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Abstract

A comparative study of food consumption, parasite community and the result of stable

isotope analysis was conducted to define the trophic structure of landlocked Arctic char

of Iqalugaajuruluit Lake (Wormy Lake). The effect ofparasite infection on reproductive

status of Wormy Lake char was also observed. The length-frequency distribution of

Arctic cha¡ indicated the presence ofthree size groups (tri-modal distribution) with small

(FL< 125 mm, N=58, Age 0-4 years), medium (FL 125 mm- 250 mm, N:125, Age 4-11

years) and large (FL> 300 mm, N:25, Age 8-15 years) {ìshes. The char samples

presented a sigmoid gowth pattem with small char having slow growth rate, medium

char with moderate growth rate and large char with exponential growth rate. The stomach

content analysis of Arctic char indicated, the small char rnostly fed on benthic and

epibenthic habitat (planktons and aquatic insects), the large fishes mostly fed from

pelagic habitat (stickleback and char), whereas, the medium char presented a diet overlap

by consuming benthic/epibenthic food materials (plant material, chironomid larvae,

different types of insects) and pelagic fishes. The piscivorous food habit of large char

seemed to provide extra nutritional benefit, which helped them to maintain the

exponential gowth rate. However this study could not ascertain specific reasons for rapid

niche shift and piscivory (cannibalism in some fish) of char samples. The prevalence and

range of abundance ofparasitic species in small and medium char indicated that they fed

at the same trophic level. The significant increase in Diphyllobothrium infection in large

char, suggested a piscivorous food habit. The parasites identified from Wormy Lake char

samples mostly use copepods as intermediate hosts in their life cycles. This implied that

copepods were a coûlmon food item of the char samples, although very few copepods

were detected in thei¡ stomach. The E13C a¡rd ô15N signature of the char samples

confirmed the presence of two trophic levels, with large fishes having significantly higher

ôlsN value in comparison to small and medium char. Mean carbon signature of small,

medium and large char díd not reflect any significant difference among the size groups,

although the limited range of ôr3C value in the large char implied restriction in food

types. The combined study of char data and the pa¡asite community indicated that the

small char had proportionally more energy stotage in the form of visceral fat, medium

char were most important in terms of gonad development and large fishes had maximum
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soma weight but exhibited least fat storage and gonad development. Limited number of
large fishes among the entire fish samples (only 25 out off275 collected fish) seemed to

provide indirect evidence of parasite induced host mortality in the case of big fishes.

However, the parasite infection failed to indìcate any significant effect on other intemal

organs (such as liver, stomach) except the reproductive system of the char samples.

In sumrnary, the comparative study of food choice, parasitic infection and stable

isotope analysis indicated that the Wormy lake char samples occupied two trophic levels

in the lake. The small and medium char mostly fed on planktons and aquatic insects and

shared the benthic and epibenthic zone, whereas the piscivorous large char utilized the

pelagic zone of the lake. The high intensity of parasitic infection, especially in large

fishes, seemed to have detrimental effects on reproductive 
'maturity 

of the large char.
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Introduction

Arctic char (Salvelinus alpinus) is a circumpolarly occurring polymorphic fish species,

which uses both fíeshwater and marine organisms as their energy source. It exists as

anad¡omus (migrating annually to sea) and non-anadromus (landlocked or living entirely

in freshwater) forms. Both forms show variations in their life pattem for adaptation to

local environments. Extensive ¡esearch has been done on different aspects of char

biology for several decades. Evolution, distribution, morphological and genetic

variations, trophic status, {ìsh energetics, immunity and parasitic infections, were the

areas of major research interest. Study on the trophic status of char populations is

influenced by the habitat selection, food preference, age, growth rate and maturity of the

fìsh species (Adams el al. 1998,2003). The trophic structure of char population was

developed by combining the data obtained from stomach content analysis and the result

obtained fiom stable isotope study of the fish species. Undoubtedly there is some

valuable published information on landlocked char populations however, there are

numerous gaps in our current understanding of char feeding pattem. Some researchers

estimated thal 200/o of the total energy in small Arctic lakes comes from zooplanktons

(Hammer, 1998a). But since zooplanktons are rarely found in char stomach, it may be

concluded that zooplanktons are not ímportant energy source fo¡ Arctic char. On the

other hand, there are some common parasitic species which heavily infect all size classes

of fieshwater cha¡ a¡d these parasites are only tansmitted to fish through copepods.

Obviously char must feed on copepods to some extent as all size classes of char harbor

these parasites. Furthermore, we know very little about the energy transfer in the littoral

and sub littoral zone, where most of the juvenile chars and stickleback are collated. Do

these small fish feed primarily on zooplankton or micro benthic organisms? What type of

parasite do they harbor? The size bimodality, rapid niche shift and cannibalism are

considered as most interesting aspects of life history of A¡ctic char (Hammer, 19998a,

1998b). What are the causes and factors controlling the bimodal size distribution ofchar?

How strongly it is related to niche shift? What are the condìtions that influence the

cannibalism of Arctic char? It is well documented that all fish in north temperate arctic

environment require sufficient fat reserve for gonad development (Adams er al. 1998).

What is the trade off between the energy required for reproduction and energy required
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for other metabolic process? How far parasitic community effects the reproduction of

landlocked Arctic char? Is there any specific threshold level of parasitic infection to

affect the reproductive status of the cha¡ population? Clearly this needs more research

and probably a combined study of food items consumed, parasitic communities and

stable isotope analysis may provide better insight about the matter.

Johnson et al. (2001) and Johnson and Dick (2004) worked on yellow perch,

Perca flavesceu.s, and reported that a combined data analysis from stable isotope and

existing parasitic community of the fish is more explanatory than diet or stable isotope

alone to understand the trophic status of the fish. Does this also apply in the case of
landlocked Arctic char? The objective of my research was to define the tuophic structure

ofchar samples of lqalugaaj uruluit Lake (Wormy Lake¡ rhrough a óornbined sfudy ol
food consumption, parasitic community and the result of stable isotope analysis. My

research was also intended to determine the effect of parasite infection on reproductive

status of Wormy Lake char.



HISTORICAL REVIEW
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Distribution

Arctic cha¡ (5. alpinus) has a circumpolar distributìon and is a polymorphic fish specres,

which can use both fieshwater and marine resources to meet their energy needs. It exists

as anad¡omus (migrating annually to sea) arid non-anadrotrus (landlocked or living

entirely in freshwater) forms. Distribution of Arctic char is extremely complex (Camey

and Dick, 2000). The Arctic ocean connects the northem borders of the earth's major

landmasses and the coastline of these landmasses is the major center of distribution of

anadromus char (Cavender, 1980). The present distribution of Arctic char is very much

influenced by the.climatic events of the Pleistocene perìod. The advance and retreat of

the ice-sheet, the submergence and emergence of the land under ice and formation of

proglacial lakes are of major impodance. The landlocked char is blocked from the sea by

some physical barrie¡, inhabiting in springs, rivers, and deep lakes in the Arctic and Sub-

arctic region and even far south as Maine, Switzerland and Scotland. There appears to be

no northem limits to anadromus and landlocked stocks of char population and they are

reported from most northerly lÌeshwater lakes, where no other freshwater fishes are

reported so fa¡. Landlocked Arctic char is commonly found in cold deep glacial lakes,

which are mostly oligotrophic with high levels of dissolved oxygen and pristine water

quality. These lakes are very common in inland areas of Sweden, Norway, Finland and

British Isles, in the Alpine a¡ea ofCentral Europe, central Siberia and even in the south of

Soviet Union, Arnerica and Canada (Joh-nson, 1980, Wilson et al. 1996).

The subpopulations of 'Arct

Arctic char is one of the most complex polymorphic species with significant differences

in morphology, life history and taxonomic characters within and among various allopatric

and sympatric populations. In 1976, Svardson suggested that, 'The species name alpinus

includes the whole complex ofprobably three species, which of them is the real alpinus

and what should be the name of two others, are matter that have not yet been made clear

by science.' The works of various authors (Nyman,1912, 1989, Behnke, 1972, 1980,

Sawaitova 1980a) regarding Char systematics provides a range of opinions, which are



5

confusing and divergent from each other in terms ofdescribing evolutionary relationships

among different subpopulations of Arctic char (5. alpinus). Moreover, the systematìcs of
Arctic char (5. alpinus) and its most closely related species, Dolly Varden Char (S

malma), was a matter of great confusion over the last few decades. McPhail (1961) and

McPhail and Lindsey (1970) synonymised Dolly Va¡den char as S. alpinus based on

their study of North westem population of Dolly Varden fiom Alaska. Sawaitova

(1980a, I 980b) also expressed the strong belief that Dol1y Varden and Arctìc char should

be considered as the same species. Later Behke (1984) reorganized the systematics of
the genus Salvelinus and suggested that, Arctic char and Dolly Varden might share a

common ancestor but they are undoubtedly two separate species. Behrke (1984) also

pointed out three major centers of evolution of Arctic char complèx and identified three

different subpopulations of Arctic char. They are:

1) Salvelinus alpinus alpinus, having a north European origin.

2) Salvelinus alpinus salvelinus having central European origin.

3) Salvelinus alpinus erythrinus having Siberian origin.

Among these three groups, the Siberian chars have the maximum distribution, ranging

from Tarmyr Pen¡isula of Siberia to Eastem Asia, North West America, Finland,

No¡them Sweden, Norway, Great Britain and Ireland.

Behnke (i984) separated Arctic char from Dolly Varden based on diffe¡ences in

moryhology (size and pattem ofbody spot, snout length), gillraker counts a¡d number of
vertebrae and pyloric caeca. Behnke (1984) mentioned that the .Arctic char complex,

þpically has 63-64 vertebrae,30-50 pyloric caeca and 21-28 gillrakers whereas; Dolly

Va¡den is repofted to have 66-68 vertebrae, 25-30 pyloric caeca and 21-23 gillrakers.

Behnke also mentioned that Arctic char and Dolly Varden are reported s¡.nnpatrically

over a wìde range of Asia and North America, without showing any evidence of
hybridization. This also implies that these fishes are reproductively separated fiom each

other and they should be considered as separate species.
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Habitat and food choice of Arctic char

The Arctic char (5. alpinus) is a generalist and opportunistic feeder with a fundamental

food niche embracing many different prey types, including fish (Johnson, 1980). Due to

their different ontogenetic age and size groups, Arctic char show large seasonal variation

in their food habit and even diet overlap with extensive niche shift throughout their life

cycle (Hammer, 198'7, 1989, 1998a, 1998b). Their food choice and habitat specificity

also changes according to their distribution and local environmental conditions (Scott and

Crossman, 1973, Scott, 1979, Hinder and Johnson, 1982, 1993). The allopatric

populations of Arctic char at high latitudes (Arctic and sub-arctic) and high altitudes

(Alpine region) are restricted to four food types: benthos, zooplanktons, aquatic insects

and fish. In the ice-fiee season, Arctic char < 100 mm feed rnostly on benthic and epi-

benthic micro and macro crustaceans, chironomids and terrestrial insects. Medium char

(100-190 mm) feed on insect larvae in early summer but shift to benthic, epi-benthic

nicro and macro crustacean in late summer. Whereas, char > 200 mm feed on profundal

benthos, cladoce¡ans and chrinomids in early summer (Martin and Olver, 1980) but they

shift to a mixed diet including fish (cannibalism) in early fall (Hammer, 2000).

In almost all of the allopatic populations of landlocked char, bìmodality, rapid

ontogenetic niche shift and cannibalism have been considered as the most important and

least understood aspects of life history of Arctic char (Hammer, 1984, 1991, 1998a,

1998b). Cannibalism has been proposed as a possible regulatory mechanism in the fish

population and few studies have verified it as an important density-dependent regulatory

facto¡ in fish. Several studies have been done on piscivory and ca¡nibalism of Arctic

char, but the results are sometime confusing and even contradictory in several cases.

There is a general view that cannibalism does not occur by char smaller than 40 cm in

length, whereas quite high proportions ofchar in the large size class feed on conspecifics.

Cannibalism may also be enhanced by aggregatìon of small and large cha¡ in same

habitat like litto¡al and sublittoral zone, under special circumstarìces, as in winter

(Amundsen, 1994). It can be influenced by temporary reduction of water volume by

water regulation in some lakes and it may have a negative cor¡elation with the availability

of alternate prey. In Arctic and sub-arctic regions, due to low tempetature there is a
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norrnal scarcity of invertebrate diversity and a seasonal limitation of altemate prey

species. The juvenile char generally have a ¡etarded gowth pattem (Moore and Moore,

1974, Mafün and Olver, 1980), but 10-15 years old char often shift fiom a small-sized

slow growing individual to a large-sized fast growing fish. At this stage they shift either

to piscivory or cannibalism to get more nutritional benefits for their growth and

reproduction (Hammer, 1991, 1998a, 1998b, 2000). Hammer considered cannibalism as

an impofiânt strategy for survival of landlocked char in the high Arctic.

It is believed that there a¡e several factors, which control the prey selection of
piscivorous char. Adams et al. (1998) studied trophic polymorphism of Arctìc char from

Loch Rannoch, Scotland and concluded that there was some relation between the body

morphology ând anatomy of char population and choice of prey. Adams et al (1998)

found three distinct char morphs, according to their body color and head anatomy,

especially on the variations ofjaw structure and gape size. Char with a larger gape size

had the capacity to capture large prey, but at the same time it was clear that benthivorous

char are able to handle larger prey items than the planktivorous fish with the same

estimated gape size. Adams e¡ al. (1998) and Adar¡s and Huntingford (2002) suggested

that there was an inherited morphological difference between the morphs that determine

their mouth capacify and it indirectly restricted the prey selection. Amundsen el al
(1995) found a general relationship between prey length (y) and predator length (x) of
char (r2= 0.39, p< 0.001), represented by the regression line:

Y=0.257X+1.045

This indicates that there is a t¡end towards an increase in minimum prey size with an

increase in char size and there seems to be a positive correlation between the maximum

prey length and the length ofpredator. Amundsen et al. (1995) found that, the upper limit

ofprey size ìs approximately 40% of the predator length, whereas the mean length of the

consumed prey is 22%o of the predator length and the maximum is only 28%. The¡efore,

they suggested that the exclusion of the largest prey fiom the diet was probably not due to

just a chance factor or some physical limitation as gape size, but there must be some

other factors affecting their choìce of prey size. Webb (1978) suggested that the larger

prey are more difficult to handle and they have greater ability to avoid attacks of
predators than smaller fishes. According to their optimal foraging theory, Townsend &
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Winfield (1985) proposed that the predators should feed on prey, which provide the

highest energy retum relative to the cost of search, pursuit and handling. The selection of
the smallest fish prey might be somehow related to thìs cost-benefit ratio in case of
Arctic char.

Arctic char is also believed to be opportunistic feeder. Although, Amundsen and

Damsgard (1995) and Amundsen et al. (1995) found that the prey choice is unique even

among the individuals of the same fish populatìon. Individuals restrict themselves to

specifìc food habit, if they are exposed to various food items. Amundsen et al. (1995)

carried out their experiment with Arctic char of same strain (total length 34.9+ 0.2 mm)

exposing them to two alternate food items and found three different goups of fish

according to their food choice. The groups were cannibals, pellet eating and non-feeding

fish. Both the pellet eating and the can¡ibals increased in body weight during the course

of experiment, but the non-feeding type lost weight. The cannibals exhibited their

greatest weight gaìns when fish prey was offered, whereas the pellet feede¡s had the best

gain when pellets were offered. This was also clearly seen by examination of changes in

specific growth rate (SGR) of these two groups.

The trophic pattem of s),mpatric char is significantly different than allopatric fish

population (Nilsson, 1955-1978) of high altitude and latirude (Hammer, 1998b). Arctic

char is commonly sympatric with brown trout or Dolly Varden char or lake trout. The

interaction between char and trout might be described as a conflict between a generalist

and specialist, as char is more adapted to an Arctic environment. The inter-specific

interaction between these fishes generally leads to suÍtmer segfegatìon in food and

habitat choice (Hammer, 1998b, Jonsson and Jonsson, 2001). Arctic char and brown trout

had similar size distribution and food choice when allopatric whereas, Arctic char rarely

shifts to piscivory and/or cannibalism in sympatric sihrations. Sympatric char mostly feed

on pelagic, epipelagic plankton and crustacea whereas brown trout feed on macro and

micro invertebrates of litto¡al,ôenthic zone. Trout also were reported to feed on small

char in some cases (Nilsson, 1964, Hammer, 1998b).
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Age. erowth rate and reproductive maturity ic char

Growth in unexploited allopatric populations of Arctic char generally represent sigmoid

pattem (Griffiths, 1994, 1997 , Hammer 1987, 1998a, 1998b). Char grow up to a certain

level followed by a sudden acceleration in their growth rate resulting bimodality in most

populations of A¡ctic char. Hammer suggested that sudden changes of $owth pattem

might be due to migration to sea for anadromus cha¡ or due to piscivory and/or

cannibalism in case of non-aladromous char. This change in their life history occuts at an

age of 10-15 years and a body tength of 200-300 mm. However, Johrson (1980) and

Hammer (1998a, 1998b) mentioned that bimodal size distribution is also common in non-

piscivorous char population, which impiies that piscivory or cannibalism might not be the

only factor effecting the size distribution and growth rate of Arctic char populations.

Nordeng (1983) proposed that the segregation of anadromous and non-anadromus char

depend on their genetic constitution. food choice and some congenital factors, such as

parasite infection. Nordeng (1983) found the growth rate and age at sexual maturity of
char is variable among different morphs and is controlled by the inherited genetic

difference among the rnorphs, though they share the same gene pool.

Depending on origin, distribution, habitat choice and food Arctic char vary

considerably in size, age, morphology and coloration (Dutil, 1983, Sandlwnd et a\.,1992).

Char can reach to weights of 15-16 kg and survive more than 25 years. The size

fiequency distribution of landlocked Arctic char population mostly reflects the presence

of two modal groups with very few intermediate individuals, though the presence of
unimodal and trimodal size distribution is also reported from literature (Hammer, 1998a,

1998b). In bimodal size distribution each mode contains fish in the same phase of the life

cycle, but not necessarily of the same age. Johnson (1980) suggested the moment of
transfer between the two modal groups is dependent on the size and opporhrnity than the

age of individual.

In terms of reproductive maturity Arctìc char populations can differentiated into

tkee groups 1) small reproductively active group 2) medium reproductively inactive

group and 3) large cannibalistic reproductively active group. Char achieve sexual

maturity aT 3-4 years of age and during the period of September to mid August. In a
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complete life cycle char pass through two reproductìvely active phases, having an

intermediate non-reproductive phase, where they shift to an accelerated growth rate with

maximum body development (Parker and Johnson, 1991, Row and Thorpe, 1990a,

1990b, Hammer, 1998a, Jonsson and Jonsson,2001).

Harnme¡ (2000) mentioned, piscivorous char populations generally demonstrate a

female-biased sex ratio and higher intensity of parasite infection whereas, non-

piscivorous char, mainly those feeding on amphipods, represent a male biased sex ratio

and 1ow parasite burden. Fecundity of female inc¡eases with body length and egg size

increases with age of female. The gonad somatic index (GSI) is maximum aI age 4-7 and

9-10 years.

Tliorpe (1994) proposed a model based on Salmon salar Z, defining the

relationship between seasonality, growth and onset of sexual maturation. He suggested

that the acquisition of surplus energy both in the form of lipid depositìon (the stored

energy) and body growth in winter, prior to reproduction, was shown to determine the

probability of sexual rraturation of the species. In Arctic char, fast growth may not be

associated with early maturation (Svedang, 1990). There are t\¡/o potential explanations

for this observation. First, Arctic char may be inherently different fiom Atlantic salmon

in the factors that control growth and sexual maturation, or second, there may be some

intra-population variations in growth rate and maturation arnong various populations of

Arctic char (Adams and Huntingford, 1997).

Adams and Huntingford, (1997) tried to correlate the growth and maturation

st¡ategies of A¡ctic char with other salmonids. The average weight of fish that matured

during the study period was greater than that of the fish, which failed to do so. But this

result was not significantly different between maturing and non-maturing males but it

was significantly different and steeper in maturing fenale. Growth rates of maturing and

non-maturing females also differed sigriificantly over the stud¡z period and it was found to

be negatìvely correlated with lipid deposition and positively correlated with fecundity

and the gonad somatic index of the females. From these findings Adams and

Huntìngford, (1997) suggested that Thorpe's model based on other salmonid could be

applicable to Arctic char, though there may be some discrepancy due to the high

polymorphic variation of this species.
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Parasite community of Arctic char

More than one hundred parasite specìes have been reporled to infect Arctic cha¡

thoughout its wide geographical distribution. Different tlpes of parasites, such as

profozoa, helminth, crustacea have been found to infect Arctic cha¡ as their definitive or

intennediate host (Makhovenko, 1912, Hicks, 1973, Mudry and McCart, 1976, Murdy,

1976, Mudry and Anderson, 19'77, BurTon, 1978, Beverly and Burton, 1978, Hoffinan,

1999). Several factors, such as distribution (Johmon, 1980, Dick, 1984) (Tablel, Table

2),local environmental condition (Johnson and Dick, 2004), avallability of intennediate

hosts ( Klemtsen et al., 1985, Kundsen et al., 2001,2004), food and habitat choice

(Frandsen et al., 7989, Amundsen et al., 1995, Curtis e¡ al., 1995, Kundsen, 1995,1997,

Kundsen and Klemetsen, 1994, Kundsen et al., 7996, 1999, 2001, 2002, 2004), size, age

(Johnson et al., 2O04), sex of infected individual (Curtis, 1979, 1984), influence the

parasitic infection of char population. Sixty-six parasitic species from North America,

eighteen fiom Europe, and sixty-nine parasites from former U.S.S.R have been reporled,

although no p¡otozoa and acanthocephala have been reported ffom Europe and only one

protozoa has been identified fiom Norlh America (Dick, 1984).

According to their distribution the parasites of Arctic char can be separated into

two categories, one group has a holarctic distribution and the other is mainly restricted to

water bodies near the Arctic Ocean and its connecting seas. Crepidostomum farionis,
Phyllodistomum sp, Diphyllobothrium dendriticum, D. ditremum, Cystidicola sp.,

Philonema sp., Salmincola sp. are those parasite reported to infect Arctic char through

out the holarctic. The parasitic species infecting anadromous and non-anadromous char

populations are also believed to be different. Information on parasites from sea-run cha¡

is limited but Brachyphallus sp., Bothrimonus sp., Diplocotyle sp., Corynosoma sp.,

Echinorhynchus sp., Prosorhynchus sp., Lecithaster sp. are the most common parasites

infecting cha¡ in North America and Russia. Whereas, Crepidostomum farionis,
Cyathocephalus, Diphyllobothrium dendriticum, D- ditremum, Cystídicola sp.,

Philonema sp., Salmincola sp., Eubothrium sp., Proteocephalus sp., Phyltodistomum sp.,

Metechinorhynchus, Neoechinorhynchus are the coÍtmon and abundant parasites

infecting landlocked char populations of North America, Europe, Russia (Due and Curtis.
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1995, Dick, 1984, Lankester and Smith, 1980, Kennedy, 19't4, 197i, 1978a, 19j8b,

Kundsen, 1995,199'/).

Some parasites have been used as biological tags to distinguish anadromous and

non-anadror¡ous char population (Eddy and Lankester 1978, Dick and Belosevic 1981,

Dick 1984). Dick (1984) studied 98 non-migrating char collected from Nettling Lake;

Baffin Island and 9 parasitic species were detected. Three of them Dîphyllobothrium sp.

Eubothrium salvelini and Proteocephalus longícollis showed the maximum abundance

(arowd 97 .53%o of total parasitic count) among the la¡dlocked Arctic char. Whereas, 15

parasites were recognized fiom migrating char of Koukdjuak Rive¡ system of Baffin

island and three of then, _Brachyphallus crenatus, Bothrimonus sturionis and

Prosorhynchus squamatus, showed maximum abundance (about 96.4%o) in sea-run char.

Some parasites, such as, Díphyllobothrîum sp., Eubothrium salvelini and Crepidostomum

farionis were found to effect both migrating and non-migrating form, but the dominance

value decreases significantly fiom non-migrating (in Diphyllobothrium sp, dominance

value was 52.04) to migratìng (Diphyllobothrium sp,0.29) char (Dìck, 1984).

Parasite of Arctic char could be separated according to feeding specialization of
the population. Arctic char contain several groups according to their food choice and

habitat specificity (Hanek and Monar, 1974, Frandsen et at., 1989, Kundsen, 1995,

Kundsen et al., 1996, 2001, 2004). Small and large benthivorous char, pelagic and epi-

pelagic planktivo¡es and piscivorous char. Generally, the type of parasitic infection and

the intensity and abunda¡ce of parasites is significantly dìfferent in the case of
zooplanktivores than benthivorous char. Benthivorous char, those mostly feeding on

amphipod Gammarus lacustris, are infected 'Jr/íth Cystidicola farionis and

Cyathocephalus truncatus. Whereas, the cha¡ population feeding on pelagic copepods.

are infected wilh Diphyllobothrium dendriticum, D. ditremum, Eubothrium salvelini,

Proteocephalus longicollis arrd Philonema sp. Crepidostomum farionis, is also common

in clam eating char through out the circumpolar range. On the other hand, Salmincola

edwardsii, the only parasite with a direct life cycle in char, is rarely reported in Arctic

conditions (Kennedy, 1977,1978, Dick, 1984, Vik, 1958).
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Among all these parasites, Diphyllobothriun spp., the parasitic cestode, is the

most common parasite of Arctic char (Henricson, 19'78). D. ditremum and D.

dendriticum, use copepods and Arctic char as their intermediate host. D. ditremum :use

loon o¡ duck a¡d D. dendriticur?? use gull as definitive host. Both small and large fish of
landlocked char population are found to be infected by the plerocercoid (larval stage) of
these parasites. D. detremum generally encysts on the stomach wall of char, but D.

dendriticum is more rnobile and can encyst in other tissues like liver, gonad and body

tissue. Piscivorous and/or carìribalistic cha¡ are reported to have massive infection by

these parasites, which also effect their gonad development in both the sexes, particularly

in female and increase the mortality of the fishes (Curtis, 1984). Parasitic infection is also

relateã to age and size of fish (Hammer, 1998). The intensity of infection steadily

increases with size and age of char. Prevalence reaches approximately 100% for fish

exceeding 14 years ofage and over 250 mm of fork length (Curtis, 1984).

Díphyllobothrîun is the only char parasìte found to infect human population and

Diphyllobothriasis is a well-documented human disease in North and South America,

Russia and Japan (Dick, Nelson and Choudhury 2001). This disease can be caused by

several species of Diphyllobothrîum, sttch as, D, latum, D. dendriticum, D. daltiae and

infection occurs by ingestion ofplerocercoids (larval stage) of the parasite present in raw

or insufficiently cooked fish. The pathogenic effect is negligible, with mild indigestion,

gas in digestive track, nausea but it is easily curable by selÈimmunity or by application of
specific drags (Dick, Nelson and Choudhury 2001).

Eubothrium salvelini and Eubothrium crassum are also common parasite of
various salmonids (Hernandez arld llr4tvzall, 1998). Eubothrium salvelini comprises two

races; European race and North American race (Hanzelova et al.,2002). The European

freshwater race is specific to Salvelinus alpínus and its life cycle complete in two hosts,

copepod, the intermediate host and A¡ctic char, the definitive host. The anadromus char

get infected during their period of fresh water residency and carry the parasite with them.

Char retuming from the sea still carry the parasite, but both parasitic intensity and

incidence of inlection are reduced geatly. The American race, found throughout N.

America and East Asia, infect species of Salmo, Salvelinus, Oncorhynchus and

Cristivomer and its biology is more or less similar to the Europea¡ race. Eubothrium
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crassum is found both ìn freshwater and marine environment infect Salmon trutÍa, Salmo

salar btú never detected in Salvelinus alpinus (Kennedy, 1978). Proteocephalus

longicollis is one of the most abundant parasites of landlocked char population (Mudry

and Anderson, 1977, Sholz and Hanzelova, 1999, HanzeTova and Sholz 1999) and both

Eubothrium salvelini and Proteocephalus longicollis also have detrimental impact on

thei¡ host (Hammer, 1998).

Arnong other parasites of Arctic char, Cystidicola farionis occurs widely in N.

America and Eurasia (Black, 1983, Black and Lankester, 1980, i984) and infects fish

hosts of genus Salvelinus, Brachymystax, Coregonus, Salmo and, Stenodus (Eddy and

Lankester, 1978, Margolis and Arthur, 1979, Lankester and Smith, 1980). Individual

Arctic char specialized on feedìng amphipods; edpecially Gammarus have a high

prevalence of infection by Cystidícola .farionis. Long-terrn infection of the swim bladder

nematode can create mechanical irritation causing lesions in the swim bladder of the

infected fish. This might increase the rate of parasite induced host mortality in A¡ctic

char population (Anderson and Gordon, 1982, Giaever et al. 1991, Moravec, 1994,

Kundsen et al., 2001 ,2004).

Gammarus is also the intermediate hosl of Cyathocephalus truncatus, aÍolher

conrnon parasite of landlocked Arctic char. High parasitic infection by Cyathocephalus

truncatus increases the mortality rate in infected char and this parasite also can alter the

behavior of its intermediate host, by increasing their predation rate significantly (Brown

and Thompson, 1986, Hurd, 1990, 1999, Moore, 1995, Kundsen et al., 2001, 2004,

Poulin et al., 1994).
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Stable isotope analysis and trophic ecology in Arctic char

The morphotypes of Arctic char within a lake can be distinguished on the basis of a

number of traits including use of trophic resources, habitat, individual growth rate, age

and size of sexual maturity, time and place of spawning, coloration, rnorphological and

meristic cha¡acteristics. The adaptation to utilize a specific food resource that results in

distinctive morphologies within a population is ¡eferred as "Trophic Polymorphism"

(Guigner et a|.,2002).It is easy to obtain data on trophic feeding ofan organism from its

stomach content, but this provides limited information on post consumption food

materials. The use of stable isotopes provides a time-integated measure of energy

assimilation since analyses are performed on body tissues, built from the diet assimilated

over time (Tieszen et at.,1983, Fry and Sheer, 1984, Paterson anã n.y, 1987. Fry. 1988.¡.

Over the last decade, stable isotope analysis had been used to solve several

biogeochemical questions in ecosystem (Johnson et al., 2004). It was found to be

parlicularly useful regarding the study of diet-nutrition relation and construction of

trophic struchrre within and between the populations (Johnson et al., 2004). Several

experiments have shown that diet is clearly the primary determìnant of the isotopic ratio

of the organisrns (Thomas and Cahoon, 1993). The carbon signature of animal tissue is

isotopically similar to diet and the nitrogen value is on average 3-5o/o heavier than the diet

(Johnson et a1.,2004). Nitrogen in a consumer's tissue is derived frorr the assimilated

food, but not from the digested stuff and the overall protein tum over rate of a consumer

also varies with basic metabolic rate fiom time to time. The isotopic examination of

various tissues may provide dietary information over different time periods. The trophic

fiaction of ôr3C is typically smaller than ô15N, but this isotope together with S, may be

considered as more ¡eliable indicator of primary energy source of the organism (Hobson

and Welch 1995). The collective study of C and N isotope can give a prominent idea

about the trophic pyramid of a specific ecosystem (Tieszen et al, .1983).

Hobson and Welch (1992) determined the trophic relationship of the marine

ecosystem of Lancaster Sound region of Arctic Canada. The objective of their research

was to evaluate the use of stable isotope analysis to determine the trophic pathway of the

marine ecosystem. The results indicated that the marine food web is relatively large and

complex, with polar bears occupying the highest (fifth) hophic position and Arctic cod
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and some other invertebrates playing a significant role in energy transfer within the

ecosystem. But the detailed process of energy transfer among the lower organisms was

poorly understood. The nitrogen signature indicated a steady enrichment with increased

trophic position of the organisms and it was found to be particularly useful tracing the

trophic pathway within the ecosystem. There was an average 3.8 7o increase of ð N value

with every shift oftrophic level and the trophic position of each individual was described

by the equation:

TL- 1+(Dm-5.4)/3.8

Where, TL implied the trophic level of each consumer, Dm indicated the ô N value of the

consumer's tissue, 5.4 was mean ð N value of pafticulate organic matter and 3.8 was the

mean increase of nitrogen signature per trophic level. The change of ô C'value among

various trophic levels was not significant and it was predicted that the absence of step-

wise emichment of carbon signature could be due to differential lipid content in body

tissue of different organisms (Hobson and Welch, 1992).

Hobson and Welch (1995) reported for a landlocked Arctic cha¡ population in

Char Lake and described the food web the char along with other organisms of the

ecosystem. The char samples of the lake were slow growing, with modal length of 14-15

cm and a mean age of 13.5 years. Results of stomach analysis indicated that small a¡d

medium char fed mainly on chirinomids, Mysis and Apatania to some extent, but the

large char were mostly cannibalistic. Prio¡ to their stable isotope analysis, it appeared that

the lake ecosystem had four distinct tropic levels, primary producers, various detritìvores

and herbivo¡es and two types of char. Result from stable isotope analysis (Hobson and

Welch, 1995) produced a general pattem of ôl5N en¡ichment starting from moss, having

the minimum value of ô15N range of 2.1o/o and the ca¡nibalistic char having the

maxirrrum value of 14.5%o. Inverlebrates had an average for ôlsN of 4.2+0.6 Yo.

Surprisingly, there were three different values of ôÌ5N value in three diffe¡ent size groups

of char. The small group (fork length 8-10.5 cm) had values of 5.7+1%o; the intemediate

group (fork length 12-36.5 cm) with ôt5N of 10.0*0.5% and the large group (fork length

42-66.3 cm) had values of I3.'7+0.8Vo. Previously it was believed that the small and

intermediate groups of char have the same food preference (mainly fed on Mysis,

Ch¡inomid and Apatania) but these results indicated that there was some difference in
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food choice between the small and intermediate forms. As the mean nitrogen signature

between two trophic levels generally differs f¡om 3-4% (Hobson and Welch, 1992), the

difference in ôr5N values among these three size groups was signifìcantly diffe¡ent and

placed them in three separate trophic levels. The intermediate char had an average ôl5N

of 5.8% above invefebrates, which also indicated that they were not restricted to

invertebrate food items but had some additional contribution in their diet fiom organisms

at a higher trophic levei. Hobson and Welch (1995) suggested that this form consumes

char ranging from 1-3 cm and that increased the nitrogen content in their body tissue. The

large char above 40 cm showed an abrupt enrichment of ôlsN value with respect to all

other forms and provided strong evidence in favor of cannibalism. No regular pattem of

ô'3C enrichment was recorded from the experiment, but there was a considerable

variation in ca¡bon isotope values among the organisms. Overall, carbon signahre

provided information about primary ca¡bon source of different organism and the ôl5N

value helped to differentiate the consumer levels of the lake and off course to reconstruct

the trophic structure of the entire ecosystem (Hobson and Welch, 1995).

Guigner et al. (2002) examineds differences in the feeding ecology of sympatric

morphs of Arctic char of Lake Hazen, of Arctic Canada. The result was similar to

Hobson & Welch (1995). The large (FL >400mm) and srnall (FL < 400 mm)

morphotypes showed very clear and a sigrrificant difference in carbon and nitrogen

signature with the large forms having more depleted ôl3C and more eruiched ôì5N values

than the juvenile (reproductively immatu¡e char), small and unknown forms (those could

not be separated as small, large or juvenile char). Mean nitrogen values were 9.7,9.8,

13.8 and 10.0 respectively. The increase in nitrogen signature of large chars was 3.8-

3.9o/o than the juvenile and small fish. This represents their long-tenn dependence on

other fish, as their food source. On other hand a ôl3C signahrre in small char was found to

be more enriched than other char. Mean carbon isotope values for juvenile, small, large

and unknown fonn fish were -21.9, -18.1, -21.5 and -20.9% respectively. The data

¡evealed that there is a linear relationship between ô13C and ô15N values and fork length

(FL) ofjuvenile (reproductively immature char), small (FL < 400 mm) and large char (FL

>400mm). ôrsN values showed a positive correlation with fork length of small and large

form, where as the juvenile cha¡ showed a negative relationship. One of the basic
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objectives of study of Guìgner et al., (2002) was to relate size bimodalìty and

candbalism of Arctìc char with the values of stable isotope analysis. Within Lake Hazen,

cannibalism appeared to be sizelimited and on the basis of the nitrogen value, it seemed

to be restricted to large individuals > 400mm. Hobson & Welch (1995) also mentioned

40 cm as the threshold value for cannibalism on the basis of their experiment. The

difference in ôl3C signahrre between the small and large char was more helpful to explain

the concept of cannibalism. The small form of char was most enriched in ôr3C, with

values ranging from -20.0 to -16.1%o and showed little overlap with large char (-22.9 to -

19.3%). Almost 3.4%o of Et3C difference between small and large char was large enough

to indicate the predator-prey relationship between the forms. However the concept ofsize

bimodality was not c1éar from the result. Guigner et at. (20O2) found that large char

mostly consumed fìsh of <250mm, whereas the mean fork length of the small char in the

population was 353.3 mm. So the observed cannibalism by large char was not sufficient

to maintain the bimodal length-frequency distribution in char population.

Adams et al. (2003) used stable isotope analysis to determine if there was a

correlation between morphological variation and food choice among the sexually mature

A¡ctic char population of Loch Tay. Arctic char captured from Loch Tay showed clear

bimodal size distribution with no overlap between two size classes. Chars >180 mm were

grouped as upper mode fish and chars < 150 mm were grouped as lower mode fish.

Adams et al. hypothesized that the reasons for the bimodality of the fish population were

1) Genetic differences in growth rate of fishes. 2) Inherent differences in energy

expenditure between two morphs, effecting their growth and metabolism. 3.) Difference

in food choice, indicating difference in available energy for growth of fish. Results from

carbon and nitrogen signature ofthe fish muscle indicated significant differences in mean

ôr3C and ôlsN values between two groups offish. This demonstrated a difference in thei¡

food choice and trophic position between two morphs. There was some overlap in the

range of ôr3C and ôr5N values for the two morphs, indìcating the partial dietary

segregation, where the two morphs might have some degree of overlap in their feeding.

However, the overall results supported the hlpothesis, that the difference in food habits

was significant among the morphs and might have a significant effect on size bimodality

of the char population.
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Studies by Hobson and Welch (1992, 1995), Guigner et al. (2002) and Adams e¡

al. (2003) suggest that the use of stable isotope analysis was quite effective for single-

system study. However, the use of this technique might be limited for comparative

studies of many lakes and it is mainly due to the among system variation of the nitrogen

signature of different primary producers at the base of food web (Cabana and Rasmussen,

i996). The isotopic signature of the baseline organisms (such as bacteria, phltoplankton),

which transform inorganic nitrogen to organic compounds, shows great variation in

different systems. These differences might cause significant variations in ô15N values of

higher organisms, occupying similar trophic position in different ecosystem. Cabana and

Rasmussen (1996) tried to solve this problem by measuring the trophic position ofhigher

organisms in relation to a common primary consumer, the unionid mussels. These

mussels were large, longJived, filter feeders of bacteria and phytoplankton in water

column and served as integrator of ternporal variation ofbaseline nihogen signature. The

measurement oftrophic position ofhigher organism in relation to the mussel, allowed the

resea¡che¡s to get a continuous measure of trophic position suitable for âmong-system

comparisons. Later, Zanden et al. (1997) and Zanden and Rasmussen (1999) also used

the ôl5N value of primary consumers, instead of primary producer, as a base line

indicator in their comparative study oftrophic status of several fish species fiom different

lakes. Although the efficiency of this method is also system dependent as, the nitrogen

signature of primary consurners from different lakes can also vary substantially and ôlsN

value of any specific organism may not reflect the other primary consurners even within

the same system (France 1997 , Zanden and Rasmussen 1999).

Johnson and Dick (2004) proposed a complementary way of predicting trophic

stnrctüe of organism, which might be applicable for both single and multiple system

studies. Johnson a¡rd Dick (2004) worked on yellow perch, Perca flavesceus and

suggested the cornparative study of stable isotope and parasite community might give a

better indication of trophic levels of aquatic ecosystem. Many larval parasites infect

intermediate hosts and t¡ansmission of some of these parasites usually requires ingestion

of the intermediate host by the fish species. Generally larval forms of parasites are

restricted to a few intermediate hosts and many parasites accumulate on host fo¡ an

extended time period. So, detection and identification of the parasites rnight be very
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useful to predict some of the food items not directly available from stomach content and

it could be also very useful to verifu the results fiom stable isotope. They argued that this

method might be applicable to identiff trophic position ofother fish species.
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MATERIAL AND METHODS
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Stud-'¿ area

Two hundred seveng five Arctic char were collected form Iqalugaajuruluit Lake (Wormy

Lake) in spring and suÍrmer, 2004. Wormy Lake (Fig: 1, 2) is situated Cl.l 630 41l 19.8//,

W68022t29.0//) 1n the coast of Frobisher Bay. It covers a total surface area of 119 hectors

and with average depth of 4.4 meters.

Data collection

Fish and parasite collection and ageing of fish

Two hundred seventy five A¡ctic char were collected 1n 2004. Two hundred fifteen

specimens we¡e collected in summer and sixty in winter. Samples were collected with

Swedish experimental gill net and by electro-fishing. Morphmetric and meristic data were

collected (see Necropsy procedures) from two hundred ten cha¡ and the data a¡e

summarized in Appendix 1 . Otoliths were removed, washed in water, stored dry in

envelopes and used for age determination. Some of the otoliths were too thick for the

growth rings to be clearly seen and they were polished either with 1200 gnt SiC paper or

with Metaseru 2000 grinder polisher. Once polished, otoliths were placed in a Petri-dish

containing 100% flax seed oil. Annuli were counted with the aid of a compound

microscope (x20). Age deten¡ination was done following Grainger (1953), by counting

the central core of the otolith as the first annulus. Sex and maturity of char were also

determined and egg diameters were measured. Stomach, liver, gonad and visceral fat

were removed, weighed and examined lor parasites.

Stomach contents were removed and examined (see Necropsy procedures) in

order to identifu prey items (Appendix 3) and the stomach contents of 70 fishes were

preserved for future reference. Organs and tissues of each fish were examined separately

in order identify the parasites fiom different organs. Parasite identification was done by

using several keys (Margolis a¡d A¡thur I 979, Bousfield 1988, Moravec 1994 and

Hoffrnan 1999). Tissues fo¡ stable isotope analysis were also collected from all fish

samples.
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Figure I : Location of Iqalugaajuruluit (Wormy) Lake





25

Figure 2: Study area, lqalugaajuruluit (Wormy) Lake
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Necropsy procedure

The mouth lining and body surface ofeach fish was first examined for ecto-parasites. The

heart, gills, stomach, intestine, pyloric caecae, gonads, liver and kidneys were then

removed and placed in separate Petri-dishes with 0.6% saline. The surface of individual

oigans was checked and parasites were collected. Separation of each organ prevented

mixing of the parasites. Stomach (full and empty) weight, liver weight, gonad and

visceral fat weight were measured separately. The surface of the heart, kidneys and liver

were examined before beìng squashed under glass. Compressing allowed the detection of
transparent or concsaled parasites within thick tissues such as liver. A section of muscle

fiom each fish was examined for encysted parasites. The stomach, iniestine, caecae were

carefully cut open and scraped into a Petri-dish containing 0.6% saline. The contents

were gently separated and examined for parasites using dissecting microscope. Stomach

contents were identified and were stored (70 fishes) in 70o/o ethanol for future reference.

Trematodes, cestodes and acanthocephalans were fixed in AFA for 48 hours and were

placed in 10%o ethanol for storage prìor to staining and nounting.

Staining and mounting of parasites

Staining and mounting procedures were used according to Humason (1962). Trematodes,

cestodes and acanthocephalans were stained by acetocan¡ine. Specimens were placed in

the acetocannine solution fo¡ 20 rninutes to t hour (depending on the thickness lsize of

the specimen). Once properly stained, the parasites were washed in 70% ethanol and

placed into a Petri-dish containing acidic 70Yo for 1 to 5 minutes or until excess stain was

removed. The parasites were then washed with basic 70% ethanol for an equal amount of

time to neutralize the acid. Each specimen was dehydrated through several l-hour

changes each of '10%o,90%,95% and |00o/o ethanol. After complete dehydration, each

parasite was transferred to Slide Brighto until the specimen became transparent. After

several changes in Slide Brighto specimens were mounted. on slides using Permount.
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Method of stable ìsotope analysis

Methods for stable isotope analysis were adopted from Thomas and Cahoon (1993). A

sample of white muscle tissue from each fish was frozen until stable isotope analysis was

performed. Each sample was lyophilized and ground into a fine powder, to be used

directly for carbon and nitrogen analyses. Isotopic compositions were measured on an

automated mass spectrometer, and delta values (i.e. paÍs per thousand) were determined

as follows:

ôr5N or ô13c : ((R*rprJ:_1____ x 1_00%)
(R'tun¿-a)

where R: ''N/tnN or 'lcl'tc

Isotope values were expressed as ôlsN or ô13C relative to Pee Dee Belemnite for carbon,

ard air for nitrogen. These isotopic values were compared for each fish and combined

with stomach content analyses and parasite data to determine trophic level of the fish

samples.

Analvsis

Terminology

Liver Somatic Index (LSI), Gonad Somatic Index (GSI) a¡d Visceral Fat Index (VFI) of

char samples were calculated. The liver somatic index (LSI) was calculated by measuring

the weight of the liver (in mg) and dividing it by the total body weight of the fish and

multiplying it by 100. GSI and VFI were calculated by measuring the gonad weight and

visceral fat weight and then by following the same formula. Prevalence, mean intensity

and abundance of each parasitic species were calculated according to Margolis et al.

(1982). Prevalence is the number of infected hosts by a specific parasite species/ number



)9

of hosts examined. Mean intensity is the total number of particular parasitic species

infecting host population/ number of infected hosts examined. Abundance is the total

number of individuals of a particular parasite in a host sample/ total number of

individuals of the host species, i.e. prevalence x mean intensity. Study of the parasite

community was used in comparison with stomach content and stable isotope analysis to

trace the trophic structure of char samples. Prevalence of food types of small, medium

and large char were also calculated and compared to differentiate the food choice and

habitat utilization among three modal groups of char.

Statistical methods

Frequency distribution

The length-fiequency and age-frequency distrìbution of Arctic char samples of

Iqalugaajuruluit Lake (Wormy Lake) were calculated according to the method of fish

capture (electro fìshing and gìll-netting) and aÌso combined to present the distribution

pattem of al1 fish samples. Descriptive statistics (mean, standard deviation, variance.

skewness, lcurtosis etc.) of the char samples were calculated according to the method of

fish capture. Kolmogorov-Smirnov test and Shapiro-Wilk test of normality were

conducted and the normal Q-Q plot of fork Iength plotted against normal expected value

to check the normality assumption of the length and age-fîequency data. Fork length (FL)

and age of the char samples was plotted with respect to each other.

Stomach content analysis

Stomach contents of char samples were identified and %o prevalence of food types were

calculated and plotted for small, medium and large fish. The feeding percentage of

different food types fo¡ summer and winter char of iqalugaajuruluit (Wormy) Lake were

calculated and plotted to determine if there were significant variatìons in food choice of

char samples according to season.
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Fish data analysis

Fork length and round weight ofchar samples were plotted to detect the growth pattern of

Arctic char. Data regarding liver weight, gonad weight and visceral fat weight were

anàIyzed to see the trend ofbody development and reproductive maturation ofchar. Both,

Kolomogorov-Smimov test and Shapiro-Wilk test of normality for liver weight, gonad

weight and visceral fat weight were conducted to check the normality status and modified

Levene test was performed to check the homogeneity of variances of the data. Liver

Somatic Index (LSI), Gonad Sornatic Index (GSI) and Visceral Fat Index (VFI) were

calculated to determine the trend ofbody development, reproductive maturity and energy

utilization with increase of soma weight of the char samples. The non-parametric

correlations of LSI, GSI, VFI and fork length were calculated to find the correlations

among energy storage (in fonn of visceral fat deposition), reproductive maturity and

body development of char. The regression analysis LSI, GSI and VFI were conducted to

conhrm their correlations with ìncreased size of char. The GSI and VSI of Arctic char

samples were also separated according to their sex. The correlations ofGSI and VFI with

respect to fork length and mean GSI and VFI of male and female fishes were compared to

see if there were any significant differences in growth and reproductive matüation

between male and female fishes.

Parasite community

The parasite species, infecting Arctic char were identified. Regression analysis of total

parasite count in individual char was plotted against fork length and age of the fishes.

Mean intensity, prevalence and abundance of the parasites were calculated according to

the modal gtoups and compared.

Stâble isotope analysis

The nitrogen and carbon signatures of the entire char samples were plotted according to

their size, age and with respect to each other. However, the comparative study of carbon

and nitrogen signature of different modal groups of char (with respect to fork length and

age) was also performed. The non-parametric correlations among fork length, age,
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nitrogen and carbon signature of the entire char sample and of different modal groups

(small, medium and large) were calculated. Carbon and nitrogen signature of parasite

infected and non-infected fish was plotted with respect to each other. Independent t-tests

were done to compare the mean of carbon and nitrogen signature in piscivorous and non-

piscivorous char and modified Levene test was performed to check the homogeneity of

variances of the data.

Combined study of fish data, parasite community and stable isotope analysis

The non-parametric correlations among Fulton's condition factor, fork length, age, total

parasite count, LSI. GSI and VFI of char samples were calculated separately for small,

medium and large cha¡ to detect the variations among gonad development, fat deposition,

health status and the effect of parasite load among the size groups. The number of

parasites per gram of stomach weight and liver weight of char were calculated and

regression analysis was done with respect to fork length and age to determine the effect

of parasite load in those intemal organs. The carbon and nitrogen sigrrature of char were

also correlated with parasite count of the entire char sample of Wormy Lake.



RESULTS
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Frequçrìçy iisIttþUlAn

The length-fiequency distribution of the Arctic char of Iqalugaajuruluit Lake (Wormy

Lake) was separated according to the method of fish capture (electro fishing, Figure 3A

and gill-netting Figure 3B) and ìt was also combined for the entire fish sample (Figure 4).

Small char (FL 30-i30 mm) were mostly caught by electro fishing, whereas, the bigger

fishes we¡e mostly collected by Swedìsh gill net. The lengih-frequency distribution of the

char samples indicated the presence of three modal group or size groups (Figure 4), the

small fishes (FL <125 mm), the medium fishes (FL 125-250 mm) and the large fishes

(FL > 300). The descriptive statistics of length-frequency distribution (Appendix 2,Table

1.1 and 1.2), the test ofnonnality (Appendix 2,Table 3) and the normal Q-Q plot (Figure

8A) of fork length pìotted against normal expected value, indicated non-normal

distribution of char samples. The values of skewness and kurtosis were found to be

significantly higher than expected ( '0' in case of normal distribution) both in electro-

fishing (1.597 and 2.40 in Appendix 2, Table 1.1) and gill-netting (2.099 and 5.544 in

Appendix 2, Table 1.2). In the test of normality (Appendix 2, Table 3 ), both in case of

Kolmogorov-Smirnov test (0.155) and Shapiro-Wilk test (0.872), the test statistics were

significantly higher than expected value (0.000) and it confirmed the non-normal length-

frequency distribution of char samples.

The age-distribution of the char samples (Figures 5.1, 5.2 and Figure 6) and the

age plotted with respect to forkJength (Figure 7) of char indicated that, the small fishes

were mainly aged between 0-4 years and the medium and large fishes were aged between

4-12 years. There were very few fishes aged more than 14 years in the entire fish sample.

The positive values of skewness and kurtosis (1.747,3.222 in Appendix 2,Table2.1 and

0-641, 0-936 in Appendix 2, Table 2.2) il the descriptive statistics of the age-frequency

distribution, the results of normality test (Appendix 2, Table 3) and the normal Q-Q plot

(Figure 8B) ofage data confirmed the non-normal age-distribution ofArctic char.



Figure 3: Length-fiequency distribution of Arctic char captured by electro-fishing (A)
and gill-netting (B).
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Figure 4: Length-frequency distribution of the total Arctic cha¡ samples from
Iqalugaajuruluit (Wonny) Lake
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Figure 5: Age lÌequency distribution of Arctic char captured by electro-fishing (A) and
gill-netting (B).
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Figure 6: Age-Íìequency distribution of the total Arctic char samples from
Iqalugaajuruluit (Wormy) Lake





Figure 7: Plot offork length and age of Arctic char of Iqalugaajuruluit (Worrny) Lake
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Figure 8: Normal Q-Q plots for length (A) and age (B) frequency distribution of Arctic
char population
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Stomach content analysis

The prey types of al1 char size groups were identified (Appendix 3) and the prevalence of
food items was calculated (Figure 94, Table 1A). Small char (FL< 125 mm) were mostly

benthivorous, with chironomid larvae being the most prevalent in the diet. They also fed

on Cladocera, Collembola, Copepods, Diptera, wasps, water mites and other aquatic

insects. The medìum char (FL 125-250 mm) fed on caddis fly lawae, clarns, chironomid,

plant material, other aquatic insects etc (Table iA), but some fìsh bones were also

identified from the stomach contents of some medium sized fish (with FL > 184 mm).

Aquatic insects were the most prevalent food item in medium char. The large char (FL >

300 mm) were mainly piscivorous and some were cannibals. Stickleback was the most

prevalent food item, but fish bone, small Arctic char and some caddis fly larvae were also

identified from their stomach. The feeding percentage of different food types for summer

and winter char of Iqalugaajuruluit (Wormy) Lake was calculated and plotted (Figure 98,

Table 18) to detennine if there were significant variations in their food choice. In

summer, Arctic char fed on, caddis fly larva (4.1 %\ chironomid (20.7 %\ clams (1.3

%), plant material (2.0 %), fish bone (6.0 %), stickleback (4.7 %), small char (0.7 %) and

different types of aquatic insects (Cladocera, Collembola, Copepod, Diptera, wasp and

water mites) (4'7.3 yo of tolal food). Aquatic insects and chironomid larvae were the most

coÍ[ron food items of summer samples. By contrast, stomach contents of winter char

contained chironomid (63.8 %), plant material (8.6 %), caddis fly lawae (5.2 %), clams

(10.3 %), fish bone (6.9 %), stickleback (5.2 %) and A¡ctic char (6.9 %) wilh chironomìd

beìng the most common food item in winter char.

Fish data analysis

Figure 10 illustrates a sigmoid growth pattem of A¡ctic char population. The small char

(FL <125 mm) had a slow growth rate, medium char (FL 125-250 mm), moderate growth

rate and large char (FL >300 mm) had aa exponential growth rate. Data regarding liver

weight, gonad weight and visceral fat weight were analyzed to see the trend of body

development and reproductive maturation. Both, Kolomogorov-smimov test and

Shapiro-Wilk test of normality for liver weight, gonad weight and visceral fat weight
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(Appendix 2, Table 4) produced significantly higher result than the expected value (0.00),

indìcating non-normal distribution in all cases. The Levene statistics, checking

homogeneity of variances (Appendix 2, Table 5), were also significantly higher than

expected value (0.00) in case of liver weight, gonad weight and visceral fat weight data,

indicating homogeneity assumption had been violated in all the cases. The non-

parametric correlations of Liver Somatic Index (LSI), Gonado Somatic Index (GSI) and

Visceral Fat Index (VFI) with respect to fork length were calculated (Appendix 2, Table

6). Liver Somatic Index and Gonado Somatic Index represented negative relation with

respect to fork length. However, Visceral Fat Index presented a statistically significant

negative relation with respect to fork length. The regression analysis ofLSI, GSI and VFI

with respect to fork length (Figures I lA, B, C) also supported these findings. GSI and

VSI of Arctic char were separated according to sex, to see if there were any significant

differences in growth and reproductive mafuration between male and female char. Mean

GSI and VSI of female Arctic char were significantly higher than male fish (Appendix 2,

Table 7). However, the non-parametric correlations among GSI, VFI, (Appendix 2,Table

8, Table 9) with respect to fork length, in both sex, indicated negative correlations and

failed to reflect any rrajor differences fiom each other.

Parasite community

The total parasite count per individual Arctic char was plotted against fork length (Figure

12 A) and age (Figure 12 B) of char. There was a significant increase of parasite burden

in fishes having fork length greater than 300 mm and age over 9 years. The parasitic

species infecting char samples were identified and separated according to the diffe¡ent

size groups of fish. Six parasitic species, Crepidostomum farionis, Diphyllobothrium

ditermum, D. dendríticum, Eubothrium salvelini, Neoechînorhychus pungitius and

Proteocephalus longicolis were identified fiom small (FL <125mm) and large char (FL

>300 mm) and one more parasite, Phylonema agubernaculum was identified fiom

mediurn size group (FL 125mm-250mm). Among these parasìtes, Diphyllobothrium

ditermum, D. dendriticum, Eubothrium salvelini and Proteocephalus longicolis mosfly

use copepod as intermediate host and char as definitive host in their life cycle. The rnean

intensity, prevalence and abunda¡ce of parasites were calculated according to the size
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groups and compared (Figures 13-15, Table 2). In the case of small and medium char

Proteocephalus longicolis had the highest intensity, prevalence and abundance in

comparison to the other parasites. In large char, Diphyllobothrîum was the most domínant

parasite, with D. ditremum having highest and D. dendriticum having the second highest

mean intensity, prevalence and abundance among all parasites. The comparison of range

of abundance among these three size groups (range, small cha¡ 0.069-2.310, rnedium char

0.016-0.20.320 and large char 0.840-434.052) highlighted a significant ìncrease in

parasitic intensity in large char. Figurel5 illustrates that the sudden increase of parasite

burden in large char in mainly due to a significant inc¡ease of Diphyllobothrîum infection

in those fishes.



Figure 9: Prevalence of food items in small, medium and Large Arctic char (A) and
comparison of o/o food, types of char in summer and fall 2004(8)
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Table 1A: Prevalence of food types ofArctic char population

Type of f¡sh Food 7o Prevelance
Other aquatic insects 12.1

Small char Caddisfly larva 8.6
N=5E cl 43.1
FL<1 25 mm Cladocera

Colìembola 6.9
Copepode 10.3
Diptera 15.5
Wasps
Water mites 12.1

Water spiders 6.9

Medium char
N=125 Other aquatic ¡nsects 20.8
FL 125 -250 mm Cadd¡sflv larvâ 2.4

Chironomid 12.0
Clams 9.6
D¡ptera 1.6
Fish bone -, .)

lnsect larva 6.4
Plant mater¡al 4.O
Sticklebâcks
Water m¡tes 0.8

Laroe char
N= 25 Arctic char 1ô.0
FL> 300 mm Caddistlv larvae 8.0

Fish bone 16.0
Sticklebacks 28.0
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Table 1B: Comparison of % food types of Char samples of fall and summer,2004.

Fall 2004, N:58
Food types No of Fish o/n P¡evalence

A¡ctic char 4 6.9

Caddisfly larva 3 5.2

Chironomid 63.8

Clams 6 10.3

Fish hone 4 6.9

Plant material 5 8.6

Sticklebacks 3 5.2

Summer 2004. N :150 No of Fish

Arctic char I 0.7
All aquatic insects 71

47 .3

Caddisfly ìarva 7 4.7
Chironornid 31 20.7
Clams 2 I.J

Fish bone 9 6.0
Plant material 3 2.0
Sticklebacks 7

4.7



Figurel0: Growth pattem of Arctic char 1Ìom Iqalugaajuruluit Lake
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Figure 11: Plot of fork length and Liver Somatic Index (LSI) (A), fork length and Gonado
Somatic Index (GSI) (B), fork length and Visceral Fat Index (VFÐ (C) of Arctic char
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Figure 12: Plot offo¡k lenglh and total parasite count (A) and age and total parasite count
(B) in individual host of Arctic char samples ùom lqalugaajuruluit (Wormy) Lake.
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Figure 13: Mean intensity of different parasitic species of Arctic char samples fiom
Iqalugaajuruluit (Wormy) Lake.
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Figure 14: Prevalence of different parasitic species of Arctic char samples from
lqalugaajuruluit (Wormy) Lake.
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Figure 15: Abundance of different parasitic species of Arctic char samples from
Iqalugaajuruluit (Wonny) Lake.
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Table: 2 Comparison ofparasite intensity, prevalence and abundance in small, medium

and large char.

Parasitic species no oT
infected

fish

total no
of

mean
¡ntensity

Prevalence Abundance

Small char (FL<125mm,
N=4Rì

Crepidostomum farionis E 37.O 4.625 0.138 0.638

D. dendriticum 4 4.0 '1 .000 0.069 0.069

D. d¡tremum 10.0 2.000 0.086 0.172

Eubothrium salvelini 3 4.0 1 .333 0.052 0.0tì9

Neoech¡norhynchus
Dunaitius

3 4.O 1.333 o.o52 0.069

Proteoce ph al u s long icol i s 20 I 34.0 6,700 0.345 2.310

Meotum cnar [FL'lz5-z5u
mm N=125ì
Cre pidostom u m fa r ¡on i s 70 1 1 98.0 1 114 0.5tì0 9.584

D. dendr¡t¡cum 85 '1097.0 12.906 0.680 4.776

D. d¡tremum 902.0 11 714 0.616 7.216
Eubothr¡um salvel¡n¡ 31 80.0 2.541 0.248 0.640

Neoechinorhynchus
tno¡l¡us

5 32.O 6.400 0.040 0.256

Phylonema
aoubernaculum

1 2.O 2.OOO 0.008 0.016

Proteoce phalus longicolis 52 2540.O 48.846 o.416 20.320
Large char (FL>300 mm,
N=26ì
C re p i d osto m u m fa rio n i s 98tì.0 ól. tot U.4öU 39.440
D. dendr¡t¡Çum 7455.3 324.317 0.920 298.372

D. dítremum 10876.3 494.37 0.880 435.O52

Eubothr¡um salvel¡n¡ to 301.0 18.81 3 0.640 1?.040

t\eoecntnornyncnus 3 21 .O 7.000 o.120 0.840

Proteocephalus long¡col¡s 10 1040.0 104.000 0.400 41.600



70

Stable isotope analvsis

The nitrogen signature of Arctic char samples had sìgnificant positive relations with size

and age (Figures 16A, I7A, Table 3). Where as, the carbon signature was negatively

correlated with increased fork length and had no relation to age (Figures l6B, 178, Table

3). The nitrogen signature presented a negative correlation with carbon value for the

entire cha¡ sample (Figure 18, Table 3). Descriptive statistics of nitrogen signature of

char (Appendix 2, Table 10) indicated that the mean nitrogen value of large char (FL >

300 mm) was sígnificantly higher than the other two groups (small char, FL< I25 mm,

medium char, FL 125-250 mm). However, medium char had a wide range of nitrogen

values (9.32-13.97 in small char and 8.25-17.04 in medium char) in cornparison with

small char, implying some higher ene¡gy sources and diet overlap with large fishes.

Descriptive statistics ofthe carbon signature of small, medium and large char (Appendix

2,Table 11) did not reflected any significant difference in mean ca¡bon values among the

modal groups, although, the large char had shorter carbon range than the other fishes.

However, the comparative study of carbon and nitrogen signahrres of the different modal

groups (small, medium and large) of char (with respect to fork length and age), provided

interesting but contradictory results. The carbon and nitrogen signature of th¡ee size

groups of char were analyzed separately. Fìgure 19 illustrates that in small char, the

nitrogen signature was positively correlated with fork length (Table 4), in medium char,

oitrogen signature showed a negative correlation with fork length (Table 5), where as, in

large char, nitrogen signature had sìgnifìcant positive correlation (Table 6) with fork

length. The ôrsN values of three size groups plotted against age (Figure 20) provided a

non-significant positive relation in small char (Table 4), almost no relation in medium

char (Table 5) and statistically significant positive relation (Table 6) in case of large char.

On the other hand, the carbon signatüe of small char was negatively correlated both with

fork length and age (Figures 21,22 Table 4). There was a slight positive correlation both,

with age and fork length in case of medium char (Figures 21,22, Table 4). In large char,

the carbon value had significant negative relation with fork length (Figure 21, Table 6)

and non-significant negative ¡elation with age (Figure 22, Table 6). In summary, the

nitrogen signature of smal1 and medium char presented contradictory results when plotted

against fork length and age and the nitrogen signature of medium char was also



71

contradictory with the overall trend of char population. On the other hand, the carbon

signature of mediurn char provided similar contradiction in comparison with small char

and also in comparison with the over all trend of entire char samples of Wonny Lake.

Comparison of parasite infected to parasite non-infected Arctic char (Figure 23)

indicated that non-infected fishes had small range of both carbon and nitrogen values.

indicating that non-infected char mostly fed on zooplanktons and benthic food stuff.

Comparison of the nitrogen and carbon sìgnature in piscivorous and non-piscivorous char

(Figures 24, 25) showed that piscivorous cha¡ had higher nitrogen and lower carbon

values than non-piscivorous forms. The mean nitrogen and carbon signature of

piscivorous and non-piscivorous char were significantly different from each other

(Appendìx 2. Table 12. Table l3l. The results fiom Levene test also confirmed that the

homogeneity of variance (Appendix 2, Table 12 andl3) was violated both for carbon and

nitrogen signatures of char samples.



Figure 16: Plot of fork length and nitrogen signature (A) and fork length and carbon
signature (B) of Arctic char samples from lqalugaajuruluit (Wormy) Lake.
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Figure 17: Plot of age and nitrogen signature (A) and age and carbon signature (B) of
Arctic char samples from Iqalugaajuruluit (Wormy) Lake.
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Figure 18: Plot of nifogen and carbon signature of Arctic char samples from
Iqalugaajuruluit (Wormy) Lake.
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Figure 19: Comparison ofrelations between fork length and nitrogen signature in small,
medium and large char
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Figure 20: Plot ofage and nitrogen signature in small, medium and large char
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Figure 21: Plot offo¡k length and carbon signature in small, medium and large char
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Fig:re 22'. Plot of age and carbon signature in small, medium and large char
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Figure 23: Plot of stable isotope values for carbon and nitrogen signature in infected and
uninfected char
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Figore 24: Plot of fork length and nitrogen signature in piscivorous and non-piscivorous
char
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Figure 25: Plot of fork length and carbon signature in piscivorous and non-piscivorous
cha¡



93

+

'+ o.i

+

6tl0.D

+Piscivrrrous char, n= 18

À Non-piscivorous char, n = 125

L

Å
¡a

i"t^"
i iliil¡¡

11 ¡
¡

{Á¡
,

^

-.Á-+à

500.0

Á ¡ê

^ ^^ ^^
lr

i

^
¿

300.0 400.0

Fork length {mml

¿a

-15.t0

-17.00

-19.00

-21.00

-23.00

-25.00

(J
\Þ



94

Table: 3 Cor¡elations among fork length, age, nitrogen and carbon signature of the entire
Arctic char samples from Wormy Lake.

Correlations

FORKLENG AGE CARBON NITROGEN

Sig. (2{ailed)
N 141

oco

.000

140

.480

141

.000

141
AGE Correlation Coefficier

S¡s. (2{ailed)

N

oðð

000

140

f 000

140

-.01 5

800

140

.303-

.000

140
CARBON Correlat¡onCoeffìcier

, SiS. (2{ailed)

N

.480

141

u tc
800

140

UUU

141

Uó4

139

't 41

NITROGEN Conelat¡on Coefficier
Sig. (2{ailed)
N

'296"

_000

141

.000

14Q

.139

141

I.UUU

141
ùPCdllllil 5 llìU t-\-rt\t\Ltrt\\, uollgta¡,tQt] voel ctelt

Sig. (2{a¡led)

N

1. 000

141

.óU¿"

.000

140

-,066

.438
't 41

.425

,000

141
AGE Correlation Coeffic¡en

Sig. (2{ailed)
N

.óvz

.000

140

I .UUU

140

uzt
752

140

.4 22

000

140
L;ARtsON Correlat¡onCoett¡cien

S¡9. (2{ailed)
N

.uoo

.438

141

.752

140

.000

141

-.1 '19

.tol
141

NITROGEN Correlation Coeffic¡en

S¡9. (2-ta¡led)

N

.425-

.000

141

.422-

.000

140

-.1 19

.161

141 141

Correlation is significant at the .01 level (2{ailed).



Table: 4 Correlations among fork length, age, nitrogen and carbon signature of small char
(FL <125 mm, n :34)

Correlat¡ons

FORKLENG CARBON NITROGFN AGF

Sis. (2-tailed)

N 34

.678

34 34

.000

34
CARBON CorrelationCoeffìcient

Sis. (2-ta¡led)
N

.UCU

.678

34

000

34

r9J

109

34

-.Uðð

.494
34

NITROGEN CorrelationCoefficìent
S¡9. (2{âiled)

N

.041

34

-.193

.109

34

1.000

34

Uð6

.494

34
AGE Correlat¡on Coeffc¡ent

Sig. (2{aìled)
N

.000

34

uttõ

.494

34

Uðö

.494

34

1 .000

34
ùpearíìan s rfto r\JñALtr¡\þ uorretaÛon çoelftctenl

Sig. (2ìa¡led)

N

1.000

34

-.uot)

.711

34

U4U

.420

34

492-

000

34
CARBON CorrelationCoeffìcient

Sig. (2{ailed)
N

uoo

.711

34

UUU

34

¿ct
.152

34

-'l 2 1

.4S5

34

NITROGEN Correlât¡onCoeffìcient
Sig. (2-tailed)

N

.040

.820 .152

34

1 .000

34

.u93

600

34

AGE Correlation Coeff¡cienl

S¡9. (2-tailed)

N

000

34

I

.495 .600

34 34

Correlation ¡s sign¡f¡cant at the .01 level (2-ta¡led).
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Table: 5 Correlations among fork length, age, nitrogen and carbon signature of medium
char (FL 125-250 mm, n - 83)

Correlat¡ons

FORKLENG CARBON NITROGEN AGE
Kenoal S tau_o t-uKKLtrt\(j uorre¡aúon uoemctent

Sis. (2-ta¡led)

N 83

.714

83

217 .024

82
CARBON CorrelationCoeflcienl

Sis. (2-tailed)

N

.o28

.714

83

1.000

öJ

.0tt
,306

83

.295

82
NITROGEN Correlat¡onCoefÍcìent

S¡9. (2lailed)
N

.217

83

.306

1 .000 .vtI
.429

a2
AGE Correlat¡on Coefficienl

Sig. (2-tailed) .

N

.182',

.024

.084

.295
a2

-.o17

.429

1.UUU

82

Sig. (2-taìled)

N

.706

83

IJö

.214

83

024

82
CARBON CorrelationCoefflcient

sig. (2-ta¡ted)

N

.042

.706

05

1.000

83

115

295
a2

NITROGEN CorrelationCoefficient
Sig. (2-tailed)

N

1 36

214

83

1 1 5

83

'l 000

öJ

0 1 6

.886

82
AGE Correlat¡on Coefficient

S¡9. (2-tailed)

N

.249*

.024

82

.117

.295
-.016

82

1.000

a2
*. 

Correlation ¡s sign¡ficant at the .05 level (2-tailed).
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Table: 6 Correlations among fork lengfh, age, nitrogen and carbon signature oflarge char
(FL 300 mm, n : 24)

Correlations

* 
Correlation is sign¡ficant at the .05 level (2-ta¡led).

** 
Correlation is signifÌcant at the .01 level (2-tailed).

FORKLENG CARBON NITROGEN AGE

Sig. (2la¡led)
N 24

.o17

24

005

24

.o28

24
CARBON CorrelationCoefficient

S¡9. (2-tailed)

N

.o17

24

1 .{J00

24

004

24

.357

NITROGEN Correlat¡onCoefficient
Sig. (2lailed)
N

4UV

.005

24

.004

24

1.000

24

.392"

.012
24

AGE

Sig. (2-tailed)

N

c

.o28

24 24

012
24

1 .000

24
ùlJe¿ltI atì s If ìo r(J¡-(r\LE|\Þ uof Ietauolt \,

Si9. (2-tailed)

N

1.000

24

-.502.
.o12

24

5þþ-

.005

24

.435'

.034

24
CARBON CorrelationCoefncient

Sig. (2ìa¡led)
N

.012
24 24

c/J
.003

24

364

24
NIfROGEN CorrelatìonCoeffÌcíent

S¡9. (2{a¡led)

N

.cþþ

.005

24

Õ/J-
003

24

1 .000 .516-

.010

24
AGE Correlat¡on Coemcient

Sig. (2lailed)
N

435-

034

24

364

24

c

.010

24 24
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Combined stud)¡ of fish data. paægúiç ¡14!a lqôjtLabþ isotope AqAlysi! !f
Arctic char

The non-parametric correlations among Fulton's condition factor, fork length, age, total

parasite count, LSI. GSI and VFI of char population were calculated separately for three

different size groups (Appendix 2, Table 14-16). The small char had maximum stored

energy in the form of fat deposits (Appendix 2, Table 14), with moderate health status

and low gonad development. The parasite community was significantly correlated with

an increase in length and age of small char. The medium char had the most gonad

development, energy storage and heath status, howevü there was a significant decrease

in gonad development with an increase in fork length and parasite load a¡rd a signifìcant

decrease in fat deposits with an increase in age (Appendix 2, Table 15). The large char

had a lower health status, with low fat deposits and state of sexual maturity. The parasite

count increased significantly with length and age but was negatively correlated with both

with GSI and VFI in large char (Appendix 2, Table 16). Regression analysis of parasite

number/gram of stomach weight and liver weight of char samples (plotted with respect to

fork length and age) found no significant effect of parasite infection on the intemal

organs ofthe char samples (low I values in all the cases, Figures 26,27).

The combined study of stable isotopes and parasite community (Appendix 2,

Table 17) reflected that nitrogen signature of Arctic char had a significant positive

relation with increased length (fork length and parasite have statistically significant

positive relation, Appendix 2, Tal:le 14-16) and parasite count of the entire char sample.

However, the carbon signature presented an inve¡se relation with the increased body

length and parasite burden of the fishes. These results provided strong support in favor of

food limitation and higher trophic status ofthe large char.



Figure 26: Plots ofnumber ofparasites/per g¡am of stomach wjth respect to fork length
(A) and age (B) ofArctic char
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Figve 27: Plots of number of parasites/per gram of liver with respect to fork length (A)
and age (B) of Arctic char
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PopUlattonStg¿çtqtq

Arctic char is a circumpolarly distributed polymorphic fish species, which is ideal for

studies of niche utilization, speciation and inter and intraspecific interaction (Svardson,

1976)- The allopatric landlocked char populations are mainly distributed in high latitudes

and high altitudes. According to the literatu¡e, the frequency distribution of landlocked

char populations represents unimodal, bimodal and even trimodal size groups (Johnson,

1980, 1983); however, bimodal populations are most coûìmon and well studied in

literature. The length frequency distribution of char samples of Iqalugaajuruluit Lake

(Wormy Lake, N 630 41/ 19.8/t,w 680 22/29.0// ) indicated the presence of three modal

groups (Figures 34, 38, 4) with small char having fork lengfh FL < 125 mm Q.,l 
: 58),

medium char with FL range of 125mm - 250 mm (N - 125) and large char with FL >

300mm (ll= 25). The age-distribution of char samples of Wormy Lake (Figures 34, 38,

4) indicated that the small char are 0-4 years, medium char 4-i 1 years, where as the large

char consisted of two age groups (Figure 7), some are 8-10 years old and rest 13-15

years. The wide range of age distribution of Wormy lake char samples in each size

groups supported Johnson's (1980, 1983) idea regarding modal distribution and modal

segregation of Arctic char. Johnson (1980, 1983) found that the different modal groups of

char generally remain in the same phase of life cycle but not necessarily at the same age.

Johnson (1980, 1983) also mentioned that transfer of individuals among modal groups is

rrore dependent on size and opporh:nity than the age of the fish population. The wide age

distribution of Wormy lake char, especially for medium and large char, indicated that

individuals of different modal groups had age overlap and their modal segregation was

totally dependent on their size.

In almost a1l of the allopatic populations of landlocked char, size modality, rapid

ontogenetic niche shift a¡ld cannibalism have been considered as the most important and

Ieast understood aspects of thei¡ iife history (Hammer, 1984, 1991, 1998a, 1998b).

Hammer proposed that rapid niche shift and cannibalism are two importa¡t factors

influencing the population structure of A¡ctic char. So, it is important to look at the

feeding pattem and habitat utilization of char samples of Wormy Lake to understand their

inte¡-modal interaction and modal segregation among different size groups.



101

Food choice and habitat utilization

The Arctic char (5. alpinus) is a generalist and opportunistic feeder (Johnson, 1980) and

they are believed to be restricted to four food types: benthos, zooplankton, surface insects

and fish. In Iqalugaajuruluit Lake (Wormy Lake), the small cha¡ (FL< 125 mm) were

mostly benthivorous, with chironomid larvae being the most prevalent in their diet. They

also fed on Cladocera, Collernbola, Copepod, Diptera, wasps, water mites and some other

aquatic insects. Medium char (FL 125-250 mm) fed on different aquatic insects (most

prevalent), caddis fly larvae, clams, chironomid, plant material (Table 3A), but some fish

bones were also identified fiom thei¡ stomach (fish with fork length > 180 mm). Large

chars (FL > 300 mm) were mainly piscivorous (Stickleback is the most prevalent food)

and some of them were found to be cannibals. Some caddish fly larvae were also

identifìed fiom their stomachs. Therefore, by looking at the food choice ofthree different

size groups, it was clear that the small char mostly fed fiom benthic and epibenthic zone,

the large char mostly fed fiom pelagic zone whereas, the medium fishes presented a diet

overlap by eating both Íiom benthic/ epibenthic þlant material, chi¡onomid larvae,

different types of insects) and pelagic habitat (fish). Small and medium char shared the

benthic and epibenthic habitat but large char showed a sudden change of food habit

(being piscivorous) with a rapid niche shift and occupied the pelagic zone of the lake.

The diet overlap, rapid niche shift and piscivory /carurìbalism of fish samples of Wormy

Lake seem to supports othe¡ studies for non-a¡adromus populations of Arctic char.

However, it failed to indicate any specific reason fo¡ modal segregation especially, for

the large fishes. Griffith (1994) and Hammer (1984, 1991,1998a, 1998b) suggested that

lack of altemate prey species, cannìbalism and inter and intra specific genetic differences

are the reasons for changes in food habits and rapid niche shift of Arctic char. The

feeding percentage of different food types of summer and winter samples of Wormy Lake

had been calculated and plotted (Figure 98, Table 3B) to determine if there was a

significant variation in their food choice. In summer, Arctic char fed on, caddis fly larva

(4.7 %), chironomid (20.7 %), clams (1.3 %),plant material (2.0 %\ fish bone (6.0 %),

sticklebacks (4.7 %), small char (0.7 %) and various aquatic insects (Cladocera,

Collembola, Copepod, Diptera, wasps and water mites) (47 .3 % of total food). For

surnmer samples, aquatic insects and chironomid larvae were the most common food
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items for char samples. On the other hand the stomach content of winter samples

contained chironomid (63.8 %), plant material (8.6 %), caddis fly larva (5.2 %), clams

(10.3 %), fish bone (6.9 %), sticklebacks (5.2 %) and Arctic char (6.9 %). Chironomid

was the most important food item in winter fishes. Comparison of food items of summer

and winter samples produced some valuable information. In winte¡ samples no aquatic

insects were detected fiom fish stomach, implying limitations of food choice for Arctic

cha¡. It also seemed to support Hammer's idea of lack of altemate prey species as a

possible cause of change of food habit, rapid niche shift and can¡ibalism in char

population. A comparison of feeding pattems between summe¡ and winter samples of

Wormy Lake showed that char during the winter mostly fed on chironomìd (63.8 % of

total diet). They also cónsumed significantly larger amount of clams (10.3 % in winter

and,7.3 o/o in summer), plant material (8.6 % in winter and 2.0 in summer) and small char

(6.9 % in winter and 0.7 Vo in summer) in winter, although there was no difference in the

piscivorous food habits (fish bone 6.9 % in winter and 6.0 %o in summer, stìckleback 5.2

0% in winter anð 4.7 "/o in summer). Limitations of food variety in winter failed to explain

either the cause of rapid niche shift or the cause of piscivory of the large char. Perhaps it

influenced increased canriibalism by char. The piscivory by char may result better growth

and mo¡e nutritional benefit for large char, but it did not explain what induced the rapid

niche shift and size distribution in large char.

Growth pattern and reproduc

The Wormy lake char samples represented a sigmoid growth pattem (Figure 10) with

small char (FL < 125 mm, N:58, Age 0-4 years) having slow growth rate, medium char

(FL 125 mm- 250 mm, N:l25, Age 4-11 years) having moderate growth rate and large

char (FL > 300 mm, N:25, Age 8-15 years) with exponential growth rate. The extra

nutritional benefit in the case of large píscivorous fishes helped them to maintain their

higher growth rate in comparison to other char samples. The cha¡ samples of different

modal groups were also significantly different in terms of body development and

reproductive maturation. Data analysis regarding liver weight, gonad weight and visceral

fat weight of char samples provided some interesting variations among different size

groups. The non-parameaic cor¡elation of LSI with respect to fork length (Appendix 2,
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Table 6) presented almost no relation with increased size of char implying no significant

difference of liver development among the fish samples. However, GSI and VFI of char

samples represented negative relations (Appendix 2, Table 6) with length implying poor

gonad development, reproductive matüation and less visce¡al fat deposits in large char.

Regression analysis ofLSI, GSI and VFI (Fìgure 11) also supported the same trend of

development and gonad maturation. Fulton's condition factor (FCF) presented a

statistically significant positive correlation with both GSI and VFI but it was negatively

correlated with increased age and length supporting the idea ofpoor health in large char.

The overall study of growth pattem, body development and matu¡ation of Arctic

char of Wormy Lake demonstrated that the small char had the maximun stored energy in

fonn olvisceral lat deposits in comparison to other char size groups. The mediurn char

had fat deposits with maximum gonad development. This group was most impoftant in

terms of reproductive maturation. Whereas, in spite of their exponential growth rate, the

large char had the least gonad development and lowest fat deposits compared to all other

char. Harnmer (2000) mentioned the presence of reproductively active iarge fìshes in

allopatric landlocked population of A¡ctic char. However, the large char fiom Wormy

Lake were found to have heavy parasite infections which seemed to be the major cause of

the low energy storage and reproductive mahrration.

GSI and VSI of Arctic char were separated according to sex, to determine if there

were significant differences in growth and reproductive maturation between male and

female char. The char samples of Wormy Lake represented female dominance as the

number of female fishes were more than four times than the male char. Hammer (2000)

also mentioned that the piscivorous char populations generally demonstrate a female-

biased sex ratio and high intensity of parasìte infection, whereas non-piscivorous char

populations are generally male biased with low parasite infection. Mean GSI and VSI of

female Arctic char of Wormy Lake were significantly higher than male fishes (Appendix

2, Table 7), but the non-parametric cor¡elations among GSI, VFI, (Appendix 2, Table 8,

Table 9) with respect to fork length, in both sex, indicated negative co¡relations and did

not reflect any major differences fiom each other.
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Parasitic infectìon in char

The parasitic species infecting the char populations are believed to be different in case of

anadromous and non-anadromous char (Dick, 1984). Crepidostomum farionis,
Cyathocephalus sp., Diphyllobothrium dendriticum, D. ditremum, Cystidicola sp.,

Philonema sp., Salmincola sp., Eubothrium sp., Proteocephalus sp., Phyllodistomum sp.,

Metechinorhynchus and Neoechinorhynchus are the most coÍtmon and abundant

parasites of landlocked char population. Among these parasites, Diphyllobothrium

dendriticum, D. ditremum and Proteocephalus longicolis were considered as bio-

indicators of non-anadromus fishes (Dick, 1984). From Wormy Lake fish samples,

Crepidostomum farionis, Diphyllobothrium . dendriticum, D. di*emum, Eubothrium

salvelini, Proteocephalus longicolis and Neoechinorhynchus pungitìus were detected

from small and large fishes and ons more parasite, Phílonema agubenøculum was

detected from medium char.

According to literature, there are several factors, such as distribution (Johnson,

1980, Dick, 1984), local environmental conditions (Johnson and Dick, 2004), availability

of intennediate hosts ( Klemtsen et al., 1985, Kundsen et al.,2007,2004), food and

habitat choice (Amundsen et al., 1995, Curtis ¿¡ al., 1995, Kundsen, 1995, 1997,

Kundsen and Klemetsen, 1994, Kundsen et a|.,2002,2004), size, age (Nelson and Dick,

2002, Johnson and Dick, 2004), sex of infected individuals (Curtis, 1979, 1984),

influencing the parasitic infections in Arctic char populations. The intensity and

abundance of parasitic infection is significantly different among benthivorous, pelagic

and epi-pelagic planktivorous and piscivorous char. Benthivorous char mostly feed on

amphipod Gammarus lacustris and are infected by Cystidîcola farionis and

Cyathocephalus truncates. Char feeding on pelagic copepod; are infected by

Diphyllobothrium dendriticum, D. ditremum, Eubothrium salvelini, Proteocephalus

longicollis and Philonema agubernaculum. Whereas, the piscivorous char are reported to

have heavy infectton of Diphyllobothrium dendriticum and D. ditremunr (Curtis, 1984).

In Wormy Lake char samples, parasite infection varìed according to their size,

food choice and habitat. The mean intensity, prevalence and abundance of parasite were

calculated according to the size groups and compared (Figures 13-15, Table 4). In small

and rnedium char, the parasite abundanco ranged between 0.069-2.310 and 0.016-20.320
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respectively and, Proteocephalus longicolis had the highest prevalence and abundance in

these two modal groups. In large char, parasite abundance ranged between 0.840-434.052

and Diphyllobothrium was the most dominant parasite, with D. ditremun having highest

and, D. dendriticum havtng the second highest mean intensity, prevalence and abundance

in this modal goup. This marked increase of parasite burden in large char was mainly

caused by the huge inc¡ease of Diphyllobotltriunt spp. infections and it could explain the

reason for the low reproductive maturity and less visceral fat deposition in large char.

The study of parasite community was also imporlant to show the niche

segregation and trophic level identification of Wormy lake char samples. Identification of

Crepidostomum farionis, Dîphyllobothríum dendriticum, D. ditremum, Eubothrium

salvelini, Proteocephalus longicolis and Neoechinorhynchus pungitius f¡om small and

medium char .,¡/ith Proteocephalus longicolis being the most prevent parasite, directly

indicated that they fed f¡om benthic, epi-benthic zone ofthe lake and copepod was one of

the most common food ( as copepod is the inte¡mediate host of most of these parasites)

among their food items, though it was detected from stomach content ofvery few fishes.

Whereas, the significant increase in parasìtic intensìty (especially Diplryllobothríum) in

large char indicated that they were mostly piscivorous.

Diphyllobothrium dendriticum and D. diîremum, are believed to have detrimental

effect on health condition and reproductive maturity of Arctic char. No reproductively

active Arctic char was found with mo¡e than 30 plerocercoids per 100 gram of char.

(Curtis, 1984). Hammer (1998) also mentioned that char harboring 1500-2000

plerocercoids generally did not have mature gonads. Large char (FL > 300 mm) of
Wormy Lake had 409 +186 parasites on average (range 38-4377) and only one la¡ge char

of 25 showed some gonad development. The non-parametric correlations among parasite

count of individual fish with respect to fork length, age, (GSI, VFI and Fulton's condition

factor represented a negative correlation in each case (Appendix 2, Table l4) indicating

poor health status, low energy storage and reproductive maturation in large char. These

results were similar to those reported in the literature on the effect of Diphyllobothrium

spp. infections on char, although Wormy Lake char seemed to harbor more parasites. The

number of large fishes among the entire fish samples (only 25 ou| off 27 5 collected fish)
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of Wormy Lake seemed to provide indirect evidence of parasite induced host mortality in

the case oflarge char.

Stable isotopç inalygiÊ

The use of stable isotope analysis is common to identify the trpohic structure and niche

shift, to detect the reasons and the eflect of cannìbalism and to find the trophic

polymorphism of Arctic char (Hobson and Welch, 1992, 1995, Adams e/ al. 2003).

Stable isotope data Íiom Iqalugaajuruluit Lake (Wormy Lake) char samples was

consistence with the trophic level identification both from stomach content analysis and

fiom the study of parasitic community. The data analysis of diffe¡ent size groups also

provided some interesting details about the food habit of individual fish samples, as well

as, of each size group. The nitrogen sìgnahrre of Wonny Lake char samples reflected an

overall statistically significant positive relation with increased size and age. This

indicated a gradual shift fiom a lower to higher trophic level with increased length and

age of the fishes. The carbon signature reflected a negative correlation with increase of

fork length and almost no relation with increase of age. As, carbon signature decreases

with increase of trophic level accordìng to char literah¡re i.e. maximum in case of

benthivo¡ous and minimum in piscivorous char (Hobson and Welch, 1992, 1995), the

ôl3C value in Wormy lake fish samples also supported the same pattem of niche

utilization and food choice. The nitrogen and carbon signature were inversely

proportional to each othe¡ indicating that the benthivorous and zooplantivo¡ous fishes had

less nitrogen assimilation than piscivorous char and vice versa. Comparison of nitrogen

and carbon signahre in piscivorous (mostly large fishes) and non-piscivorous char

(Figures 20, 2l) highlighted that piscivorous char had higher nitrogen and lower carbon

values than non-piscivouors form indicating differences in their trophic level. The rnean

nitrogen and carbon signature ofpiscivorous and non-piscivorous char were significantly

different fiom each other

The ôl3C and El5N data of small, rnedium and large char were analyzed separately

to compare the variations of food choice among the three modal groups and to evaluate

the possibility of individual dietary specialization of the char samples. The descriptive

statistics of the nitrogen signature of small, medium and large char (Appendix 2, Table
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10) reflected that mean nitrogen value of large char (14.2846) was significantly higher

than small (10.7124) and medium fìshes (10.9988), indicating that large char fed 1Ìom

higher trophic level than the small and medium fishes. The medium char had a wide

range of nitrogen value (8.25-17.04) in comparison with small char (9.32-13.97),

suggesting some higher energy sources and diet overlap with large fishes. Descriptive

statistics of the carbon signahrre of different modal groups (Appendix 2, Table 11) did

not reflected any significant difference in mean carbon values in small (-19.4856),

medium char (-19.7878) and large char (-19.5025). The ôr3C and ôrsN values of small,

medium and large char were plotted separately with respect to fork length and age of the

fish samples. ln sr¡all char, the nitrogen signature had slight positive correlation with

fork length, in medium char it had slight negative correlation with fork length and in

large char, ôr5N presented significant positive cor¡elation (Tables 4-6) with increased

fork length. The ôr3C-age plots of three modal groups reflected a non-significant positive

relation jn srnall char (Table 4), almost no relation in case of medìum char (Table 5) and

statistically significant positive relation (Table 6) in case of large char. This corrparative

result ofthree modal groups implied that only in large fishes there was significant change

in the amount of carbon depletion and nitrogen assimilation whìch provided strong

support in favo¡ of their niche segregation and change of food habit in comparison with

small and medium char samples. On the other hand, although the carbon and nitrogen

signature of small and medium fishes were inve¡se to each other, they did not reflect any

signihcant deviation, supporting thei¡ similar food choice and niche overlap in these two

modal groups.

The inverse ôr3C and ôr5N signature of small and medium fishes might be

explained by the intra-system base lìne variation and individual dietary choice of char

samples. Cabana and Rasmussen (1996) observed that the isotopic signature of the

baseline organisms (such as bacteria, phytoplankton), those who transform inorganic

nitrogen to organic compounds, shows great variation even within the same system.

These differences might cause significant variations in ôrsN and ôr3C values of higher

organisms, occupying similar trophic position of an ecosystem. On the other hand,

Amundsen et al. (1995) mentioned that although A¡ctic char are also believed to be

opportunistic feeder, the prey choice is unique among the ìndividuals of the same fìsh
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population and they generally restrict themselves to a specific food habit, even if they are

exposed to various food items. Adams et al. (2003) also supported this idea of individual

Iong{erm stability of Arctic char. Therefore, it was very much possible that Wormy lake

char samples also maintained their individual food specificity and there were some

variations in ca¡bon and nitrogen fixation among different food items of small and

medium fìshes. However, these variations did not make any significant change of the

modal food habit, as all the fish samples of small and medium size groups shared the

same trophic level.

Hobson and Welch (1995) did extensive study on stable isotope analysis and

reported that small, medium and large char occupy three different trophic levels within

same ecosystem. On the other hand, Guigner et al. (2002) and Adams et al. (2003)

observed the presence of two trophic levels in allopatric landlocked char population with

only large char havìng significant difference of isotope values in comparison with other

fishes. The overall study of stable isotope analysis of Wormy Lake cha¡ samples

indicated that char fed from two trophic levels. Small and tredium fishes mostly use

benthic/epi-benthic zone feeding on planktons and aquatic insects, whereas, large fishes

were piscìvorous, being restricted to pelagic zone of the lake. This result did not match

with Hobson and Welch (1995) but were similar to recent published data.

Combined stud:¿ of stomach content anail¿sis. parasite communitv and stable

isotope analysis of char

The combined study of stomach content and stable isotope analysis is very comnon in

detection of the trophic level of organisms. Johnson and Dick (2004) introduced a new

idea of predicting the trophic status of organìsm. Johnson and Dick (2004) suggested a

comparative study of stable isotope analysis and parasite community might provide a

bette¡ indication of trophic levels in an aquatic ecosystem. They worked on yellow perch,

Perca flavesceus and suggested that this method might be applicable to identìfli trophic

status of other fish species. The objectives of my research were to determine the trophic

struchrre of the char samples of Iqalugaajuruluit Lake (Wormy Lake) by a combined

study of food consumption, parasitic community and the result of stable isotope analysis
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and also to detect the effect of parasite infection on reproductive status of char. The

application of this combined technique seemed to be effective for Wormy Lake char

samples. The morpohmetric data analysis of Arctic char indicated the presence of three

size groups, small (FL< 125 mm, N:58), medium (FL 125 mm- 250 mm, N:i25) and

large (FL> 300 mm, N:25) fishes. The age-fiequency disfibution indicated that the

small char were aged between 0-4 years, medium char were between 4-11 years and the

large char had two age groups, some ofthem were aged between 8-10 years and rest were

of 13-15 years. This also suggested that size distribution of char samples was not

dependent on char age. Stomach content analysis of Arctic char indicated that small char

fed mostly on benthic and epibenthic zone, the large fishes mostly fed in the pelagic

zone whereas. the medium fishes consumed organisms from 6enthic/ epibenthic (plant

material, chironomid larvae, different types of insects) and the pelagic zone. Small and

medium char shared the benthic and epibenthic habitat but large char represented a

sudden change of food habit with a rapid niche shift to occupy the pelagic zone of the

lake. The piscivorous food habit of the large char also provided extra nutritional benefit

and helped to maintain the exponential growth rate of these fishes. Hammer, 1991.

Amundsen et al., 1995 and Adams et al., 2003 mentioned that the

piscivorous/cannibalistic char generally have fork length greater than 40cm, but in

Wormy lake hsh samples, fish bone was detected from stomach content of char havìng

fork length < 184 mm. The comparison of food items of summer and winter char

indicated the lack of aquatic insects in stomach of winter samples, implying limitation of

altemate prey in this season. However, the winter char consumed large quantity of

chironomid (63 -8%), whìch compensated for the loss of some food items in the winter

samples and as a consequence there was not a major shift to piscivory. Therefore, the

lack of food items does not explain either the cause of the rapid niche shift or the reason

for piscivory oflarge char. The study ofparasite community indicated that the small and

medium fishes were mostly infected by some parasites, those use copepods as

intermediate hosts in their life cycle. This implied that copepods are common food item

for small and medium char and these fishes were mostly ¡estricted to benthic/epi-benthic

habitat. On the other hand, the large fishes had significant increase of Diphyllobothríum

spp. infection, indicating they occupy higher trophic level of the lake and supporting their



lt6

piscivorous food habit. The stable isotope analysis of the char samples con{irmed the

presence of two trophic levels within Wormy Lake char; with large hshes having

significantly higher ô15N value in comparison to small and medium char. Mean carbon

signature of small, medium and large char did not show any significant difference among

the size groups, although the range of ôr3C value in large char was limited implying their

restriction in higher trophìc level. The cornparative study ofpiscivorous, non-piscivorous

fish data indicated most of the large fishes were fish feeder, although no fish had been

detected fiom stomach of some big char. In summary, the combined study of stomach

content, parasite community and stable isotope analysis were quite effective to detect the

trophic structure of Wormy Lake char samples and the study of parasite communit¡r was

most effective in detection of post consumed food material and individual dietary

specialization of char samples. The combined study of fish data and parasite community

indicated that the small fishes were most imponant in energy storage in the lorm of

visceral fat deposition, medium fishes were most important in terms of gonad

development and large fishes had maximurn growth rate but they represented the least fat

storage and reproductive maturation within the entire sample. The large fishes of Wormy

lake char samples were also found to harbor more parasites than reported in the literature.

Nordeng (1983) suggested that, the gowth rate and sexual maturity of char are variable

arnong different morphs and are controlled by the inherited genetic differences among

ìndividual char, though all the morphs share same gene pool. However, the heary

parasitic infection in the large char appeared to affect their reproductive status. The

limited number oflarge char in sample (25 off275) provides indirect evidence ofparasite

induced host mortality in the case of large char. Moreover, these extensive parasite

infections induced severe adhesions with most of the visceral organs attached to the body

wall and was most pronounced for the stomach and liver. These adhesions plus the loss of

normal gonad development suggests significant effects on large piscivorous char.
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Table: 1 Descriptive statistic of length-Iìequency distrìbution of A¡ctic char captured by
electro-fishing (1.1) and gill netting (1 .2)

Table: 1.1 Statistics: for Arctic char caught by electrofishing

FORKLENG

Missing 0

69.451

37.2621

1388.4669

1.597

.347

2.402
.681

29.0

186.0

Mean

Std. Deviation

Variance

Skewness

Std. Error of Skewness

Kurtosis

Std. Error of Kurtosis

Minim um

lvlaximum

Table: 1.2 Statistics: for Arctic char caught by gill-netting

FORKLENG

Missing 0

218.24

98.053

9614.489

2.099

.192

5.544
.JÕJ

597

59

656

Mean

Std. Deviation

Variance

Skewness

Std. Error of Skewness

Kurlosis

Std. Error of Kurtosis

Range

Minimum

Max¡mum



Table: 2 Descriptive statistic of age-frequency distribution of A¡ctic char captured by
electro-fishing (2.1) and gill netting (2.2)

Table: 2.1 Statistics: for Arctic char caught by electrofishing

AGE

Missing 0

1.96

2.095

4.389

1.747

.347

3.222

.681

0
o

Mean

Std. Deviation

Variance

Skewness

Std. Error of Skewness

Kurtosis

Std. Error of Kurtosis

Minimum

Maximum

Table 2.2 Stat¡stics: for Arctic char caught by gill-nett¡ng

AGE

Miss¡ng 3

7.70

2.658

7.063

.641

,194
.936

.386

14

1

15

Mean

Std. Deviatìon

Variance

Skewness

Std. Error of Skewness

Kurtosis

Std. Error of Kurtosis

Range

l\ilinimum

Maximum



140

Table: 3 Test ofnormality of length-ffequency and age-frequency distribution of Arctíc
char.

Test of
Normality

Kolmogorov-Smimov Shapiro-Wìlk

Statistic df sig Statistic df sig

Fork length 0.155 207 0.000 0.872 207 0.000

Age 0.120 193 0.000 0.955 r93 0.000
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Table: 4 Test ofnormality ofliver weight, gonad weight and visceral fat weight of Arctic
char population.

Test of Normality
Koìmogorov-Smirnov Shapìro-Wilk

Liver weight

Statìstic df sì9. Statist¡c df s¡9.

.369 195 .000 .404 195 .000

Gonad weight 299 169 000 .477 169 .000

Visceral fat
weight

.417 186 .000 .188 186 .000
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Table: 5 Test of homogeneity ofvariance of liver weight, gonad weight and visceral fat
weight of Arctic char populatìon.

Test of Homogeneity of Var¡ances

Factor Levene
Statistic

df't df2 s¡g

Liver weight
111 .771 2 19'l .000

Gonad weight
15.580 2 163 .000

Visceral fat
weight

3.097 2 183 .048
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Table: 6 Non-parametric correlations among fork length, LSI, GSI and VFI of A¡ctic char

Correlat¡ons

. 
Conelation ¡s significant at the .05 level (2-tailed).

t* 
Correlation is signif¡cant at the .0'l level (2iailed).

FORKLENG LSr

Sig. (2-tailed)

N 197

446
193 167

013

192
LSI Correlat¡on Coefficienl

Sig. (2{âiled)
N

446

193 193

.1

.013

165

.004

189

GSI Correlat¡on Coefficienl

Sig. (2{ailed)
N

UÞö

t95
167

13 1'

013

165

000

167

939

Corrèlãt¡on coeff icienl

Sig. (2lailed)
N

.013

192

141'

004
'189

004
939

toJ

1.000

192

Sig. (2{ailed)
N 197

.357

167

.020
192

LSI Correlat¡on Coeffic¡enl

Sig. (2{ailed)
N

453

193 193

.D14

165

.004

18S

GSI Correlation Coefficienl

Sig. (2-tailed)

N 167

IYU

o14
165

000

167

0 14

864

163

VFI Correlat¡on Coeffic¡enl

Sig. (2-tailed)

N

-.168'

.o20
lot

207',

004
189

o14
864

163

1 .000

192



Table:1 Descriptive statistics of GSI and VFI of female and male Arctic cha¡

Arctic char Mean St. Deviation Number

Sex: Female

Fork length 202.369 89.723 141

GSI 1 .816928 2.4867 314 134

VSI .3081608 137

Sex: Male

Fork Length 235.000 131 .4411 JJ

GSI .225625 17 55716

VSI 155333 .3247834
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Table: 8 Non-parametric correlations among fork length, GSI and VFI of female Arctic
char.

Correlations: Female char

:ORKLENG GSI vst
l\\, \JU¡ ¡ Elclllul I \,

Sig. (2{ailed)
N

I .UUU

141

UYO

.r00
134

tzv
.026
137

GSI Correlation Còeffiõìer

Sig. (2{ailed)
N

u9b

.100

134 134

.0001

.097

130

VSI Correlation Coefficier

Sig. (2-tailed)

N

-.129-

.026

137

-.099

.097

130

1.000

137

ùpearman S rno FUKl\Ltrl\L, \,Otteiallon UOeIIIC¡el

Sig. (2{ailed)
N

1.000

141

-.090

.303

134

-.183-

.033

137

GSI Correlation Coefficier

S¡9. (2{a¡led)
N

.U9U

.303

134

1.000

134

145

.100

130
VSI Correlation Coefficier

Sig. (2-tailed)

N

-.183-

.033

137

145

100
'130

1.000

137
* 

Correlation is significant at the .05 level (2-tailed)



Table: 9 Non-parametric correlations among fork length, GSI and VFI of male Arctic
char.

Correlations: Male char

FORKLENG GSI VSI

Sig. (2{ailed)
N JJ

.58'1

32

133

JJ

GSI Correlation CoeffÌcien

Sig. (2{ailed)
N

-.069

.581
.74

1.000

.)a

-.013

.922

32

VSI Correlation Coefflcien

Sig. (2{ailed)
N

-.1 EE

133

JJ

-.013

.s22

J¿

I.UUU

JJ

òpearman s Tno ¡-ut(nLtrt\9 uorretaUon uoerTtcten

Sig. (2{ailed)
N

1.000

JJ

-1 25

497

26U

143

GSI Correlation Coeffìóiéñ

Sig. (2{ailed)
N

125
.497

1 .000 -.021
ônô

32

VSI Correlation Coeffìcien

Sis. (2{ailed)

N

-.¿ou

.143
JJ

-.o2 1

.909

1.000
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Table: 10 Descriptive statistics ofnitrogen signature of small, medium and large char

Descriptives

N

N l\¡ean )td. Deviation Std. Error

95% Confìdence lnterval for
l\.4ean

lvlin¡mum lvlaximumLower Bound Upper Bound

2

Total

24

141

10.9988

14.2846

11.5035

.Y IJJ4
't .13763

1.22862
1.67612

r co04
12487

25Q79

14116

tu.4cJ/
10.7504
13.7658

11.2244

1 .2472

4.8034
1.7425

8.25

12.15

8.25

7.04

6.33

7.O4
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Table: 1 1 Descriptive statistics of carbon signature of small, medium and large char

Descr¡pt¡ves

c

N Mean Std. Deviation Std. Error

g5yo Confidence lnterval for
À¡ôâñ

l\linimum lvlaximumLower Bound l'Jooer Bound

2

3

Total

83

24

14'l

9.7478
9.5025

9.6664 1.46493

.14848

.31728

.12337

-20.0832
-20.1s88

-19.9103

s.4925
8.8462
9.4225

-22.95

-21.99
-23.62

¡ t).cJ

16.18

16.18



Table'. 12 Comparison of mean nitrogen signature between pìscìvorous and non-piscivorous cha¡

Group Statistics

2.00

FOODTYPE

,t LYuol

assumed

Equal var¡ances
not assumed

Note: Food type l: pisc¡vorous, Food type 2: non-p¡sc¡vorous

N

Levene's Test for
Eoual¡tv of Variances

IU

124

Mean
to.¡otv
11.1839

F

2.603

Std. Deviation

lndependent Samples Tesl

Siñ

t.tooct
1 .40010

109

Std. Error
Mean

t

149

6.776

5.682

.+cYoc

.12573

df

138

17.540

t-lest for Eoualitv of Means

,000

.000

Mean
D¡fference

2.5980

2.5980

Std. Error
Difference

.38342

.45725

95% Confìdence
lnterval of the

Lower

'1.83987

1.63554

3.35614

3.56047



Table: 13 Comparison of mean carbon signature between piscivorous and non-piscivorous char

Group Statistics

\J l.UU

2.00

FOODTYPE

Note: Food type 1: p¡sc¡vorous, Food type 2: non-p¡scivorous

N

assumed

Equal variances
not assumed

Levene's Test for
Eoual¡tv of Vâriances

to

124

Mean
-zu.+c¿J

-19.5676

F

Std, Deviat¡on

898

lndependent Samples Test

Siô

t.¿ tó t+

1.47328

Std. Error
Mean

t50

-2.301

-2.665

JU4C4

13230

.lf

138

2't.105

t-fesf fôr F.lllâlitv ôf Meâns

.023

.014

Mean

-.8849

-.8849

Std. Error

.38457

.33203

95% Confidence
lnterval of the

Lower

.1.64534

.1.57 521

"12450

-.19463



Table: 14 Non-parametric correlations among condition factor, fork length, age, total parasite count per host, LSI, GSI and VFI in
small cha¡ (FL < 125 mm)

Correlat¡ons

FORKLENG Correlation Coeffìcienl

Sig. (2-tailed)
N

Sig. (2{a¡led)
N

AGE

PARASITE CorrelalionCoefficienl

S¡9. (2ìailed)
N

Correlation Coeffìcienl

S¡9. (2ìa¡led)

N

CFACTOR

LSI

FñRKI FNlì

GSI

59

Correlation Coeffi cienl

S¡9. (2lailed)
N

.UÞU

.501

59

*.Conelation 
is sign¡fìcant at the .05 level (2-ta¡led).

*".Correlation 
ìs sìgnifìcant at the .01 level (2{ailed).

.50r

. t5¿

.114

Correlation Coeffìcienl

S¡9. (2-tailed)
N

AGE

L000

59

-.u4v

.610

59

.114

59

PARASITE

Sis. (2-tailed)
N

.¡/öC

.000

59

. töc

.000

.610

59

.019

.850

49

.uzó

.809

59

1.000

LSI

.v¿ó

.809

.u50

.711

59

-.UZb

.796

49

850

49

-.uoó

.541

151

GSI

..UOJ

.541

59

.035

49

-.v¿o

.796

49

.¿10

.711

.U3I

.726

49

1.000

VFI

.UJ/

.726

49

.z to

.153

49

.157

49

.127

23

..UbJ

.562

49

-.UOJ

.562

49

.z+o

.127

. t4u

.157

49

.145

49

.957

23

I.UUU

49

.uuv

.957

.154

.145

49

.619

49

.t¿ö
_397

'¡o7

23

-,UÐ4

.619

49

170

49

. tJb

.170

49

.004

.004

49



Table: 15 Non-parametric cor¡elations among condition factor, fork length, age, total parasite count per host, LSI, GSI and VFI in
medium char (FL 125-250 mm)

Correlations

FORKLENG Corre¡ationCoeffcienl
S¡9. (2-taiìed)

N

Sig. (2-tailed)

N

AGI

PARASITE CorrelationCoefficienl
S¡9. (2-tailed)

N

Correlation Uoeïl¡cienl

Sig. (2-tailed)

N

)FACTOR

LSt

120

FORKLENG

GSI

-.217

.000

120

Correlation Coetticienl

Sig. (2lailed)
N

'Correlatìon is sign¡ficant at the .01 level (z-taiìed)

Correlat¡on is s¡gn¡f¡cant at the .05 level (2{aìled).

000

120

Correlation Coeffìcienl

S¡9. (2-tailed)

N

.069

117

1.tì00

12'l

.069

117

-.ubb

.289

120

Correlation Coefficienl

S¡9. (2-tailed)

N

PARASITF

131

118

tv¿

131

118

.135

118

.voo

.289

120

.zö I

.000

121

118

ISI

.240

.000

117

.¿öt

.000

121

152

.135

118

.035

118

.UÕO

.204

118

.000

116

(ìst

.uoo

.204

118

.'133

.035

118

-.zot
.000

117

.000

117

-.ucu

.464
1t6

121

-.uou

.464

116

VSI

.uz¿

.726

I to

.¿ot

.000

117

.1 15

.093

114

.000

1 '16

-.UJÕ

.550

118

-.UJÕ

.550

118

. t to

'114

.138'

.044

114

-.u¿¿

.726
116

.172-

.006

117

118

.t(z

.006

117

-. IÓÕ

.044

114

-.UJ4

.589
'1 16

.223

.000

115

.000

115

.589

116

'I 1J

076

114

1.000

117

.1 ',]3

.076

114

.984

113

.UU 1

.984

113

'116



Table: 16 Non-parametric conelations among condition factor, fork length, age, total parasite count per host, LSI, GSI and VFI in
large char (FL > 300 mm)

Correlat¡ons

FORKLENG Correlat¡onCoefficient

S¡9. (2tailed)
N

S¡9. (2{ailed)

N

AGE

PARASITE

Correlation Coeff¡cient

Sig. (2-tailed)

N

l]trÀ'TÔÞ

LSI

Correlat¡on Coeff¡cient

Sis. (2lailed)
N

GSI

t-t ìf{K I

Correlat¡on Coefficient

Sig. (2lailed)
N

Correlation is signifÌcant at the .05 level (2-tailed).

' Correlat¡on is signifìcant at the .01 level (2-tailed).

-. tJ4

.350

t- t\ll ì

VSI

,350

25

Correlation Coefficient

Sig. (2lailed)
N

-.¿oó

.086

25

r.000

Correlât¡on Coefficient

SÌ9. (2-tailed)

N

.086

.ubJ

.709

PARASITE

.JCU

.023

25

.ccu

.023

.UOU

.674

.709

25

.003

25

1.000

¿a

.¿oY

.080

22

153

.+¿ó

,003

25

.175

.224

¿c

.674

25

.307

.045

25

.u9ð

.537

23

,óv r

.o45
25

.175

.224

.uvþ

,534
22

.080

22

.UJU

.847

zi)

1.000

25

.UJU

.847

.384

.534

22

.148

22

.537

.013

.926

25

.013

.926

.148

22

.u40

.792

23

-.o17

.910

22

139

384

1.000

-.U l //

.910
at

-.u4c

.792

23

25

.340

.028

22

,J4U

.028
2t

-.u9ö

,4 to

.009

23

1 .000

.009

.728

20

.ubu

.728

20
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Table: 17 Non-parametric correlations among total parasite count per host, nitrogen and
carbon signature of Arctic char

Correlatíons

PARASITË NITROGEN CARBON

Sig. (2{aiied)
N 208

.000

141

168

141

NITROGEN Correlat¡on Coeffìcien1

Sis. (2{ailed)
N

t4ó
000
141

1 .000

141

08 4

139

141

CARBON CorrelationCoefficienl

Sig. (2lailed)
N

ut9
. t oa1

'141

.Uó4

.'139
'141

.000

141

ùpearrnan s rno r¡\ñ¡\ùt ¡tr uoltetaUon uoerltctent

Sig. (2ìailed)
N

1.000

208

.476-

.000

141

-.1

.150

141

NITROGEN Correlation Coefficient

Si9. (2ìailed)
N

.476

.000

141

1 .000

141

-.1 19

.161

141

CARBON CorrelationCoefíic¡ent
Sis. (2{ailed)

N

5U

41

119

161

14'l

1.000

141
." 

Correìatìon is sìgniflcant at the .01 ¡eve¡ (2{ailed).



Appendix: 3
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of winter A¡ctic char red ìn 2004
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Table 2: Food of summer Arctic char c
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