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Oh, i0 sono un mezzo fallito. Il poco che so loaev
al mio professore, Albert Sorel. "Cosa vuol
diventare?", mi domando. "Diplomatico."” "Ha una
grossa fortuna?" "No." "Puo con qualche apparenza
di legittimita aggiungere al suo cognome un nome
celebre?" "No." "E allora rinunci alla diplomazia."
"Ma allora cosa posso fare?" "Il curioso." "Non é
un mestiere.” "Non & ancora un mestiere. Viaggi,
scriva, traduca, impari a vivere dovunque, e
cominci subito. L'avvenire € deicuriosi di
professione.”

(Jules e Jim, Truffaut)
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ABSTRACT

Food items and nematode parasites were identifted the stomachs of 42 inviduals of
Phocoena phocoen® of Lagenorhynchus acutuend 8 ofl . albirostris stranded off
the coastal waters of Northern Scotland between428Ad 2014. Post-mortem
examinations have revealed heavy parasitic worndeéms. Four nematode species
complex as Anisakis pp., Contracaeucum spp., Pseudoterronova spp., and
Hysterothylaciumspp were recorded. Data on presence of the anisgedies in
cetaceans, reported a significative relationshiptween the presence of
Hysterothylaciumand the month of host stranding; suggesting a dseref larvaH.
aduncumabundance in the period between April and August th a seasonal effect
related to prey availability. Similarly, the patasburden of the all anisakid genera was
related to the year fraction of stranding, and lati@nship statistically significant was
found just forL. albirostris with an increase between April and October. Timdihg is
explained by a seasonality in occurrence of whé@akied dolphins, with a peak during
August, that might be related to movements of shprey species and competition with
other speciesTursiops truncatus Geographical differences were observed in pssi
number of all anisakid species, which was the tsglre cetaceans from the East area
and lowest in the North coast. The parasites nuralser increased significantly with
the length of the animal and during the year, bith & significant seasonal pattern only
for P. phocoena Regarding diet composition, through a data setsisting of 34
harbour porpoises and 1 Atlantic white-sided daiphiwe found a positive association
between parasite humber and the cephalopods gdtatsuthis This higher level of
parasite infection in squid from this area, is @dolly due to a quantitative distribution
of infective forms in squid prey, an abundancehef final host and age or size maturity

of squid.



1 INTRODUCTION

1.1 Nematode biology

Parasitic nematodes are known as important patisotpeth cause problems for human
and animal health. Some of them naturally inhaist tharine environment, where they
are widespread and can be found in a variety dérdiht hosts. For most parasites,
cetaceans are their final hosts. The sampling @ flanging animals is difficult to
perform in the wild thus, studying parasites inacetins needs to examine live
specimens or fresh carcasses of cetaceResearches, therefore, have to rely on
unpredictable, occasional strandings or bycatchgdra al., 1997; Dhermairet al.,
2002). The samples used in this study were justced by strandings.

Nematoda comprise one of the largest phyla in thisn@ kingdom, with more than
10,000 described species, about half of them garasid numerous species remaining
to be described. They affect fish by causing paiiobl symptoms and possibly
mortalities, they reduce the commercial value &hJfiand they may infect man
producing harmful effects.

Endoparasites can cause various pathological égisord marine mammals as well.

The disease problems caused by nematodes havectmbielered a major factor in the
mortality of cetacean stocks. The role that themagites play in the health of their host
and in stranding events is complicated and has berrtinized by stranding biologists
for decades.

Adult nematodes may live in various organs ancduéssof their host, but they occur
primarily in 2 primary infestation sites: thoracmavity-head, stomach- intestine.
Digestive system parasites can cause internal ibigedlceration, obstruction and
malnutrition (Dailey 2001).

Nematodes of the family Anisakida@n(isakis, Contraceacum, Pseudoterronaase
composed of several complexes of sibling species llave systematic effect and
members of three genera are the most common neesatifdcetaceans, as reported
from most marine mammal species examined (Dailé&120

In the stomach of cetaceans, anisakid adults dem ddund in clusters of individuals

embedded in the mucosa and submucosa. Ulcers otmx8ssociated with anisakids



are found in the fundic portion of the stomach (Hig, b from Abollcet al.,1998). The
worms occur in circumscribed, granulomatous nodatewell (Fig. 1c).
Such reaction appears to be a common responsssteetinvasion by these parasites.

Among the nematodes, the family Anisakidae is pobpbthe most successful in terms

of potential for colonizing hosts in many enviromitse

Fig. 1. a) stomach wall ulceration (arrow) ddelphinus delphis;b) cluster of A. simplexpartially
embedded in the inner wall of the stomachDofdelphis(After Abollo et al., 1998); ¢) Phocoena
phocoena.Nematode(Anisakis simplexjnduced granuloma in first stomach.(After Dailey Stroud
1978.)

Anisakishas been reported from large numbers of both (@det#s and Mysticetes
(Delyamure, 1955; Dailey & Brownell, 1972). Damt al., (1999) reported the
gastrointestinal helminths of the dusky dolpHiagenorhynchus obscurusff the

Patagonian coast. Other studies have describedioneh strandings of poorly known

cetaceans, such as spectacled porpdidescoena dioptrica Burmeister’'s porpoise
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Phocoena spinipinnjsGray’s beaked whallesoplodon grayiCuvier's beaked whale
Ziphius cavirostris sperm whald’hyseter macrocephaluend Hector's beaked whale
Mesoplodon hectorfAznaret al., 2003, Beron-Verat al.,2008, Nikolovet al.,2010).
These studies explored parasite transmission wighimophic web, as well as host
habitat distribution, reporting new helminth taxadescribing helminth communities of
by-caught or stranded dolphins (Rometal., 2014).

Dailey & Brownell (1972) found nematodes infestinggs, pulmonary artery, auditory
spaces and air sinuses of cetaceans as well. Dihe harp expirations (in contrast to
terrestrial mammals) by cetaceans, the worms mmuside the tissue to form ‘anchors’
through capsule formation. Worms living free in thnchi would tend to be blown
from the host. The posterior portions of the worans free to mate and discharge
larvae.

Parasite infection leads to muco purulent brondisoand pneumonia. Verminous
pneumonia with secondary bacterial broncho pneuawais responsible for the death
of 3 subadultPhocoena phocoenmfested with Halocercus invaginatusThis same
nematode was found by Dailey & Stroud (1978) thtemug the lung parenchyma of a
P. phocoenaresulting in fibrinous interstitial pneumonia Wwifocal abscesses, and

parasites in various stages of calcification.



1.2 Taxonomy of Anisakidae (Ascaridoidea)

DOMAIN: Eukaryota
KINGDOM: Metazoa
PHYLUM: Nematoda
CLASS: Secernentea
SUBCLASS: Ascaridida
ORDER: Ascaridoidea
FAMILY: Anisakidae

The superfamily of Ascaridoidea consists mainlyr@dium to large-sized nematodes
with three lips sometimes separated by interlablart{vick, 1974; Gibson, 1983).
This superfamily is divided into five families betan them the family Anisakidae is the
major group found in mammals, birds, reptiles arshes. Within Anisakidae, the
subfamily Anisakinae Railliet & Henry, 1912, cong®ithe generAnisakisDujardin,
1845, PseudoterranovaMozgovoi, 1950,ContracaecunRailliet & Henry, 1912, and
PhocascarisHost, 1932. The other subfamily Raphidascaridinaartwick, 1954
comprises, among others, the gendygsterothylaciumWard & Magath, 1917
(Hartwick, 1974).

Nematodes of the genefmisakis, Contraceacum, Pseudoterronara composed of
several complexes of sibling species that haveesysic effect. In fact, anisakid
nematodes tend to be very conserved in gross miagh@nd molecular techniques
have shown that many presumed monospecific spemasists of several cryptic
species (Nascetét al.,1993; Pagget al.,1991; Orecchiat al.,1994; Mattiucciet al.,
1997).

In literature, a lot of authors discussed diffiestin identifying larval anisakids, and
the important characteristics used for generidraisbn are the structure of the anterior

part of the digestive tract and the position ofeleretory pore.



1.2.1 Hysterothylacium aduncum (Rudolphi, 1802)

This parasite is one of the most common helminthmarine teleosts, throughout the
world, at least in temperate and cold waters (Nawtral.,1998).

The H. aduncumthird-stage larvae possesses, as the adults, &mioanintestinal
caecum and a posterior ventricular appendix. Lips absent, but a boring tooth is
present on the head. These characters are alsenpiiasthe gener&hocascarisand
Contracaecumthe excretory pore imysterothylaciumis located at the level of the
nerve ring, as it is just behind the boring toaththe two other genera (Fig. 2A). The
tail is ‘onion-shaped’, within it the “cactus-taiif the fourth-stage larva is visible (Fig.
2B, C). The disposition of the future reproductg@ads and ducts are already visible
as slender zig-zag structures, one in the maléwandn the female. Thus, the future sex
is easily identified (Berland, 1989).

Fig. 2. Fourth-stageHysterothylacium aduncutf®) Anterior part, excretory pore just behind therve
ring, (B) posterior part, (C) posterior extremitizp, excretory pore; Nr, nerve ring;. Scale bat: m,
except 0.025 mm in (C). (After Shét al.,2002).



1.2.2 Anisakis simplex (Rudolphi, 1809)

The adults ofAnisakisand Pseudoterranovdave several morphological characters in
common: denticulate lips, absence of interlabiagr&ory pore on head, and three
postanal denticulate plates in males. Both genesagss a well-developed oesophageal
ventricle, but an intestinal caecum is only presemseudoterranova

The encapsulatednisakis larva forms a tight flat coil, a few mm in diametén
microscopy, the important characters are the botowgh (Fig. 3A, B), with the
excretory pore just ventral to it, and the slenaheiscular oesophagus followed by the
glandular ventricle. The ventricle- intestine juontis skew. The postanal tail is round,
with a terminal mucron (Fig. 3C, D) and the cutisleows fine transverse striae (Fig.
3E). There is no visible sign of reproductive organut the excretory organ is visible as

a ventral ribbon behind the ventricle (Berland, 998

Fig. 3. Anisakid juveniles showing the typical nematodeicire.A,B the anterior end with the boring
tooth (BT), oesophagus (O) and papillae (Pjhe posterior end showing macron (M), cuticle {@h its
transverse annulations (TAD. high magnificationf of mucron (ME high magnification of the posterior
end showing the transverse annulations of cutith® @nd the tail papillae (TP) (After Morsy 2012).
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1.2.3 Pseudoterranova decipiens (Krabbe, 1878)

This species was previously knownRmrocaecum decipierendTerranova decipiens
The head carries a very small, triangular boringthigpointing forward (Fig. 4A, C),
with the excretory pore just ventral to it. The @@sagus and ventricle are similar to
those inAnisakis but a latero-dorsal intestinal caecum runs fodnaong the ventricle
(Fig. 4B, E). It may be necessary to roll or tura tleared specimen under the coverslip
to see this structure clearly. The postanal taghert and conical with a tiny terminal
spine (Fig. 4D). The cuticle on the entire bodyriearvery fine striae; the larva appears
to be almost smooth (Berland, 1989).

Fig. 4. Pseudoterranova decipietarva A. Anterior end. Image taken at 200x magnificatrClose-
up of the intestinal caecunt. Head, note small boring tooth. Image taken at dagnificationD.
Posterior end. Image taken at 200x magnificaBoMid- section, showing the oesophagus and intestin
Image taken at 40x magnification (After National nt for Health Statistics, Health Data
Interactive,www.cdc.gov/nchs/hdi.htm. Accessed2ii10/2014]).
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1.2.4 Contracaecum (Railliet & Henry, 1912)

Being morphologically very similar, it is practibalnot possible to identify the third
stage larvae o€ontracaecunmand the closely related genBsiocascaris(Fagerholm,
1989).

In both these genera, the presence of an intest@®mum and a posterior appendix give
the impression of opposed caeca, thus giving mgatonthe nameContracaecum
By microscopy, the tapering head of this larvaasrsto carry three lip bulges and a
fairly prominent rounded boring tooth which is dired anteriorly (Fig. 5A).The nerve
ring is located in the anterior portion of the gasagus and the excretory pore at the
base of the boring tooth.

The intestine caecum is slightly smaller than dlesophagus , is directed toward the
front end and near the nerve ring (Fig 5B) . Thetrele is small and round with a short
ventricular appendix (Fig. 5C). At the far end laasonical , not very long tail, two
accessory glands , anus and mucrén (Fig. 5D) (Retrdb,2008).

The cuticle in this larva shows transverse stmdach immediately behind the head are
closely spaced while, posteriorly the distance ketw them increases gradually.
However, on the anterior body the cuticle carrigsrrupted longitudinal ridges. These

and the tranverse striae give the cuticle a tedséllappearance (Berland, 1989).
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Fig. 5. Contracaecumarva.A. Anterior part with boring tooth (D), Excretory igo(Pe) and ventrolateral
lips (L) note cuticular transverse striae and laminal interrupted ridges give the cuticle a &dsged
appearanceB. Nerve ring (An), intestinal caecum (Ci.(10x) Digestive tube with intestinal caecum
(Ci), oesophagus(E), Ventriculo, V; ventriculapapdix (A).D. Tail with glans appended (Ga), anus(A)
and mucrén (M).Microfotografias Centro de Investigacion Piscicdl la Universidad de Cérdoba
(CINPIC) (After Pardo, 2008).

1.3 Life cycle ecology of Anisakid Nematodes

The anisakid roundworms include a number of closelgted genera within the phylum
Nematoda, with a relatively complex life cycle imwiag a free-living stage and
multiple hosts. Life cycle studies of these nemasoldave been limited by difficulties in
maintaining them alive in the laboratory, culturisgfficient numbers of parasite-free
experimental hosts, and creating effective expogge Kgie & Fagerholm 1995; Kgie
et al., 1995; Kgie 2001; Klimpett al.,2004, 2008, 2010; Mattiucci & Nascetti 2008).
Heteroxeny is the common life cycle pattern of marascaridoid nematodes such as
Anisakis Contracaecum and PseudoterranovaTransmission pathways are habitat-
dependent and usually involve a broad spectrummedrtebrates and intermediate or
paratenic fish hosts (McClelland 2005; Klimpel & d¢kert 2005; Palm & Klimpel
2007).
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The life cycle of anisakid nematode includes fauwal stages (L1-L4), within the eggs
(L1-L3) and subsequently in the intermediate oafeanic hosts (L3), and as preadults
(L4) and adults in the cetacean final hosts.

Adult A. Simplexhas been reported in numerous species of ceta¢Bafeenoptera
spp, Berardius bairdi, Delphinapterus leucas, Delpterus delphis, Globicephalas
cammoni, Kogio brevis, Lagenorhynchus spp., Megapteovaengliag Tursiops
truncatus, Mesoplodon bidens, Monodonmonocerosjn@scorca, Phystercatodon,
Phocoena phocoena, Phocaeno idesdalli, Pseudosstens, Stenella caeruleoalpa,
and pinnipeds Arctocephalus australis, Eumetopias jubatus, Halerdus grypus,
Hydrurga leptonyx, Monachus monachus, Mirounga,spplobenus rosmarus, Otaria
byronia, Pusa hispida, Zalophus californianBavey 1971).

The life cycle ofAnisakis simplexs as follows (Fig. 6). Eggs leave the host in the
faeces and develop at temperatures ranging from2Z tC. At 2 °C they hatch within
40 days. Hatched second-stage larvae are unsheathld cuticle of the first larva.
Eggs and larvae are slightly heavier than sea watdrsink gradually to the bottom.
While sinking, they are dispersed by waves andecust Larvae are eaten by various
euphausiids, in which exsheathment occurs withdiayss.

Larger invertebrates (mainly copepods, euphausadd)smaller fish are thought to be
important second intermediate hosts, and variousdgtory fish species and
cephalopods serve as paratenic hosts. During thetacean’s ingestion by a fish or
squidthe larvae migrate into the tissues of this sedotetmediate host and develop to
the advanced third-stage on the viscera or in thecha. Moulting to the third larval
stage occurs before they reach 6 mm in length.dealonger than 18 mm can survive in
fish and squid when ingested and penetrate thrthaglwvall of their digestive tract.

If small fishes are preyed upon by larger pisciusrdishes, the larvae are capable of
reinfecting the latter without further moulting. @®quently, piscivorous hosts may
accumulate enormous numbers of larvae (Lile 1998).

When an infected fish is eaten by a definitive lsagth as a marine mammal, the larvae
are released into the stomach or intestine wheneuhdergo further moults, developing
into fourth-stage larvaeand eventually adults. e tAnisakidae life cycle, adult

parasites immigrate to muscles (Grabda 1976).
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Fig. 6. Schematic life cycle oAnisakisspecies. The pelagic life cycle of Anisakis sgiofvs
the general nematode life cycle pattern, includmg larval stages (L1-L4) and the adults in the
cetacean final host (From Abollo, 1999)

Most information on the definitive hosts concerns trarbour porpoisePhocoena
phocoena a small odontocete common in the Northern HenasphSmith, 1989;
Brattey & Stenson 1995; Herrerasal.,1997). The data on the population structure of
A. simplexin this cetacean are based on small sample sfaes§ 1972; Smith 1989)
or lack details of the infrapopulation structurecd.1991; Brattey & Stenson 1995).
Humans, in the life cycle of this nematode, caryd® considered accidental hosts in
this life cycle, and have no influence on the traission of these parasites. Painful
infections of the digestive tract in humans origgnghrough consumption of raw or
semi-raw fisheries products, for example fish amaic (Klimpelet al.,2011).
Consequently, the population ecology of anisakianawedes has received more

attention than that of any other parasite of mam@@nmals (Herrerast al.,2004).
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The larvae of two anisakid roundwormgnisakis simplex(herring worm), and
Pseudoterranova decipierfseal worm), have been implicated in the majooitases
of human anisakiasis. The infective larval stagg/ e found on the viscera or in the
flesh of a number of commercially important fishesies, including salmon, cod,
herring, and mackerel, as well as squid.

In contrast to the whale worms, the seal wormshefgenudPseudoterranovaeem to
be restricted to a benthic life cycle ( Keakal.,1995; Palm 1999; McClelland 2002)
(Fig. 7). Thin-shelled eggs, passed in the faetas anfected seal, settle on the sea bed
where they complete development to the third stageae (L3) and hatch. Newly
hatched larvae are still ensheathed in the cutictee previous second larval stage (L2)
and attach to the substrate caudally (Keieal., 1995; Anderson 2000; McClelland
2002, 2005). When readily predated by copepodsidiregy marine benthic harpacticoid
and cyclopoids, they exsheath inside the firstrmesliate host and they penetrate into
the haemocoel where they grow rapidly. Numeroushapaols become infected when
they feed on copepods containing larvae. Polyckaetgsids, isopods, cumaceans,
decapods and gastropods also acquired larvae fngesting copepods (McClelland,
1990). These hosts serve to enhance transmissianamger array of benthic macro-
invertebrates as second intermediate hosts, wherlatval seal worms growing length
(Anderson 2000, McClelland 2002, 2005). At thismpdhey become infective to fish
and also to seals. The invertebrate hosts are lysimgested by primary benthic
teleosts, including juveniles of larger demerssit fspecies.

The larvae penetrate the gut wall of the fish astldish themselves in the internal
organs or the musculature, where they continuera@a gn length. Large, piscivorous
fish may serve as second/third fish or paratengtshthat accumulate the larval worms
(Palm 1999; Anderson 2000; McClelland 2002, 206%)lowing ingestion by the seal
definitive host, infective third stage larvae (L&jcape from the bodies of the fish or
invertebrate, embed their anterior part into th&mg@amucosa, mature and reproduce.

16



Fig. 7. Life cycle of PseudoterranovapeciesA. Partly embrionated ova passed into sea waitr w
seal faeces. B. Freshy-hatched, ensheathed setagml-(third-stage?) larva, adhered to substare by
caudal extremity. C. Early second-stage larvae @aantocoels of benthic harparticoid and cyclopoid
copepods. D. Early to late second-stage larva patssible moult (second moult) to third- (earlyrdhi
stage larvae in haemocoels of benthic macroinveateb (mysids, amphipods, isopods and errant
polychaetes). E. Early to late third-stage lanva&ady cavities and musculature of benthophagals fi
e.g. (clockwise from top) smelt, juvenile cod, atgeut, longhorn sculpin and American plaice. ReLa
third-stage larvae in body cavities and musculatdirdemersal piscivorous fish including (top totbat)
monkfish, sea raven and mature cusk and cos. Thiadilting third- stage larva) and fourth ( moulting
fourth-stage larva) moults and development to aidutomach of pinniped host. (After G. McClellagid

al., 1990) — courtsey Canadian Bulletin of Fisheries Aoduatic Sciences).

Nematodes of the genuSontracaecumseem to have equally complex life cycles
involving benthic and pelagic invertebrates (F8y.(e.g. crustaceans, squid) and fish
(Kloseret al., 1992; Kgie & Fagerholm 1995; Kget al.,1995). The first two moults

occur in the egg but, no moult occurs in the @tesan or fish intermediate hosts. The
role played by various invertebrates in the nattremismission o€ontracaecunspp. to

fish intermediate hosts is not clear. Copepodspapbably important as hosts which
carry second- stage larvae to fish intermediatésh(wshere development to the third

stage occurs) or perhaps to certain invertebrabeéshweconsume them along with larvae.
17



Depending on the relative proportions between ithessof the third-stage larvae and the
potential fish host, a transfer through one fishhmare is necessary before the larvae
reach a sufficient size to be infective for theafihost. The last two moults occur in the
final host (Kagie, 1995).

Larvae may be found in a great variety of fisheplaces where the latter are exposed
to the eggs passed in the faeces of pescivorods ditd mammals. It is evident that fish
could serve as paratenic host as well. Infectiveaka can probably pass from one fish
intermediate host to another trough predation and/asion of tissues of new host, but

without further development.
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Fig. 8. Life cycle of Contracaecunspeciesijs based in the present experimental infectionsraodrds of
the occurrence of larvae in fish from the literatulllustration of a third-stage larva from a phits
shown to theight. (A Crustacean paratenic host; B first fish intermagglhost; C only fish host or second
[third] fish intermediate host; D final host, E éregg [diameter, 65-75 um] with L1-L3 larvae aneefr
newly hatched L3 larva [ensheated with L2 cuticlafy infection of paratenic hosts [A] and direct
infection of fish hosts via ingestion of larvae joghetically] — third stage larva, >300 gimfransfer of
L3 larvae from one fish to another fish hdstthird-stage larva, >300 gib? third stage larva, >1.0 mm;
c infection of final host — third stage larva, >4 infAfter M. Kgie 1995).
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As others anisakid nematodes, the life cyclédg$terothylaciunspecies involves an
invertebrate intermediate host.

The development and transmissiorHyfsterothylaciura pecies is incompletely known.
Based on their own observations, Norris & Overst(@876) outlined the likely life
cycle of the species as follows (Fig. 9). Eggs magsn the faeces of the fish definitive
host, embryonate to the second stage which hatsttesetains the first- stage cuticle as
a sheath. Second stage larvae hatch and are\ineg, luntil they are eaten by either an
invertebrate or a fish. Within a suitable internaelihost, development proceeds to the
third, and occasionally fourth stage, either of abhis infective to the definitive host.
Certain other invertebrates, apparently unsatisfgcts intermediate hosts, act as
transport hosts in which no development occurs. [Aheae remain infective for a true
intermediate host. These 'transfer' hosts, oftgrepods, provide the necessary link for
infection of plankton-feeders such as herrings and

anchovies. Fishes and invertebrates, after feamlingtermediate hosts, may serve as
paratenic hosts, which maintain infective larva¢haiit further development, and in
which larvae typically occupy specific sites such the mesentery, hepatopancreas,
liver, or muscle, depending on the species of laamd host. Third or, occasionally,

fourth stage larvae mature in the digestive trasudable definitive hosts.

Ldrva in or hatched from eqg

Li—*L;
Fish intermediate Invertebrate Invertebrate intermediote
host e {ronsfer hos! —=—p  host
La=+LsforLy) L Lz—*LylorLg)

Fish paratenic host Invertebrate poratenic host
LI {le L4} Lafur Lq]

\

Fish definitive host
Lylor Lgy)—+adult

Fig. 9. HysterothylaciumDiagrammatic life-cycle of species belonging histgenus. (After Overstreet,
orig. reproduced by permission of Overstreet.)
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1.4 Phocoena phocoena (Linnaeus, 1758)

1.4.1 Distinctive char acteristics

Phocoena phocoenalso known as the "Common" or "Harbour" Porpoisea small
cetacean, with a blunt, short-beaked head (Fig. 10)

Placed about midway along the back is a short, viadsed, triangular dorsal fin,
generally with small bumps (often called dentictestubercles) on the leading edge.
The flippers are small and somewhat rounded atifise The flukes have a concave
trailing edge, and are divided by a prominent mediatch; the tips are rounded. The
straight mouth line slopes upward towards the @y® colour pattern of the animal
varies from individual to individual, but the masimmon coloration pattern is a dark
dorsal surface that shifts to a lighter coloured taentrally. Although the dark colour is
usually black or deep grey, albinos have been tegan which the dark segments are
completely or partially white. The sides are intedhate, with the border area often
splotched with various shades of grey. The flippmnd lips are dark; there is a thin,
dark grey gape-to-flipper stripe. While the colqattern is variable, there does not
seem to be any consistent difference between ttessg among populations. Nineteen
to 28 small, spatulate, blunt teeth line each twotin Adult females reach a mean body
length of 160cm and males only 145cm. Mean ma&®ikg and 50 kg, respectively
(Bjorge & Tolley 2009).

A

Fig. 10. Phocoena phocoengAfter Encyclopedia of marine mammals (Perrin, W.W/Ursig, B.,
Thewissen, J.G.M.))
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1.4.2 Geographic distribution

Harbour porpoises are found in cool temperate angbaar waters of the Northern
Hemisphere (Jeffersaet al.,1993) (Fig. 11). They are usually found in shallwaters,
most often near shore, although they occasionedlyet over deeper offshore waters.
Their preferred habitats are characterized by ardity of water depths, substrate types,
and prey resources.

In the North Pacific, they range from central Gaiiia and northern Honshu, Japan, to
the southern Beaufort and Chukchi seas. In thehNaitantic, they are found from the
south eastern United States to southern Baffimdslghey apparently do not enter
Hudson Bay) in the west; and Senegal, West AfricalNovaya Zemlya in the east.
They also occur around southeast and western Gagnlceland, and the Faroe
Islands. There is also a single stranding recavthfthe Azores. There is a population
(or possibly two) in the Black Sea and the Sea nd\AThe species is mostly absent
from the Mediterranean, except for former, or sgaraoccurrences in the western part
(Strait of Gibraltar, Islas Baleares, Barcelonad ahunisia; Rice 1998). Major
populations in the North Pacific and North Atlangie isolated from each another, and

many provisional stocks have been recognized
\ ; s = ;

Fig. 11. Distribution of the four subspecies Bhocoena phocoenacold temperate and subarctic
waters of the Northern Hemisphere (Hammendl.,2008a; IUCN)
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1.4.3 Diet

Harbour porpoises eat a wide variety of fish anghedopods, and the main prey items
appear to vary on regional and seasonal scaleterdafet al.1993). In the North
Atlantic, harbour porpoises feed primarily on clojgs and gadoids, while in the North
Pacific they prey largely on engraulids and scaonmmse Squids and benthic
invertebrates have also been recorded. Many peeysitare probably taken on, or very
close to, the sea bed. Even though a wide rangpetfies has been recorded in the diet,
porpoises in any one area tend to feed primarilytvom to four main species (e.qg.
whiting Merlangius merlanguand sandeels (Ammodytidae) in Scottish watersp Th
literature on porpoise diets in the northeast Aitasuggests that there has been a long
term shift from predation on clupeid fish (mainlgriing Clupea harengysto predation

on sandeels and gadoid fish, possibly related ¢od#étline in herring stocks since the
mid-1960s. Food consumption brings porpoises intgact with two important threats:
persistent organic contaminants and fishing net) bf which have potentially serious
impacts (Santost al.,2004).

In the Kattegat and Skagerrak stomach contentsveinjle and adult harbour porpoises
contained mostly Atlantic herringC{upea harengyswhile Atlantic hagfish Myxine
glutinosg was also important for adults (Boerjessral., 2003). In another study on
animals stranded and by-caught in Denmark, cod ifaajl viviparous blenny
(Zoarcidae) and whiting (Gadidae) made up moshefstomach contents while in the
Netherlands whiting was the main prey, making upuad 34 % of the total

reconstructed prey weight (Santisal.,2005).
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1.5 Lagenorhynchus acutus (Gray, 1828)

1.5.1 Distinctive char acteristics

Atlantic white-sided dolphins are robust and , wattmaximum girth of up to 60% of
total length. The tail stock is laterally comprekseto vertical keels and the beak is
short (Jeffersoret al., 2008). These dolphins are impressively patterned @more
colourful than most dolphins. Below the black orwdark grey back and dorsal fin a
narrow, bright white patch on the side extends b#&okn below the dorsal fin,
overlaying a yellow blaze above a thin dark strigening towards the flukes (Fig. 12).
The belly and lower jaw are white, and the sidethefbody are light grey. A black eye
ring extends in a thin line to the upper jaw anekgy thin stripe extends backward from
the eye ring to the external ear. A faint greypgtrmay connect the leading edge of the
flipper with the rear margin of the lower jaw.

Male Atlantic white sided dolphins reach 270 cm @860 kg, whereas adult females are
about 20 cm shorter and 50 kg lighter (Cipriano200

Fig. 12. Lagenorhynchus acutusAfter Encyclopedia of marine mammals (Perrin WF, regi B,
Thewissen JGM ))

23



1.5.2 Geographic distribution

L. acutusis a deepwater species which ranges across ttite Nthantic, from Cape Cod

in the western North Atlantic to southern Green|aamdoss the Barents Sea to Svalbard
and from there south to the North and Irish Seasaasouth as Brittany (France)
(Fig. 13) (Reevest al.,1999; Cipriano 2009). The species rarely enterBdiléc sea
(Kinze et al.,1997). It has been seen as far south as Straitoo&l@&r (Hammoncet al.,
2008).

Fig. 13. Distribution of Lagenorhynchus acutus cool, temperate
and subarctic waters of the northern North Atlafflammoncdet al.,2008; © IUCN)
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1.5.3 Diet

Atlantic white-sided dolphins feed on small schoglifish and squid. These include
herring Clupea harengys small mackerel Scomber scombrys silvery pout
(Gadiculus argentegsblue whiting Micromesistius poutassguAmerican sand lance
(Ammodytes americanysmelt Osmerus mordgx silver hake Kerluccius bilineari$
and short-finned squidliexiile cebrosu} (Jeffersoret al., 1993; Reevest al., 1999).

In the North Sea, oceanic cephalopods seem tode rttain diet (Daset al., 2001).
Different prey species may predominate at diffetenes of year, representing seasonal
movements of prey, or in different areas, indigggomey and habitat variability in the
environment (Cipriano 2002). For instance off theast of New England, pelagic
Atlantic herring Clupea harengyswas the most important prey in summer but was rar
in winter. (Craddoclet al.,2009). Atlantic white-sided dolphins apparentlyamerate

in their efforts to contain and attack schoolsisi fa behaviour which is similar to that
described for dusky dolphins off Argentina (Reeskal.,1999).
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1.6 Lagenorhynchus albirostris (Gray, 1846)

1.6.1 Digtinctive characteristics

The white-beaked dolphin has a robust appearareeddrsal fin is in the middle of the
back, erect and strongly curved. Adults grow betwie2.4 and 3.1 m long and may
weigh between 180 and 350 kg. Males usually grogelathan females. The coloration
is typically black on the back, with a white sadfkehind the dorsal fin and whitish
bands on the flanks that vary in intensity fromhangg white to ashy grey (Fig. 14).
Belly and beak are normally white, but the beak rhayashy grey or even darker; it

may appear that a white beak is missing. The beakly 5-8 cm long (Kinze 2009).

Fig. 14. Lagenorhynchus albirostrigAfter Encyclopedia of marine mammals (Perrin WWiirsig B,
Thewissen JGM) )

1.6.2 Geographic distribution

This is the most northerly member of the gehagenorhynchusand has a wide
distribution. The species is found in the immediaféshore waters of the North
Atlantic, off the American coast from Cape Chidlelyabrador, to Cape Cod,
Massachusetts; the Southwest coast of Greenlartd teiGodthab; off the European
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coast from Nordkapp in Norway south through the thidBea to the British Isles,

Belgium, the Netherlands and Denmark (Fig.15).

L. albirostrisis vagrant to France, the north coast of Spam Strait of Gibraltar, and

the Mediterranean Sea (Rice 1998). It is only ssmrasionally in inner Danish waters

(Reeve=t al.,1999) and the Baltic proper (Kinze 2002).

Fig. 15. Distribution ofLagenorhynchus albirostriscool temperate and subarctic waters of the North
Atlantic (Hammoncet al.,2008; © IUCN)

1.6.3 Diet

In all areas where stomach contents have been egdntlupeids (e.g. herring), gadids,
e.g. Atlantic cod Gadus morhup haddock Melanogrammus aeglefinyspoor-cod
(Trisopterus minutus, T. lusduswhiting (Merlangius merlangys capelin Mallotus
villosug and hakeNlerluccius merlucciuyshave been found to be the principal prey of
white-beaked dolphins. Others consumed include $eomPleuronectes, Limanda,
Eleginus and Hyperoplus as well as squid, octomaskenthic crustaceans (Reewets
al., 1999).
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2AIMSOF THE STUDY

Knowledge about parasitism in cetaceans around&ebis scarce. Studies of parasite
assemblages produce valuable information aboubwsraspects of marine mammals
Thus, in the present study special attention wad fwadescribe parasite distribution

recovered by stomach contents of three speciestateans in Scottish waters.

We also characterized their diet in order to asgegential helminth transmission

routes. Diet composition will influence cetaceamagéde fauna, since feeding is the
normal route by which many parasites reach mariammals and as fish or cephalopod
species, occurring in temperate and arctic wafdes, different roles as intermediate
hosts, (Klimpelet al., 2004; Lehnertet al., 2010) implies changes in the parasite
frequency distribution among the host species.

Therefore the aims of this study are :

1. Examine nematode fauna morphology and distributiothe three species of

odontocetes, originating from different geographigeations, along Scottish coastline;

2. Investigate the suspected relationship between afnendance of the four

different parasite genera and the diet composdaidheir host.
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3MATERIAL AND METHODS

3.1 Parasitological analysis

3.1.1 Sampling

Scottish Agriculture College Veterinary ServicesviBion, under a contract with the
UK Department of Environment, Transport and the i®&g has coordinated and
investigated marine mammals stranding in Scotlamecesl January 1992 (Santeisal.,
2001). In the present study stomach contents2ohdrbour porpoisesPhiocoena
phocoena) 6 Atlantic white-sided dolphinsLagenorhynchus acutysand 8 white-
beaked dolphinsL@genorhynchus albirostrjsstranded, due to various causes, all
around the Scottish coast were collected betweés 26d 2014 (Fig. 16).

Strandings 0 24,000 48,000 96,000 Meters
Species I —

@  Atlantic white-sided dolphin

® Harbour porpoise

® White-beaked dolphin
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Fig. 16. Map of the study area, showing locations of stragsliof 42 harbour porpoises, 6 Atlantic
white-sided dolphins and 8 white-beaked dolphinsnfrwhich stomach contents were obtained, between
2004-2014.
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Data were collected off the coast of Scotland ketw55 and 60 °N and between 1 and

5° W. Stranding locations were mapped using ArcGIS.

In Table 1 are showed the stranding locations efttinee species, object of the present

study, with the exception of the locations of tindividuals of harbour porpoises and

white-beaked dolphin, which are unknown.

Table 1. Details of stranding locations of the 42 harboumppéses, 6 Atlantic white-sided dolphins and 8
white-beaked dolphins object of study

M Species Datefound  Longitude Latitude Region
reference

SAC

M 008/04 | P.Phocoena 22/01/2004 58.9616928  -2.88146186 Orkney
M 027/04 | P. Phocoena 06/02/2004 57.2243805 -5.63613415 Highland
M 048/04 | P.Phocoena 09/03/2004 55.9890289  -2.89921165 Lothian
M 101/04 P.Phocoena  14/05/2004 57.5858612  -3.91680408 Highland
M 127/04 | P.Phocoena  23/06/2004 55.5914955  -5.15169621  Strathclyde
M 206/04 P.Phocoena 10/10/2004 57.6886024  -2.92917061 Grampian
M 055/05 @ P.Phocoena  12/03/2005 57.9838486  -3.91771436 Highland
M 123/05 @ L. albirostris  28/05/2005 56.3607559  -2.80597711 Fife

M 130/05 @ P. Phocoena 04/06/2005 57.4863892  -0.86239058 Grampian
M 203/05 @ L. acutus 07/08/2005 58.2664604  -6.32428741 Western Isles
M 303/05 @ P.Phocoena 29/11/2005 57.6835403  -2.7445569 Grampian
M 305/05 L. acutus 02/12/2005 59.2790794  -2.95808935 Orkney

M 306/05 P.Phocoena 06/12/2005 56.0406342  2.84423184  Lothian
M 037/06 @ P.Phocoena 19/02/2006 57.8387184  -3.82913613 Highland
M 038/06 @ P.Phocoena 20/02/2006 56.9687271  -2.2055583 Grampian
M 053/06 P.Phocoena 15/03/2006 56.8284378  -2.27524281 Grampian
M 090/06 @ P. Phocoena 06/04/2006 57.670433 -1.91949713 Grampian
M 094/06 P.Phocoena 11/04/2006 55.9584312  -2.39558363 Lothian
M 117/06 @ P. Phocoena 01/05/2006 56.7219505  -2.44277453 Tayside
M 126/06 @ P.Phocoena  07/05/2006 56.3455009 -2.80242419 Tayside
M 139/06 @ P.Phocoena  17/05/2006 57.5926094  -4.11292458 Highland
M 025/07 P.Phocoena 04/02/2007 56.0112648  -3.40498495 Fife

M 057/07 | L. acutus 08/03/2007 56.1448288  -3.07990193 Fife

M 171/07 L. acutus 26/08/2007 57.1066208  -5.98975945 Highland
M 222/07 | L. acutus 19/11/2007 57.4894142  -4.2604785 Highland
M 049/08 @ P. Phocoena 05/03/2008 55.9532318  -3.10337925 Lothian
M 119/08 @ P. Phocoena 25/05/2008 56.2280922  -5.0763135 Strathclyde
M 147/08 P. Phocoena 08/07/2008 57.6928825  -2.83029628 Grampian
M 001/09 P.Phocoena 05/01/2009 57.1817741  -2.07274103 Grampian
M 013/09 L. albirostris  24/02/2009 55.9763107  -2.42140388 Lothian

M 028/09 @ P.Phocoena 17/03/2009 56.0601234  -2.74830747 Lothian
M 035/09 P.Phocoena 21/03/2009 55.990818 -3.38499808 Lothian
M 044/09 @ P. Phocoena 27/04/2009 56.4664497  -2.8536613 Lothian
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M 054/09
M 162/09A
M 192/09
M 006/10

M 009/10

M 010/10
M 036/10

M 114/10
M 286/10

M 301/10
M 308/10
M 05V/11
M 321/11

M 005/12
M 034 /12
M 036/12
M 037/12

M 062/12B
M 107/12
M 388/12
M 413/12
M 040/14

M 070/14

P.

P.

P.

o - U

P.

P.

P

. Phocoena
. acutus

. albirostris
. Phocoena

. Phocoena

. albirostris
. Phocoena
. albirostris

. Phocoena
. Phocoena
Phocoena
Phocoena

Phocoena

. acutus

. Phocoena

. albirostris

. Phocoena
Phocoena
. Phocoena
. Phocoena
Phocoena

. Phocoena

L. albirostris

30/04/2009
03/11/2009
31/12/2009
11/01/2010

12/01/2010

13/01/2010
20/02/2010

19/06/2010
21/11/2010

09/12/2010
15/12/2010
07/03/2011
15/11/2011

05/01/2012
02/02/2012
04/02/2012
05/02/2012

28/02/2012
13/04/2012
28/11/2012
26/12/2012
17/02/2014

22/03/2014

56.1706543
60.6905746
57.8727112
55.9549675

56.262104

59.9218636
57.670433

56.045177
56.0045891

57.6636887

56.0432243

56.2584877

57.3237152

56.2007637
56.5369873

57.7198486
56.5904922

56.0167961

57.7002487

57.669857

58.0016136

NA

NA

-3.00008988 Tayside
-0.90675461 Fife
-4.01635551  Shetland
-3.10983396 Highland
-2.61825848 Lothian
-1.29345989  Fife
-1.91949713  Shetland
-2.83483600 Grampian
-2.543573 Lothian
-3.6191587 Lothian
-4.8768796 Grampian
-2.6230323  Strathclyde
-1.9717294 Fife
-4.7483906 Grampian
-2.6259841 Strathclyde
-4.0246295 Tayside
-2.5177693 Highland

-3.61373878 Tayside

-3.4949324 Central

-2.3888816 Grampian

-3.8712888 Highland
NA NA

NA NA

Use of stranded animals for dietary analysis hadgeet drawbacks, e.g., concerning the

representativeness of the sample. For a large-scaley, at the same time the use of

stranded animals has several advantages over taikipgies from living animals in the

wild. Sampling from dead animals is less expensirases no ethical issues, and

provides access to all tissues, not simply blubberwell as a wealth of ancillary

information on size, age, reproductive status, ¢mwdand pathology (Piercet al.,

2008).

Animals sampled, ranged in decomposition state festnemely fresh (point 2a on the

ECS scale) to moderately decomposed (point 3). Alsinwere necropsied following
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the ECS protocol of Kuiken & Garcia Hartmann (19¥8sic data collected from each
animal included stranding location (latitude anahdibude), date (month and year
fraction), species, sex, total length. Body lenginged from 99 to 258 cm (mean = SD:
156.3 £ 52.5).

Following post-mortem examination, the complete digestivet twaas removed and all
stomach compartments (i.e. fore stomach, main stbmayloric stomach) were
examined separately and the contents removed.

Total recovery of parasites was attempted by the &eCulloden Veterinary Clinic in
Inverness. Later on the samples were sent to CatleamNewburgh where we separated
parasites from food items using a series of sievekfferent mesh size. Nematodes are
very sensitive and perishable and to keep thenoad gondition, they were collected in
a small vial or tube and preserved in 70 % ethdaplreason of safety, although
formalin would have been more suitable for prevensamples from deteriorating until
the identification. In this way nematodes maingdintheir structure, though they
became discoloured after some time. The vials Ih@en labelled with a code/number
which  was recorded on an Excel sheet with all thetails of the sample.
After collection, samples were packed in stronglbaard boxes and placed in a shaded

area where conditions were cool.

3.1.2 Sample analysis

For diagnostic morphological studies, the nematader® cleared in lactophenol under
fume hood, due to its dangerous effect on humaithhégo look at nematodes closely
for identification, nematodes has been picked fitbwn sample using a tweezers and
placed with the help of a mounted needle on a d¥ssk or a Petri dish with two or
three drops of formalin or ethanol to keep the ned® from drying out.
Finally, with some training, it was possible totively identify the worm(s) on the
glass bock, under a compound stereomicroscope kmiemg the following
morphological characters: anatomy of the oesoplwatgstinal region, lip morphology,
opening of the excretory pore, tail morphology (5&¢ 17); except one individual of
harbour porpoise and one of white-beaked dolplon,which the identification was

unpratical cause of the high state of parasite .
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Parasite loads in the stomach, in terms of parasitebers and total dry weight, were
estimated for all the three species of odontoceBexause of the high volume of
nematodes present in some samples, it was notigalatti count the total number of
worms. Thus, the number of anisakid nematodes fach host was estimated from
subsamples of the previously weighed worm samp&vipusly weighted. Using a
digital scale and a tally counter, the weight (wyldhe number of parasites present in
each of four subsamples (n) were assessed.

The choice of evaluating four sub-samples rathan @ big one has been made with the
aim to obtain representative values.

The total number of parasites (N) from each samyds estimated by applying the
following equation to each subsample and then tpkimaverage:

N = (W/w)*n
Where:
W = weight of the parasites in the sample

w = weight of the parasites in each subsample

n = number of parasites in each subsample
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Fig. 17. Anatomy of the oesophago-intestinal region, lip pimogy, opening of the excretory pore, tail
morphologyof A-C Pseudoterranovapp;D-F Anisakisspp.;G-l Hysterothylacium aduncund-L
Contracaeunspp.(From Anderson, 2000).

An high variability in sample sizes occurred andnsosamples included more than
10000 of individuals, while in someone less thaniddividuals were found. This
variation in worm numbers per stomach could be mBatause of inherent natural
variability. But at the same time it is not impdsithat the use of the parasites number
as variable is not free of potential sampling ksad&t can occur any time samples are
not random samples and some individuals are mkedylthan others to be chosen. A
preliminary assessment of the distribution of epahasite genera, among the three
stranded hosts, was expressed in terms of occ@renc

About abundance and intensity (of infection), afingéel by Bushet al., (1997), they
weren’t calculated for each host species as, sineeto the wide variation in samples
size, it wasn't practical assess the number ofviddals of a particular parasites
species in every single infected host.
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3.1.3 Modelling approach

All statistical analyses were carried out using dgar 2.7.4 software
(www.brodgar.com, Highland Statistics Ltd.).

The Atlantic white-sided dolphin, white-beaked dofpand harbour porpoise data were
analysed separately. The principal focus of thesalyaes was to examine the
relationships between the variation in the burdieseparate parasite genera and the set
of potential explanatory variables. Six responagables (number and blotted weight
of all parasites, presence/absenceAafsakis, presence/absence efseudoterranova,
presence/absence blysterothylaciumpresence/absence Gontracaecumwere used

to predict parasite burden. The explanatory vaemblere seven, of which five were
continuous (longitude, latitude, body length, monylear fraction) and two were

nominal (sex, species code) (Table 2).

Table 2. List of avaiable explanatory variables

Explanatory variables Remarks

Body length Continuous valabMedium body length is 156.3 cm

Month Continuous iahie*

Year fraction Continuous vateawith values between 0 (1 January) and
1(31deenber)

Longitude Continuous vht&a

Latitude Continuousighte

Sex Nominalriahle with values O (female) and 1(male)

Species code Nominal variatkh values 1 (harbour porpoises), 2

harb@arpoises and 3 (Atlantic white-sided dolphins)

* the variable month is nominal, but in the presstntly we treated it as continuous

An initial graphical data exploration was conducted ascertain the spread and
distribution of the data, to identify outliers atml examine the relationships between
variables (Zuuret al., 2010). Boxplots were generated for both the exgitzny and

response variables to identify any extreme valugkta determinate whether the data
required transformation. The boxplots indicate & fextreme values, for example,
number of parasites (Fig. 18) and length (Fig. Ehough these values were not

errors.
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Fig 18. Boxplot of blotted weight and number of parasitesf the stomach of stranded hosts
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Fig 19. Boxplots of four (Latitude, Longitude, Length an@af fraction) of the six explanatory variables
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The data exploration applied on the two responseables indicates that a
transformation on the number of parasites is reguiand that a log Y¢1)
transformation was needed to improve the lineatiaiship between the variables.

A pairplot (Fig. 20) for the continuous explanatorgriables gives no immediate
indications of collinearity between the explanateayiables.

The first row shows the relationship between theagi,e number and each of the
continuous explanatory variables. The scatter ahtpoindicates that the parasite
number and length are correlated and that it isetated to longitude as well. The cross-

correlation between the number of parasite andleisg).49.
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Fig 20. Pairplot between parasites number and four exphapatariables ((Latitude, Longitude , Length
and Year fraction). The graphs above the diagomalsaatterplots, and numbers below the diagonal
represent (absolute) correlations between variatdesiret al.,2007)

For models in which parasites number among hostiepestomachs was the response

variable, a Negative Binomial distribution was used
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For models in which the parasite blotted weight Wesresponse variable, a Gaussian
distribution was applied. For models in which tliegence of each parasites genera was
the response variable, a Binomial distribution viatly-link function was employed.

The extremely high number of zeros tells us thatskeuld not apply an ordinary
Poisson or negative binomial GLM as these wouldipce biased parameter estimates
and standard errors (Cameron & Trivedi 1998; Ztual.,2009a).

We recognize that these zeros are not real, sileezé¢ro doesn’t represent the real
absence of worms in the stranded hosts but thesepice is due to sampling errors
during the necropsy. Thus Negative Binomial disttion with a very low theta value,
instead of zero-inflated, was considered more gpmte to use. To answer specific
guestions about relationships between variablesisesl generalised additive models
(GAMs) (Hastie & Tibshirani 1990; Zuuet al., 2007, 2009). GAM is basically a
smoothing equivalent of generalised linear modgl(iG@LM) (see McCullagh & Nelder
1989; Hastie & Tibshirani, 1990).

For each nominal explanatory variable used in tloglets a smoother was employed
and for the smoothers fitted were fixed value afegjree of freedomOptimal models
were determined using combined ‘forwards’ and ‘veailds’ stepwise selection, being
those with the lowest Akaike information criteriAIC) value (Akaike 1973) and in
which all explanatory variables retained had sigaiit effects§ < 0.05).

The selection process also took into account espbep variable significance (i.e.
normally adding the variable with loweptvalue or removing the variable with the
highestp-value) and deviance explained (favouring high egju

Using the Brodgar tabsheet ‘Specialised corner’ passible to fit the full model, and a
nested model and to compare the models witlir-#@st. Generally, the best model is
that with the lowest value for the Akaike Infornwati Criterion (AIC), in which all
remaining explanatory variables had significaneet$ (Pierceet al., 2008) but theF
test can be used when AIC values of different modet quite similar.
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3.2 Diet data analysis

Prey remains recovered from stomach contents dedsgincipally of otoliths and
bones of fish and beaks (mandibles) of cephalgpatiéch were identified using
reference material and published guides (Clarke61%8rkénen 1986; Watet al.,
1997). The majority of identifications for fish wveebased on otoliths.

Not all otholiths, apart from cods@dus morhupand whiting Merlangius merlangys
were identifiable to species level and some cont@asitegories were therefore used.
For statistical analysis of numerical importancerring and sprat were grouped as
Clupeidae since they could not always be distirgrdsfrom each other. Haddock
(Melanogrammus aeglefinyssaithe Pollachiusvireng, and pollack . pollachiug
have very similar otoliths and were therefore gexlifor statistical analysis as well.
Three higher level taxa, namely gadids (Gadidaa)d £els (Ammodytidae) and gobies
(Gobiidae), were employed for statistical analyssswell, while for cephalopods the
genus Alloteuthis was identified. Otoliths are subject to digestieeosion but
cephalopod beaks are relatively robust to mammaligestive processes (Tolkt al.,
1997). Therefore of 42 harbour porpoises, 6 Attanthite-sided dolphins and 8 white-
beaked dolphins stomach contents just 34 harbouposes, none white-beaked
dolphins and 1 Atlantic white-sided dolphins wenepboyed for statistical analyses on
diet composition.

The majority of the statistical analysis has conedrvariation in numbers of parasites
across prey species. To detect statistically sigamt differences in number of parasite
during univariate analyses, we ran some modelsfil&teinvestigated the relationship
between the number of parasites , as responseblarend all the prey taxa detected
from the stomach. The explanatory variables, aimimal, were: presence of
Alloteuthis presence of haddock, saithe and pollack togetiressence of Gadidae,
presence of Gobiidae, presence of Clupeidae, preseh cod, presence/absence of
whiting. For the response variable a Negative biabrdistribution with logit link
function was applied and for the explanatory vdealdour degrees of freedom were
fixed. In the other models run, the response b&giavas the parasites number and the
explanatory variables were: latitude, longitudeigid and year fraction of the three
host species and the presence/absence of theAfieeguthisas nominal variableTo
find the optimum models, as for the parasitologiaahlysis, forward and backward

selection was applied.
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4RESULTS

4.1 Parasite data

Four anisakid genera Afisakis, Pseudoterranova, Contracaecunmand
Hysterothylaciumwere recovered from the hosts’ stomadkkthe three host species
harboured the four parasite species complexes, thghexception of one female of
Lagenorhynchus acutusfected with at least 2 species of helmintHs §duncumand
Contracaecun In all the three hosts, the most frequently odng taxon was
Pseudoterranovawith 50% occurence in both harbour porpoise ainte-beaked
dolphin and 83.33% in Atlantic white-sided dolphim the Atlantic white-sided
dolphin, Anisakiswas the most frequent (66.67%) and it was therskooost frequent
in harbour porpoise (45%) as well. The frequency tbe remaining species
Contracaecumwas low (17.5%) in harbour porpoise, but was high %) in white-
beaked dolphin (Fig. 21).

L1 Phocoena Phocoena
90 A

M Lagenorhynchus albirostris
80 1 M Lagenorhynchus acutus
70 A
60 -
50 A
40 -
30 -

20 A

Frequency (%)

10 A

00 - — i i |

Parasite Genera

Fig. 21. Anisakid species frequency distribution amongefcean species from Scotland:
Phocoena phocoena , Lagenorhynchastus,andL. albirostris
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The number of parasite species per host basedesemqe/absence data was tested in a
generalized additive model (GAM) and there wasgaificant relationship between the
presence ofHysterothylacium aduncunand the explanatory variable month. The
smoothing curve for month is presented in Figure&® it shows a clear (but weak)

seasonal pattern.

s(Month,2.19)

Manth

Fig. 22. Smoothing curve for month for the presencélofduncundata

This model was checked by adding, to the varialbatm the nominal variable species
code (as a factor). Comparing the full model withested model with the species code
through theF- test, obtained from an ANOVA table (Table 3), nang@aom including

the additional factor was detectqul< 0.364). Therefore it is confirmed that there were

no differences between species and the optimal @#ddel is the first one:

Y1~ 1+ s(Month, k = 4)
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Table 3. ANOVA table for the both models

M odel Resid. df ~ Resid. Dev df Deviance F Pr(>F)
1 48.805 42.1
2 45.702 38.8 3.1031 3.2999 1.0634 0.3645

Geographical differences were observed in parasitesber of all anisakid species
pooled togethem(< 0.001). It was highest in cetaceans from the Bigst and lowest in

cetaceans from the north coast of Scotland. Thesgar number also increased
significantly with the length of the animal and ihgr the year, but with a significant
seasonal pattern only f@hocoena phocoena

The GAM model for the parasite number is as foow

Y1 ~ 1 + as.factor(spp_code) + s(LatitudeWGS84 & * s(LongitudeWGS84,
k = 4) + s(Length, k = 4) + s(yearfrac, k = 4, bgs:factor(spp_code))

GAM smoothers curves for the effect of the explanatvariables on the parasites

number are shown in Fig. 23.
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Fig. 23. GAM smoothing curves fitted to effects of explangtvariables (Longitude, Latitude, Year
fraction and Length) on the parasites number. Shawstare shown only for continuous variables with
significant effectsDotted lines are the approximate 95% confidencésim
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Similarly, the parasite burden of the all anisag@hera, pooled together, was related to
the year fraction of stranding and significant eliéfnces were found between the
species, but no significant difference was fountiveen the sexes. The effect of year
fraction was statistically significant only or thedividuals of Lagenorhynchus
albirostris, as shown in Fig. 24

The best GAM model for the parasite burden is HeVis:

Y1 ~ 1 + as.factor(spp_code) + s(yearfrac, k =4+ las.factor(spp_code))

20

10

sivearfrac, 2 24):as factor(spp code)2
-10

-20

I
III||II 11 IIIII L IIIIIII | I | II L1 II

0.0 0.2 04 0.6 0.8 1.0
yearfrac

Fig 24. Smoothing curves fitted to effect of the year fimetof stranding on the parasites burden in the
GAM model with Gaussian distribution.

Final models for the presence ¢f.aduncumand the parasite number and burden are
also summarized in Table All these models tended to have a reasonably hadrevfor
% deviance explained, ranging from 25.1 % to 68.Béfice models can be considered

satisfactory.
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Table 4. Summary of generalised additive models tfee presence ofH.aduncumand the parasites
number and burden in all cetacean speciest each model all significant explanatory variables are
listed with their associated probabilitp)(valug percentage of deviance explained (DE), Akaike
Information Criterion (AIC) value and degrees afddom in parentheses for smoothers (s). Where there
was no significant effect, the relevant cell in tiable is left blank .The explanatory variables aver
month, longitude, latitude, length, year fractiondaspecies code (where spp_code 1 is related to
Phocoena phocoenapp_code 2 thagenorhynchus albirostriand spp_code 3 foacutus).

Month Long. Lat. Length  Year fraction
Parasite
(1.0) (1.91) (1.0) factor(spp_code)1
number 0.0075 0.0265 00009  (1.49) 0.0006 088 62763
Parasite f : .
burden actor(spp_code
(2.24) 6.38e-05  >O7 340.86
Presence
of H. (2.19)
aduncum  0.0184 25.1  48.49
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4.2 Diet data

Generalised additive models (GAMS) using a negdbv®mial distribution and logit
link function were used to test the link betweemapde number with the presence of
prey groups.

The GAM models showed no significant relationshgween parasite number and the
presence of particular prey types: whitingleflangius merlangys(p = 0.1330),
Gobiidae p = 0.5307), Clupeidae, Gadidge=0.8921 ), Sand eelp € 0.0636).

The model we ran was in the following form:

Y1 ~ 1 + as.factor(clupidae) + as.factor(cod) faasor(gadidae) + as.factor(gobiidae)
+ as.factor(had_sai_poll) + as.factor(sandeel).faet®r(whiting) +
as.factor(alloteuthis)

This model was checked by removing the non-siganfiexplanatory variables with the
exception of the presence of Clupeidae, the poeseh Had_sai_poll , the presence of
cod and the presence Afloteuthis In the following model no significant interaatio
between the presence of Had_sai_pok (0.156) and the presence of cpd=(0.217)
with parasite number was detected.

Therefore another model in the following form was:r

Y1 ~ 1 + as.factor(clupidae) + as.factor(allotesithi

which showed a significant interaction between gigganumber and the presence of
Alloteuthis(p = 3.15e-07 ) and the presence of Clupeigae 0.98e-05).

Running these explanatory variable, separatelytwia different models with the
common response variable parasite number, it wasciel that the strongest
relationship was with the squid genA#ioteuthis The model for this species had the
highest value of deviance explained (36.3%) anddhest AIC value (375.79) (Tab.
5).

Therefore the optimal single prey species GAM maslet the form:

Y1 ~ 1 + as.factoAlloteuthi9
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Table 5. Summary of generalised additive modelstfar presence of main prey groups and the parasites
in 34 harbour porpoises and 1 Atlantic white-sidechtiml For each of the two modelall significant
explanatory variables are listed with their asdeciaprobability ) valug percentage of deviance
explained (DE) and Akaike Information Criterion @&l

Prey group p-value DE AlIC
Alloteuthis 1.06e-07 36.3% 375.79
Clupeidae 2.72e-07 11.7 %416.56

Since the effect of the presenceAdloteuthison parasite number was significant, we
ran additional models to find which other factorgluenced this relationship. The
analysis was repeated, the presence prey datadegpped from the model with the
exception of the genuslloteuthisand another two explanatory variables longitudg an
year fraction were added. However, this GAM modélowed no significant
relationships > 0.05):

Y1 ~ 1 + as.factor(alloteuthis) + s(LongitudeWGSIB4, 4) + s(yearfrac, k = 4)
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5 DISCUSSION

5.1 Geographical and seasonal variation in parasite
distribution

The present work is the first quantitative studytloé nematode fauna in stomach
contents of cetaceans in Scottish waters. Heresed a 10-year database of dolphins
and porpoises stranded around the coast of Sdottaexplore the anisakid parasite
infections in this wild population of marine mammabamples were examined from 42
harbour porpoises Phocoena phocoena) 6 Atlantic white-sided dolphins
(Lagenorhynchus acutusind 8 white-beaked dolphinkagenorhynchus albirostrjs
There are undoubtedly some potential biases in austudy on parasites of cetaceans
because stranded animals are the only source gflesnand their parasite faunas may
not be representative since small sample sizeunligely that many patterns in the data
could be detected. Given the relatively small sagpte, it is difficult to disentangle
the effects of the various possible factors inftieg parasite presence and abundance.
Nevertheless, interesting preliminary inferences lmamade.

General patternsand trends

In the present study infection data fAnisakisindicates high prevalence, both in
harbour porpoise and in white-sided dolphin, priypateflecting its incidence in
intermediate hosts due to its low host specifi¢®mith & Wootten 1978). Similar
levels of infection, in the same host species, hbgen reported for the anisakid
Pseudoterranovia while the white-beaked dolphin showed a high plence of
ContracaecumUnivariate analysis indicated that latitude, libunde, animal length, and
time of year of stranding, all contributed sigréfintly to variability in parasite number.

Seasonal variation

A significant relationship was found between theegence of the genus
Hysterothylaciumand the month of host stranding. A decrease rasgt@ abundance
was observed in the period between April and Augtisérefore differences in
infestation rate may be a seasonal effect relabe@réy availability, since feeding
represents the main parasite transmission router€ults generally agree with the

extensive survey by Scott and Fisher (1958a) whigjgested that the harbour porpoise
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in the inshore waters off Eastern Canada duringstimmer carry relatively few adults
of Anisakis Data given by Brattey and Stenson (1995) sugdedtat the harbour
porpoise occupying inshore waters of southeastawfdblindland, during the summer
months, is not a major source of landalsimplexor local fish stocks as well.

The parasite burden of the white-beaked dolphirwsldoan increase in April and
October, with a peak abundance in August. Weir let(2007) reported a marked
seasonality of white-beaked dolphin distributiofthva clear peak in relative abundance
during August in Aberdeenshire waters. The summerease in occurrence of this
species is contrasted with the marked winter/gpnieak relative abundance of
bottlenose dolphins in Aberdeenshire waters (Stoekial. 2006). Such seasonal shifts
in distribution may help to explain the change msakid infection levels. Therefore,
there are a number of potential explanations fersasonal effects on parasite burden
in this species, including migrations for feedingquirements and inter-specific

competition with other cetacean species

Geographical patterns

Our findings reveal there is a local geographi@dtgrn in helminth communities in the
stomachs of the 56 stranded hosts. Parasite preeakeems to be somewhat higher in
the eastern areas, and lower in the northern daheasin the southern areas. These
differences in parasite numbers between porpoiseéslalphins, from different regions,
might reflect a direct effect related to more hyghifected prey acting as intermediate

host in eastern and southern areas.

Size effects

In addition, increasing host length, related withe,aappears to be associated with
increasing nematode number, probably because testotluring their life have eaten
more infected intermediate hosts without acquinmgnunity. In agreement with this
hypothesis is the observation, made by Bull andade§2006), that the stomachs from
heavily infected porpoises were generally foundea@mptier than those from
parasite-free porpoises because likely a high garbarden might cause ill health and
leads animals to stop feeding.
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5.2 Parasite number variation related to diet composition

Cause of Death and Diet: A possible source of bias

Other studies have shown dietary differences betvgecaught and stranded porpoises
(e.g.,Lick 1991, Aarefjorcet al,.1995, Benkeet al.,1998).

Rogan & Berrow (1996) found that, in Ireland, byghu porpoises had eaten less
clupeids and whiting than had stranded porpoises.

The marine mammal diet has been shown to vary deapto the age of the individuals
and the abundance of prey species, or as a funatiseason or geographic location as
well (Evans 1987, Lick 1991, Pierat al. 1991b, Aarefjordet al. 1995, Tollitet al.
1997, 1998).

Various sources of potential bias are associateith waconstruction of diet from
stomach contents (Harkdnen 1986, Pierce and B®84)1 The main characteristic of
stranded materials, compared to material obtaineah ffreshly by-caught animals, is
that the stomach content is often reported to belyenade up of digested material, in
fact differential digestion rates of prey speciesymffect the assessment of the relative

importance of prey species (Pierce and Boyle 1991).

Squid astrophic channel for parasites

Our results suggest a significant relationship leetwparasite number and the presence
of the cephalopod taxalloteuthis therefore this prey group is probably an impdrtan
dietary source of nematode for the hosts speciearistudy area

However, it is important to acknowledge that theneste of the parasite effect on diet
composition is affected by biases because of thal samber of individuals for which
we had diet samples (34 harbour porpoises, no vileiéded dolphin and just 1 Atlantic
white-sided dolphin on 42 harbour porpoises, 6 Witawhite-sided dolphins and 8
white-beaked dolphins of which we had parasite $es)pHence, it is unlikely that
many patterns in data could be detected but it sidk interesting to look at an
hypothetical main parasite route transmission.

This link between the presence Alfoteuthisin the diet and the parasite number could
be explained by a higher level of parasite infettiosquid from this area, probably due
to the quantitative distribution of infective fornms planktonic animals and fish (the
squid prey), the abundance of the final host (theids predators) , the degree of

interchange between all of them via food and thee@gsize maturity of squid.
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Accordingly, the number of parasites has been @bdeo increase with increasing host
size. As the size-maturity and age of squid areriatated (Gonzalez et al. 1992), a
similar trend could be expected between helminfidaction and squid age.

Furthermore, long-finned squids are neritic, derlespecies associated with coastal
waters.

In neritic foodwebs, a paratenic host squid camnbected several times, so permitting
the infective stages of the parasite to be conatadr Consumption of the squid by a
suitable host then results in a heavy infectionglfbet al 1998).

According to the literature, at a local scale, fagasite fauna of pelagic fish species
tends to be distinctive and comparatively poor careg to that of coastal hosts. This is
due to the absence of intermediate hosts; thuslikékghood of parasite exchange is

decreased and infective stages are diluted inefsgje environment (Hoberg & Adams

2000, Ragat al.2009).

5.3 Futureresearch

The present study permits only tentative conclusimout the population ecology

of these four anisakids species because curreti¢rse is based on observational data,
often on small sample sizes, and data come onig fhee cetacean hosts. It is, however,
only a preliminary study, thus more samples shbeldollected with detailed study into
seasonal and spatial heterogeneity but in resgettieobasic descriptive information
about which parasites are found in the dolphind,F@ow many parasites .

Further empirical studies examining the host imnoamopetence would enhance our
understanding of the factors affecting the dynarmfdbie parasite community.

To fully understand the relationship between hgstcges and parasite transmission
routes, we need additional data on host diet anakia lifecycles in the Northern North

Sea.
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APPENDIX

Table 6. Details of the three host species used in thasitaeranalysis.

P. Phocoena

P. Phocoena

P. Phocoena

P. Phocoena

P. Phocoena

P. Phocoena

58.96

57.22

55.99

57.59

55.59

57.69

-2.88

-5.64

-2.90

-3.92

-5.15

-2.93

145

125

121

126

118

101

10

0.06

0.10

0.19

0.37

0.48

0.78

0.14

0.24

1.75

NA

0.02

1.17

37

44

NA

NA

21

0 1 1 1
NA NA NA NA
1 0 0 0
0 1 0 0
0 1 1 0
1 0 1 0
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. Phocoena

. albirostris

. Phocoena

. acutus

. Phocoena

. acutus

. Phocoena

. Phocoena

. Phocoena

57.98

56.36

57.49

58.27

57.68

59.28

56.04

57.84

56.97

-3.92

-2.81

-0.86

-6.32

-2.74

-2.96

-2.84

-3.83

-2.21

170

249

144

258

132

239

144

128

108

11

12

12

0.20

0.41

0.43

0.60

0.91

0.92

0.93

0.13

0.14

0.68

13.72

0.17

1.14

23.16

17.8

12.72

0.05

0.01

145

21558

336

26

1152

7171

2343

NA NA
NA NA
1 1
1 1
0 0
1 0
1 1
1 0
0 0

NA NA
NA NA
1 0
0 0
1 0
1 0
0 1
0 0
1 0
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. Phocoena

. Phocoena

. Phocoena

. Phocoena

. Phocoena

. Phocoena

. Phocoena

. acutus

. acutus

56.83

57.67

55.96

56.72

56.35

57.59

56.01

56.14

57.11

-2.28

-1.92

-2.40

-2.44

-2.80

-4.11

-3.40

-3.08

-5.99

104

106

138

119

157

141

99

222

237

0.21

0.26

0.28

0.33

0.35

0.38

0.09

0.19

0.65

1.34

0.03

0.47

0.12

0.07

291

0.03

15.99

0.08

144 0
6 0
102 1
15 0
17 0
147 0
1 1
3450 1
17 0
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. acutus

. Phocoena

. Phocoena

. Phocoena

. Phocoena

. albirostris

. Phocoena

. Phocoena

. Phocoena

57.49

55.95

56.23

57.69

57.18

55.98

56.06

55.99

56.47

-4.26

-3.10

-5.08

-2.83

-2.07

-2.42

-2.75

-3.38

-2.85

257

112

162

167

118

188

115

107

111

11

0.88

0.18

0.40

0.52

0.01

0.15

0.21

0.22

0.32

0.3

0.04

0.86

0.09

0.11

10.78

0.03

0.11

2.06

105

50

51

2482

224

220

71



. Phocoena

. acutus

. albirostris

. Phocoena

. Phocoena

. albirostris

. Phocoena

. albirostris

. Phocoena

56.17

60.69

57.87

55.95

56.26

59.92

57.67

56.05

56.00

-3.00

-0.91

-4.02

-3.11

-2.62

-1.29

-1.92

-2.83

-2.54

101

229

254

142

157

202

144

217

108

11

12

11

0.33

0.84

1.00

0.03

0.03

0.03

0.14

0.47

0.89

0.06

0.24

13.45

1.7

0.98

0.78

0.41

40.3

0.51

49

55

5976

367

468

397

45

9851

49

72



. Phocoena

. Phocoena

. Phocoena

. Phocoena

. acutus

. Phocoena

. albirostris

. Phocoena

. Phocoena

57.66

56.04

56.26

57.32

56.20

56.54

57.72

56.59

56.02

-3.62

-4.88

-2.62

-1.97

-4.75

-2.63

-4.02

-2.52

-3.61

148

155

170

138

236

116

175

127

111

NA

12

12

11

0.94

0.96

0.18

0.87

0.01

0.09

0.09

0.09

0.16

0.03

0.2

0.18

0.08

0.09

21.82

0.08

0.06

0.02

19

23

48

73



. Phocoena

. Phocoena

. Phocoena

. Phocoena

. albirostris

57.70

57.67

58.00

NA

NA

-3.49

-2.39

-3.87

NA

NA

147

151

147

NA

253

NA

11

12

0.28

0.91

0.99

0.13

NA

0.04

0.17

0.435

6.95

47

78

313

2818

74



75



