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Abstract

Behavioural observations were used to investigate the temporal dynamics events and associated variation in the daily activi-
ties of a sedentary population of mallard duck (Anas platyrhynchos) inhabiting an urban park in northern Portugal. Data
was collected at Porto City Park from December to April, during the species’ courtship and early nesting periods. The most
frequent activities for this population were locomotion, resting and feeding. Statistical analysis revealed that male and female
behaviours differed significantly throughout the courtship period, as males exhibited more displays and aggressive behaviour
while females were more prone to feed in order to meet their increased nutritional and energetic needs. Temporal analyses
showed that courtship reached a peak in intensity in February, since it was in this month that the highest values for mating,
aggressive behaviour in males and defensive behaviour in females were observed. Behavioural differences were found for
this population, with higher feeding rates compared to those of wild populations as well as lower defensive behaviour rates.
This paper sheds light on how synanthropized populations, as well as those from Southwestern Europe, show different
behavioural responses from other populations. Additional extensive monitoring of population dynamics and factors such
as latitudinal differences, habituation to humans and climate change will help to predict future growth and expansion rates.
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Introduction

In the face of human development, more and more animals
have been reported to adapt to manmade conditions and
environments. This phenomenon has been observed in many
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species, mainly those who show ecological plasticity and
generalized diet and habitat requirements (review in Luniak
2004). Animals that inhabit anthropized environments tend
to undergo several behavioural, morphological and ecologi-
cal adaptations compared to non-urban populations, includ-
ing habituation to human presence (Morelli et al 2018),
changes in foraging habits (Fernandez-Juricic and Telleria
2000), and earlier and more prolonged breeding seasons
(Lowry et al. 2013; Raitasuo 1964, in Engel et al. 1988).
One such species that has adapted to urbanized environ-
ments is the mallard duck (Anas platyrhynchos L., hence-
forth “mallard”). This species of waterfowl can adapt to sev-
eral kinds of wetlands, including manmade landscapes, and
is highly tolerant of human activity. Its generalist omnivo-
rous diet (Cramp and Simmons 1977) enables it to procure
nourishment other than its natural food sources, and in urban
parks it is very common for ducks to be fed by visitors. A
substantial body of literature has focused on the behavioural
adaptations of Anseriformes to urbanization, captivity and
other anthropized conditions in recent years. Donaldson
et al. (2007) observed less frequent fleeing behaviours in
waterbirds from developed sites in Canada, which can be
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attributed to habituation to human presence and disturbance.
A similar effect was observed in Florida, where ducks exhib-
ited lower alert and fleeing behaviour in developed shore-
lines (Traut and Hostetler 2003). Avilova et al. (2023) also
found that city mallards in Moscow had much shorter flight
initiation distances and preferred distances to humans than
wild mallards, and often approached people on their own
initiative. Downs et al. (2017) showed how domesticated
Muscovy ducks (Cairina moschata) were adapted to human
activity by observing their differences in habitat use and
nesting habits. Rose et al. (2022) noted reduced foraging
as well as increased resting for free-ranging captive ducks
in the UK compared to wild populations, a probable conse-
quence of higher food availability. In another study (Munday
and Rose 2022), captive Mandarin ducks (Aix galericulata)
were similarly observed with increased resting behaviour,
but also foraged more often than wild individuals.

Similar behavioural studies for the species have not yet
been conducted in Portugal, where the mallard is known to
display certain ecological adaptations, including establish-
ing mainly resident populations (Rodrigues et al. 2000), as is
the case in Spain (Cramp and Simmons 1977; Saez-Royuela
and Martinez 1985). There are two distinct regional popula-
tions of mallard in Portugal, one residing in the North and
ather than being closely related to each other, they
were found to be more closely related to populations
from northern Spain and Atlantic Europe and popula-
tions living in the south of Spain and the Mediterranean
Basin respectively (Rodrigues 2001). Other than these
resident breeding populations, some migratory indi-
viduals are known to winter in the Iberian Peninsula
before moving on to Northern Europe (Rodrigues et al.
2000; Liordos 2010; Parejo et al. 2015). The species’
nesting season in Portugal roughly lasts from early March to
July (Cramp and Simmons 1977; Rodrigues 2001). Several
ecological studies have been conducted for mallard popula-
tions in Portugal (Carvalho et al. 2013; Costa and Guedes
1994; Cruz et al. 2021; Rodrigues et al. 2006; Rufino 1989);
however, apart from populations living in rice fields in the
Mondego region (Rodrigues et al. 2002; Rodrigues and Fabido
1997), little else is known about the species’ ecology and
behaviour in anthropized environments in the country.

Our current understanding of how mallards cope with
these environmental conditions and how this leads to dif-
ferences in the progression of their reproductive cycle is
limited, and shedding light on these factors was the main
focus of this study. We used land-based observations in an
urban park in in the country’s Northern Region to (1) inves-
tigate the behavioural activity of a population of mallards
residing in the area during the courtship period, (2) analyse
the temporal dynamics of these events, (3) assess the vari-
ation of activity on land, water and air, social interactions
and feeding habits. Considering the species’ ecological
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characteristics in the country, we predict: 1) this population
follows the species’ phenology as described for other popu-
lations in the country. Based on the current literature that
shows differences in time budgets and defensive behaviours
observed for this species in urban environments, we also pre-
dict: 2) males and females feature apparent sex differences
in their time budgets due to having different roles during
courtship; 3) the population exhibits less frequent defensive
behaviours as a consequence of habituation to humans.

Methods
Study area

Field research was conducted in Porto City Park, located
in Porto, Portugal (41.167° N, 8.674° W). The city, located
on the northern coast of Portugal, is characterized by an
Atlantic climate with mild wet winters and warm dry sum-
mers. Porto City Park has an area of 90 hectares, 80 of which
being green areas, including grassland, tree and shrub cover,
and four major lakes that are fed by rainfall as well as local
springs and watercourses. The free-living mallard popula-
tion was found at the easternmost lake, known as Lake 1.
It is the largest lake in the park, having a surface level of
16,190 m?, a volume of 42,095 m?>, and an average depth
of 260 cm (data provided by Porto City Hall — Urban Parks
Municipal Division). In the shores of the lake, one can find
a great variety of riparian vegetation, mainly consisting of
common rush (Juncus effusus) and broadleaf cattail (Typha
latifolia), that is preserved during maintenance operations,
providing shelter to the local fauna. The mallards around
these shores were the focus for data collection (Fig. 1). The
surrounding area is characterized by wooded expanses and
dirt roads that are almost constantly traversed by people dur-
ing the day, which ducks tend to avoid.

Due to the abundance of food and shelter available, as
well as being located near the shoreline, Porto City Park
and its lakes can support a wide variety of bird species,
especially water birds, which generally coexist peacefully
together. Mallards share the shores of Lake 1 with other
resident water birds, including the yellow-legged gull (Larus
michahellis), Eurasian coot (Fulica atra), Eurasian moor-
hen (Gallinula chloropus) and Egyptian goose (Alopochen
aegyptiacus), while other species usually winter in the park
such as the lesser black-backed gull (Larus fuscus), black-
headed gull (Chroicocephalus ridibundus), common tern
(Sterna hirundo), little tern (Sternula albifrons) and great
cormorant (Phalacrocorax carbo). The local population of
mallards was introduced in 1995, having been ceded by a
protected area located near Porto. The birds were not man-
aged, being free to leave and return to the Park. This popula-
tion may also include individuals coming from other areas,
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Fig.1 Study area map showing Porto City Park, with Lake 1 to the east. The observation area is highlighted in red. Source: Porto City Hall —

Urban Parks Municipal Division

including migratory ducks wintering in the lake. Mallards in
the park are occasionally subject to predation by cats (Felis
catus) and gulls which feed on their eggs, as well as occa-
sionally stray dogs (Canis lupus familiaris) targeting adult
individuals (data provided by Porto City Hall — Urban Parks
Municipal Division).

Behavioural observations

Ad libitum observations were made before starting the sys-
tematic data collection. Based on these observations and
on published literature (e.g., Cramp and Simmons 1977,
Johnsgard 1960; Lorenz 1971; 1958; McKinney
1965; Ramsay 1956; Seymour and Titman 1979; Weidmann
1956), 45 different behavioural patterns were observed, as
shown in the complete ethogram (Online Resource 1). These

Table 1 Mallard behavioural categories and patterns analysed in this study

behaviours were then classified according to the following
categories: Locomotion, Resting, Feeding, Comfort, Court-
ship Displays, Aggressive Behaviours, Defensive Behav-
iours and Mating (Table 1).

Mallards were observed from the 2nd of December
2015 to the 29th of April 2016, corresponding to the spe-
cies’ courtship and early nesting period in Portugal (Cramp
and Simmons 1977; Rodrigues 2001). During this period,
mallard behaviours were examined to investigate potential
variations in frequencies over time. One observation ses-
sion was conducted each day, and the observation time was
randomly selected between 8:00 and 14:00 h. A total of
9 h 13 min and 22 s of field observations were carried out
across 34 days. The behaviour of male and female mallards
was video recorded in 10 min sessions (HD Legria HF R68
camcorder equipped with a wide-angle lens, allowing to

Category Description Behaviours
Locomotion Moving across the environment (land, water or air), not Swimming, Walking, Flying, Diving
directly associated with other activities.

Resting Resting or lying still, not performing any other activity. Loafing, Sleeping

Feeding Actively searching for food and ingesting it. Grazing, Probing, Dabbling, Drinking

Comfort Caring for personal hygiene and body maintenance. Body-shake, Wing-shake, Head-shake, Head-flick, Tail-
wag, Wing-flap, Foot-shake, Wing-and-leg-stretch,
Both-wings-stretch, Jaw-stretch, Scratching, Foot-
pecking, Bill-cleaning, Bill-dipping, Shoulder-rubbing,
Preening, Nibbling, Bathing

Courtship Displays Performing social displays to signal the opposite sex. Head-pumping, Nod-swimming, Inciting, Introductory

Aggressive Behaviours
Defensive Behaviours
Mating

Directing hostility or aggression towards other individuals.
Protecting self from perceived and possible threats.
Copulation between one male and one female.

Body-shake, Grunt-Whistle/ Water-Flick, Head-Up-
Tail-Up, Down-Up

Threaten, Jab, Pursuit, Attack, Breast-jostling

Alert, Rejection, Fleeing

Copulation, Forced Copulation

For a detailed description on the behaviour patterns included in each category, consult the detailed ethogram in the Supplementary Material
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observe individuals at a greater distance), and the result-
ing videos were later analysed using The Observer XT
10.0 (Noldus Information Technology https://www.noldus.
com/observer-xt), a specialized software for behavioural
research. Behaviour frequency was determined through
scan sampling (Bateson and Martin 2021) for 10-min time
periods with 10 s intervals.

The distribution of the scan samples between sexes var-
ied throughout the observation period. Weather conditions
were relatively constant between all five months of obser-
vation. Due to the limited number of females in April, they
were removed from interpretation (see Table 2).

As it was not possible to identify each duck individually,
pseudoreplication may have occurred with the same bird being
recorded multiple times on the same session; however, several
measures were taken to minimize its potential impact: observa-
tion days were chosen at random between each month, intro-
ducing temporal separation between sessions; different zones
within the study area were selected to record different ducks
within the population and minimize the likelihood of observ-
ing the same individuals, and each group was treated as an
independent observation; and scan sampling also allows for
each observation to be considered an independent event. A
single researcher recorded and analysed all behavioural data.

Since this particular population of mallard resides in
an urban park that many people visit every day, these
individuals are well accustomed to human presence and
display a high level of tolerance towards human beings.
This familiarity allowed them to be observed at a shorter
distance than usual (50 m at most) without causing any
apparent changes to their behaviour.

Our methodology has been submitted to the Ethics Commit-
tee of Instituto de Ciéncias Biomédicas Abel Salazar, University
of Porto, for Animal Behaviour studies of their students.

Statistical analyses
Before analyses, the absolute frequency values were converted

into a percentage of relative frequency values, considering the
total number of observations of the individual for each session.

Table 2 Distribution of scan samples between males and females, and
average temperature and humidity, for each observation month

Month Males Females All individuals Average Average
Temperature Humidity

December 45 19 64 14°C 78%
January 70 26 95 12°C 85%
February 49 13 62 11°C 82%
March 48 15 63 11°C 82%
April 36 2 32 13°C 80%
Total 248 75 323

Environmental data collected from timeanddate.com
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To distinguish male and female mallards based on their
behaviour, a Student's t-test was conducted to compare the
behaviour means of the two groups (Males vs. Females).
To determine the most predominant food source in the
mallard population, a Student's t-test was applied to com-
pare the frequencies of eating plant matter with those of
filter feeding (Grass vs. Filter).

In order to understand which physical environment
was most often occupied by the population between the
lake itself or its shores, a one-way ANOVA (used in
order to compare the means of three or more groups) was
employed to compare differences in behavioural activity
among the different physical environments in which ducks
were observed (Land, Water, or Air). This test (a one-
way ANOVA) was also conducted to investigate the social
context in which most mallards were observed (Couple,
when the subject was with an individual of the opposite
gender that was identified as its mate; Group, when it was
together with several others of its kind; or Alone, when it
was isolated from any other individuals).

To explore temporal trends in behaviours, we analysed how
each behaviour of males and females varied throughout dif-
ferent months. To achieve this, a two-way ANOVA was con-
ducted with Months (December, January, February, March,
April), and Sex (Male, Female) as independent factors. Inter-
actions between these two factors were tested, and if they were
not significant, the models were fitted with main factors only.
Multiple comparisons were Sidak adjusted. The same analysis
was employed to investigate temporal variations in feeding
habits, physical environments and social contexts. A Mixed-
effects model was also employed in cases where missing val-
ues occurred due to random reasons. In this case, the response
variables (behaviours and behaviour categories, Table 1) were
tested as functions of the fixed effects sex, month, and the
interaction between these two variables.

Normality and homoscedasticity were verified with
Shapiro—Wilk or Kolmogorov—Smirnov test and Levene’s test
respectively. The alpha level for statistical significance was set at
0.05. When the data did not meet the assumptions, nonparametric
tests were used instead (such as the Mann—Whitney U Test),
and when such was not possible, the alpha level was lowered
to 0.01. All statistical tests were performed using GraphPad
Prism version 9.0.0 for Mac (GraphPad Software, San Diego,
California USA, www.graphpad.com).

Results
Activity budgets
Individuals spent the majority of time moving around

their environment, with Locomotion behaviours scoring a
staggering 40.51%, followed by Resting (26.21%), Feeding
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(13.97%) and Comfort (12.19%) (Fig. 2a). Aggressive
behaviours scored 2.98% and Defensive behaviours 1.83%.
Courtship displays were only observed for 2.23% of the
time, and mating was the most infrequent behaviour cat-
egory (0.07%) (Fig. 2b).

Throughout the sampling period, males and females
were observed performing the same behavioural patterns,
save certain sex-specific patterns, albeit with different
frequencies.

Males were observed to perform courtship displays
more often than females (males: 2.75%, females: 0.53%,
U=7676, p=0.002) (Fig. 3a). The large difference
between male and female courtship displays is mostly owed
to Grunt-Whistle/ Water-Flick, Down-Up, Introductory
Body-Shake and Display Comfort Behaviours — behaviours
belonging to the Comfort category (e.g., Tail-Wag, Bathing)
when performed in a display context, such as during a
display bout — which all show significant differences
between males and females (Grunt-Whistle: males =0.31,
females =0.00, U=28249, p <0.05; Down-Up: males=0.53,

Fig.2 Proportion of a Loco-
motion, Rest, Feeding, and
Comfort behaviour categories,

Q

females 0.00, U=8067, p<0.01; Introductory Body-
Shake: males =0.44, females =0.00, U=8103, p<0.01;
Display Comfort Behaviours: males =0.96, females=0.03,
U=7514, p<0.001) (Fig. 3b). From the three main male
display patterns — Head-Up-Tail-Up, Down-Up and
Grunt-Whistle — only Head-Up-Tail-Up did not score
significant frequencies compared to the females’ null
values (males=0.10, females=0.00, U=9724, p=0.126).
While Nod-Swimming was also only observed in males, it
was not frequent enough to show a significant difference to
females (males =0.12, females=0.00, U=8687, p=0.124).
Female displays were not as frequent, although they were
occasionally observed Inciting, having done so significantly
more than males (males=0.00, females=0.10, U=28556,
p<0.01), and Head-Pumping, with no significant difference
to males (males=0.27, females =0.43, U=8917, p=0.600).

The analysis of courtship displays throughout the obser-
vation period showed a main effect for Month and Sex
(F3.104, 173.0)=3-98, p<0.01 and F; ¢4)=15.41, p<0.001,
respectively). Males performed more courtship displays, and
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«Fig. 3 Analysis of Courtship, Agonistic and Mating behaviours in
this population of mallards (Anas platyrhynchos L.). a Comparison
of the percentages of the Courtship Displays behaviour category,
and b individual behaviours within the Courtship Displays category
(+SE) which showed significant differences for female and male
mallards for the entirety of the observation period. Display Comfort
Behaviours include performances of behaviours that are normally
associated to comfort when these were unmistakably performed in
a display context. ¢ Monthly variation in the percent of occurrences
(mean+SE) that male and female mallards allocated to Courtship
Displays, and d the Mating behaviour category throughout the obser-
vation period. e Comparison of the percentages of Aggressive, and f
Defensive behaviour categories (+SE) for female and male mallards
for the entirety of the observation period. g Monthly variation in the
percent of occurrences (mean=+ SE) that male and female mallards
allocated to Aggressive, h Defensive, and i the entirety of Agonistic
behaviours throughout the observation period. Bars represent stand-
ard error (SE). *=p<0.05; **=p<0.01; ****=p<0.0001

the occurrence of display behaviours decreased with each
passing month (Fig. 3c). December was the month during
which the Courtship Display category scored the highest
percentages for both males and females, with similar per-
centages of occurrences (males =3.96%, females =1.69%,
t=1.65, DF=46.56, p=0.432). Although there were no
observations of courtship displays performed by females in
January, male displays still scored high frequencies, result-
ing in a significant difference between male and female
courtship frequencies (males =3.64%, females =0.00%,
t=4.29, DF=69.00, p<0.001). Afterwards, male displays
experienced a decrease in frequency, and while they still
performed displays at higher frequencies than females
in February (males=2.79%, females=0.26%, t=3.30,
DF=52.79, p<0.01) the same was no longer true in March
(males =2.02%, females=0.30%, t=2.79, DF=54.10,
p=0.036). No displays were observed in April by either
males or females.

Mallards were sporadically observed copulating, with
observations having occurred in December, February and
March (Fig. 3d), however there are no significant influences
of Month or Sex in mating behaviour (F; ¢45 91 36)=1.28,
p=0.278 and F; ¢4y=1.12, p=0.293, respectively).

Males were also observed to perform aggressive
(males =2.38%, females =0.00%, U= 6000, p<0.0001)
(Fig. 3e) and defensive behaviours (males=3.12%,
females=2.54%, U=7731, p=0.012) (Fig. 3f) more often
than females. Statistical analysis of defensive behaviours
does not show a main effect for Month (F 455 1344)=3.42,
p=0.029) nor for Sex (F(; ¢4y=0.02, p=0.889). With the
exception of February, males were consistently observed
performing defensive behaviours more often than females
(Fig. 3g); however, this difference was only found to be
significant during the month of January (males=3.11%,
females =0.52%, t=3.60, DF=87.24, p=0.003). In
February there was a peak sudden increase, albeit not

significant (January =2.41%, February=5.48%, t=1.77,
DF=61.00, p=0.570), of defensive behaviours for both
sexes, though more evident in females, and in March
(1.65%) and April (2.03%) the observed values were similar
to those in December (3.30%) and January (December
vs March: t=1.16, DF=59.00, p=0.945; December vs
April: t=0.61, DF=37.00, p=0.999; January vs March:
t=1.03, DF=62.00, p=0.974; January vs April: t=0.36,
DF=37.00, p>0.999).

Aggressive behaviour showed a main effect for Sex
(F(1, 94=6.47, p<0.01) but not for Month (F; 734 665 =2-32,
p=0.111). Aggression behaviours increased in intensity
starting in December (0.69%; January =1.25%), reached a peak
in February (3.65%), and afterwards decreased (March: 2.74%)
until they reached a minimum in April (0.74%) (Fig. 3h).
Males were statistically more aggressive than females during
all months except April, while females were not observed
performing aggressive patterns at any point of the observation
period (December: t=3.36, DF=44.00, p<0.01; January:
t=2.87, DF=69.00, p<0.01; February: t=2.22, DF=48.00,
p<0.01; March: t=3.71, DF=47.00, p<0.001; April: t=1.94,
DF=35.00, p=0.267).

The joint analysis of aggressive and defensive catego-
ries, known together as agonistic behaviours, showed that
the peak of aggressive behaviour in males, in February,
corresponded to the peak of defensive behaviour in females
(Fig. 31).

Locomotion and Resting behaviour categories showed
significant effects of Month (F3 ;14 2465, =20.85, p<0.0001
for Locomotion; F 3345 565.1)=10.14, p<0.0001 for Rest-
ing), but not for Sex (F(l, 317)=0.40, p=0.53 Locomotion;
F(1.313y=3.75, p=0.054 Resting). Comfort behaviours did
not show significant effects for Month (F 3 ;57 2502, =4.60,
p=0.013) or Sex (F; 3,3y=3.04, p=0.082). For all individu-
als, the Locomotion category was at its minimum in April
(17.24%), while scoring its highest value in March (66.23%);
this peak in activity was found to be statistically signifi-
cant compared to February (45.23%, t=3.52, DF =60.00,
p<0.01) as well as April (t=10.55, DF=37.00, p<0.0001)
(Fig. 7a). For the Comfort category, the only significant dif-
ference found was between the frequencies for December
(17.67%) and January (7.68%, t=3.79, DF=63.00, p<0.01)
(Fig. 7b). For Resting behaviours, both males and females
showed an increase for the month of January (38.50%),
albeit this was not found to be significant (December:
20.23%, t=3.25, DF=63.00, p=0.343). Later, a significant
difference was found between the months of March (10.78%)
and April (35.38%, t=4.16, DF=37.00, p<0.01), as males
were observed resting more often than females, who in turn
scored much lower values than in previous months (Males:
37.30%; Females: 0.82%; t=5.60, DF=35.81, p<0.0001)
(Fig. 7c) (Fig. 4).
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Feeding habits

The population’s feeding habits were analysed, and indi-
viduals were observed feeding on grass more often than
filtered particles (55.31% vs 27.32%, t=5.54, R>=0.09,
p<0.0001) (Fig. 5a); this was true for males (54.08% vs
26.52%, t=4.74, R2=0.08, p<0.0001), as well as for
females (59.26% vs 29.91%, t=2.85, R*=0.10, p<0.01).

The relative percentages of feeding behaviours change
with each passing Month (F, 954 2341,=7.96, p<0.001)
(Fig. 5b). Females generally fed more often than males
(F1,317=9-54, p<0.01), scoring a significantly higher value
in December (December: females =28.60%, males =6.86%,
t=2.68, DF=20.07, p<0.05; January: females=20.52%,
males=17.47%, t=0.43, DF=37.59, p=0.673; February:
females=21.24%, males=7.62%, t=1.53, DF=13.33, p=0.150;
March: females=4.10%, males=3.17%, t=0.30, DF=19.06,
p=0.777; April: females=52.46%, males=25.95% =+, t=0.62,
DF=1.04, p=0.645). The number of occurrences of the feeding
of males decreased significantly from January to March (t=3.60,
DF=47.00, p<0.001) and then increased in April (t=4.04,
DF=35.00, p<0.01).

Statistical analysis of grass feeding showed a main effect
for Month (F 3 5 75.40)=15.98, p<0.001), displaying an
inverse pattern to that of filter feeding (Fig. 5c¢). Grass
feeding was the most common type of feeding through-
out the year except for March, when the ducks opted for
filter feeding instead. The frequency at which individuals
resorted to filter feeding also showed a significant effect
for Month (F 3 407, 76.69) = 23-23, p<0.0001). However, no
Sex differences were found for filter feeding (F; s,)=0.32,
p=0.574) (Fig. 5d). Individuals were observed filter feeding
more frequently in December (35.19%) compared to January
(3.85%, t=4.06, DF=33.00, p<0.001), as well as in March
(86.92%), displaying a distinctive peak compared to Febru-
ary (15.99%, t=10.45, DF=19.00, p<0.0001) and April
(30.57%, t=4.72, DF=17.00, p<0.001).
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Activity in different physical environments

Behavioural analysis showed that activities were differ-
ent throughout physical environments (F, g6,= 169.00,
p<0,0001). Mallards performed behaviours on land and in
water with similar percentages (t=1.02, p=0.667). Ducks
were only sporadically observed flying, leading to a small
frequency for behaviours observed in the air (0.94%), sig-
nificantly lower than that of water (51.09%, t=16.41,
p<0.0001) and land (47.97%, t=15.39, p<0.0001)
(Fig. 6a).

A main effect for Month was found for both the percent-
age of mallard behaviours in water and for those on land
(F3312, 184.6)=9-19, p<0.0001 and F; 574 15,5 =11.28,
p <0.0001, respectively). Individuals were observed in the
lake more frequently in March (77.01%), but the frequency
of behaviours in water later decreased, reaching a minimum
in April (25.01%) (Fig. 6b). As occurrences of activities on
land are dependent on occurrences in water, we observed
that the percentage of occurrence of behaviours on land were
at their lowest in March (19.12%) and reached a maximum
in April (74.74%), conversely to what had been observed for
the occurrence of behaviours in water (Fig. 6¢).

Individuals were observed flying through the air in
December, and again in February (only males), March
and April. However, mallards were only observed in the
air sporadically, and as such there is no observable pattern
of progression throughout the observation period (Month:
Fi111,61.05)=2.67, p=0.104), nor any differences between
sexes (Sex: F(; ¢4)=0.90, p=0.344) (Fig. 6d).

Activity in different social contexts

Behavioural activity is significantly affected by social con-
text (F(5, 966 =791.20, p<0.0001). The vast majority of indi-
viduals was most often observed forming groups, leading
to the Group social context scoring the highest among the
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three categories (77.75%) (Fig. 7a). Behaviours performed
in a couple with their respective mates scored the lowest
frequency out of the three (6.57%), lower than that of activi-
ties observed alone (14.89%). All frequencies were found
to be statistically different between one another (Alone vs.
Couple: t=6.01, p<0.0001; Alone vs. Group: t=45.43,
p <0.0001; Couple vs. Group: t=51.45, p<0.0001).

The activity of ducks observed alone was not affected sig-
nificantly by time of year (F(, g7 161.0)=2.75, p=0.047) or
sex (F(; 94,=0.87, p<0.352). Despite not having a significant
interaction between Sex and Month, we observed that, in March
and April, males scored increasingly higher frequencies for the
Alone social context (March: 22.14% April: 24.35%) (Fig. 7b).
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rences (b) considers the total number of activities performed by either
sex for each month as 100%. The percent of grass feeding (c) and fil-
ter feeding (d) occurrences considers the total occurrences of feed-
ing behaviours performed by either sex for each month as 100%. Bars
represent standard error (SE). **** =p <0.0001

There was no temporal pattern observed for behav-
iours that were performed by individuals in a couple
(F2.410, 191.0)=2.83, p=0.052). However, the overall per-
centage of the Couple category was found to be statisti-
cally higher for females than for males (F; 3,7)=14.84,
p <0.0001), despite neither of the values being signifi-
cantly different from one another for each individual month
(December: 3.54% vs 2.18%, t=0.82, DF=28.17, p=0.413;
January: 18.38% vs 6.69%, t=1.89, DF=33.68, p=0.067,
February: 10.39% vs 2.96%, t=1.11, DF=14.11, p=0.285;
March: 22.15% vs 6.84%, t=1.66, DF=17.40, p=0.115;
April: 15.58% vs 1.11%, t=1.35, DF=1.01, p=0.403)
(Fig. 7¢).

@ Springer



acta ethologica

Fig.6 Analysis of the popula- a b
e R . Fkkok
tion’s activity in different physi-
cal environments. a Comparison skskkok E
i £ _ _
of the percentages of behaviours g 60 ’— s e 100
observed in water, on land and 22 T g g
through the air for the entirety S & —— ey 804
. . - -
of the observation period. S 404 5 §
R?=0.10. b Monthly variation 59 2o 607
in the percent of occurrences 8 2 8 § 40-
(mean + SE) that male and -7;: § 20 @O
female mallards allocated to m © g 204
behaviours performed in water, 0\2 $
¢ land, and d air throughout 0 T T == 0 T T T T -
the observation period. Bars Water Land  Air Dec Jan Feb Mar Apr
represent standard error (SE). Months
ik =p <0.0001 c c d c -e~ Males -=- Females
£ £
- S 100+ =S 10+
€% f ° @
8 S o
57 PO
28 % 3s
TS 40- £ 0 4
m © Q O
5 @5
X 20+ ® 2+
0 T T T T T 0 T ¥ ¥ ———‘?
Dec Jan Feb Mar Apr Dec Jan Feb Mar Apr
Months Months
- Males -=%- Females -o- Males -=- Females

Statistical analysis reveals no Sex differences in the per-
centage of occurrences that mallards allocated to behav-
iours in group (F, 3,3,=0.206, p=0.650). The frequency
of group behaviours was also found to not differ significantly
throughout the observation period, having consistently
scored high values during all five months of observation
(F(3.276,256.3)= 342, p=0.015) (Fig. 7d).

Discussion

This research has identified marked differences in activ-
ity patterns between the mallards’ courtship and nesting
periods in Portugal. Our results reflect the behavioural dif-
ferences between sexes during these periods, with males
being responsible for most of the courtship and aggres-
sive frequencies while females foraged in preparation to
egg-laying. Overall, the time budget in this population
was similar to what has been described for other urban
populations of mallard as well as other dabbling ducks.
Several adaptations to an anthropized environment were
found, including lower defensive behaviours as well as
higher feeding rates. Our results are also in line with other
populations in mainland Portugal.

The number of individuals observed in the communal
area for this population of mallards varied each day, pro-
gressively decreasing every month. We also consistently
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observed more males than females throughout the observa-
tion period. Both these phenomena have been previously
reported for wild populations of mallard; Raitasuo (1964, in
Weidmann and Darley 1971a) claims that mallard popula-
tions are normally composed of more males than females,
while Ryser and Dewey (1985) observed that paired couples
gradually disperse from the communal areas, retreating to
their nesting areas. Pairing was successful for the majority
of individuals in the Porto City Park population, with most
females having left the communal area and nested in nearby
locations such as small retreated islets within the lake (ad
libitum observations), and by the end of the observation
period only a fraction of the population remained in the lake
shore, mostly unpaired males. This difference can also be
partially attributed to non-resident individuals abandoning
the site after their wintering period, though their proportion
compared to resident individuals is unknown.

Activity budgets

Courtship displays decreased with time, most noticeably for
males. As more pairs formed and left the communal area,
fewer females became available, thus leading to a decline in
display intensity as the courtship period progressed. These
results reflect what was observed by Lee (1985), who noted
that courtship reached a peak in intensity in mid-winter,
during pair formation. Males scored impressively high
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courtship frequencies compared to females, owing to their
highly competitive and ritualized displays, which they per-
form synchronously in large aggregations and repeat several
times in sequence in coordinated “bursts” (Williams 1983).
As such, it is expected that male displays would score higher
frequencies than those of females.

Aggressive behaviour was only observed in males for
the entirety of the observation period. Aggression in male
mallards has been widely documented (Barash 1977; Barrett
1973; Goodwin 1956; Hailman et al. 1978; McKinney 1965;
McKinney et al. 1978; Seymour and Titman 1979; Weidmann
1956). Female mallards do not usually display aggression
towards other individuals, although this is not entirely
unheard of; for instance, Darbouze et al. (2016) noted that
females would bite males if they got too close, though this
observation may be attributed to overcrowding, as the authors
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observed an excess of individuals in their study locations.
The low frequencies of aggressive behaviours in the present
study, as well as the absence of female aggression, could
be signs that this population is not subject to overcrowding.

The low frequencies of defensive behaviours observed
may be a result of habituation to humans and lower preda-
tion pressure, as is known from captive and urbanized water-
birds, which are described as having reduced alert and fleeing
behaviour compared to wild populations (Donaldson et al.
2007; Luniak 2004; Rose et al. 2022; Traut and Hostetler
2003). Even accounting for other defensive patterns per-
formed as a response to intraspecific aggression, their low
overall value shows that the population in Porto City Park is
habituated to human presence.

Aggressive and defensive behaviours were not affected by
the months passing, which is in accordance to Lee (1985),
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who observed no temporal variation in agonistic activities
throughout the observation period. Male aggression initially
scored relatively low frequencies, reflecting how paired
males are not especially protective of their mates during
the first stages of pair formation (Seymour and Titman
1979); later, male aggression became more frequent, and
in February both aggressive and defensive frequencies
peaked. Our results suggest that the decreasing number
of available females drives males into becoming more
aggressive, competing more intensely for them and chasing
them more often, leading to a corresponding increase in
defensive responses. February was also the month during
which reproductive behaviour (Mating) scored the highest
frequencies, further hinting at February corresponding to
the peak of the courtship period. The decrease in aggressive
and defensive behaviours in latter months reflects how
couples left the communal area for nesting, leading to
fewer individuals being present and thus fewer situations
that would trigger aggressive behaviours and subsequent
defensive responses.

The three most frequent activities throughout the obser-
vation period were Locomotion, Rest and Feeding, with
Comfort behaviours taking up a slightly lower proportion
to Feeding. These findings are mostly consistent with what
has been observed in both captive and wild ducks (Munday
and Rose 2022; Rose et al. 2022; Tamisier 1976); despite our
similarities with these time budgets, Tamisier (1976) found
feeding to be “insignificant”. This disparity may be due to
differences in food availability and predation pressure from
urbanized environments to the wild; moreover, Tamisier’s
(1976) observations reflect the time budget of a wintering
(migratory) population, while our study mainly observes the
behaviour of resident ducks.

Locomotion and Rest showed temporal differences
throughout the observation period. The changes in Loco-
motion can be explained by several factors, including court-
ship intensity (Weidmann and Darley 1971b), feeding habits
(Houhamdi and Samraoui 2008), the increase in aggressive
and defensive behaviours leading to ducks avoiding each
other, and other activities. The distinct drop in Locomo-
tion frequencies in April reflects the end of the courtship
period, and how much more active the species is throughout
its duration.

The progression of Resting behaviours reflects the pro-
gression of the species' annual cycle. Anatidae are known
to be significantly more active during the breeding season
compared to the wintering period (Munday and Rose 2022),
which is reflected in their January peak and progressive
decrease until March. The high values observed in January
may also be related to weather conditions, since this was the
month with the most rain and highest humidity value (data
from timeanddate.com). These results are according to the
literature, as ducks are known to seek shelter and rest more
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during periods of heavy rain (Munday and Rose 2022). The
dramatic increase in resting from March to April reflects the
end of the courtship period, with unpaired males becoming
less active due to the lack of available females.

Comfort activities remained constant throughout the obser-
vation period, which is to be expected since comfort behav-
iours are daily activities that are required for the maintenance
of the individual’s hygiene and wellbeing (McKinney 1965).

The population’s time budget is similar to what has been
observed in wild populations (McKinney 1967, in Bruggers
and Jackson 1977), and roughly follows the same phenol-
ogy as other Portuguese populations of mallards (Rodrigues
2001). Nevertheless, their adaptation to this anthropized
environment can be noticed in some aspects of their behav-
iour, including a higher frequency of feeding and less fre-
quent defensive behaviours.

Feeding habits

Generally, females spent more time feeding than males,
which may be due to the fact that males were observed
performing the Alert behaviour more often than females;
males in small groups would stay alert for long periods of
time while females fed. This was also observed by Bruggers
and Jackson (1977) as well as Kaminski and Prince (1981),
and was interpreted as the males watching over the females,
allowing them more time to feed. Additionally, Asplund
(1981) found that pre-laying female Anseriformes feed more
often than males, as egg production requires a greater nutri-
ent intake. While it is impossible to calculate the proportion
of females in the pre-laying stage based on the difference
of values observed for the two sexes, we can attribute this
difference to their presence.

The seasonal fluctuations of the mallard’s feeding habits
have been attributed to the quality of food sources and
their availability on a temporal and spatial level, as well
as different physiological needs throughout their annual
cycle (Paulus 1988; Tidwell et al. 2013). In our study,
mallards were found to feed on grass more often than filtered
particles; this pattern was observed during all months except
March, where filter feeding was the dominant food source.
For most dabbling ducks, winter is characterized by ample
consumption of high-energy plant matter, with invertebrate
foods becoming more prevalent during spring when females
require greater protein intake for egg formation (Gammonley
1995; Hohman et al. 1996; Krapu 1974; Reinecke and Owen
1980). The decrease in filter feeding observed in April can
be mainly explained by the dispersal of paired females
from the communal area. As for why a similar effect is
also observed for males, one possibility is that males would
behave similarly to females in order to stay close to them,
feeding on the same food sources as them. These and other
factors — weather conditions leading to a more humid
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environment and the formation of more puddles, abundance
of invertebrates in the water, similar nutritional needs for
males and non-gestating females — may explain why males
and females were found to feed on both grass and filtered
particles in similar proportions.

Activity in different physical environments

The frequency of activities observed on land and in water
changed with the progression of the observation period. One
of the main factors to take into account when understand-
ing habitat use in Anatidae are weather conditions (Paulus
1988). In the literature (Finney et al. 1999; Munday and
Rose 2022; Shao and Chen 2017; YilJin et al. 2019), swim-
ming rates increase with lower temperatures. A similar pat-
tern was observed in our study for March, which was not
only the coldest month of observation but also the one in
which behaviours observed in water reached a peak (see
Table 2). Interestingly, environment occupation in our popu-
lation seem to mirror the previously observed changes for
the consumption of different food sources; the evolution of
filter feeding and grazing frequencies are strikingly similar
to those of behaviours observed in water and on land, respec-
tively, which are also the physical environments where ducks
are more likely to procure these respective food sources.
Feeding habits play a significant role in habitat use, with
individuals spending more time on land or water as they
forage for specific foods according to their availability and
physiological needs. It is also important to note that court-
ship as a whole is heavily linked to water; mallards will
gather in the water to perform or watch courtship displays
in large numbers, and the males’ three main display patterns
are always performed in water. Despite displays and court-
ship behaviours only accounting for about 2% of the total
observed behaviours in this study, much time during court-
ship was spent between display bouts, and individuals would
still linger in the water after the displays had been performed
for the moment, dispersing and resuming their daily activi-
ties. The fact that so few individuals were observed in water
during the month of April compared to other months may
be owed to the fact that no courtship displays were observed
for this month. There are also other behavioural patterns
and activities that are exclusively performed either in water
or on land, such as Bathing or Sleeping, all of which play a
role in how these frequencies changed with time. Ultimately,
we must consider that the progression of habitat use in this
population is determined by a combination of all these dif-
ferent factors, and possibly more.

Although individuals were also observed flying, these
behaviours were quite infrequent, and ducks were never
observed flying for long periods of time; individuals would
fly away/past the observation area or otherwise landed

shortly afterwards. It is common to observe males chasing
females through the air intending to copulate with them
during the first weeks of the incubation period (Cramp and
Simmons 1977). McKinney (1967) found that the frequency
of these flights increases immediately before egg-laying. In
fact, this tendency was detected for the months of February
and March, reaching a peak in the latter month, before most
females had retreated to incubate their eggs. Still, the total
frequency of airborne behaviours may be an underestimate
for the population, as is observed in most studies in Anatidae
(Paulus 1988).

Activity in different social contexts

Owing to the species’ gregarious nature and to the highly
social character of courtship, activities performed in groups
dominated the observation period, with no differences
found between male and female frequencies. Mallards flock
together with their conspecifics for protection, and a greater
number of individuals can more easily spot intruders and
predators. Throughout the observation period, activities per-
formed in groups remained relatively constant, since even
as more couples were formed, there were always individu-
als — mostly unpaired males — that spent most of their time
gathered in small groups. Similar to what had been observed
by Seymour and Titman (1979), these congregations of
unpaired males stayed in the communal area by the shores
of the lake after couples had left for their nesting areas.

The percentage of occurrences of behaviours performed
in a couple was the lowest among the three social contexts.
In this population, the greater number of males compared to
females means that several males were left with no females
to form couples with and remained unpaired, leading to a
difference in behaviours observed in a couple for both sexes.
Although the number of pairs increased each passing month,
the frequencies of behaviours observed in a couple remained
constant throughout the observation period. Pair formation
does not necessarily entail a correspondent linear rise in
activities performed in couples from one month of obser-
vation to the other, since coupled individuals do not spend
the totality of their time with their mate. Since both scan
samples of females recorded in April were observed with an
isolated male away from other individuals, we can conclude
that no females were left unpaired in the population.

As for behaviours that were performed alone, their fre-
quencies were lower than those observed in a group. Males
spent more and more time by themselves as the observation
period progressed, which may be connected to the decline
of courtship intensity that was previously described. In con-
trast, females were observed spending less time alone from
February onward, which could be indicative of not only pair
formation but also the lower number of females observed for
the two last months of observation.
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Conclusions

The results in this paper may help understand the behav-
ioural and ecological adaptations of mallard populations
from Southwestern Europe. Future studies ought to further
investigate the daily activities and population dynamics
— including breeding success and survival rates — of similar
populations in the southwest of Europe, as well as of other
individuals and populations inhabiting urban parks and other
settings where familiarity with humans and external distur-
bances are more common.
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