is likewise con-
sistent with documented crepuscular foraging peaks and is consid-
ered accurate.

Drivers of attitude uniformity toward the Great
Cormorant

The Cronbach’s alpha value obtained in the present study (o =
0.837) indicates good internal consistency of the attitude scale, in
accordance with the interpretive thresholds recommended by
George and Mallery (2003), and is consistent with values reported
in comparable attitude studies using Likert-based instruments for
aquatic wildlife conservation (Braga and Schiavetti, 2013; Vieite et
al., 2022).

The results indicate that positive attitudes toward cormorants
predominate among the fishermen community at Beni Haroun
Dam, independent of fishing behavior. No changes in attitude
scores were detected by fishing effort category, fishing for con-
sumption, fishing purpose, years of fishing experience, or hours
fished per session. This absence of antagonism likely reflects the
largely recreational nature of fishing activity, where commercial
fishermen constitute just a small fraction. Because commercial
operators are small in number (DSPAM, 2025), the consequences
of cormorant predation remain insufficient to yield quantifiable
economic losses at the individual or collective level, which may
explain why commercial fishermen also maintain tolerant attitudes
toward P. carbo. Furthermore, high-effort fishermen incur minimal
financial danger from cormorant predation and are thus protected
from the economically driven concerns that elsewhere differentiate
attitudes by fishing effort (Vieite et al., 2022; Villar et al., 2024).
These findings contrast with the hostility typically reported in cor-
morant-fisheries conflict studies elsewhere, where professional
and economic stakes consistently lead to strong negative attitudes
and even support for lethal management among fishing communi-
ties (Peeva et al., 2017; Liordos et al., 2025).

The absence of associations between attitude scores and any
socio-demographic variable suggests that positive attitudes are
uniformly distributed across the fishermen community, regardless
of age, number of children, education level, residence, or internet
access. The absence of age-linked variation suggests that contin-
ued exposure to cormorants does not cause attitude shifts from
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positive to negative in the absence of economic risks. Similarly, the
absence of effects for education level and internet access suggests
that neither formal knowledge acquisition nor exposure to readily
available internet information significantly shifts attitudes, point-
ing instead to a shared local perception of the species that surpass-
es individual informational backgrounds. These findings contrast
with previous research, as Vieite et al. (2022) found that older fish-
ermen held more negative conservation attitudes, while Liordos et
al. (2025) reported that lower education levels predicted greater
endorsement of lethal management strategies among both fisher-
men and the general public.

Study limitations

This study has several limitations. First, participation was vol-
untary, and not all fishermen approached agreed to take part, so the
sample may not fully represent the broader fishing community at
the dam. Second, the relatively high mean age of respondents (53
years) reflects a genuine demographic pattern, as younger genera-
tions in the region appear less engaged in fishing; this is relevant
given that Vieite et al. (2022) found that older fishermen held more
negative conservation attitudes, suggesting age composition may
be a meaningful factor in interpreting our results rather than mere-
ly a sampling artifact. Third, the study was restricted to a single
reservoir (Beni Haroun Dam), and findings may not generalize to
other Algerian or Mediterranean wetlands; multi-site studies are
needed to assess this. Fourth, the imbalance between recreational
(n = 80) and commercial fishermen (n = 8) reflects the limited
number of commercial fishing permits issued in the region by the
DSPAM, constraining the pool of eligible respondents; this imbal-
ance should be considered when interpreting comparisons between
the two groups. Finally, fishermen’s prey-species identifications
may be constrained by the brief and often distant visibility of cap-
tured fish during cormorant foraging; however, discrepancies
between fishers’ ecological knowledge and scientific data do not
necessarily indicate fisher error, since fishers’ observations often
draw on long-term, cumulative experience that can complement or
extend shorter-term scientific sampling (Silvano and Valbo-
Jorgensen, 2008).

CONCLUSIONS

This study offers the first evaluation of Algerian fishing commu-
nities” local ecological knowledge and conservation attitudes regard-
ing the Great Cormorant (Phalacrocorax carbo), a species that has
been legally protected in Algeria since 2012. The results show that
fishermen at Beni Haroun Dam have a high level of ecological
knowledge about cormorant ecology, which frequently corresponds
with scientific literature, although some perceptions, such as daily
food intake and residency duration showed clear quantitative over-
estimation relative to published data. The identification of Perca flu-
viatilis as prey, absent from previous diet studies in the same study
area, demonstrates how local knowledge can complement shorter-
term scientific sampling, while predominantly positive (62.5%) to
moderate (25.0%) attitudes toward conservation reflect the recre-
ational nature of local fishing where limited commercial operations
prevent measurable economic losses. The absence of substantial
relationships between attitudes and socio-demographic characteris-
tics shows equally distributed favorable perceptions, challenging the
assumption that prolonged cormorant exposure invariably generates
negative attitudes in the absence of economic incentives. These find-
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ings indicate that human-wildlife coexistence depends on socio-eco-
nomic context rather than resource competition alone, advocating
for the integration of local ecological knowledge into Mediterranean
inland fisheries conservation alongside context-specific manage-
ment strategies that respect local perspectives while safeguarding
both avian populations and fishing community practices.
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