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Abstract

Seabirds are important apex predators and valuable sentinels of marine ecosystem health. Because they integrate sig-
nals from multiple trophic levels, their diet provides important insights into marine food-web dynamics, gastrointestinal
parasite fauna, and the impacts of human activities. Changes in diet composition can affect seabird reproductive success,
health status and parasite load. Many protozoan and helminth parasites depend on predator-prey interactions to complete
their life cycles, making dietary analysis a useful tool for understanding parasite transmission and ecology. Here, 82 pel-
lets were collected from an Imperial Cormorant (Leucocarbo atriceps) colony in the Falkland Islands/Malvinas Islands
(51°43°S, 61°19°W) in 2020 and 2022. Preys were identified using hard remains and metazoan endoparasites using mor-
phological and genetic identification. Parasitological analysis of pellets was performed using the standard sodium-acetate-
formaldehyde method (SAF). The diet primarily consisted of fish, particularly ray-thinned fish species (Patagonotothen
spp.), crustaceans [squat lobsters; (Munida spp.)], and to a lesser extent polychaetes and cephalopods. The presence of
nematodes of the family Anisakidae, including the genus Contracaecum, was detected using both methods (PCR and
SAF). The comparison with the diet suggests that ray-thinned fish (Patagonotothen spp.) likely act as paratenic hosts
for Contracaecum (Anisakidae) infections in the Imperial Cormorant. Further, a fish-borne trematode (Heterophyidae)
was detected by SAF, which is the first reported in free-ranging Imperial Cormorants. However, no relationship could be
demonstrated between this parasite and prey. Further studies are necessary to fill the gaps in our knowledge of parasites’
life cycles and their effects on Imperial Cormorant’s health in the Falklands.

Keywords Parasite-host associations - Anisakid nematodes - Fish-borne trematodes - Seabird parasites - Non-invasive
sampling - Molecular analysis

Introduction

Knowledge of helminth associations with their hosts is cru-
cial in understanding their complex life cycles, particularly
in the marine ecosystem. However, detecting endoparasites
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in each host and their role during their life cycle is chal-
lenging (Garbin et al. 2019a). Several studies have been
conducted to establish the life cycle of Contracaecum spe-
cies experimentally (Huizinga 1966; Semenova 1979; Kaie
and Fagerholm 1995). Nevertheless, studying the life cycle
in situ is particularly difficult due to its complexity, involv-
ing paratenic and intermediate hosts and the significant
morphological similarity between the larval stages of the
different species. Methods such as cadaver examination or
pellet analysis are valuable for addressing such questions,
as they enable the detection of adults, larval stages and/or
prey items (Garbin et al. 2008, 2019a, b). Endoparasites,
including protozoan and metazoan parasites, have also been
detected as cysts and eggs using the standard sodium-ace-
tate-formaldehyde (SAF) technique (Kleinertz et al. 2014).
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This method is commonly employed for scat sample anal-
ysis. In this study, we aimed to apply the SAF method to
the remains of the pellets to determine whether this type of
sample was compatible with this method for detecting endo-
parasites. Furthermore, we sought to investigate whether
this approach could enhance the detection results of the
conventional use of pellets for identifying larvae and eggs.

The Imperial Cormorant or Imperial Shag (Leucocarbo
atriceps), known locally as the King Shag (order Pelecani-
formes, family Phalacrocoracidae) is endemically distrib-
uted in South America, from central Chile and Argentina
to their coasts and the Falklands Islands (Johnsgard 1993).
Imperial Cormorants consume various marine prey, primar-
ily feeding from the benthic zone. However, it has been
shown that while females forage in coastal waters, males
move into pelagic waters to feed on larger prey (Quill-
feldt et al. 2011). Three groups can be identified as the
primary food sources: fish, crustaceans, and cephalopods,
with fish being the most important prey (Thompson 1989;
Punta et al. 1993, 2003; Malacalza et al. 1994; Gosztonyi
and Kuba 1998; Ferrari et al. 2004; Bulgarella et al. 2008;
Michalik et al. 2010; Yorio et al. 2010; Ibarra et al. 2018;
Morgenthaler et al. 2022). They are prone to endoparasites
as their diet is mainly composed of fish. The Natural His-
tory Museum Host-Parasite database (Gibson et al. 2022)
records helminths found parasitising Imperial Cormorants,
and various studies have documented other helminths in dif-
ferent regions of South America (Gutiérrez 1943; Torres et
al. 1990; Malacalza et al. 1998; Garbin et al. 2008, 2013,
2019a; Garbin 2009; Diaz et al. 2009; Oyarzin-Ruiz and
Muiloz-Alvarado 2015). However, to our knowledge, no
study has specifically investigated the parasites of the Impe-
rial Cormorant in the Falkland Islands.

Our work aimed to assess the diet and associated endo-
parasites of the Imperial Cormorant colony on New Island
in the Falkland Islands. This assessment was conducted by
analysing pellets [regurgitated casts, primarily composed
of hard food items (Michalik et al. 2010)]. Specifically,
we aimed to characterise the prey and endoparasites of the
Imperial Cormorant, assess whether the SAF technique can
be applied to pellet remains and determine parasite-prey
associations.

Materials and methods

Study area

The study was conducted at New Island, Falkland/Malvinas
Islands (51°43°S, 61°19°W) in the South Atlantic, east of

southern Argentina (Fig. 1). The Falkland Islands comprise
778 islands and islets, with two major islands, West and East
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Falkland, covering 12,200 km? (Woods 2001). New Island
is located in the southwest of the Falkland Islands and has
been managed by Falklands Conservation since 2020. The
island hosts 39 breeding bird species, accounting for 65% of
the total breeding species in the Falkland Islands, and most
are seabirds. Several endangered species breed on New
Island, such as the Magallanic Penguin (Spheniscus magel-
lanicus), Gentoo (Pygoscelis papua) and Rockhopper Pen-
guins (Eudyptes chrysocome) and Black-browed Albatross
(Thalassarche melanophris), which all share their rooker-
ies with the Imperial Cormorant (Falklands Conservation
2023). The Falkland Island ecosystem is highly productive
due to nutrient upwelling from the Falkland Current and the
Antarctic Circumpolar Current (Agnew 2002; Van Der Gri-
ent et al. 2023), making this area attractive to many species,
including seabirds. On New Island, approximately 3,000
breeding pairs of Imperial Cormorants are present in the
colony. They arrive at the colony in early October for court-
ship and nest-building (Michalik et al. 2010). They lay eggs
between early November and late December, and nestlings
are present from December to March (Quillfeldt et al. 2011).

Pellet sampling

Samples were collected during the austral summer (Janu-
ary-February) of two breeding seasons, 2020 and 2022. The
collection involved slowly walking around the colony and
searching for intact pellets without major disturbance of
seabirds. When a pellet was found, a protective board was
used to collect pellets close to the birds, preventing bites
safely. The pellets were placed in labelled tubes and stored
at —20 °C until examination. A total of 82 pellets were col-
lected, with 42 from 2020 to 40 from 2022.

Diet analysis

Once in the laboratory, the pellets were removed from the
freezer and left to thaw for dissection. Each pellet was
placed in a Petri dish and dissected under a binocular mag-
nifying glass. Hard remnants, such as otoliths, squid beaks,
fish bones, and polychaete jaws were removed, sorted, and
placed inside tubes. The remaining material from the pel-
lets was returned to the containers with ethanol (70%) for
preservation and further analysis. The identification of the
hard prey remnants was carried out under the stereomicro-
scope with reference guides. Otoliths were sorted by size
and shape and then paired when possible. For pellets con-
taining only fish bones, they accounted for the presence
of fish. For the identification of the otoliths, the Otoliths
Reference Collection available on the Global Biodiversity
Information Facility (gbif.org) was used as well as some
identification books (Hecht 1987; Reid 1996; Volpedo and
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Fig. 1 Map of the Falkland Islands. The study colony is shown by a red cross

Echeverria 2000) and help from experts (cf. Acknowledg-
ments). Cephalopod beaks were identified using a reference
guide (Xavier and Cherel 2021) and the help of experts (cf.
Acknowledgments). Crustaceans were identified using an
identification guide (Xavier et al. 2020). Other prey items
(e.g. polychaete jaws, gastropods, and bivalves) found were
identified with the help of experts (cf. Acknowledgments).

Parasite analysis
Morphological methods

Parasite larvae found inside the pellets, during the dissec-
tion, were put inside a labelled tube with ethanol (70%)
to preserve them for identification. Pictures of the larvae,
the anterior part, and the tail were taken, and the length of
all individuals was measured using the stereomicroscope
(Leica MZ 7.5). Photos were taken using an Olympus SC30
camera and the software cellSens Dimension, and can be
found in the Supplementary file. Identification of the larvae
was done using identification guides and articles (Ander-
son 2000; Garbin 2009; Garbin et al. 2013, 2019b, 2023;
Gonzalez-Acuiia et al. 2020). Because identification based
on morphology cannot provide precise information at the

species level (Bhadury et al. 2006), we decided to use DNA
barcoding for final species identification.

DNA amplification and sequencing

Larvae preserved in 70% ethanol were first dried to remove
residual ethanol prior to DNA extraction. When multiple
small larvae were recovered from a single pellet, they were
pooled for a single extraction to obtain sufficient DNA for
sequencing. All other samples contained a single larva,
resulting in a total of 46 extraction samples. Molecular
analyses were restricted to nematodes, and no protozoan-
specific PCR assays were performed.

DNA extraction from the larvae was then performed
using the QIAwave DNA Blood and Tissue Kit according
to the manufacturer’s instructions. The extracted DNA was
stored at —18 °C, and Nanodrop measurements (NanoDrop
2000, Thermo Scientific) were used to determine DNA con-
centration (optimal DNA concentration: 20ng/pl). A nega-
tive control was used in all PCR tests.

The mitochondrial cytochrome c oxidase subunit I (COI)
region was amplified using the primer pair JB3/JB4.5
(Bowles et al. 1992). The ITSI1 and ITS2 regions were
amplified using the primer pairs SS1/NC13R and SS2/NC2,
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respectively (Shamsi et al. 2008). These primers are widely
used for molecular identification of anisakid/ascaridoid
nematodes. For the JB3/JB4.5 primers, PCR was performed
in 25 pl containing 12.5 pl of Dream Taq Buffer (DreamTaq
DNA Polymerase (ThermoScientific), 5.5 pul of water, 2.5 ul
of each primer and 2 pl of DNA. The PCR conditions for the
JB3/JB4.5 primer pair were as follows: initial denaturation
(94 °C for 3 min), 40 cycles at 94 °C for 45 s (denaturation),
53 °C for 45 s (annealing), and 72 °C for 45 s (extension),
and 72 °C for 10 min (final extension). For the SSI/NC13R
and SS2/NC2 primers, the PCR mixture of 25 pl contained
12.5 pl of Dream Taq Buffer (DreamTaq DNA Polymerase
(ThermoScientific), 9 pl of water, 1.25 pl of each primer
and 2 pl of DNA. The PCR conditions were as follows: ini-
tial denaturation (94 °C for 5 min), 30 cycles at 94 °C for
30 s (denaturation), 55 °C for 30 s (annealing), and 72 °C
for 30 s (extension), and 72 °C for 5 min (final extension).
A QIAxcel Advanced (Qiagen, Switzerland) high-resolution
capillary gel electrophoresis was used to visualize band
heights. The PCR amplicons of positive samples were sent
to Seqlab (Géttingen, Germany) for bi-directional Sanger
sequencing after being purified. The results were read and
assembled with CLC Main Workbench 7.6.4 (CLC Bio,
Aarhus, Denmark). The resulting consensus sequences were
checked, and any conflicting bases were assigned manually
as far as possible. Using the NCBI Blast (GenBank), every
sequence was checked for its closest match to determine the
parasite genus.

SAF method

The remains of the pellets were then taken to the Institute of
Parasitology of the Justus Liebig University for examination
of intestinal parasites. The SAF technique was used to detect
parasitic stages of helminths. Under a fume hood, a small
quantity of the sample was taken (bean size) and placed in a
tube containing 10 ml of the SAF solution [sodium acetate:
15 g, glacial acetic acid: 20 ml, formaldehyde (37%): 40 ml,
water: 925 ml]. The sample was mixed with the liquid to
make it homogeneous and then filtered over a funnel con-
taining double-layer gauze. The tubes were centrifuged at
2000 rpm for 3 min at room temperature (RT). The super-
natant was then drained. A sodium chloride solution (7 ml)
was added, and the deposit was mixed using a Pasteurizer
pipette. Acid ethyl ester (2.5-3 ml) was added, and the tube
was shaken using a stopper. The tubes were centrifuged
again at 2000 rpm for 3 min at RT, and the supernatant was
drained. To identify the intestinal parasites, 2—3 drops of
the sample were allocated on top of a microscope slide and
examined under an Olympus BX43 light microscope (x20 —
x40 magnification). Pictures were taken using an Olympus
SC30 digital camera and the software cellSens Dimension,
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and can be found in the Supplementary file. The eggs were
identified using images from (Pennycott 2016a, b).

Data analysis

The frequency of occurrence was calculated, expressed as
a percentage, for the prey items and can be defined as the
proportion of pellets containing a certain prey type per pel-
let. Prevalence expressed as percentage (i.e. the number of
hosts infected with 1 or more individuals of a particular
parasite species divided by the number of hosts examined
for that parasite species) and mean intensity (i.e. the total
number of parasites of a particular species found in a sample
divided by the number of hosts infected with that parasite)
were calculated for the parasites (Bush et al. 1997). Only
larvae were taken into account for the mean intensity. Con-
fidence intervals were calculated using the binom package
(Dorai-Raj 2022).

To test if the detection of parasites was similar between
the larvae found in pellets and the SAF, Cohen’s kappa
was calculated (Cohen 1960) with the DescTools package
(Signorell 2024). The results were interpreted as follows: no
agreement for values<0, none to slight for values between
0.01 and 0.20, fair for values between 0.21 and 0.40, mod-
erate for values between 0.41 and 0.60, substantial for val-
ues between 0.61 and 0.80, and almost perfect agreement
for values between 0.81 and 1.00. The Cohen’s kappa is
reported, along with its 95% CI. Chi-squared tests were
used to compare the prevalence of parasites, and Kruskal-
Wallis tests were performed to compare the intensities of
the different parasites, followed by a Pairwise Wilcoxon
Rank Sum Test. A correspondence analysis was performed
for prey with an occurrence above 5% to visualise parasite-
prey association. Chi-squared tests were performed using
observed frequencies of prey and parasites to investigate
associations. The level of significance was set at a=0.05
throughout this study.

Results

Analyses of Imperial Cormorant pellets revealed 14 prey
items belonging to 6 different taxa: fish, cephalopod, crusta-
cea, gastropod, bivalve, and polychaete (Table 1).

Based on the morphological analyses, isolated larvae cor-
responded to L3 according to Anderson et al. (1974). Pellet
dissection detected larval stages, whereas the SAF method
detected parasite eggs. Only Contracaecum spp. were
detected with both methods, whereas the other parasites
were detected only as larvae and trematode eggs (Hetero-
phyidae) were detected only with SAF (Fig. 2). Consider-
ing all parasites, agreement between the two methods was
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Table 1 Frequency of occurrence (FO%) of prey items found inside
the pellets (n=82) of the Imperial Cormorant Leucocarbo atriceps
from the Falkland Islands

FO (%)

Fish 95.1
Nototheniidae

Patagonotothen sp 57.3

FEleginops maclovinus 1.2
Moridae

Salilota australis 2.4
Unidentified® 67.1
Cephalopoda 12.2
Gonatidae

Gonatus antarticus 1.2
Loligonidae

Doryteuthis gahi 4.9
Octopodidae

Enteroctopus megalocyathus 4.9
Sepiolidae 1.2
Crustacea 59.8
Galatheidae

Munida sp 59.8
Talitridae 1.2
Gastropoda 7.3
Buccinidae

Pareuthria atrata 3.7

Pareuthria fuscata 2.4
Unidentified 3.7
Bivalvia 2.4
Veneridae

Ameghinomya antiqua 2.4
Unidentified 1.2
Polychaeta 14.6
Nereididae 11.0
Polynoidae 6.1
Unidentified 2.4

#Based on otoliths and fish bones

considered fair with a k& value of 0.31 (0.09-0.53). For Con-
tracaecum, the agreement was moderate, with a k value of
0.45 (0.23-0.67).

PCR amplification was successful for 43 out of 46 para-
site larvae samples. The JB3/JB4.5 primers yielded a suc-
cess rate of 82.6%, followed by SS2/NC2 (76.1%) and SS1/
NC13R (71.4%). For three samples, only one sequence was
obtained using the SS1/NC13R primers. The three samples
that failed to amplify were identified as Anisakidae based on
morphological examination, while all other samples were
identified using genetic analyses. Sequence quality was suf-
ficient for reliable taxonomic assignment in 45 out of 46
samples, with sequence similarity values above 90%, and
one sample showing 89.8% similarity. No protozoan was
detected using the SAF method, and only helminth lar-
vae were genetically identified. Among the identified lar-
vae, two nematode families were detected: Anisakidae and

Raphidascarididae. For Anisakidae, species composition
within each genus (based on successfully sequenced larvae)
was as follows: Contracaccum (C. chubutensis and C. oscu-
latum; 77.8% and 3.7%, respectively), Anisakis (4. simplex
and A4. pegreffii; 50% and 25%, respectively), and Pseudo-
terranova (P. decipiens and P. cattani; 81.8% and 18.2%,
respectively). The Raphidascarididae were represented
by Hysterothylacium aduncum (100%), with nine larvae
detected in a single sample. In addition, eggs belonging to
the trematode family Heterophyidae were detected using the
SAF method, but no genetic analyses were performed on
these eggs.

Anisakidae and Raphidascarididaec were more prevalent
than Heterophyidae (X°=21.8, df=1, p<0.001). The genus
Contracaecum had the highest prevalence, followed by Ani-
sakis, Pseudoterranova and Hysterothylacium (Fig. 2). The
difference in prevalence between the Anisakidae and Raphi-
dascarididae parasites was significantly different (X?= 57.6,
df=3, p<0.001).

In terms of mean intensities, Hysterothylacium had the
highest mean intensity, although a large range was attrib-
uted to only two samples with different intensities (Fig. 3).
The range of intensities for Pseudoterranova was lower,
with an average of 3 larvae per pellet for this parasite
genus. Contracaecum and Anisakis intensities were the
lowest, with most pellets containing only 1 larva of these
parasites (Fig. 3). The difference in intensities was signifi-
cant (Kruskal-Wallis - X*=9.9, df=3, p=0.019). However,
the only significant difference was between Contracaecum
and Pseudoterranova (Pairwise Wilcoxon Rank Sum Test
—p=0.041).

The Correspondence Analysis (CA) showed an associa-
tion between three anisakid parasites (i.e. Contracaecum,
Anisakis and Pseudoterranova), the trematode (Heterophy-
idae) and ray-thinned fish (Patagonotothen sp.; Fig. 4). Hys-
terothylacium was not associated with any prey. Only the
association between Contracaecum and Patagonotothen sp.
was significant (X*=5.9, df=1, p=0.015).

Discussion

The Imperial Cormorant diet in the Falkland Islands con-
sisted mostly of fish, followed by crustaceans, polychaectes,
and cephalopods. This finding is consistent with other stud-
ies in this location and colonies along the Argentinian coast
(Casaux et al. 1997; Punta et al. 2003; Bulgarella et al.
2008; Michalik et al. 2010; Yorio et al. 2010, 2017; Quill-
feldt et al. 2011; Quintana et al. 2011; Harris et al. 2016;
Ibarra et al. 2018; Morgenthaler et al. 2022). Among the fish
prey, Patagonotothen sp. was found to be the most com-
mon, with some biases due to the exclusive use of otoliths
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Fig.2 Prevalence of the different parasites inside pellets depending on the detection method. The bars correspond to the 95% Confidence Intervals.
Numbers correspond to the prevalence for each parasite depending on the detection method.

for fish identification (Jobling and Breiby 1986; Johnstone
et al. 1990).

Endoparasites found in the Imperial Cormorant popula-
tion on the Falkland Islands were primarily nematodes from
the Anisakidae family. Previous research also documented
anisakid nematodes in Imperial Cormorants at various loca-
tions (Gutiérrez 1943; Torres et al. 1990; Malacalza et al.
1998; Garbin et al. 2008, 2013, 2019a; Diaz et al. 2009;
Oyarzin-Ruiz and Mufioz-Alvarado 2015), many of which
belong to the genus Contracaecum. The three genera of
Anisakidae found in our study (Contracaecum, Anisakis,
Pseudoterranova) were also found in Imperial Cormorant
at the Chubut province, and Hysterothylacium was found in
Red-legged cormorant (Poikilocarbo gaimardi) in the Santa
Cruz province (Garbin et al. 2019a).

This study found lower mean intensity compared to oth-
ers. The mean intensity of infection by Contracaecum sp.
was 7.1 and 6.6 in Punta Leon for the years 1991/1992
and 1992/1993, respectively (Malacalza et al. 1998).
A more recent study at the same location found similar
mean intensities for three Anisakidae genera, except for
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Pseudoterranova, which had the highest intensity (Garbin
et al. 2019a). The differences in prevalence and intensity
of parasites in our study compared to others may be attrib-
uted to disparities in location. In fact, Fonteneau and Cook
(2013) reported different prevalences and intensities of
Contracaecum rudolphii in Kerguelen Shags (Phalacroco-
rax verrucosus) breeding at two colonies 25 km apart. Our
findings suggest that the diet of Imperial Cormorants at our
location may be less diverse than in other locations, which
may be associated with lower parasite diversity.

The SAF method has enabled us to detect fish-borne
trematode eggs of the Heterophyidae family. This is the first
record of this intestinal fluke family parasitising the Imperial
Cormorant. However, the prevalence of this endoparasite is
lower than for Anisakidae. This family is frequently found
in fish-eating birds (Sepulveda et al. 1994, 1996, 1999).
Santos and Borges (2020) review records of Heterophy-
idae in South America. In Argentina, records of this family
showed a predominance of the genus Ascocotyle, followed
by Cryptocotyle and Pygidiopsis. However, no cormorant
in Argentina was found to be infected by Heterophyidae;
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Fig. 3 Mean intensities of parasites found as larvae inside pellets. Each dot represents the number of parasite larvae found in one pellet

such infections were observed only in Brazil, Ecuador, Ven-
ezuela, and Chile (Gonzalez-Acuia et al. 2020; Santos and
Borges 2020). A more precise identification was impossible
because Heterophyidae were only found as eggs. Other
methods could be useful to gain better insight into the trem-
atode parasites, such as nested PCR used by Hermosilla et
al. (2018).

The two methods employed to evaluate the prevalence
of parasites in the Imperial Cormorant produced divergent
results in detecting the presence of endoparasites. Anisakids
were the most prevalent parasites found with both methods.
However, only larvae or eggs were found for some pellets,
resulting in a lower agreement between the methods. Only
Contracaecum from the Anisakidae family was found as
larvae inside pellets and as eggs with the SAF technique.
The other Anisakidae genera were not found by using the
SAF method. This may reflect differences in host suitabil-
ity among parasite genera. Heterophyid eggs were detected
solely through the SAF method, with neither juvenile nor
adult trematodes found in pellets. This result is surprising

because we would have expected to find adult stages in the
pellet when eggs are found.

Pellets are a non-invasive method that are simple to collect
and have already been used in previous studies on parasites
of the Imperial Cormorant (Malacalza et al. 1998; Garbin et
al. 2019a). Moreover, dead Imperial Cormorants have also
been examined (Garbin et al. 2008). The SAF method was
applied for the first time, to our knowledge, with remnants
of dissected pellets, which has been used for faecal samples
originating from marine mammals and seabirds (Kleinertz
et al. 2014; Ebmer et al. 2020; Fusaro et al. 2024). However,
our results indicate that this method can also be used with
pellets. Fusaro et al. (2024) compared three sampling tech-
niques (eviscerated hosts, faecal samples, and regurgitates)
to study endoparasites in the Southern Giant Petrel (Macro-
nectes giganteus) in Antarctica. Viscera and faecal matter
yielded superior results compared to regurgitates, but they
are a valuable addition as it is challenging to access recently
deceased specimens. Non-invasive techniques in parasitol-
ogy have gained popularity in recent years (Hermosilla et al.
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Fig. 4 Results of the correspondence analysis showing the parasite-
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2018; Ebmer et al. 2020) compared to invasive methods like
endoscopy, which necessitates a comprehensive evaluation
of ethical considerations (Burthe et al. 2013). The absence
of parasitic protozoa in the remaining pellets after SAF
treatment may be due to the pellet material, which may not
preserve protozoan cysts effectively. The SAF method could
be used with scat samples from the Imperial Cormorant to
confirm this hypothesis, or protozoan-specific PCR assays
could be performed.

Among the parasites, the results showed a visual asso-
ciation between Rock cods and three parasite genera (Con-
tracaecum, Anisakis, Pseudoterranova) and one family
(Heterophyidae), but this association was significant only
for Contracaecum. The lack of association between Hys-
terothylacium and other species is probably due to its low
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sp; Dor: Doryteuthis gahi; Enter: Enteroctopus megalocyathus; Mun:
Munida sp; Nerei: Nereididae sp; Patag: Patagonotothen sp; Poly:
Polynoidae sp

prevalence, which reduces the likelihood of association.
In fact, studies carried out around the Falkland Islands on
Rock cods have shown a wide diversity of parasites, includ-
ing the nematodes found here (Gonzalez et al. 2007; Brickle
et al. 2021).

Among the Anisakidae, the genus Contracaecum is the
only one maturing into adults in birds (Garbin et al. 2019a). In
the case of this genus, several studies on its life cycle showed
that copepods are the main intermediate host of Contracae-
cum sp., with euphausiids and amphipods playing a lesser
role (Huizinga 1966; Bartlett 1996; Anderson 2000; Moravec
2009). These prey items were found in the diet of rock cods
(Laptikhovsky 2004) and rock cods (Patagonotothen ram-
sayi) from around the Falkland Islands were found to have
a high parasite diversity (Gonzalez et al. 2007; Brickle et al.
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2021). Together with our association results, this is consistent
with rock cod likely acting as paratenic hosts for parasites
infecting Imperial Cormorants. Studies on intermediate hosts
around the Falkland Islands should be carried out to gain a
better understanding of the life cycle of these parasites.

Even if the occurrence of fish-borne trematode (Hetero-
phyidae) was visually associated with rock cods, it was not
significant. Surveys have been conducted in the past around
the Falkland Islands to assess parasites of several fish and
squid species (MacKenzie and Longshaw 1995; Brickle et
al. 2001, 2006; Brickle and MacKenzie 2007; Gonzalez et
al. 2007; Brown et al. 2013; MacKenzie et al. 2013). Further
surveys are needed to better characterise trematode diversity
in seabirds from this region. Although parasites belonging to
the Trematoda class were found inside them, none of the spe-
cies belonged so far to the Heterophyidae family. In the case
of Heterophyidae, the trematode parasite is acquired through
the consumption of infected fish where the metacercariae
encyst in the organs (Yamaguti 1971, 1975). It is by eating a
mollusc (gastropod) that the fish becomes infected. Species
from this family were found as adults in seals and in penguins
from San Matias Gulf, Argentina. Heterophyid trematodes
were also found in Cormorant species such as the Neotropic
Cormorant (Phalacrocorax brasilianus) in coastal lagoons
of Mexico (Violante-Gonzalez et al. 2011), the Flightless
Cormorant (Phalacrocorax harrisi) in the Galapagos Islands
(Carrera-Jativa et al. 2014), and the Double-Crested Cormo-
rant (Phalacrocorax auritus) in the Mississippi Delta region
(O’Hear et al. 2014). This represents the first record of this
heterophyid trematode in the Imperial Cormorant. However,
the identity of the intermediate hosts involved in its trans-
mission in the Falkland Islands remains unresolved.

In addition to morphological identification, the molecu-
lar analyses performed in this study provided an important
complementary line of evidence for species identification. It
enabled the detection and taxonomic discrimination of ani-
sakid taxa (Contracaeccum, Anisakis, and Pseudoterranova)
and the species Hysterothylacium aduncum (Raphidascari-
didae) from degraded pellet material, where morphologi-
cal identification alone was insufficient. This taxonomic
resolution allowed evaluation of parasite-prey associations,
since accurate identification is necessary to link parasites
with specific prey sources. The integration of molecular and
morphological approaches, therefore, increases confidence
in these associations and provides a more robust framework
for reconstructing trophic and transmission pathways. How-
ever, the use of pellets may have biased estimates of both
prey and parasite diversity towards taxa that are more resis-
tant to digestion. Although molecular analyses improved
taxonomic resolution, PCR amplification was unsuccessful
for some samples, and trematode eggs were not genetically
characterised, limiting species-level identification.
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Acknowledgements The authors would like to thank the experts who
helped with the identification of prey items: P. Brickle, Y. Cherel and
V. Laptikhovsky, B. Schone, G. Pastorino, T. Darbyshire, L. Hughes.

Author contributions Conceptualization: H.M., P.Q.; Data collection:
P.Q.; Analysis: H.M.; Writing-original draft: H.M.; Writing, review,
editing: HM., C.H., P.Q.

Funding Open Access funding enabled and organized by Projekt
DEAL. No funding was received for conducting this study.

Data availability The dataset generated and analysed during the cur-
rent study is available from the corresponding author on reasonable
request.

Declarations
Ethics declaration Not applicable.
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Agnew DJ (2002) Critical aspects of the Falkland Islands pelagic eco-
system: distribution, spawning and migration of pelagic animals
in relation to oil exploration. Aquat Conserv 12:39-50. https://do
i.org/10.1002/aqc.474

Anderson RC (2000) Nematode parasites of vertebrates: Their devel-
opment and transmission, 2nd edn. CABI Publishing, Walling-
ford, Oxon, UK. https://doi.org/10.1079/9780851994215.0000

Anderson RC, Chabaud AG, Willmott S (1974) Keys to the nematode
parasites of vertebrates. Commonwealth Agricultural Bureaux,
Farnham Royal, Bucks, England

Bartlett CM (1996) Morphogenesis of Contracaecum rudolphii (Nem-
atoda: Ascaridoidea), a parasite of fish-eating birds, in its cope-
pod precursor and fish intermediate hosts. Parasite 3:367-376. ht
tps://doi.org/10.1051/parasite/1996034367

Bhadury P, Austen M, Bilton D, Lambshead P, Rogers A, Smerdon
G (2006) Development and evaluation of a DNA-barcoding
approach for the rapid identification of nematodes. Mar Ecol Prog
Ser 320:1-9. https://doi.org/10.3354/meps320001

Bowles J, Blair D, McManus DP (1992) Genetic variants within the
genus Echinococcus identified by mitochondrial DNA sequenc-
ing. Mol Biochem Parasitol 54:165—173. https://doi.org/10.1016/
0166-6851(92)90109-W

@ Springer


https://doi.org/10.1007/s00436-026-08658-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/aqc.474
https://doi.org/10.1002/aqc.474
https://doi.org/10.1079/9780851994215.0000
https://doi.org/10.1051/parasite/1996034367
https://doi.org/10.1051/parasite/1996034367
https://doi.org/10.3354/meps320001
https://doi.org/10.1016/0166-6851(92)90109-W
https://doi.org/10.1016/0166-6851(92)90109-W

41 Page 10 of 12

Parasitology Research (2026) 125:41

Brickle P, MacKenzie K (2007) Parasites as biological tags for Elegi-
nops maclovinus (Teleostei: Eleginopidae) around the Falkland
Islands. J Helminthol 81:147—-153. https://doi.org/10.1017/S002
2149X07750514

Brickle P, Olson PD, Littlewood DTJ, Bishop A, Arkhipkin AI (2001)
Parasites of Loligo gahi from waters off the Falkland Islands,
with a phylogenetically based identification of their cestode lar-
vae. Can J Zool 79:2289-2296. https://doi.org/10.1139/¢jz-79-1
2-2289

Brickle P, MacKenzie K, Pike A (2006) Variations in the parasite fauna
of the Patagonian Toothfish (Dissostichus eleginoides Smitt,
1898), with length, season and depth of habitat around the Falk-
land Islands. J Parasitol 92:282-291. https://doi.org/10.1645/G
E-539R.1

Brickle P, Randhawa HS, Reid MR, Lee B, Shcherbich Z, Arkhipkin
Al (2021) Otolith trace elemental analyses and parasites provide
useful tools for the stock discrimination of Patagonotothen ram-
sayi (Regan, 1913) (Nototheniidae) on the southern Patagonian
Shelf. Fish Res 244. https://doi.org/10.1016/j.fishres.2021.1061
29

Brown J, Brickle P, Scott BE (2013) The parasite fauna of the Patago-
nian toothfish Dissostichus eleginoides off the Falkland Islands.
J Helminthol 87:501-509. https://doi.org/10.1017/S0022149X12
000636

Bulgarella M, Pizarro LC, Quintana F, Gosztonyi A, Kuba L (2008)
Diet of Imperial Cormorants (Phalacrocorax atriceps) and Rock
Shags (P. magellanicus) breeding sympatrically in Patagonia,
Argentina. Ornitol Neotrop 19:553-563

Burthe S, Newell MA, Goodman G, Butler A, Bregnballe T, Harris E,
Wanless S, Cunningham EJA, Daunt F (2013) Endoscopy as a
novel method for assessing endoparasite burdens in free-ranging
European shags (Phalacrocorax aristotelis). Methods Ecol Evol
4:207-216. https://doi.org/10.1111/2041-210x.12015

Bush AO, Lafferty KD, Lotz JM, Shostak AW (1997) Parasitology
meets ecology on its own terms: Margolis et al. revisited. J Para-
sitol 83(4):575. https://doi.org/10.2307/3284227

Carrera-Jativa PD, Rodriguez-Hidalgo R, Sevilla C, Jiménez-Uzcate-
gui G (2014) Gastrointestinal parasites in the Galapagos Penguin
Spheniscus mendiculus and the flightless cormorant Phalacroco-
rax harrisi in the Galapagos Islands. Mar Ornithol 42:77-80. http
s://doi.org/10.5038/2074-1235.42.1.1066

Casaux RJ, Favero M, Coria N, Silva P (1997) Diet of the Imperial
Cormorant Phalacrocorax atriceps: comparison of pellets and
stomach contents. Mar Ornithol 25:1—4. https://doi.org/10.5038
/2074-1235.25.1.373

Cohen J (1960) A coefficient of agreement for nominal scales. Educ
Psychol Meas 20:37-46. https://doi.org/10.1177/001316446002
000104

Diaz JI, Fonteneau F, Panisse G, Cremonte F, Navone GT (2009) Rede-
scription of <Emphasis Type="“Italic”>Ingliseria cirrohamata</
Emphasis> (Linstow, 1888) (Nematoda: Acuariidae), including
new hosts and geographical records. J Parasitol 95:396—402. http
s://doi.org/10.1645/GE-1758.1

Dorai-Raj S (2022) Package binom. Version 1.1-1.1. Binomial confi-
dence intervals for several parameterizations. CRAN

Ebmer D, Navarrete MJ, Mufioz P, Flores LM, Gartner U, Brabec J,
Poppert S, Taubert A, Hermosilla C (2020) Anthropozoonotic
parasites circulating in synanthropic and pacific colonies of South
American sea lions (Otaria flavescens): non-invasive techniques
data and a review of the literature. Front Mar Sci 7. https://doi.or
2/10.3389/fmars.2020.543829

Falklands Conservation (2023) New Island Wildlife. https://www.new
islandtrust.com/wildlife/. Accessed 14 March 2024

Ferrari S, Alegre B, Gandini P (2004) Dieta del cormoran imperial
(Phalacrocorax atriceps) en el sur de Santa Cruz (Patagonia,
Argentina). Ornitol Neotrop 15:103-110

@ Springer

Fonteneau F, Cook TR (2013) New data on gastrointestinal helminths
in shags (Phalacrocorax verrucosus) at Kerguelen Archipelago.
Polar Biol 36:1839-1843. https://doi.org/10.1007/s00300-013-1
391-8

Fusaro B, Capasso S, Lorenti E, Panisse G, Fuentes L, Fornillo MV,
Libertelli M, Ansaldo M, Diaz JI (2024) Assessing helminth
infection in some reproductive colonies of Southern Giant Petrel
(Macronectes giganteus) from Antarctica. Polar Biol 47:1065—
1076. https://doi.org/10.1007/s00300-024-03281-6

Garbin L (2009) Taxonomia y evaluacion de la especificidad hospeda-
toria de nematodos Anisakidae parasitos de aves marinas en el
aera de Peninsula Valdés, Chubut, Argentina. Universidad Nac de
La Plata Facultad de Ciencias Naturales y Museo. https://doi.org
/10.35537/10915/4323

Garbin L, Diaz JI, Cremonte F, Navone GT (2008) A new Anisakid
species parasitizing the Imperial cormorant Phalacrocorax atri-
ceps from the North Patagonian Coast, Argentina. J Parasitol
94:852-859. https://doi.org/10.1645/GE-1369.1

Garbin L, Mattiucci S, Paoletti M, Diaz JI, Nascetti G, Navone
GT (2013) Molecular identification and larval morphological
description of Contracaecum pelagicum (Nematoda: Anisakidae)
from the anchovy Engraulis anchoita (Engraulidae) and fish-eat-
ing birds from the Argentine North Patagonian Sea. Parasitol Int
62:309-319. https://doi.org/10.1016/j.parint.2013.03.001

Garbin L, Diaz JI, Morgenthaler A, Millones A, Kuba L, Fuchs D,
Navone GT (2019aa) Cormorant pellets as a tool for the knowl-
edge of parasite-intermediate host associations and nematode
diversity in the environment. Helminthologia 56:296-302. https:/
/doi.org/10.2478/helm-2019a-0027

Garbin L, Diaz JI, Navone GT (2019) Species of Contracaecum parasit-
izing the Magellanic Penguin Spheniscus magellanicus (Sphenis-
cidae) from the Argentinean Coast. J Parasitol 105(2):222. https:
//doi.org/10.1645/17-91

Garbin L, Diaz JI, Servian A, Fusaro B, Navone GT (2023) The genus
Contracaecum Raillet and Henry (Nematoda: Anisakidae): host
and geographical distribution on Neotropical and Antarctic spe-
cies. Zootaxa 5256:43—62. https://doi.org/10.11646/zootaxa.525
6.1.3

Gibson DI, Harris E, Bray R, Hussey C (2022) Host-Parasite database
[. https://doi.org/10.5519/nplk7c5u. Dataset] Natural History
Museum

Gonzalez MJ, Gallardo JM, Brickle P, Medina 1 (2007) Nutritional
composition and safety of Patagonotothen ramsayi, a discard
species from Patagonian Shelf. Int J Food Sci Technol 42:1240-
1248. https://doi.org/10.1111/j.1365-2621.2006.01472.x

Gonzalez-Acuiia D, Llanos-Soto S, Oyarzin-Ruiz P, Kinsella JM, Bar-
rientos C, Thomas R, Cicchino A, Moreno L (2020) Parasites of
the Neotropic cormorant Nannopterum (Phalacrocorax) brasil-
ianus (Aves, Phalacrocoracidae) in Chile. Rev Bras Parasitol Vet
29. https://doi.org/10.1590/s1984-29612020049

Gosztonyi AE, Kuba L (1998) Fishes in the diet of the Imperial cormo-
rant Phalacrocorax atriceps at Punta Loberia, Chubut, Argentina.
Mar Ornithol 26:59-61. https://doi.org/10.5038/2074-1235.26.1
401

Gutiérrez RO (1943) Sobre la morfologia de una nueva especie de Con-
tracaecum (Nematoda: Ascariroidea). Rev Bras Biol 3:159-172

Harris S, Samaniego RAS, Rey AR (2016) Insights into diet and forag-
ing behavior of Imperial Shags (Phalacrocorax atriceps) breed-
ing at Staten and Becasses Islands, Tierra Del Fuego, Argentina.
Wilson J Ornithol 128:811-820. https://doi.org/10.1676/15-141.1

Hecht T (1987) A guide to the otoliths of Southern Ocean fishes. S Afr
J Antarct Res 17:1-87

Hermosilla C, Hirzmann J, Silva LMR, Brotons JM, Cerda M,
Prenger-Berninghoff E, Ewers C, Taubert A (2018) Occurrence
of anthropozoonotic parasitic infections and faecal microbes in
free-ranging sperm whales (Physeter macrocephalus) from the


https://doi.org/10.1007/s00300-013-1391-8
https://doi.org/10.1007/s00300-013-1391-8
https://doi.org/10.1007/s00300-024-03281-6
https://doi.org/10.35537/10915/4323
https://doi.org/10.35537/10915/4323
https://doi.org/10.1645/GE-1369.1
https://doi.org/10.1016/j.parint.2013.03.001
https://doi.org/10.2478/helm-2019a-0027
https://doi.org/10.2478/helm-2019a-0027
https://doi.org/10.1645/17-91
https://doi.org/10.1645/17-91
https://doi.org/10.11646/zootaxa.5256.1.3
https://doi.org/10.11646/zootaxa.5256.1.3
https://doi.org/10.5519/nplk7c5u
https://doi.org/10.1111/j.1365-2621.2006.01472.x
https://doi.org/10.1590/s1984-29612020049
https://doi.org/10.5038/2074-1235.26.1.401
https://doi.org/10.5038/2074-1235.26.1.401
https://doi.org/10.1676/15-141.1
https://doi.org/10.1017/S0022149X07750514
https://doi.org/10.1017/S0022149X07750514
https://doi.org/10.1139/cjz-79-12-2289
https://doi.org/10.1139/cjz-79-12-2289
https://doi.org/10.1645/GE-539R.1
https://doi.org/10.1645/GE-539R.1
https://doi.org/10.1016/j.fishres.2021.106129
https://doi.org/10.1016/j.fishres.2021.106129
https://doi.org/10.1017/S0022149X12000636
https://doi.org/10.1017/S0022149X12000636
https://doi.org/10.1111/2041-210x.12015
https://doi.org/10.2307/3284227
https://doi.org/10.5038/2074-1235.42.1.1066
https://doi.org/10.5038/2074-1235.42.1.1066
https://doi.org/10.5038/2074-1235.25.1.373
https://doi.org/10.5038/2074-1235.25.1.373
https://doi.org/10.1177/001316446002000104
https://doi.org/10.1177/001316446002000104
https://doi.org/10.1645/GE-1758.1
https://doi.org/10.1645/GE-1758.1
https://doi.org/10.3389/fmars.2020.543829
https://doi.org/10.3389/fmars.2020.543829
https://www.newislandtrust.com/wildlife/
https://www.newislandtrust.com/wildlife/

Parasitology Research (2026) 125:41

Page 110f 12 41

Mediterranean Sea. Parasitol Res 117:2531-2541. https://doi.or
2/10.1007/s00436-018-5942-3

Huizinga H (1966) Studies on the life cycles and development of Con-
tracaecum spiculigerum (Rudolphi, 1809) (Ascaridoidea: Het-
erocheilidae) from marine piscivorous birds. J Elisha Mitchell
Sci Soc 82:181-195

Ibarra C, Marinao C, Suarez N, Yorio P (2018) Differences between
colonies and chick-rearing stages in Imperial Cormorant (Phala-
crocorax atriceps) diet composition: implications for trophic
studies and monitoring. Wilson J Ornithol 130:224-234. https:/
/doi.org/10.1676/16-184.1

Jobling M, Breiby A (1986) The use and abuse of fish otoliths in stud-
ies of feeding habits of marine piscivores. Sarsia 71:265-274. htt
ps://doi.org/10.1080/00364827.1986.10419696

Johnsgard PA (1993) Cormorants, Darters, and Pelicans of the World.
Smithsonian Institution Press, Washington, D.C., USA

Johnstone IG, Harris MP, Wanless S, Graves JA (1990) The useful-
ness of pellets for assessing the diet of adult Shags Phalacrocorax
aristotelis. Bird Study 37:5-11. https://doi.org/10.1080/0006365
9009477030

Kleinertz S, Christmann S, Silva LMR, Hirzmann J, Hermosilla C,
Taubert A (2014) Gastrointestinal parasite fauna of Emperor Pen-
guins (Aptenodytes forsteri) at the Atka Bay, Antarctica. Parasitol
Res 113:4133-4139. https://doi.org/10.1007/s00436-014-4085-4

Kaie M, Fagerholm HP (1995) The life cycle of Contracaecum oscu-
latum (Rudolphi, 1802) sensu stricto (Nematoda, Ascaridoidea,
Anisakidae) in view of experimental infections. Parasitol Res
81:481-489

Laptikhovsky VV (2004) A comparative study of diet in three sym-
patric populations of Patagonotothen species (Pisces: Notothe-
niidae). Polar Biol 27:202-205. https://doi.org/10.1007/s00300-0
03-0573-1

MacKenzie K, Longshaw M (1995) Parasites of the hakes Merluccius
australis and M. Hubbsi in the waters around the Falkland Islands,
southern Chile, and Argentina, with an assessment of their poten-
tial value as biological tags. Can J Fish Aquat Sci 52:213-224. ht
tps://doi.org/10.1139/95-529

MacKenzie K, Brickle P, Hemmingsen W, George-Nascimento M
(2013) Parasites of hoki, Macruronus magellanicus, in the South-
west Atlantic and Southeast Pacific Oceans, with an assessment
of their potential value as biological tags. Fish Res 145:1-5. http
s://doi.org/10.1016/j.fishres.2013.03.008

Malacalza E, Poretti I, Marcelo N (1994) La dieta de Phalacrocorax
albiventer en Punta Leon (Chubut, Argentina) durante la tempo-
rada reproductiva. Ornitol Neotrop 5:91-97

Malacalza E, Bertellotti M, Poretti T (1998) Presencia de nematodes
(Contracaecum sp.) en ‘pellets’ del cormoran real (Phalacrocorax
albiventer) en Punta Leon, Chubut, Argentina. Nat Patag 6:29-34

Michalik A, Van Noordwijk HJ, Brickle P, Eggers T, Quillfeldt P
(2010) The diet of the Imperial Shag Phalacrocorax atriceps at a
colony on New Island, Falkland/Malvinas Islands combining dif-
ferent sampling techniques. Polar Biol 33:1537-1546. https://doi
.org/10.1007/s00300-010-0843-7

Moravec F (2009) Experimental studies on the development of Con-
tracaecum rudolphii (Nematoda: Anisakidae) in copepod and fish
paratenic hosts. Folia Parasitol 56:185-193. https://doi.org/10.14
411/1p.2009.023

Morgenthaler A, Millones A, Gandini P, Frere E (2022) Diet of adult
and immature Imperial cormorants, Leucocarbo atriceps, from
southern Patagonia. A combined dietary approach and an explor-
atory analysis of stable isotopes of pellet membrane. Polar Biol
45:1529-1539. https://doi.org/10.1007/s00300-022-03086-5

O’Hear M, Pote L, Yost M, Doffitt C, King T, Panuska C (2014) Mor-
phologic and molecular identifications of digenetic trematodes
in double-crested cormorants (Phalacrocorax auritus) from the

Mississippi Delta, USA. J Wildl Dis 50:42—49. https://doi.org/1
0.7589/2012-10-249

Oyarzun-Ruiz P, Mufioz-Alvarado P (2015) Cormoran imperial, Phal-
acrocorax atriceps (Aves, Phalacrocoracidae): Nuevo hospedero
para un parasito respiratorio, Cyathostoma (Cyathostoma) phe-
nisci (Nematoda, Syngamidae). Rev Biol Mar Oceanogr 50:353—
358. https://doi.org/10.4067/S0718-19572015000300013

Pennycott T (2016a) Seabirds. Images of helminths (nematodes, ces-
todes, trematodes and thorny-headed worms) and pentastomid
‘tongue-worms’., 1994-2013 [image]. University of Edinburgh.
Royal (Dick) School of Veterinary Studies. https://doi.org/10.74
88/ds/1566

Pennycott T (2016b) Seabirds. Images of pathology (miscellaneous
diseases 1)., 1994-2013 [image]. University of Edinburgh. Royal
(Dick) School of Veterinary Studies. https://doi.org/10.7488/ds/
1564

Punta G, Saravia JRC, Yorio PM (1993) The diet and foraging behav-
iour of two Patagonian cormorants. Mar Ornithol 21:27-36. https
://doi.org/10.5038/2074-1235.21.1.292

Punta G, Yorio P, Herrera G (2003) Temporal patterns in the diet and
food partitioning in Imperial Cormorants (Phalacrocorax atri-
ceps) and Rock Shags (P. magellanicus) breeding at Bahia Busta-
mante, Argentina. Wilson Bull 115:307-315

Quillfeldt P, Schroff S, Van Noordwijk H, Michalik A, Ludynia
K, Masello J (2011) Flexible foraging behaviour of a sexually
dimorphic seabird: Large males do not always dive deep. Mar
Ecol Prog Ser 428:271-287. https://doi.org/10.3354/meps09058

Quintana F, Wilson R, Dell’ Arciprete P, Shepard E, Laich AG (2011)
Women from Venus, men from Mars: inter-sex foraging differ-
ences in the Imperial cormorant Phalacrocorax atriceps a colo-
nial seabird. Oikos 120:350-358. https://doi.org/10.1111/5.1600
-0706.2010.18387.x

Reid K (1996) A guide to the use of otoliths in the study of predators at
South Georgia. British Antarctic Survey, Cambridge

Santos CP, Borges JN (2020) Current knowledge of small flukes
(Digenea: Heterophyidae) from South America. Korean J Parasi-
tol 58:373-386. https://doi.org/10.3347/kjp.2020.58.4.373

Semenova MK (1979) The role of copepods in the life-cycle of Con-
tracaecum micropapillatum (Ascaridata, Anisakidae). Trudy
Gel’mintologicheskoi Laboratorii. (Gel’minty Zhivotnykh i Ras-
tenii) 29:126-129

Sepulveda MS, Spalding MG, Kinsella JM, Bjork RD, Mclaughlin GS
(1994) Helminths of the Roseate Spoonbill, 4jaia ajaja, in South-
ern Florida. J Helminthol Soc Wash 61:179-189

Sepulveda MS, Spalding MG, Kinsella JM, Forrester DJ (1996) Para-
sitic helminths of the Little Blue Heron, Egretta caerulea, in
Southern Florida. J Helminthol Soc Wash 63:136-140

Sepulveda MS, Spalding MG, Kinsella JM, Forrester DJ (1999) Para-
sites of the Great Egret (4rdea albus) in Florida and a review of
the Helminths reported for the species. J Helminthol Soc Wash
66:7-13

Shamsi S, Gasser R, Beveridge I, Alizadeh Shabani A (2008) Con-
tracaecum pyripapillatum n. sp. (Nematoda: Anisakidae) and
a description of C. multipapillatum (von Drasche, 1882) from
the Australian pelican, Pelecanus conspicillatus. Parasitol Res
103:1031-1039. https://doi.org/10.1007/s00436-008-1088-z

Signorell A (2024) DescTools: Tools for Descriptive Statistics. Version
0.99.54. CRAN

Thompson K (1989) An assessment of the potential for competition
between seabirds and fisheries in the Falkland Islands. Falkland
Islands Foundation Project Report

Torres P, Ruiz E, Rebolledo C, Mira A, Cubillos V, Navarrete N,
Gesche W, Montefusco A, Valdés L, Alberdi A (1990) Parasitismo
en peces y comunidades humanas riberefias de los lagos Huillinco
y Natri: Isla Grande de Chiloé: Chile. Bol Chil Parasitol 45:47-55

@ Springer


https://doi.org/10.7589/2012-10-249
https://doi.org/10.7589/2012-10-249
https://doi.org/10.4067/S0718-19572015000300013
https://doi.org/10.7488/ds/1566
https://doi.org/10.7488/ds/1566
https://doi.org/10.7488/ds/1564
https://doi.org/10.7488/ds/1564
https://doi.org/10.5038/2074-1235.21.1.292
https://doi.org/10.5038/2074-1235.21.1.292
https://doi.org/10.3354/meps09058
https://doi.org/10.1111/j.1600-0706.2010.18387.x
https://doi.org/10.1111/j.1600-0706.2010.18387.x
https://doi.org/10.3347/kjp.2020.58.4.373
https://doi.org/10.1007/s00436-008-1088-z
https://doi.org/10.1007/s00436-018-5942-3
https://doi.org/10.1007/s00436-018-5942-3
https://doi.org/10.1676/16-184.1
https://doi.org/10.1676/16-184.1
https://doi.org/10.1080/00364827.1986.10419696
https://doi.org/10.1080/00364827.1986.10419696
https://doi.org/10.1080/00063659009477030
https://doi.org/10.1080/00063659009477030
https://doi.org/10.1007/s00436-014-4085-4
https://doi.org/10.1007/s00300-003-0573-1
https://doi.org/10.1007/s00300-003-0573-1
https://doi.org/10.1139/f95-529
https://doi.org/10.1139/f95-529
https://doi.org/10.1016/j.fishres.2013.03.008
https://doi.org/10.1016/j.fishres.2013.03.008
https://doi.org/10.1007/s00300-010-0843-7
https://doi.org/10.1007/s00300-010-0843-7
https://doi.org/10.14411/fp.2009.023
https://doi.org/10.14411/fp.2009.023
https://doi.org/10.1007/s00300-022-03086-5

41 Page 12 of 12

Parasitology Research (2026) 125:41

Van Der Grient J, Morley S, Arkhipkin A, Bates J, Baylis A, Brewin
P, Harte M, White JW, Brickle P (2023) The Falkland Islands
marine ecosystem: A review of the seasonal dynamics and trophic
interactions across the food web. Adv Mar Biol 94:1-68. https://d
oi.org/10.1016/bs.amb.2023.01.001

Violante-Gonzalez J, Monks S, Gil-Guerrero S, Rojas-Herrera A,
Flores-Garza R, Larumbe-Moran E (2011) Parasite communities
of the neotropical cormorant Phalacrocorax brasilianus (Gmelin)
(Aves, Phalacrocoracidae) from two coastal lagoons in Guerrero
state, Mexico. Parasitol Res 109:1303—1309. https://doi.org/10.1
007/s00436-011-2377-5

Volpedo AV, Echeverria DD (2000) Catalogo y claves de otolitos para
la identificacion de peces del mar argentino. 1: Peces de impor-
tancia econdmica. Dunken, Buenos Aires

Woods RW (2001) A survey of the number, size and distribution of
islands in the Falklands archipelago. Falkl Isl J 7:1-25

Xavier JC, Cherel Y (2021) Cephalopod beak guide for the Southern
Ocean: An update on taxonomy. British Antarctic Survey, Cam-
bridge, UK

Xavier JC, Cherel Y, Boxshall GA, Brandt A, Coffer T, Forman J, Haver-
mans C, Jazdzewska AM, Kouwenberg J, Schiaparelli S, Schnabel

@ Springer

K, Siegel V, Tarling GA, Thatje S, Ward P, Gutt J, with Scientific
Committee on Antarctic Research) (2020) ( Crustacean guide for
predator studies in the Southern Ocean. Original edition. Scientific
Committee on Antarctic Research (SCAR), Cambridge, UK

Yamaguti S (1971) Synopsis of digenetic trematodes of vertebrates.
Vols I and II. Keigaku Publishing Co., Tokyo

Yamaguti S (1975) A synoptical review of life histories of digenetic
trematodes of vertebrates: With special reference to the morphol-
ogy of their larval forms, 1st ed. Yugakusha, Tokyo

Yorio P, Copello S, Kuba L, Gosztonyi A, Quintana F (2010) Diet of
Imperial Cormorants Phalacrocorax atriceps breeding at Central
Patagonia, Argentina. Waterbirds 33:70—78. https://doi.org/10.16
75/063.033.0108

Yorio P, Ibarra C, Marinao C (2017) Induced regurgitation versus
stomach sampling: assessing their value for the characterization
of Imperial Cormorant (Phalacrocorax atriceps) diet. Waterbirds
40:162—167. https://doi.org/10.1675/063.040.0208

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1675/063.033.0108
https://doi.org/10.1675/063.033.0108
https://doi.org/10.1675/063.040.0208
https://doi.org/10.1016/bs.amb.2023.01.001
https://doi.org/10.1016/bs.amb.2023.01.001
https://doi.org/10.1007/s00436-011-2377-5
https://doi.org/10.1007/s00436-011-2377-5

	﻿Endoparasites of the Imperial Cormorant (﻿Leucocarbo atriceps﻿) in the Falkland Islands: investigation of secondary hosts and detection methods
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study area
	﻿Pellet sampling
	﻿Diet analysis
	﻿Parasite analysis
	﻿Morphological methods
	﻿DNA amplification and sequencing
	﻿SAF method


	﻿Data analysis
	﻿Results
	﻿Discussion
	﻿References


