Accumulation of PCB in sympatric Arctic charr in Lake Ellasjøen, Bear Island: individual variation and ecological impacts ?
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Summary
Arctic charr (Salvelinus alpinus) is the only freshwater fish species on the Bear Island, as in most of the High Arctic. The net catches from Lake Ellasjøen showed a striking bimodal length distribution of Arctic charr, with two distinct size modes of mature fish. The growth pattern follow a sigmoid-shaped curve and the critical switch point seem to be connected to the onset of maturity: early maturation and reduced growth, or delayed maturation and increased growth. Small sized charr in Ellasjøen feed mainly upon chironomids and zooplancton, while large sized fish to a large extend feed upon their counterparts, i.e. live as cannibals. 

The (PCB in muscle in Lake Ellasjøen charr varied from 56 to 2 400 ng/g ww, corresponding to more than 100 ppm extractable fat, i.e. probably the highest PCB level ever reported in freshwater fishes in remote areas.

For smaller Lake Ellasjøen charr, the PCB concentration decreased significantly with increased growth rate (size at age), while for larger cannibalistic charr, the PCB concentration increased strongly with size. Thus, differences in food preferences and growth rate may explains most of the variation found in PCB concentration in the charr population in Lake Ellasjøen.

We found some differences in population structure between charr sampled in 1978 and charr sampled in 1998. It is difficult, however, to separate possible impacts from PCB burden from for instance changes in exploitation rate.


There is obviously a need for future monitoring to establish any temporal trends in PCB contamination in (biota in) the High Arctic. We recommend that Arctic charr should be included in a future monitoring program for PCBs, and that sampling should be conducted in at least in Lake Ellasjøen. 

1. Introduction/background

Arctic populations inhabiting high latitudes suffer a high risk of being exposed to various persistant, lipophilic pollutants (e.g. polychlorinated biphenyls, PCBs) from atmospheric deposition (Barrie et al. 1992, Hammar et al. 1993). These compounds are stored in body fats and increasingly concentrated as it passes up the food chain (biomagnification). PCBs have been found in high levels in the top predators in marine systems (Muir et al., 1992) and have also been traced in landlocked fish (Risebrough & Berger 1971, Johnson et al. 1988, Rasmussen et al. 1990, Oehme 1991, Hammar 1993, Skotvold et al. 1999).

Within freshwater ecosystems, PCBs reach predatory fish mainly through their prey (Hammar et al. 1993), and high levels have especially been recorded in long-lived predators such as northern pike (Esox lucius), burbot (Lota lota) and lake trout (Salvelinus namaycush) (e.g. Johnson et al. 1988). In some lakes in the Yukon Territories and in high mountain lakes in Canadian Rocky Mountains, high concentrations of the pesticide toxaphene in lake trout flesh has made it necessary (for Health and Welfare Canada) to limit consumption of these foods (Donald et al. 1993, Kidd et al. 1993). Based upon a pilot study on the Bear Island, where one specimens of landlocked Arctic charr (Salvelinus alpinus) was sampled in Lake Ellasjøen, one of the highest concentrations of PCBs in freshwater fish in remote Arctic areas was revealed (Skotvold et al. 1999). 

The Arctic charr has a Holarctic distribution and has the widest geographic range of any salmonid species (Hammar 1985). Charr populations demonstrate a tremendous ecological plasticity, showing various adaptations to harsh environments. It is the only species of freshwater fish in most of the High Arctic, as Northern Canada, Novaja Zemblja, Northern Greenland and Spitsbergen including Bear Island (Hammar 1985). Within lakes several morphs, distinguished by several life history traits, may be found, and the multiplicity of life-history tactics often results in bimodal length-frequency distributions (Behnke 1980, Johnson 1976, Power 1978, Klemetsen et al. 1985, Svenning & Borgstrøm 1995). 

Growth rate has been verified as a very important factor for the explanation of differing levels of pollutants in fish (Jensen et al. 1982, Connolly 1991, Hammar 1993). Sympatric populations of Arctic charr, with alternative growth strategies, thus provide unique opportunities to study the variation in levels of persistent pollutants (Hammar 1993). Since landlocked charr populations in Arctic areas may grow very old, i.e. up 30 years, and their age can be determined very precisely, they also provide good opportunities to correlate individual variations of pollutants with other life history traits, as well as regarding general time trends of the burden of contamination in these areas. 

Base on a thorough ecological study in Lake Ellasjøen in 1978, where nearly 2 000 fish were sampled, two charr morphs – one small sized and one large sized - was found in the lake (Klemetsen et al. 1985). The large mode charr were growing significantly faster, matured at a higher age and at a larger size and grew clearly older than small mode charr. The smaller charr fed mainly upon chironomids and zooplancton, while larger charr seemed to be piscivorous, i.e. displayed cannibalistic behaviour. 

In a bioenergetic model that describes uptake of PCBs in terms of food consumption and respiration, i.e. factors related metabolically to size and growth rate, Jensen et al. (1982) showed that in fish with high growth rate, the PCBs accumulated were diluted by rapid accumulation of new fish tissue. This is in accordance with Hammar et al. (1993) study in Lake Blåsjøen, where he found that the slow-growing charr in the population were exposed to higher concentrations of PCBs than individuals with faster growth. Thus we suggested that slow growing charr from Lake Ellasjøen would be exposed to higher concentrations of PCBs than the fast growing ones. On the other hand, since there is probably a shift in diet towards cannibalism for larger individuals, i.e. for charr larger than 25-30 cm (see Svenning & Borgstrøm 1995), there may be also be a corresponding increase in the exposure to PCBs with size and age for the larger Ellasjøen (piscivorous) charr. Thus, we hypothesized that within small and slow-growing charr, PCB exposure would decrease with size or growth rate, while within the larger charr, due too cannibalism, PCB exposure would increase with increasing size or growth rate. 

It has been suggested that PCBs are eliminated in the gametes of fish (see Niimi 1983, Vodicnik & Peterson 1985), thus female charr would probably eliminate significantly greater portions of PCB burden versus males because of their larger gonads (eggs). Thus, we hypothesized that PCB burden would be lower in mature females versus mature females. Analogous, we also expected higher PCB burden in older immature females compared to older mature females, i.e. fish that had been spawning several times.

Measurements of PCBs in remote areas have been ongoing for several decades. Due to insufficient detection limits and change of methodology, however, it has been difficult to estimate time trends in the observed levels and there exist no long-term standardized data sets for the High Arctic (AMAP-report, p. 311). In subarctic areas, declines in PCB levels were observed in the 1970s and 1980s, i.e. the PCB concentration in herring from Swedish sea areas, began to fall around 1975. It is, however, unclear to what degree the temporal trends in the High Arctic is synchronized with those at more southern latitudes (AMAP-report, p.311). Thus, it is hard to predict whether the PCB burden in the Ellasjøen charr population has decreased or increased since the population study in 1978 (Klemetsen et al. 1985). To detect possible impacts due to changes in the PCB burden during the last two decades, the charr population structure established in 1978 was compared to the one in 1998. We hypothesized that any impacts would be connected to life history traits as fecundity, maturity and mortality. 

Thus, the overall aim of this study was to reveal possible effects from accumulation of PCBs on the individual and/or the population level on the sympatric Arctic charr population in Lake Ellasjøen. This was accomplished by 1) comparing the charr population structure in 1998 with the one in 1978 (population level), and 2) by correlating the individual variation in PCB level with life history traits as size, age, growth rate, sex and maturity stage. 

2. Materials and Methods

2.1 Study area

During Willem Barents discovery and stay on Bear Island in 1596, the expedition shot a polar Bear (at sea), an incident that gave name to the island (see references in Klemetsen et al. 1985). Bear Island is situated between mainland Norway and Svalbard and has an area of 178 km2. The climate is relatively mild for an arctic island, with a yearly average temperature of-3.8 oC (Klemetsen et al. 1985). Precipitation is low, i.e. yearly normal 367 mm. A comprehensive treatment of the geology of the island is given by Horn & Orvin (1928). Topographically the island is split into two parts, a southern mountainous area and a northern area of level plains (Klemetsen et al. 1985). The highest peak of Mount Misery has an altitude of 536 m. Glacial impact has left an numerous shallow basins filled with water, and close to 750 can be counted on the Bear Island map (Hoel 1944), their surface making up 11 % of the islands surface. Most water bodies on Bear Island are shallower than two meters, and less than 10 of the larger lakes reach depths between 5 and 10 m (Hoel 1944). 

Ellasjøen is the only deep lake on the island, with an maximum depth of 43 m. Large parts of the basin is deeper than 30 m. It is situated 21 m.a.s.l and the surface area is ca. 0.7 km2. The secchi depth in late summer is approximately 4 m. The catchment area is approx. 6 km2 and the retention time is 6-7 years. 

The ice-free period on lakes on Bear Island lasts from June to September, i.e. 2.5-3.5 months (Bertram & Lack 1933). Water temperature in July and August average 6-7 oC (Jacobi & Meijering 1978, Klemetsen et al. 1985, this study). Summer stratification will probably never develop because winds will turn over water masses of 5-7 oC. Ellasjøen has a remarkably low transparency. Water colour is turbid greyish green and the water is slightly alkaline (Klemetsen et al. 1985). This is probably due to appreciable input of bird manure. Large flocks of kittiwakes (Rissa tridactyla) ranging from several houndred to two thousand birds, constantly sat one the lake bathing and preening their plumage. A large colony of several thousands of little auk (Alle alle) are nesting in a mountain (Alkefjellet) in the southern part of the Ellasjøen catchment area. Further, there is also a colony of glaucous gulls (Larus hyperboreus) close to the outlet of Lake Ellasjøen. These three species of birds probably imply an enormous allochthonoos input to the lake which certainly contributes much to its special limnological appearance.  

The upper littoral of Lake Ellasjøen is a steep, rocky margins 0.5-1 m deep. Except for occasional submerged mosses, there is no macrovegetation (Engelskjøn & Schweizer 1970). The diversity of phytoplancton and protozoa is low, the most major invertebra taxa are lacking, and the Trichoptera, Simuliidae and Hydracarina are represented by only one species each  (Klemetsen et al. 1985). Among crustaceas the euphyllopod, Lepiduris arcticus, is a dominant species of pools, ponds and fishless lakes on the island. In Lake Ellasjøen, with the dense charr population, it is heavily cropped down, while in Lake Øyangen, with a relatively low density of charr, it makes up a important part of the charrs diet. Seven species of Cladocera and six species of copepods are recorded. Of these the cladoceran Daphnia longispina and the copepod Cyclops abyssorum is quite important as prey items for smaller charr in Lake Ellasjøen. Chironomids is the dominant insect group, both by diversity, distribution and abundance, and they contribute to approximately 60-90 % of the stomach filling in charr in Lake Ellasjøen (Klemetsen et al. 1985, this study).

Lake Øyangen at 33 m.a.s.l. is situated less than 6 km north of Ellasjøen. The maximum depth is less than 5 m, and most of the lake is even shallower than one meter. The surface area is about 0.3 km2, while the catchment area is approx. 2 km2 and thus the retention time is less than one year. The charr population is relatively scarce and in contrast to the Ellasjøen charr, the Øyangen charr is to large extent feeding on Lepidurus arcticus. There are very few birds habiting Lake Øyangen, thus there are nearly no allochthonoos external input to the lake.  

2.2 Sampling

In 1978, charr were sampled in Lake Ellasjøen in two periods, i.e. July 12-27 and August 18-27. Fishing was performed with monofilament 1.5 by 25 m bottom gill nets, placed singly or in fleets from the shore and outwards and left fishing overnight. Bar mesh sizes on the bottom nest were 10, 12.5, 16, 20, 22, 24, 26, 31 and 39 mm. The floating nets used were 6 by 25 m and of mesh sizes 10, 16, 20, 24, 26, 31 and 39 mm, and they were mounted at the surface at least 200 m offshore. In 1998, charr were sampled in August 17-28. The gillnets used ranged from 10 to 45 mm bar-mesh (10, 12.5, 15, 18.5, 22, 26, 35 and 45 mm). Bottom nets were 1.5 m deep and 40 m long and were used in th elittoral (1-15 m depth) and the profundal zones (15-30 m depth). The pelagic nets were 6 m deep and were used to fish offshore from the surface. 

All fish (both 1978 and 1998) were weighed (nearest gram), measured for fork length (nearest millimeter) and then dissected. Fish were classified with respect to sex, maturity and colour of flesh. The gonad maturity was indexed using a seven-grade scale (Sømme 1954). Otoliths and stomachs were removed and preserved in 96 % ethanol. The number of cysts (plerocercoids) of the cestode Diphyllobothrium ditremum (Creplin) on the stomach wall and on other organs in the body cavity was counted (only in 1998). 

From each fish, a segment of 10-15 g was dissected from the lateral muscle, for PCB and lipid analyses (only in 1998). All samples were packed in aluminium foil and kept cool on ice, before they were frozen. 

2.3 Analyses

Charr stomachs were opened and the percentage degree of fullness estimated subjectively on a scale ranging from empty (0 %) to full (100 %). The food items were identified and their relative contribution to stomach fullness estimated. The method used was similar to the points method of Hynes (1950), but employs a percentage scale. The average degree of fullness for each prey item was expressed as a percentage of the average degree of total fullness in the sample (i.e. the degree of fulness for all prey item is 100 %).

Otolith analyzes, including preparation, reading and measurements, were performed as described in Svenning et al. (1992). On a selected sample from 1978, conventional reading was compared to the reading after burning and breaking the otoliths, using Powers (1978) technique slightly modified (Kristoffersen & Klemetsen 1991). The differences were, however, small and it was concluded that the use of the more laborious burn-break technique was not justified for the present purpose (Klemetsen et al. 1985).

Muscles were divided into two parts; one for lipid analyses and one for PCB analyses. The analyses (only in 1998) were conducted at the laboratory at Knipovich Polar Research Institute of Marine Fisheries and Oceanography (PINRO) in Murmansk, Russia, and fulfilled according to (FAO Fisheries Technical Paper 1983 and Wells et al. 1992). 

Total lipids were analyzed from homogenised samples by a mixture of methanol and chloroform, essentially as described by Bligh and Dyer (1959). The proportional amount of triacylglycerols (TAG) was quantified by HPTLC (high-performance thin-layer chromatography), using SiO2 60 pre-coated paltes (Merck, germany). The developing solvent system consisted of heptane : diethyl ether : acetic  acid (80:20:1). After xcharring with copper acetat the separated lipid classes were quantified by a Camag TLC scaner 3 (Muttenz, Switzerland) at the wavelength 350 nm.

Shortly, the PCB samples were homogenized with acetone and thereafter hexane : acetone (3:1). After clean-p PCB was determined by gas chromatography, using a HPGC 5890 Series II equipped with a splitless injector, electron capture detector (ECD) and a HP-5 capillary column (50 m x 0.20 (m x 0.11 (m). Nitrogen was used as carrier gas (42 ml/min). The injector and detector temperatures were 280 oC and 320 oC. The temperature program was: 60(1)-15-160(0)-1.5-270(20). Calculations were done on basis of external (PCB153) and internal standards with which the chromatograph had been calibrated. In addition to levels of extraxted lipids, a total of 11 PCB congeners were furnished, i.e. PCB28, -31, -52, -99, -101, -105, -118, -138, -153, -156 and –180.

3. Results

3.1 Population structure

Two size modes of mature charr emerge both for the 1978 and the 1998 material from Lake Ellasjøen, i.e. for fish smaller and larger than 27 cm (Figure 1). The modal age (mature fish) was 8 years for the small mode both in 1978 and 1998, while modal age for the large size mode was 16 and 14 years respectively. We captured relatively a few more large mode charr in 1998 versus 1978 (chi-square, p<0.01).

The small mode charr from both sampling years displayed a pronounced growth stagnation in the 15-20 cm size range, while large mode charr showed no clear indication of growth stagnation with age (Figure 2 a,b). Between years we found no differences in growth for the small mode charr, while some year classes among larger charr captured in 1998 were larger than the similar cohorts captured in 1978. The relative frequency of large (and old) versus small charr was significantly higher in 1998 versus 1978 (chi-square, p<0.01). 

Both for the 1978 and the 1998 sample, we found a sex ratio shift from 50/50 among young parr via a male dominance among the small ripe fish to a female dominance among the large mode spawners. The frequency of mature males, however, was significantly higher (both size modes) for charr captured in 1998 versus 1978 (Table 1; chi-square, p<0.001). No significant differences were observed for females (Table 1).

A large difference, with no overlap in egg counts, was observed between the two modes of ripe fish, although no differences could be detected between the two sampling years. The variation in egg number was however huge, i.e. fish at the same size displayed a variation in egg number from 700 to 1 500 (Figure 3). Due to a relatively small sample size it was, thus, not possible to prove any significant differences in egg number of charr between the two sampling years. 

3.2 PCB-analyses

Which of the PCB-contaminants contributes most

Of the 11 PCB contaminants, the most persistent compound, PCB 153, accounted for 37 % of the total PCB ((PCB) in Lake Ellasjøen charr (Figure 4). Together with PCB138 (27 %), PCB180, PCB118 and PCB99, these five contaminants accounted for 92.7 % of the total PCB (Figure 4). The correlation coefficients (r-values) between PCB153 and the other 10 compounds were extremely high, except for PCB-31 and PCB-52 (Table 2). These two compounds accounted, however, for less than 1.5 % of the total PCB (Table 2).

Lipid content versus PCB

Individual plot of PCB concentration versus lipid for individual fish revealed very weak perceptible correlation (r2=0.045, n=137). Lipid content varied between individuals from 0.1 to 6 %, but no correlation was revealed regarding lipid content versus size or age of the fish. Total PCB was not associated with condition factor, CFA (weight(g)x100/(L(cm))3), and neither was CFA correlated to length or age of the fish.

PCB-contaminants related to size/age of Ellasjøen charr

Total PCB ((PCB) in muscle from the Ellasjøen charr varied from 55.7 to 2 404.2 ng/g ww (Figure 5). The lowest concentration was found in a 311 g and 11 year old fish, while the most contaminated fish weighed more than 3 kg and was 23 years old. The average (arithmetic mean) PCB content in small (< 27 cm, 315.6 ng/g ww) versus the large size mode (>27 cm; 307.3 ng/g ww) were more or less similar (t-test, p=0.89). The arithmetic and geometric mean of (PCB for the total sample was 237.6 and 309.0, respectively. (PCB in the most contaminated fishes corresponded to more than 100 000 ng/g extractable lipid (> 100 ppm). 

Regressions showed a negative correlation between size and (PCB for all cohorts from 5 to 10 years of age, none correlation for fish aged 11-13 and then a positive correlation for all age groups (containing fish) older than 13 years of age. Thus, the three different age groups (5-10, 11-13 and 14-25 years) were tested separately. The concentrations of PCBs decreased with increasing size/growth for younger charr (Figure 6), i.e. for fish of 5-10 years of age (regression, n=63, r2=0.2, p<0.001), while for 11-13 years old charr, no correlation was found (Figure 6; regression, n=52, r2=0.05, p>0.6). For individuals more than 13 years of age (Figure 6), a strong positive correlation was revealed between fish size and PCB content in muscle (regression, n=27, r2=0.63, p<0.0001). Thus, over all, the PCB content decreased with body size for younger charr whereas PCB increased by size for older fish (Figure 6). 

For the small mode charr no sex differences in (PCB was revealed. Males dominate, however, within small mature fish, and thus the number of mature females are really too scarce to detect any significant difference between sexes. The 15 small mature males and the 4 small mature females, at least, did not displayed any visual differences in (PCB. 

Among the 12 heaviest contaminated charr in the 11-13 year old fish, only one was a female (8.3 %) and among the 12 heaviest contaminated among the older fish (> 13 years), only two females were present (16.7 %). Thus, the oldest and most contaminated charr seem to be dominated by males. It should also be noted that, regardless of (PCB contamination, males dominated among older fish in the 1998 sample (85 %), while females dominated in 1978 (65 %). 

No significant differences in PCB contamination between mature and immature females was detected, regardless of age groups examined. It should be mentioned, though, that only one of the eight females older than 13 years of age, and examined regarding PCB, was immature. 

For males younger than 11 years of age, mature fish were significantly higher contaminated of PCB, than immature fish (t-test, p<0.001). These mature males also displayed a significantly slower growth than their immature counterparts (t-test, p<0.05). For older males no significant differences were detected between (PCB and maturity. 

PCB and intensity of parasites (Diphyllobothrium ditremum)

The intensity of cystes of Diphyllobothrium ditremum was positively correlated to total PCB for charr 14-25 years of age (n=27, r2=0.467, p=0.004). No correlation was found for younger charr. Intensity of D. ditremum was also positively correlated to the length and age of charr 14-25 years of age (p<0.01). 

4. Discussion

The net catches from Lake Ellasjøen showed a striking bimodal length distribution of Arctic charr, with two distinct size modes of mature fish, i.e. with no overlap in length. The growth pattern, thus, seem to follow a sigmoid-shaped curve (Hammar 1989) and the critical switch point could be connected to the onset of maturity: early maturation and reduced growth, or delayed maturation and increased growth. Small sized charr in Ellasjøen feed mainly upon chironomids and zooplancton, while the larger and fast growing individuals to a large extend feed upon their counterparts, i.e. live as cannibals. 

It has been suggested that growth rate has a considerable effect on the individual concentration of persistent pollutants (Jensen et a. 1982, Connolly 1991, Hamar et al. 1993). For younger Ellasjøen charr, i.e. fish between 5 and 11 years of age, the PCB content was relatively high for the smallest individuals. Total PCB varied from 200 to 700 ng/g ww in muscle within the smallest fishes (10-20 cm), while fishes from 20 to 40 cm in length in this group displayed a variation in total PCB of only 75-300 ng/g ww. Thus, the PCB concentration decreased significantly with increased growth rate (size at age). This is in accordance with Hammar (1993), who found that slow-growing charr in Lake Blåsjøn were exposed to higher concentrations of PCBs than individuals with faster growth. 

Larger and older charr (> 14 years) in Lake Ellasjøen seem to switch to a fish diet, i.e. become cannibals. The size of the prey found in larger charr stomachs varied from 9 to 17 cm, most being 11-15 cm. The PCB concentration in zooplancton and chironomids in Lake Ellasjøen averages ca. 20 and 50 ng/g ww (Skotvold at al. 1999), respectively, while the PCB concentrations in “prey-sized” charr (11-15 cm) varies from 200 to 700 ng/g ww (this study). Thus, it seem quite obvious, that the high concentrations of PCBs in larger charr (more than 1 000 ng/g ww), as well as the strong positive correlation found between fish size/age and PCB, is due to a shift in feeding behaviour of larger charr towards cannibalism. Thus, for the Ellasjøen charr, differences in food preferences and growth rate, may explains most of the variation in PCB level within the population (see also Skaare 1998, Jensen et al. 1982). 

Males dominated among the highest PCB contaminated individuals in the Ellasjøen charr population. This could be due to the fact that since PCBs may are significantly eliminated in the gametes of fish (see Niimi 1983, Vodicnik & Peterson 1985, Miller 1994), female charr would probably eliminate significantly greater portions of PCB burden versus males because of their larger gonads (eggs). On the other hand, we found no significant differences in PCB contamination between mature and immature females. It should be mentioned, though, that since only one of the eight females older than 13 years of age (and examined for PCB) was immature, it was impossible in a significantly way to compare PCB burden between mature and immature females for the oldest and probably most contaminated individuals. 

A positive correlation between PCB concentrations and numbers of parasites have been found in some studies. Thus, it has been suggested that one or more of the PCB congeners suppress the immune function and thereby increase the susceptibility to parasite infection. In most of these studies, however, the animal could not be aged (see Sagerup et al. 1998). The same correlation was also found between the parasite D. ditremum and PCB in the Ellasjøen charr. However, age (and length) of the fish was also positively correlated to the parasite burden, i.e. the correlation between PCB and the parasites was most probably due to accumulation connected with feeding (via zooplancton or re-infection by cannibalism). 

Even fast-growing individuals in general should show low PC levels, the common shift in diet with size in most Arctic charr populations, probably also increases the exposure to persistent pollutants in piscivorous charr. Cannibalism is suggested to be the major force in structuring the age- and lengthclass distribution in Arctic lakes (Svenning & Borgstrøm 1995). Thus, in highly contaminated areas, as in Lake Ellasjøen, a possible outcome could be an alteration in the “balance” between the large- and small-sized mode, leading to induced mortality in larger fish and stunting in the population (Svenning & Borgstrøm op.cit.). Several Ellasjøen charr reach PCB concentrations of 1000-2 500 ng/g ww in muscle, or more than 100 000 ng/g extractable fat, i.e. concentrations of more than 100 ppm. Even, caution should be made when comparing concentrations of PCB to lipid (see Borgmann & Whittle 1992), the high PCB concentrations in the Ellasjøen charr, have never been reported before from freshwater fish populations (neither landlocked nor anadromous), and raises the question whether these “extreme” PCB contamination has affected the population. We lack information regarding PCB levels in Ellasjøen charr in the period 10-20 years ago, and it is even difficult to suggest whether the PCB level in the Ellasjøen charr population should have declined or not the last 20 years. 

A thorough ecological study was performed in Lake Ellasjøen in 1978, in which close to 2 000 charr were captured and prepared regarding length, weight, age, maturity etc. (Klemetsen et al. 1985). Compared to the 1978-sample, some more larger and older charr were captured in 1998 versus 1978. In addition, the frequency of mature males, in special among the small sized morph, were higher in the 1998 catches. An increase of larger and older charr, presumably with the relatively highest PCB contamination, could indicate that lower PCB burden in recent years had lead to lower mortality and thus an increase of larger fish. Alternatively, reports (rumors) based on a few charr analyzed in 1995, showing unexpectedly high PCB levels, may have led to a reduced exploitation in Ellasjøen and thus an increase of larger/older fish in the population. 

As mentioned above, if females eliminates PCBs with their gametes, survival should favour females compared to males, if high PCB concentrations. Since no indication of more females than males among older/larger charr, this does not seem to be the case. The increase of mature males among the small sized fish, could be due to the fact that a possible higher PCB level around 1978, leading to a very high PCB levels in special for mature and thus slow-growing fish, may lead to lower survival compared to 1998. Alternatively, spawning activity may vary between years, thus an increased amount of spawning males in 1998 compared to 1978 could be due to higher spawning activity and thus higher catchability. 

Until the 1970s, Arctic areas was considered being to remote to be the subject of any pollution by persistent organic compounds (Oehme et al. 1996). Monitoring the last 10-20 years have revealed, however, that concentrations of organochlorines found in the Arctic are surprisingly high (Oehme op. cit.). The long-range atmospheric transport has been identified as the main transfer route to these areas (Wania et al.1993), and regarding PCBs, the industrial production was assumed to at the maximum in 1970-75, while there was a total ban of PCBs in 1992. It is thus assumed that the contamination of PCBs also in remote areas may have declined the last 20 years. On the other hand, the increased levels of more volatile POCs for instance in seals from the Arctic, confirm that the physical properties of POCs favour their enrichment in the colder regions of the world (Oehme et al. 1998). 

Based on studies in Sweden, both PCBs, DDT, PCDD/F, HCH and HCB levels have declined in biota in recent years, although the decline seem to be slower for PCB (AMAP-report, p.311), may due to leakage from natural sources. Further, from Canadian sea-bird data, it is suggested that OC levels in peregrine falcon did not decline between the 1980s and the 1990s. It is unclear to what degree the temporal trends in the High Arctic is synchronized with those at more southern latitudes (AMAP-report, p.311). Measurements of PCBs in remote areas have been ongoing for several decades. 

There are, however, no long-term standardized data sets for the High Arctic (AMAP-report, p. 311). Due to insufficient detection limits and change of methodology, it has, been difficult to estimate time trends in the observed levels. Thus, there is obviously a need for future monitoring to establish any temporal trends in the High Arctic. 

5. Establishment of a future monitoring program ?

Which species 

One of the suggested species in a future monitoring program in the High Arctic, is Arctic charr. There exist several reasons why charr is appropriate as a monitoring species. Firstly, it is the only freshwater fish species in most of the High Arctic, and also the most common freshwater fish in general in Arctic areas. It is long-lived, usually up to 25-30 years, and after a certain size/age they become piscivorous, i.e. in most cases become cannibalistic. Thus, the charr represent an ecologically long-lived top-predator, in which the largest and the oldest individuals have the potential to be the most contaminated ones. Further, and in contrast to most other long-lived species, charr can bee aged highly accurately. The charr prey list also reflects a very low diversity of the fresh water fauna. In Lake Ellasjøen - Daphnia longispina (zooplankton), Chironomidae (fjærmygg) and Apatania zonella (eneste vårflua i Arktis) - contributes more than 95 % of the diet of “non-cannibalistic” charr. 

Where to sample 

We suggest that if a monitoring program is to be established and Arctic charr is included, future sampling should at least take place in Lake Ellasjøen. The investigation in Lake Ellasjøen has displayed the highest PCB contamination ever reported in freshwater fish in remote areas, and it seem as growth rate and feeding behaviour can explain most of the PCB exposure in the population. Further analyses to establish the correlation between stomach filling (specialization) and habitat-choice, may decrease the variation in the data.  Based upon this study future sampling procedure should bee “narrowed”, i.e. the highest contaminated charr is the small, slow-growing (mature) dwarfs and the older and largest cannibals. 

How and how often

Since charr can be aged highly accurately, future sampling/monitoring may be accomplished less frequently in comparison to other species. With the existing background regarding growth, age structure and PC exposure in Ellasjøen charr, one should first model how many fish are needed, and in what year classes, sampling frequency etc.  

Suggestion for simple and “ecologically” relevant behaviour study

In laboratory, to test how PCB burden impact the ability for prey to avoid the cannibal. Any correlation would strongly influence the contamination rate in larger fish (cannibals).
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Table 1 Frequency (%) of mature male and female individuals within the small (< 27 cm) and the large (> 27 cm) size mode of charr captured in Lake Ellasjøen in 1978 and in 1998. Frequencies are tested by chi-square, p-value is given.






   1978


   1998




       
     mature   immature      mature   immature
  
p-value

males

small size

31
69

47
53

< 0.001

large size

  9
91

26
74

< 0.001

females
small size

20
80

24
76

   0.411



large size

28
72

34
64

   0.347

Table 2  Correlation coefficients (r-values) between PCB153 and the other 10 organochlorine compounds in charr sampled in Lake Ellasjøen in 1998. 

Compound
r-value



PCB-138
0.995





PCB-180
0.994

PCB-118
0.985

PCB-99
0.984

PCB-105
0.926

PCB-156
0.976

PCB-28
0.686

PCB-31
0.039

PCB-101
0.832

PCB-52
0.185
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Figure 1: Length and age distribution of Arctic charr sampled with gill nets in Lake Ellasjøen, Bear Island, in 1978 and in 1998. 
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Figure 2 a: Length-at-age for Arctic charr sampled with gill nets and by electrofishing in Lake Ellasjøen, Bear Island, in 1998 (left figure)
Figure 2 b: Length-at-age for Arctic charr sampled with gill nets and by electrofishing in Lake Ellasjøen, Bear Island, in 1998  (right figure). Standard errors are given. Average length for fish caught in 1978 is symbolized with stippled line. 
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Figure 3 Fecundity (number of eggs) of Arctic charr (Salvelinus alpinus) from Lake Ellasjøen, Bear Island, sampled in 1978 and in 1998. Absolute fecundity (total number of eggs) in left figure and relative fecundity (number of eggs per 1000 g fish) in right figure.
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Figure 4 Ratio of concentrations (upper) and correlations (lower) of the different PCBs in Arctic charr (Salvelinus alpinus) from Lake Ellasjøen, Bear Island, sampled in 1998.
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Figure 5 The sum of the 11 PCB congeners against length (left figure) and age (right figure) in Arctic charr (Salvelinus alpinus) sampled in Lake Ellasjøen, Bear Island, in 1998. 
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Figure 6 The sum of the 11 PCB congeners against length for different age groups (upper figure: 5-11 years of age, middle figure: 11-13 years of age , loweer figure: older than 13 years of age) of Arctic charr (Salvelinus alpinus) sampled in Lake Ellasjøen, Bear Island, in 1998. 
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