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ABSTRACT

Sinisalo, Tuula

Diet and foraging of ringed seals in relation to helminth parasite assemblages
Jyvaskyla: University of Jyvaskyld, 2007, 38 p.

(Jyvaskyla Studies in Biological and Environmental Science

ISSN 1456-9701; 174)

ISBN 978-951-39-2790-5 (PDF), 978-951-39-2782-0 (nid.)

Yhteenveto: Perdmeren ja Saimaan norpan suolistoloisyhteisét ja niiden

hyodyntaminen hylkeen yksilollisen ravintoekologian selvittimisessa
Diss.

In this study of Baltic ringed seal (Phoca hispida botnica Gmelin) and Saimaa
ringed seal (Phoca hispida saimesis Nordquist) populations, the main aim was to
infer the dietary variation between individual seals living in atypical brackish
and freshwater habitats by combining data from intestinal metazoan parasites,
from alimentary tract contents analysis, and from stable isotope ratio analysis
(018C and 0'N). Three acanthocephalan species, Corynosoma semerme, C.
strumosum and C. magdaleni have adapted to the brackish water, but in Lake
Saimaa only C. magdaleni has survived. Sexual selection plays an essential role
in determining the spatial distribution of C. magdaleni within the lake seal gut.
The combined approach allowed inferences of individual seal feeding
behaviour in the Bothnian Bay. Some seals fed on a similar mixture of coastal
and benthic fish and isopods (Saduria entomon), some foraged mainly on
fourhorn sculpin (Myoxocephalus quadricornis) and ruffe (Gymnocephalus
cernuus), and some included mainly herring (Clupea harengus membras) in their
diets. One seal evidently fed on salmon (Salmo salar) and one seal consumed a
high proportion of isopods as well as three-spined sticklebacks (Gasterosteus
aculeatus). The results also indicated that the breeding and moulting period
imposes foraging restrictions on all seals but especially on nursing females. The
differences between females possibly reflect individual variation in the onset
and duration of parturition and lactation. In future stable isotope analysis from
non-destructive sampling of seal hair, nail or whisker tissue might be linked to
provide further information about the diets of endangered seals without large
samples sizes and without causing harm to animals.

Keywords: acanthocephalan; Baltic Sea; Corynosoma magdaleni; C. semerme; C.
strumosum; diet; foraging; helminths; Lake Saimaa; Phoca hispida botnica; P. h.
saimensis; ringed seal; stable isotope ratio analysis.
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1 INTRODUCTION

1.1 General introduction

The parasitic way of life is probably one of the most common life forms on earth
(May 1988, Windsor 1997, 1998): virtually every species is parasitized at some
point during its lifetime (Price 1980). Parasitism is a close association of two
coevolving organisms, in which one (the parasite) derives from the other (the
host) some benefit (food and shelter). However, in a heavy infection a parasite
could cause harm and become pathogenic to a host individual (Anderson &
May 1979, May & Anderson 1979).

Parasite communities have proved to be excellent model systems for
investigations of general ecological theories (Hamilton et al. 1990, Esch &
Fernandez 1993, Moore 2002) and they have been proposed as excellent
indicators of the biodiversity both on host species and at the ecosystem level
(Huxham et al. 1995, Marcogliese 2002, 2003, Poulin et al. 2003, Chambers &
Dick, 2005). Moreover, since many helminth parasites (parasitic worms) have
complex life cycles involving several different hosts depending on trophic
interactions for transmission, they can also provide valuable information on
host migration and diet (Williams et al. 1992, Marcogliese & Cone 1997).

Although a food web typically contains more parasite-host links than
predator-prey links (Lafferty et al. 2006), parasites are rarely incorporated into
dietary studies (Pascual et al. 1996, Marcogliese & Cone 1997, Marcogliese
2002). In fact data from intestinal parasite communities in the host could
highlight many methodological problems and inconsistencies in food webs
(Huxham et al. 1995, Thompson et al. 2005), clarify the discrepancies in host diet
(Kennedy et al. 1992) and even reveal the individual foraging habits of the hosts
(Marcogliese 2002). In this thesis I have studied variations in the helminth
parasite communities of two seal populations and used this information as the
basis for drawing inferences about the foraging behaviour and diets of
individual seals.
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1.2 Previous parasite community studies

Wisniewski (1958) and Dogiel (1961) first recognized the variation in helminth
community structure between fish populations sampled from adjacent lakes.
Yet, the actual birth of quantitative parasite community research was marked
by Holmes (1961) with his experimental investigation of interactions between
cestode and acanthocephalan parasites in the intestine of a rat host. Since then
much effort has been put into studies of the patterns and processes underlying
the structure of both ectoparasite and endoparasite communities (Holmes 1973,
Rohde 1979, Dobson 1985, Holmes & Price 1986, Esch et al. 1990, Koskivaara et
al. 1992, Sousa 1994, Poulin 1998, Bagge et al. 2005, Karvonen et al. 2005).
However, studies of helminth parasites of ringed seals living in brackish or in
freshwater habitats are very limited (Forssell 1906, Delyamure et al. 1980, Helle
& Valtonen 1980, 1981, Valtonen & Helle 1988).

Parasite communities are arranged hierarchically, such that each
infracommunity (all parasite individuals of all species within a host individual)
is a subset of the component community (all parasite individuals of all species
within the host population) (Bush et al. 1997). The key questions have been
whether those parasite species that form each infracommunity are random or
non-random subsets of those parasite species found in the component
community, and what are the factors acting within the infrapopulation on the
spatial distribution of its members or their mean sizes (Poulin & Valtonen 2001,
Poulin 2005).

A large number of factors could contribute to the extensive variation in
different parasite communities. The diversity and abundance of the
intermediate and definitive hosts in the area (see Valtonen et al. 1997, 2001,
2003, Halmetoja et al. 2000, MacKenzie 2002), host population size or density
(Morand & Poulin 1998, Bagge et al. 2004), even environmental characteristics
such as pH, water color, temperature or concentration of total phosphorus,
could contribute to distinct parasite communities between different populations
(Marcogliese & Cone 1991, Valtonen et al. 2003, Goater et al. 2005, Poulin 2006).
Moreover, all individual hosts from the same population do not harbour the
same parasite species or quantity. Some hosts may harbour most of the parasite
species included in the component community, others only one or two species
(Poulin & Valtonen 2001). Parasite-related filters determine what subset of the
potential pool of parasites comprises a realized infracommunity: hosts that the
parasite cannot meet and hosts in which the parasite cannot survive or develop
are excluded. Also interspecific interactions within mixed-species infections
may affect parasite species from the infracommunities (Sousa 1994).

Some previous studies have indicated that abundant parasite communities
could be interactive (Kennedy et al. 1986) and some suggest that
infracommunities are often just random assemblages of the available species
(Poulin 1998) and that the presence of one species has no influence on the
presence of other species (Rohde 1991). It has also been suggested that two or
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more parasite species can compete for the same resource and that one parasite
could eventually displace other species of the infracommunity by competitive
exclusion (Esch et al. 1990). The competition can also be expressed so that
parasites specialized to live in different niches (interactive site segregation) or
their demands for the resource have genetically differentiated during evolution
(selective site segregation) (Esch et al. 1990). Still, regarding the importance of
interspecific interactions among parasites in structuring of helminth
communities, there is no general underlying rule or process that can be applied
to all communities.

In free-living animals, sexual selection is a central force shaping many
population features (Andersson 1994). But studies of the influence of sexual
selection processes on the structure and dynamics of helminth populations are
rare. In dioecious and polygamous taxa such as acanthocephalans, however,
sexual selection processes could be important in shaping the structure of the
parasite infracommunity: there is some indirect evidence for competition
among males for access to females and mate choice by one or both sexes
(Lawlor et al. 1990, Sasal et al. 2000).

1.3 The helminth communities of seals

Marine mammals worldwide harbour a rich parasite fauna containing single-
celled protozoan parasites as well as multicellular organisms (trematodes,
hookworms, heartworm and lungworms). Gastrointestinal nematodes (Anisakis,
Contracaecum and Pseudoterranova), cestodes and acanthocephalans (Bolbosoma
and Corynosoma) are found in ocean cetaceans and pinnipeds worldwide
(Dailey 2005). The Okhotsk ringed seals (Pusa hispida ochotensis Pallas, 1811) are
reported to be infected with 3 cestodes, 4 acanthocephalan and 5 nematode
species (Popov et al. 1980). Twelve species of helminths were found from the
spotted seals (Phoca largha Pallas, 1811) in the Bering Sea, five of which were
acanthocephalans (Shults 1982). Altogether 62 different helminth species have
been found from the northern seals belonging to sub-family Phocinae, of which
ten are acanthocephalan species (Dailey 1975).

The number of parasitic helminth species is greater among the oceanic
seals (Dailey 1975, Popov et al. 1980, Measures & Gosselin 1994, Dailey 2005)
than among the seals in isolated populations in brackish and freshwater
environments (Barysheva & Bauer 1957, Delyamure et al. 1980, Helle &
Valtonen 1980, 1981, Valtonen and Helle 1988, Valtonen et al. 1988).
Component communities of intestinal metazoan parasites of ringed seals in the
northern Baltic Sea are among the most depauperate currently known in any
marine mammal: only three Corynosoma species (C. semerme (Forsell, 1904), C.
magdaleni Montreuil, 1958 and C. strumosum (Rudolphi, 1802) have been
recorded (Helle & Valtonen 1980, 1981, Valtonen and Helle 1988, Valtonen et al.
1988, Valtonen et al. 2004). Accidentally also the cestode Schistocephalus solidus
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(Mtller, 1776), unidentifiable Diphyllobothrium larvae, and a larval nematode
(Contracaecum osculatum Rudolphi, 1802) are known to occur (Chubb et al. 1995,
Valtonen & Helle unpubl. data) in the Baltic ringed seal (Phoca hispida botnica
Gmelin, 1785). The intestinal parasites of the freshwater Saimaa seal (Phoca
hispida saimensis Nordquist, 1899) have been studied previously by Valtonen &
Helle (1988), who reported only one Corynosoma species, C. strumosum, although
Forssell (1906) had also noted C. semerme from one seal.



2 DIETARY STUDIES OF RINGED SEALS

Ringed seals in the Bothnian Bay breed colonially and most pups are born
between late February and early March, the majority of parturitions are over by
the middle of March. Ringed seals nurse their pups for 4 to 6 weeks. Towards
the end of lactation, mating takes place over a period of about a month.
Following the nursing and mating periods, seals undergo an annual moult in
April-May (Helle 1983). These events might influence the foraging behaviour,
and hence the diets of seals leading to differences between individuals.

2.1 Identification of prey from the remains in alimentary canal

The diets of the Baltic ringed seal and Lake Saimaa ringed seal are thought to
consist mainly of small shoaling fish species such as herring (Clupea harengus
membras L., 1761), smelt (Osmerus eperlanus L., 1758) and perch (Perca fluviatilis L.,
1758), while demersal fourhorn sculpin (Myoxocephalus quadricornis L., 1758) and
ruffe (Gymnocephalus cernuus L., 1758), migratory salmon (Salmo salar L., 1758),
and three-spined stickleback (Gasterouteus aculeatus L., 1758) are also thought to
be important prey of ringed seals (Soderberg 1975, Tormosov & Rezvov 1978,
Kunnasranta 2001, Routti et al. 2005, Stenman & Poyhonen 2005). Differences in
diet due to location (Soderberg 1975, Tormosov & Rezvov 1975, Lowry et al.
1980), season (Soderberg 1975, Lowry et al. 1980) and age of seals (Lowry et al.
1980, Holst et al. 2001, Kunnasranta 2001) have been documented in ringed seals,
but little is known about dietary variation among individual seals.

Most previous studies of the diet of ringed seals have determined diets
from scats and from stomach and intestine contents (Soderberg 1975, Tormosov
& Rezov 1978, Lowry et al. 1980, Holst et al. 2001, Kunnasranta 2001). These
techniques rely on the identification of prey from the remains of more or less
digested food items and are mostly inaccurate, because food quickly passes
through the alimentary canal of homothermal seals with varying and largely
unknown species-specific rates of digestion. According to Parsons (1977) the
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digestive tracts of seals can be empty within 6-8 hours of feeding. Thus it is
extremely difficult to build a reliable generalized picture of food composition
during longer periods without large sample sizes. Prey remains in the stomach,
intestine or faeces represent only the most recent seal food items.

2.2 Intestinal parasites in dietary studies

Studies of the intestinal helminth parasites of the seals offer an alternative
approach to study the foraging behaviour of individuals (Marcogliese & Cone,
1997). The consistent presence of particular parasites in a host indicates long-term
trends in feeding patterns as the worms reside in the host intestine for weeks or
months (Curtis et al. 1995). Studies of intestinal parasites provide some
information about host diet and individual foraging behaviour since the amount
of food and the composition of the diet are factors affecting the abundance of the
intestinal parasites passed in the food chain (Marcogliese & Cone, 1997).

In this study I focused on the transmission of intestinal acanthocephalan
parasites and a cestode larva in the relatively simple food web of the Bothnian
Bay. These parasites proceed through the food web via predator-prey
interactions to the seal definitive host and hence are closely linked to the diet of
the seals (Valtonen 1983a, b). Acanthocephalan species are good indicators of
past diet over a longer term, as they reside in the host for weeks (Valtonen &
Helle 1982).

2.3 Stable isotope analysis in dietary studies

Stable isotope analyses have been increasingly applied to ecological questions
(Peterson & Fry 1987, Koch et al. 1994, Fry 2006). The ratio of heavy to light
isotopes is expressed relative to a standard as 8'3C %o and 61°N %o (Peterson &
Fry, 1987). Stable isotopes of carbon (6'3C) and nitrogen (6'°N) are used to
characterize food webs (Kwak & Zedler 1997, Vander Zander et al. 1999) and to
determine the contributions of different food sources to animal diets (Hobson et
al. 1996, Phillips 2001, Phillips & Gregg 2003).

Changes in the isotopic signatures of components occur at each trophic
step because of fractionation of isotopes between animals and their diets during
assimilation or excretion (Peterson and Fry 1987). Fractionation occurs because
the lighter isotope is more likely to be excreted due to the lower activation
energy for bond breakage in reactions. As a result, consumers become enriched
with the heavier isotope and have a higher and predictable 6 value than their
diet (Fry 2006).

Carbon isotope signatures (6'3C) of food sources have proved a reliable
tracer to distinguish the relative contributions of prey items in a consumer’s
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diet (DeNiro & Epstein, 1978, Fry & Sherr, 1984, Hobson 1999, Phillips & Gregg
2003) or to reveal the foraging location of consumers (Lesage et al. 2001).
Nitrogen fractionates to a greater extent than carbon from one trophic level to
next and 8'°N has been successfully used to assess the trophic level of species in
aquatic food webs (e.g., Vander Zanden et al. 1999, Lesage et al. 2001, Cabana &
Rasmussen 2002). The physiological state of an animal can also affect the
isotope ratios in its tissues (Hobson et al. 1993). Fasting, starving or stressed
animals can become N enriched due to increased protein metabolism
(Ambrose & DeNiro 1986, Hobson et al. 1993, 1996, Gannes et al 1998).

Naturally occurring stable isotopes of carbon and nitrogen of consumers
and their food sources have successfully revealed the feeding preferences of
various generalist predators (Rau et al. 1992, Oelbermann & Scheu 2002), as well
as temporal variations in vertebrate diet (Dalerum & Angerbjorn 2005).
Moreover, stable isotope measurements of several tissues with variable metabolic
rates from the same individual can provide information on diet integrated over
days (e.g. plasma), weeks (e.g. liver) or months (e.g. muscle) (Tieszen et al. 1983,
Hilderbrand et al. 1996), since the elements in these tissues have been assimilated
during the time scale specific to the turnover rate of the given tissue (Dalerum &
Angerbjorn 2005).

2.4 Aims of the study

The main aim of this study was to investigate the diet and foraging of
individual ringed seals living in brackish and freshwater habitats which are
atypical habitats for generally marine seals. I used a new combination of
methods by utilizing data from parasitological studies of the intestinal
helminths, from alimentary tract contents analysis, and from stable isotope ratio
analysis of seal tissues. It was essential first to confirm the Corynosoma species in
both areas, because the unclear description of C. strumosum in relation to C.
magdaleni has created confusion in previous studies.

In the first paper (I), I examined the stability of the Corynosoma infection
and the local distribution of the cystacanth stages of Corynosoma species in their
most common paratenic fish hosts, fourhorn sculpins (M. quadricornis) in the
Bothnian Bay. In the next two papers (II and III), I studied the intestinal
metazoan fauna from lake ringed seals P. h. saimensis, and confirmed the single
Corynosoma species population in Lake Saimaa. Paper II concerned the extrinsic
factors affecting the transmission of the helminth to the Saimaa seals via the
food web. Paper III addressed the intrinsic factors affecting the structure of
Corynosoma infrapopulation by testing the influence of sexual selection on the
spatial distribution, male body size and female mating success in the
acanthocephalan infrapopulations. This paper was an integral part of the
characterization of the helminth fauna in Saimaa seals. In paper IV the
Corynosoma infection data from Baltic ringed seals (P. h. botnica) was combined
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with data from alimentary tract contents and from stable isotope analysis of the
diaphragm muscle tissues of the same seals to evaluate dietary differences
between individual seals in the Bothnian Bay. Finally in paper V I used stable
isotope ratios (613C and 8'°N) of several tissues with variable metabolic rates
(plasma, liver and muscle tissues) to elucidate temporal variation in the diet
among individual seals during their breeding season in the Bothnian Bay.



3 MATERIAL AND METHODS

3.1 Ringed seals living in atypical habitats

The Baltic ringed seal (P. h. botnica) population was cut off from the stock of the
Arctic ringed seal (P. hispida hispida Schreber 1775) 11 000 years ago. Three
thousand years later as the land rose after the last Ice Age, Lake Saimaa was
separated from the Baltic Sea basin causing the further segregation of the ringed
seals into two subspecies. Since then the Saimaa ringed seal (P. h. saimensis) and
the Baltic ringed seal have lived geographically isolated in freshwater and in
brackish environment atypical to seals (Hyvarinen & Nieminen 1990).

The occurrence and abundance of both seal subspecies in the Baltic Sea and
in Lake Saimaa has varied during recent decades. The number of Baltic ringed
seals used to be large, ca. 100 000 - 300 000 individuals (Harding & Harkonen
1999, Kokko et al. 1999) and the maximum size of the Saimaa ringed seal
population has been at least 1 000 animals (Kokko et al. 1999). Both seals have
suffered from heavy harvesting and from reproductive disorders caused by
environmental toxins (Helle 1980, Helle et al. 1985, Hyvirinen et al. 1998,
Harding & Héarkonen 1999) and the population sizes collapsed in both areas in
the mid 1990s. Twenty years ago an estimated haul-out population of ringed
seals in the whole Baltic Sea area was 5500 individuals (Harkonen et al. 1998) and
only 100-150 ringed seals inhabited the middle parts of Lake Saimaa (Sipili et al.
1990). Today the populations have recovered and the number of seals has
increased. In the Gulf of Bothnia alone 4748 ringed seals was reckoned in 2004
and the stock is increasing by some 5% per year (Harkonen unpubl., The Swedish
Museum of Natural History). In the Baltic Sea this has led to conflict between
conservationists, who welcome the increase, and commercial fishermen, who
accuse seals of causing economic losses for them by damaging their fishing gear
and eating the catch (Backman & Helle 1998, Lunneryd 2001, 2005). In Lake
Saimaa the current population of ringed seal consists of approximately 280
individuals, mainly in the central parts of the lake (Hyvérinen et al. 1999,
Kunnasranta 2001, Hyvérinen et al. 2004, Metsdhallitus 2007 www.metsa.fi).
Despite strict protection it is still highly threatened (Palo 2003).
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3.2 Life cycle of Corynosoma species

Corynosoma species are dioecious and polygamous acanthocephalan parasitic
worms that attain sexual maturity and copulate in the alimentary tract of seals
(Crompton 1973, 1985). During the copulation of acanthocephalans (Dezfuli &
DeBiaggi, 2000), the everted bursa of the male worm wraps around the
posterior end of female and the spermazoa are transferred. After insemination
the male worm blocks the vaginal region of the female worm by an external
cement cap which is lost after a few days. Males can also remove competitors
from the population by capping other males (Adele & Gilchrist, 1977).

In the life cycle of Corynosoma species in the Bothnian Bay and in Lake
Saimaa, acanthocephalan eggs (acanthors) exit with the faeces from the seal
intestine. When an acanthor is eaten by the amphipod intermediate host,
Monoporeia affinis (Lindstrém, 1855), it hatches and burrows into the
haemocoelom of the amphipod. In the amphipod it develops into an infective
larval stage called a cystacanth. The amphipod intermediate host is eaten by
tish. In fish the cystacanth enters the internal organs and mesenteries and is
then transferred to the final host when the fish is eaten by a seal.

In the aquatic realm host populations are often patchy and scattered and
thus parasites must adapt to maintain themselves in an environment where the
contact between successive hosts in a life cycle may be periodic or rare
(Marcogliese 2005). A paratenic or transport host is not required for the
development of the acanthocephalan (Nickol 1985) but is often used to increase
transmission to the next host in the life cycle (Marcogliese 2005). Paratenic hosts
can accumulate large numbers of parasites and a variety of species and thus
transmit an entire assemblage of species as a single packet when they are eaten
by an appropriate definitive host (Marcogliese 2002). They are acting as a bridge
over the trophic or temporal gaps between intermediate and definitive hosts.

Although thirteen fish species can act as a paratenic host for the
Corynosoma worms in the Bothnian Bay (Valtonen 1983a), they are found most
commonly and abundantly in Baltic herring, smelt, eelpout (Zoarches viviparous
L., 1758), ruffe and fourhorn sculpin (Valtonen 1983a, 1983b, Valtonen et al.
2001).

3.3 Samples for parasitological and alimentary tract content
studies

Intestinal metazoan parasites were examined from the alimentary tracts from
nine Baltic ringed seals and from 61 Saimaa ringed seals. Both seal species are
protected, but a few Baltic ringed seal individuals are taken annually for
scientific purposes from northwest of Hailuoto Island as ongoing research by
the Finnish Game and Fisheries Research Institute (Fig 1). The freshwater seals
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were found dead during 1981-2001 in Lake Saimaa (Fig 1). Most of the seals
were from Haukivesi, Joutenvesi and Kolovesi (A) and Pihlajavesi (B) basins in
central Lake Saimaa (n=53) (Fig 1), which represent the main distribution areas
of the ringed seals in Lake Saimaa. Some specimens were also obtained from
two other basins used by Saimaa ringed seals (Fig 1). The stomach, small
intestine, caecum, large intestine and rectum of the seals were dissected and all
parasites were collected. The exact position of each worm in the intestine of
Saimaa seals was recorded to the nearest centimeter. All particles other than
parasites were collected from the alimentary tract of the Baltic seals.

Additionally, internal organs and mesenteries were examined from 340
fourhorn sculpins and from 42 bull-rout (M. scorpius L., 1758) for larval
acanthocephalans. The fourhorn sculpins were caught by gill nets from coastal
and central areas of the Bothnian Bay (Fig 1). The bull-rout was captured from
Tvarminne, the southern part of the Gulf of Bothia (Fig 1). Seven fish species
were studied from the Haukivesi basin of Lake Saimaa to trace the possible
source of parasite infection in paratenic fish hosts in Lake Saimaa (Fig 1).
Detailed descriptions of the material and methods of the parasitological studies
are reported in the original papers (I-IV).

3.4 Samples for stable isotope analysis

The tissue samples for stable isotope analysis were obtained from the same nine
Baltic seals as were examined for their intestinal metazoan parasites. The dual
isotopic signatures (6'3C and 8'’N) were determined from diaphragm muscle
(IV), shoulder muscle, liver and plasma (V) of the individual seals shot as part
of ongoing research by the Finnish Game and Fisheries Research Institute from
northwest of Hailuoto Island (65°11'N, 24°36’W) (Fig 1). In addition dual stable
isotope signatures were determined from 13 fish species and one crustacean
species Saduria entomon L., 1758. The fish and isopod samples were provided by
the staff of the Bothnian Bay Research Station from the by-catches from local
tishermen (65° 07'-65°08'N, 24°32’-24°37"W). The salmon samples were caught
by gill nets as part of ongoing research by the Finnish Game and Fisheries
Research Institute (65°02'N, 24°32'W) (Fig 1). The 8'3C values of all four seal
tissues were lipid-corrected using the model of Kiljunen et al. (2006), based on
tissue C: N ratios but the 8°N values were not modified in any way. Detailed
descriptions of the sample preparation are reported in original papers IV and V.
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Map of the research areas: 1= the northern part of Gulf of Bothnia, Bothnian

Bay, Hailuoto Island, 2=Lake Saimaa, the hatched areas indicate the location
of the study sites A=Haukivesi, Joutenvesi and Kolovesi and B=Pihlajavesi
and 3= the southern part of the Gulf of Bothnia, Tvarminne.




4 RESULTS AND DISCUSSION

4.1 Parasite community studies

Three acanthocephalan helminth species of the seals, Corynosoma semerme, C.
magdaleni and C. strumosum, were found in their paratenic fish host, fourhorn
sculpins, in the brackish Bothnian Bay (I). The Corynosoma semerme infection
was shown to be stable when comparing with data from 20 years earlier in the
Bothnian Bay. The Corynosoma species were shown to be easy to distinguish
already at the cystacanth stage (I).

The number of parasitic helminth species is greater among oceanic seals
(Dailey 2005) than among seals in isolated populations in brackish and
freshwater environments (Barysheva & Bauer 1957, Delyamure et al 1980, Helle
& Valtonen 1980, 1981, Valtonen and Helle 1988, Valtonen et al. 1988, Valtonen et
al. 2004). The depauperate gastrointestinal helminth assemblages of both ringed
seal subspecies were also evident in my studies (Il and IV). The stable infection of
C. semerme in the Bothnian Bay shows that this marine acanthocephalan species
has adapted to the brackish water ecosystem and has survived through the very
varying history of the Baltic Sea. However, it seems that only C. magdaleni has
survived during the isolation of the landlocked ringed seal and coevolved with
the host in the freshwater environment in Lake Saimaa (II). The absence of C.
semerme and C. strumosum in Lake Saimaa is of particular note because the
intermediate amphipod, M. affinis, host is common in most basins of the lake
(Hynynen et al. 1999). I suggest that the parasite assemblages in Lake Saimaa
could have comprised all Corynosoma species at the time when seals were isolated
from the Baltic basin and founded the Saimaa population. Chance may have
influenced the parasite composition of the Saimaa seals or the low intensity of C.
semerme and C. strumosum infection may have led to the extinction of these
species. This view is supported among the other land-locked seal populations.
Contrary to C. semerme and C. magdaleni, C. strumosum has not been reported
from the freshwater populations of seals, except the findings in Ladoga ringed
seal (Phoca hispida ladogensis Nordquist). However, based on the results of one
dissected seal from Lake Ladoga in 1992 in which hundreds of C. semerme and
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111 C. magdaleni were found, but not a single C. strumosum (Sinisalo T.
unpublished data), it is likely that C. semerme and C. magdaleni occur in Lake
Ladoga. In Lake Baikal Corynosoma species are not found at all (Phoca sibirica
Gmelin 1788) (Dailey 1975). Of course it is also possible that C. magdaleni itself or
its intermediate or even paratenic host may be better adapted to the freshwater
habitat than the other two Corynosoma species.

The distribution of a parasite is mostly dependent on the occurrence of the
definitive seal host and the intermediate amphipod host (see Brattey et al. 1990,
Lunneryd 1991). However, in this study the role of the paratenic fish host
species was found to be important in the transmission of Corynosoma species
carrying the parasite over the ecological barrier to the definitive host, and the
stability of Corynosoma populations was suggested to be maintained mainly in
their paratenic hosts (I). Host specificity of Corynosoma species at the paratenic
level is thought to be low (Nickol 1985). However, Valtonen (1983a) and
Valtonen et al. (2001) have reported all three Corynosoma species in ruffe but
more sparsely than in fourhorn sculpin. Smelt are thought to be infected with C.
semerme and C. magdaleni and marine herring and eelpout with C. semerme and
C. strumosum (Valtonen 1983a, Valtonen et al. 2001, E. T. Valtonen and T.
Sinisalo unpublished observation). Also Nickol et al. (2002) recorded differences
in Corynosoma assemblages between individual young grey seals indicating
segregation of C. magdaleni and C. strumosum in the piscine host. Differences in
infections in different paratenic hosts might be due to differences in altered
behaviour of amphipods infected with different species of acanthocephalans.
For example Bethel and Holmes (1973) showed that local Corynosoma
constrictum, Polymorphus marilis and P. paradoxus did cause different behavioural
changes in their amphipod hosts. Different response to light or to disturbance
could expose infected amphipods to different fish hosts.

In this study the distributions of Corynosoma species were highly
aggregated across their definitive host seal population; the majority of ringed
seals had few parasites, whereas a few seals had many parasites (see Shaw &
Dobson 1995). The well-developed vertebrate immune response could
contribute to these differences between hosts (Schad 1966, Kortet et al. 2003);
differences in susceptibility to the parasite infection can cause variation in
parasite loads between individual hosts (see Wilson et al. 2002). The other main
reason for the high intensity of infection in some seals may be an increased
amount of infected fish being eaten by these hosts (see Sousa 1994). The amount
of food and the composition of the diet is probably the most important factor
that contributes to the heterogeneities of worms in the acanthocephalan
infracommunities of seals in this study (II and IV)

In Lake Saimaa the uninfected young seals spend more time in shallow
waters catching small schooling fish like perch and roach, whereas the adult
seals forage mainly in deeper offshore waters (Kunnasranta 2001, Kunnasranta
et al. 2002), which are inhabited by pelagic and demersal fish species. The fish
species of the deeper areas are most likely to create the higher mean intensity of
C. magdaleni infection in the adult lake seals (II). The accumulation of parasites
over time can not be the main reason for the high intensity of infection in some
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seals since Corynosoma worms have a short life span maturing after 2-3 weeks in
homeothermic animals (Valtonen & Helle 1982).

In this thesis the single Corynosoma species population in Lake Saimaa was
confirmed. To characterize the helminth fauna in Saimaa seals also the intrinsic
factors affecting the structure of C. magdaleni infrapopulation was tested. The C.
magdaleni infrapopulation in the freshwater seal offered a unique opportunity to
study the distribution of the acathocephalan worms in the host gut without
interactions with other parasite species and effects of overcrowding due to
other species (III). Several theories concerning the evolution of parasite
communities have been developed from the concepts of competition (Holmes
1961, 1973, Holmes & Price 1986). It has been suggested that two or more
parasite species can compete for the same resource and one parasite could
remove or replace the other species in the infracommunity (Bush & Holmes
1986, Stock & Holmes 1988). In this study, as in the studies of Valtonen & Helle
(1988) and Nickol et al. (2002), the majority of C. semerme specimens were
located in the rectum and in the large intestine and the distribution of both C.
magdaleni and C. strumosum overlap in the small intestine of the Baltic seal (IV).
In the small intestine of the Saimaa seal, the current site preference of the single
parasite species, C. magdaleni, most likely reflects the influence of past
competition with other Corynosoma species (see Kennedy 1990) in the Baltic,
leading to the selective site segregation (Holmes 1973) observed also in the
isolated Saimaa ringed seal (II).

Site segregation has been shown to help the sexes to find a partner for
sexual reproduction (Rohde 1979). This mating hypothesis states that in a low
density population the intrinsic factors which are responsible for niche
restriction exist to increase intraspecific contact of the parasites and their
chances of mating. The data from the Saimaa ringed seals show that sexual
selection plays an important role in determining the spatial distribution of C.
magdaleni within the lake seal gut (III). Males have a more active role in
copulation than females among acanthocephalans (see also Parshad &
Crompton 1981). A single acanthocephalan male can inseminate as many as 17
females (Crompton 1974). My data suggest that copulation occurs mainly in the
anterior part of the small intestine of the seal where male and female C.
magdaleni mate as soon as they arrive in the intestine (III). Large males are
commonly favoured by sexual selection (Andersson 1994), as among
polygamous acanthocephalans. Male body size seems to be important during
mating, as the larger males appear to be the first to approach non-mated
females (III). This study shows that the mating success of female C. magdaleni
covaries with the sex ratio, with a higher proportion of C. magdaleni females
having copulated in seals with relatively more male worms. The mating success
of a female is particularly associated with the availability of males very close to
her (III).
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4.2 Dietary studies

The stomach contents of the Baltic ringed seals showed that seals had been
feeding during their breeding period, but most of the stomachs had sparse
contents and gave only hints of the most recent food items consumed by certain
individuals. This is the problem in the traditional dietary studies. In addition,
the remains of hard parts of prey items can be more or less digested and
laborious to identify. Therefore, alimentary tract content analysis alone is of
limited value to reconstruct the diets of seals without large sample sizes (IV).

The variation in the number of worms in individual Saimaa seals indicated
differences in feeding behaviour and in diet of seals (II). However, the intestinal
parasite C. magdaleni infrapopulation could only reveal the infected prey items
on which Saimaa seals had been feeding, not the uninfected ones. In general, a
higher mean intensity of C. magdaleni infection in the heavier and older seals
means that those seals have got more worms when their diet consists more and
more of fish once they reach an age of 6 months. In addition, the results showed
that seals of different ages forage in different areas. Adult seals forage mainly in
deeper offshore waters, which are inhabited by the paratenic fish host (G.
cernuus) of C. magdaleni. In contrast, the young seals spend more time in
shallow waters where the uninfected small schooling fish species occur (II).

The infection of Baltic seals by the three Corynosoma species provides
information about previous food of seals over the longer term, but only about
infected fish species in the diet. However, combining data from the intestinal
parasite analysis, the alimentary tract contents, and from stable isotope
analysis (8'3C and 6N) allowed inferences about diets of individual ringed
seals in the Bothnian Bay. This study showed considerable variation in diets
between individual seals. All nine seals were infected with Corynosoma
intestinal worms but besides having different parasite species, the seals also
contained different numbers of parasites (IV). The ringed seals become infected
with these parasites by feeding on the paratenic fish hosts and hence have
different parasite species and different parasite burdens according to their
dietary history. The 613C values of individual Baltic seals varied from -19.2 %o to
-214 %o and ON values ranged from 12.9%o to 13.9%., indicating some
differences in the diet. The lower 613C values in two seals suggest that these
individuals foraged more on marine herring. Further, these seals were also
infected to a slightly higher degree by C. strumosum that is thought to be
transported mostly by marine paratenic fish species (Valtonen et al. 2001,
Nickol et al. 2002). In contrast, the higher 6'3C values observed in two other
seals indicate a greater reliance by these seals on benthic prey (see Hobson et al.
1996, 1997, Hobson 1999). Moreover, one seal must have included salmon in its
diet, as its stable isotope ratios fall outside the polygon defined by all other prey
items besides salmon (see Phillips and Gregg 2003). My data suggested a more
important contribution of invertebrates to the diet of ringed seals than reported
in previous studies based on analysis of scats and stomach or intestine contents
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only (Soderberg 1975, Tormosov & Rezvov 1978, Stenman & Poyhonen 2005).
Perhaps food availability or food quality is influencing feeding specialization of
individuals, or perhaps the individuals become imprinted, when younger, to a
specific prey type and will preferentially exploit that prey when available.
However, the results of this study also indicated that the breeding and
moulting period imposes particular foraging restrictions on all seals and
especially on nursing females (V).
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FIGURE 2  The schematic timetable of the ringed seal breeding season in the Bothnian Bay.
The sampling point is marked by e, the approximate turnover time of each tissue
is marked by a arrow, and the time period previous to collection when the
isotope composition of the given tissue begins to reflect the isotopic signatures of
prey sources is indicated by a dashed extension.

Baltic ringed seals breed colonially and most pups are born over a period of
about a month between late February and early March. After parturition female
seals generally remain with their pup throughout the lactation period (4-6 weeks)
and do not make long foraging trips (Bowen et al. 2002). Females which had
given birth to a pup could have been more confined to the nursing lair during
this period and may rely more on prey items like isopods and benthic fish species
that are abundant and easily obtainable in the breeding area (Kuparinen et al.
1996). However, during the weaning period females are again able to move more
widely and could forage more on pelagic fish species. The 8'3C and 6°N from
three different tissues with distinct turnover times reflect diet from different time
periods: plasma tissue reflect the most recent diet, liver tissue the diet during one
month in April, and muscle tissue corresponds with the diet during almost the
total breeding season from February to end of April (see Kurle & Worthy 2002,
Philips & Eldridge 2006). Hence in principle the restricted foraging period might
be traced from the isotope ratio of these different tissues. The differences between
females could reflect variation in the onset of duration of parturition and
lactation (Fig 2).
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Female seals number 6 and 7 had the most 13C enriched carbon ratios for liver
tissue indicating that the diet included a higher proportion of 3C-enriched
benthic prey in April (see Hobson et al. 1996, 1997, Burns et al. 1998). These
seals also had higher 8N ratios in muscle than in liver and plasma tissue
indicating that the brief fasting (see Ambrose & DeNiro 1986, Hobson et al.
1993, 1996, Gannes et al. 1998) during the parturition period was still evident in
the muscle nitrogen values. Female 2 should have had the earliest parturition,
since the isotopic value of this seal liver is most depleted in 13C suggesting
pelagic prey items already in April. Moreover, the muscle, liver and plasma of
this female had very similar 8'3C values, indicating that this female had fed on
same kind of prey from February to the end of April. Possibly the lactation
period had been very brief or the female has lost the pup fairly quickly and had
been able to forage for preferred prey items for a longer period. Female number
1 and 9 probably had their parturition period before seals 6 and 7 but later than
seal 2 according to their 613C values. They had apparently fed on pelagic prey in
April indicating they had weaned their pups already in March. Female seals 1,
2, 6,7 and 9 had corpus albicans and corpus luteum in their ovaries as an evidence
of parturition in preceding breeding season (Helle 1980). Female number 8 was
carrying a mummified fetus in its uterus so had evidently not entered
parturition or lactation. In fact this seal had 613C values similar to those of the
three males (3, 4, and 5) suggesting that it may have retained the less restricted
foraging behaviour characteristic of males during the breeding season. The
lower plasma 65N value may indicate that the male seal number 3 was already
moulting and had changed its diet to lower trophic level prey.

Of course, the sample of only nine seals was very small, and further such
studies of individual seal foraging behaviour and diets are needed, since this
information about individuals can be of great value for conservation and
management of seal populations.



5 CONCLUSIONS

In this study I confirmed the Corynosoma species in the Bothnian Bay and in
Lake Saimaa and described some factors affecting helminth assemblages in the
intestine of isolated seals living in brackish and freshwater habitats atypical to
seals. My work suggested that the high intensity of Corynosoma infection in
some seals is the result of an increased consumption of the paratenic hosts of
these acanthocephalan worms. Thus variation in the number of worms in
individual seals indicates differences in feeding habits.

In this study data from the parasite infection was combined with
information from the stomach contents and stable isotope analysis to infer host
feeding biology. All these methods have limitations: data of intestinal parasites
reveal only infected prey items but not uninfected, the information from the
stomach contents could only say what the seal individual had been feeding
during the last few hours, and stable isotope analysis cannot identify the
specific prey in the diet alone but requires other methods to predict the food
items of the consumer. Yet, the combined dietary analysis offers alternative
approaches and key advantages over traditional dietary studies where many
prey items may be overlooked because they are too small or too digested to be
identified and quantified.

1. The combined method provides longer-term information of diet whereas
contents of alimentary tracts only reveal what was just recently ingested.

2. Large sample sizes which are very difficult (scats) and unethical
(alimentary tracts) to achieve are required to build a reliable generalized
picture of food composition, but are not so critical in the combined
method analysis.

3. Especially in seal studies, the combined method offers potential
advantages over traditional methods because it avoids the problem of
the high frequency of empty stomachs found among fasting seals due to
fast digestion.

I have emphasized that the data from these studies are few and must be
interpreted with some caution. Both seal species are protected and the samples
were collected solely to meet the needs of parasitological and stable isotope
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investigations. However, the data are rare and rather well demonstrate the
patterns and processes in helminth assemblages as well as the individual
foraging and the temporal change in diet of ringed seals.

The increased numbers of seals, especially grey seals (Halichoerus grypus
Fabricius) have been accused of causing economic losses to fishermen by eating
their catches and damaging fishing gear during the last decade in the Baltic Sea.
Further information about dietary differences between individuals is required
to identify those seal categories which may particularly eat from the fishing
nets. Also information of the temporal and spatial utilization of food resources
is the cornerstone for efficient and sustainable management of endangered
populations. The traditional research methods cannot reveal individual
foraging by seals, so novel methods are needed. In this study the new combined
method has been tested and in future tools like tagging and satellite telemetry
observation, and fatty acid analysis and stable isotope analysis from non-
destructive sampling seal hair, nail or whisker tissue might be linked to provide
further information about the diets of the endangered seal species without large
sample sizes and without killing animals.
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YHTEENVETO (RESUME IN FINNISH)

Perimeren ja Saimaan norpan suolistoloisyhteisot ja niiden hyéodyntiminen
hylkeen yksil6llisen ravintoekologian selvittimisessa

Itdmeren hylkeiden méédrad on lisddntynyt Perdmerelld 1990-luvun jalkipuoliskolla,
ja hylkeet ovat aiheuttaneet kalastajille taloudellisia tappioita syomallad kaloja ver-
koista ja rikkomalla pyydyksid. Vahinkojen médardan pienentdmiseksi on testattu
hylkeen kestdvid kalastusvailineitd, karkotusmenetelmid ja uusia pyydysmateriaale-
ja. Yksi ajatus ratkaista ongelma on ollut hylkeiden mdaran vahentdiminen metsés-
tamalld. Vaihtoehtona yleiselle metsdstykselle on pyrkid poistamaan ne yksilot hyl-
jekannasta, jotka syovit kalastajien pyydyksistd. Koska téllaisesta erikoistumisesta
ei ole vield varmuutta, tulisi selvittdd, missd maarin hylkeet kadyttdaviat ravinnokseen
lohta ja muita kalastajien tavoittelemia arvokaloja, ja missd méaarin hylkeilld on yk-
silollistd vaihtelua ravinnon suhteen.

Aikaisemmin hylkeiden ravintoa on mddritetty maha- ja suolistondytteista.
Tama perinteinen menetelmd perustuu saalislajien sulamattomien osien tunnista-
miseen hylkeen suolistosta. Norpan suolisto tyhjenee nopeasti ruokailun jilkeen,
joten madrityksen tulokset edustavat vain muutaman tunnin sisdlld tapahtunutta
ruokailua. Perinteisen menetelmén avulla ei voida selvittdd hylkeiden yksilollista
ravintokdyttdytymistd eikd ajallista vaihtelua ilman suuria ndytemaddrida. Vaitoskir-
jani tavoitteena oli selvittdd Perdmeren (Phoca hispida botnica) ja Saimaan norpan
(Phoca hispida saimesis) ruokailua ja erikoistuvatko tietyt hyljeyksilot tiettyyn ravin-
toon. Tyossd yhdistdn kolmen eri tutkimusmenetelmaén: loistutkimuksen, maha ja
suolistotutkimuksen ja stabiili-isotooppitutkimuksen tuloksia.

Suolistoloiset kuvastavat ravintoa pidemmaltd ajanjaksolta kuin perinteiset
suolisto- ja mahandytteet ja kertovat isinndn ravintokdyttdaytymisestd yksilotasolla.
Perameren norpan suolistossa on kolme vakdkdrsamatolajia, Corynosoma semerme,
C. strumosum ja C. magdaleni, mutta vain yksi ndistd kolmesta, C. magdaleni, esiintyy
makeassa vedessd Saimaalla. Loisyhteison jakaantumiseen suolistossa vaikuttaa
loisen lisdantymiskayttdytyminen. Koiraiden lisdéntymismenestys riippuu niiden
koosta ja naaraiden niiden ldhelld olevien koiraiden maéarastd. Seksuaalivalinnan
vaikutus tulisikin huomioida infrayhteisén rakennetta muokkaavana tekijand yh-
dessd lajienvilisen kilpailun kanssa.

Loiset kayttavat paikallista ravintoketjua siirtydkseen saalislajeista hylkeiden
suolistoon. Aikuiset Corynosoma -loiset parittelevat hylkeen suolessa ja hedelmoit-
tyneet munat joutuvat ulosteiden mukana veteen. Loisten elinkierrossa vali-
isantdand toimiva valkokatka (Monoporeia affinis) syo veteen joutuneet munat. Kat-
kan ruumiinontelossa loisesta kehittyy infektiivinen toukka. Kalat syovit katkat ja
loiset koteloituvat ndiden ns. parateenisten eli siirtoiséantien ruumiinonteloon. Mitd
enemman hylkeet syovit loisittuja siirtoisdntdkaloja sitd enemman hylkeisiin ker-
tyy loisia. Lisdksi norpat infektoituvat yksilollisesti eri Corynosoma -lajeilla, silld eri
kalalajit siirtavét eri loislajeja.Yleisin ja runsaimmin loisittu kalaisantd Peramerelld
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on harkdsimppu (Myoxocephalus quadricornis) ja Saimaalla Corynosoma magdaleni on
16ydetty kiiskestd (Gymnocephalus cernuus).

Merinisdkkdiden ravintoekologiaa on tutkittu hiilen ja typen stabiili-
isotooppi-arvojen (6'3C ja 6'°N) avulla. Menetelmé on ylivertainen jéljittdimaan ra-
vintokohteen, koska saalistajan isotooppien suhde on ennalta tiedetyssd suhteessa
saaliin isotooppien suhteeseen. Stabiili-isotooppimenetelmad tarvitsee kuitenkin tu-
ekseen muita menetelmid saalislajien madarittamiseen.

Perdameren norpat kayttavat ravinnokseen useita saalislajeja. Yksi ravintokoh-
teista lisddntymiskaudella on kilkki (Saduria entomon). Kilkki jad usein huomioimat-
ta maha- ja suolistotutkimuksissa, koska &dyridiset hajoavat nopeasti ruoansulatus-
kanavassa. Tutkimuksessani Perdmeren norpat olivat yksil6llisid ravinnon kéytos-
sddn: osa norpista soi pddasiassa hdrkdsimppua ja kiisked (Gymnocephalus cernuus)
kun taas toisten ravinto sisdlsi enemman silakkaa (Clupea harengus membras). Yksi
norpista oli syonyt lohta (Salmo salar) ja toinen suurimmaksi osaksi kilkkid ja kol-
mipiikkid (Gasterosteus aculeatus).

Norpat lisdantyvat Perdmerelld ahtojdiden keskelld ja niiden saalistusalue on
hyvin rajoittunut lisddntymisaikana. Tutkimuksen tulokset osoittavat, ettd lisdan-
tymis- ja karvanvaihtoaika rajoittavat norppien ravinnon kdyttéd. Varsinkin naa-
rashylkeet pysyttelevit pesdn ldheisyydessd synnyttamisen ja poikasen imettami-
sen ajan ja kdyttdvat ravinnokseen pddasiassa kilkkid. Poikasten vieroituksen jal-
keen naaraat laajentavat ruokailuaan. Erot naaraiden ravinnossa kuvastavat yksi-
161listd vaihtelua synnyttamisen ajankohdassa ja imettdmisajanjakson kestossa.

Uhanalaisten populaatioiden suojelu perustuu populaatioiden ekologisen ti-
lan tutkimiseen. Tieto siitd, miten norppa hyddyntdd ajallisesti ja paikallisesti ra-
vintokohteita voi olla kulmakivi onnistuneelle suojelutoimelle. Suojeltujen ja uhan-
alaisten eldinten yksilollisen ravintokdyttdytymisen tutkiminen perinteisten mene-
telmien avulla on jokseenkin mahdotonta, joten ndiden eldinten ravintotutkimuk-
seen tarvitaan uusia menetelmid. Viitoskirjassani olen yhdistanyt ravintoanalyysit,
suolistoloistutkimuksen ja stabiili-isotooppimenetelmét toimivaksi menetelmaiksi,
jolla saadaan uutta tietoa mm. hylkeen yksil6llisestd ravintokdyttdytymisesta. Tu-
levaisuudessa my6s muita tutkimusmenetelmid kuten telemetriaseuranta, rasva-
happomadritykset ja isotooppitutkimukset hylkeen kynsi-, karva- ja viiksindytteista
voidaan yhdistdd viitoskirjassani esitettyyn menetelmdin, ja ndin saada tietoa hyl-
keen vuodenaikaisesta ravinnosta. Tulevaisuuden tavoite onkin, ettd uhanalaisten
eldinten ravintotutkimukset voidaan tehdd ilman suuria ndytemadaérid ja vahingoit-
tamatta eldinta.
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