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Summary

Today it is known that persistant organic pollutants like HCH, PCB and PAHs can be found in the Arctic. Evidence for contamination from radioactive compounds, and long-range transport of heavy metals has also been documented. The organic compounds break down slowly, are fat-soluble and accumulate in the stored fat of Arctic animals. Thus, bio-magnification and hazardous effects on the living organisms, populations and ecosystems may occur. At the Norwegian University of Science and Technology (NTNU - Trondheim the insidious potency of Aroclor 1254 (PCB) was tested on the high-Arctic Svalbard charr (Salvelinus alpinus L.). We found that 50 mg PCB/kg body weight (given per os) caused a significant reduction in egg batch volume (and thereby also the number of eggs) spawned by the Dieset charr.  The PCB load also reduced survival of fertilized eggs during incubation. Furthermore, the parental PCB exposure reduced the offsprings body length growth (after hatching), while death rate and number of fry with visible body deformations increased significantly.  Aroclor 1254 injected into parr (2 x 25 mg/kg BW) did not affect the parr-smolt transformation if tested as changes in seawater tolerance.  The PCB was, however, found to seriously affect the charr stress tolerance (changes in plasma cortisol concentration after water level reduction). The plasma melatonin concentration during the dark period of the day was also significantly reduced in the PCB treated high Arctic charr. 
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Introduction

The charr is the only fish living within the freshwater systems of the high Arctic Svalbard archipelago (74-81° NL). Exploitation of these rigorous environments is indicative of an animal capable of yearly withstanding long ​lasting periods of darkness, low water temperatures and food​shortage. One of the main prerequisites for such a ”life-style” is obviously the ability to anticipate seasonal changes in order to begin behavioral and physiological adjustments in advance of the time for which they are actually needed.

The problem of low energy availability within the Arctic freshwater systems has been circumvented by part of the charr population which migrates yearly to feed in the sea (Nilssen et al., 1997). The seawater stay of this fish is, however, restricted to a few weeks during summer, limiting the animals foraging time (Gulseth and Nilssen, 2000). The food intake and body growth within the hyperosmotic sea environment would, therefore, depend on the hypoosmoregulatory capacity of the charr. This process of preparing the charr for a marine summerlife has been the subject of several investigations. Although it is still not fully understood, the preparation involves physiological and behavioural changes typical for salmonid smoltification (Finstad et al. 1989; Halvorsen et al. 1993; Nilssen et al. 1997;  Gulseth et al., 2000).  

The decision of an organism to migrate or not is likely to be dependent on a trade-off between the benefits and costs of migration compared to residency (Jonsson and Jonsson, 1993). The advantage conferred by migrating is usually access to an improved food supply thereby increasing the fitness of the migratory individuals through subsequent reproduction. It has been demonstrated that the Dieset charr at Spitsbergen, Svalbard, may take on the anadromous summerlife at an age of  6 years, while first time female maturation occur at an 

age of 10 years or more (Gulseth and Nilssen, 2000). Furthermore, the anadromous Dieset charr may spawn only 3 times or less during their lifetime. Thus, it is quite obvious that the Svalbard charr has a low reproductive capacity, making this fish very vulnerabel to occuring pollutants.

Today it is known that organic pollutants can be found in the Arctic areas (Hargrave et al., 1992; Muir et al., 1992). A common characteristic of these synthetic chemicals is that they break down slowly, and that they are fat-soluble. Since storing energy as fat is crucial for growth and survival in cold environments, they may accumulate in Arctic animals and also make biomagnification a major concern.

Various studies provide evidence of harmful effects of organochlorine contamination on reproduction in salmonine and other fish species. PCB concentrations found in eggs have been correlated with reduced hatchability or survival of Atlantic salmon  (Jensen et al., 1970), rainbow trout (Hogan and Brauhn, 1975), Arctic char (Monod, 1985) and chinook salmon (Ankley et al., 1991). Furthermore, it has been provided evidence that concentrations of organochlorine compounds in lake trout eggs are inversely related to hatching success or fry survival (Burdick et al., 1964; Spitsbergen et al., 1991; Walker et al., 1991).

Cortisol plays an important role in the regulation of several physiological processes in fish, including osmoregulation (McCormick, 1995) and intermediary metabolism (Vijayan et al., 1994). Furthermore, recent studies have established cortisol as an important hormone in the metabolic adaption of fish to stress (Vijayan et al., 1994; 1996), and these effects may be mediated either directly via specific receptors (Vijayan 1994) or indirectly via other hormones (Reid et al., 1992; Vijayan et al., 1993). Thus, any effect on the dynamics of cortisol including production and clearance, may have a profound effect on the way the fish can regulate its mineral balance, mobilize energy substrates, and cope with the stress. 


Melatonin has long been known as a signal substance of the duration and intensity of ambient light which critically participates in the synchronization of circadian and circannual rhythms (Armstrong, 1989; Bartness and Goldmann, 1989; Cassone, 1990). However, it has also been discovered that halogenated aromatic hydrocarbones (TCDD) may diminish serum melatonin concentration (Pohjanvirta et al., 1989; Linden et al., 1991, Pohjanvirta et al., 1996 ). Irrespective of mechanisms, If persistant organic pollutants interfere with the brain (pineal-) melatonin production, or the binding between melatonin and its receptors (through-out the body), the induction and coordination of several bodyfunctions would most certainly be at risk.


Accordingly, the purposes of this investigation were to study if PCB exposure of high Arctic anadromous charr would compromise mechanisms for temporal organization, smoltification, and stress, and also to monitor the PCB effects on the Svalbard charr fecundity. 

Materials and methods.

Experimental animals 

Anadromous Arctic charr were captured August 1993 in a fish trap on their return from seawater to the Dieset watercourse which is located on Spitsbergen Island (79(10'N, 11(20'E), within the archipelago of  Svalbard (Fig. 1). This freshwater system consists of seven lakes, has a total length of 10 km, and a catchment area of 57.3 km2, 31% of which is covered by glaciers. About half (46%) of the catchment area consists of a flat plain, partly covered by ancient marine deposits, which extends to Lake Southern Dieset (21 m above sea level). The Northern and Southern Diesets are the largest lakes, covering 2.2 and 1.8 km2 with maximum depths of 33 and 18 m, respectively. The main river, which originates from Lake Frøys (a small lake below S. Dieset), is 4 km long with variable depths (0.1-1.5 m) and widths (5-40 m). Water started to flow in melt channels over the snow-covered ice in the river during the 2nd week of June (1993). The thawing of the ice in the river took place 1 week later. At this time ice was still solid to the bottom in the shallow rivermouth areas. However, this condition lasted only a few more days enabling the migrating charr to start their river descent after mid-June. Water flow beginning at the end of June was estimated to  20 m3. s-1. The drainage decreased progressively and was 3 and 0.3 m3. s-1 at the end of July and mid-August, respectively. The river mouth was later (mid-September) closed with a natural dam due to strong prevailing winds and large sea waves (which transported sea sediments and gravel). 

Both the river and the lakes started to freeze up during the second half of September, and an ice cover was formed before the end of the month. The river was frozen solid at the beginning of October. Upon their capture, the high Arctic charr were (1.7 ( 0.3 kg, N = 12) transferred into a  cage (3m3) and kept in the river until transportation could take place. At such time, the captured fish were sedated in metomidate (5 mg.L-1)  before being transported (in plastic bags with oxygenated water) by use of helicopter and regular air craft to Trondheim. Handling and transportation did not provoke any mortality. The animals were kept at Brattøra Research center (Trondheim)  for breeding purposes. 

Experimental fish and rearing conditions
The experimental animals used in this study were offspring from the Dieset-stock obtained in 1997 and 1998. After first feeding, alevins and parr were reared in holding tanks under conditions of continuous light and at a temperature changing with season (4-7 (C) until start of the experiments. Incandescent light bulbs (60 W) installed 50 cm above water surface gave a light intensity of 0.348 µmol.m-2 (16 lux), measured at the bottom of the tank. The corresponding light intensity during later periods of darkness was 0.0009 µmol.m-2 (0.009 lux). The daily transitions between the light/dark phases (20 min) were controlled by computerized equipment (Hansen et al., 1993). The fish were fed continuously with a commercial, dry pelleted feed (Felleskjøpet A/S) from automatic disc feeders. The amount of food given was in accordance with an Arctic charr growth model (Jobling 1983).
PCB exposure and Svalbard charr fecundity

Adult Svalbard charr were subjected to a change in photoperiod known to stimulate maturation. The maturing fish were divided into control (1490 ( 223 g; N = 41) and exposure groups (1340 ( 412 g; N = 40). Dissolved PCB (Aroclor 1254; 50 mg/kg bodyweigth in marine oil) were given per os to experimental fish sedated with metomidate (5mg/l), while sedated control fish only received the vehicle. All animals were thereafter regularly examined for maturation. On the 14th of  September were eggs stripped from mature females fertilized by use of sperm from three mature healthy males. Egg size was measured while number of  eggs obtained was determined volumetrically for each female. The egg bathces were thereafter incubated seperately in running water at a temperature of 4-6 (C in total darkness. Dead (white) eggs were registered and carefully removed twice a week until hatching occurred. Mortality was also recorded during the yolk-sac period. Thereafter were mortality, deformation, and body growth (in healthy looking charr) registered.

PCB exposure and Svalbard charr smoltification 

Parr from the Svalbard charr were divided into control- and exposure-groups. After 3 months of short daylength (simulated winter period; 4L:20D) dissolved PCB (Aroclor 1254 (25 mg.kg-1 body weight) in marin oil) was administered to anaesthetised (metomidate 5 mg.L-1) experimental fish (71 ( 15 g)  by intraperitonal injection, while anaesthetised  control-fish (65 ( 17 g)  only were injected with the vehicle. The same procedure was carried out 3 weeks later. From then on all charrs  experienced an increase in photoperiod known to fullfill the stimuli for the onset of smoltification. At regular intervals both control- and PCB- exposed groups were tested for osmoregulatory capacity in full strength (35 ppt.; 8 (C) seawater. Blood samples were obtained and plasma later analysed for osmolality and content of chloride ions. 

PCB exposure and Svalbard charr plasma melatonin levels
Charr stimulated to smoltify were later subjected to blood sampling both during the light and the dark phase of the day at the time when photoperiod had reached 18L:6D. This was done in order to examine the effect of Aroclor 1254 on melatonin production. 

PCB exposure and Svalbard charr stress response

At the end of the smoltification period (when high levles of cortisol regularly occur) were both PCB- exposed and control charr subjected to a stress tolerance test. The water level within each tank was  lowered from forty to 10 cm in the course of 2 min by opening up the outflow control. The water influx was not changed allowing the water to reach the original level within the following 45 min. During this stress experiment, blood samples of 15 fish were collected from both PCB and control tanks at 20 and 60 min after the start of water level reduction. 

Blood sampling

The charr were collected from the tanks with a dipnet and rapidly transferred into a metomidate solution (5 mg/l) which immobilized the fish within 60 sec. The anaesthetic stage 3b/4 (Schoettger and Julin 1967) was reached during the following two min. Blood samples were thereafter obtained from the caudal blood vessel complex using heparinized syringes. The samples were kept in small plastic tubes on ice for less than 15 min before centrifugation. Blood plasma was then collected and stored in airtight cryovials at –20 (C until analysis were performed.

Melatonin

Measurements of plasma melatonin was carried out by use of the indirect CIDtech( ultraspecific melatonin radioimmunoassay. This procedure involved extraction of melatonin with dichloromethane. A standard curve made with low-melatonin charr plasma (below 5 pg.mL-1) was parallel with the assay standard curve between 5 and 320 pg.mL-1 melatonin. Assay sensitivity (defined as the concentration at at 3 standard deviations from the counts for the zero standard) was 2.5 pg.mL-1. One internal control (human serum; 64.5 pg.mL-1) was included in the assay. This control gave an interassay coefficient of variation of 12.1 , while intraassay CV was on average 9.9 %. Assay recovery was calculated to 82.1 85.0 and 76.8 % for melatonin added at a concentration of 30 150 and 300 pg.mL-1, respectively.

Cortisol

Blood plasma cortisol concentration was measured by use of a radioimmunoassay (RIA) technigue (Simonsen et al. 1978 as modified by Olsen et al. 1992). The tracer was (3H(-cortisol (TRK 407, Amersham); standards were made of  hydrocortisone (H 4001, Sigma), while the antibody dilution was obtained by adding 2.0 ml distilled water to freeze-dried powder (F3-314, Endocrine Science, Tarzana, CA, USA). A liquid scintillation counter (Packard Tri Carb 1900 TR) was used for determination of radioactivity in the samples. Detection limit for the analysis ranged from 2.4 to 4.1 nM. All plasma cortisol values less than minimum level of detection were assigned the value of assay sensitivity. Intra-assay variation coefficient was below 11%, while inter-assay variation coefficient was 9% at 138 nM.

Osmolality, chloride and magnesium

Plasma osmolality and Cl- were measured using a Wescor 5500 vapor pressure osmometer, and a Radiometer CMT chloride titrator. Standard methods were used for both analyses.

Statistics

The program ”Stat-Graphics” (STC, Inc.) for IBM-PC was used. The data were analysed by the Kruskal-Wallis 1-Way analysis for one factor – several levels comparison, whereas the  Mann-Whitney U – Wilcoxon Rank Sum test was used for pairwise multiple comparisons with two levels. A p-value less than 0.05 was considered a significant difference.

Results.

Maturation
The male charr started to display body pigmentation typical for maturing fish by the end of July. Upon testing, the first "running" males and females were found one month later. By mid-September 23 out of 50 PCB treated fishes, and 26 out of 50 control fishes had matured (Table 1). After killing the charr, inspection revealed no more mature fish. Treatment with Aroclor 1254 during the period of vitellogenesis did not seem to influence the  timing of  maturation.  

Egg production
Average egg diameter from spawning charr was not influenced by treatment with  PCB (Table 2). Egg batch volume and number of eggs in each spawning batch were, however, significantly reduced for Aroclor 1254 treated females. The mean values were only 62 and 65 % of corresponding values in control fish.

Egg incubation
Table 3 demonstrates the % of incubated eggs removed as dead eggs during the period of incubation. Some 2.3 to 2.5 % of the eggs turned white during the first day of incubation. Egg death rate was thereafter significantly larger for PCB treated fish as compared to control fish. By the time of hatching a total of  31 and 5.8 % of the eggs were dead for the two groups. 

First body growth
Fourteen days after hatching, average body weigth and body length were 0.038 g and 16.5 mm, and 0.037 g and 17.2 mm for control and PCB treated charr, respectively (Fig. 2). During the following 2 months corresponding body values increased to 0.166 g and 28.2 mm, and 0.159 g and 27.6 mm. Thus, in samples (N = 20) of  normal appearing offspring, there were observed no difference in average body growth between the two charr groups. At end of the first body growth period a distribution of 400 fishes (from each group) showed, however, a tendency for longer fish in the control group than in the PCB treated group (Fig. 3).

Osmoregulatory capacity
Only immature charr were used in the salinity challenge tests. During the simulated winter period (6L:18D) blood plasma osmolality and plasma chloride concentration increased significantly when charr were subjected to a 24 h exposure in seawater. Several fishes were also moribound during the test. However, five weeks after onset of continuous light (simulated spring) both control and PCB treated charr exhibited increased hypo-osmoregulatory capacity. Fourteen days later, average blood plasma osmolality and plasma chloride concentrations were 325 mOsmol and 141 mmol.L-1 for PCB fish and 331 mOsmol and 137 mmol.L-1 for control fish after the 24 h salinity challenge tests. Thus, the seawater tolerance had improved significantly and was for both groups comparable to that of smoltifying salmonids. Nine weeks after the onset of continuous light both charr groups showed evidence of desmoltification.  

Stress tolerance
Fig. 4 demonstrates the plasma cortisol changes in Dieset charr subjected to a rapid water level reduction within the rearing tank. Average resting concentration was 25 nmol.L-1. After introducing the stressor, plasma cortisol concentrations  rose significantly and reached a maximum average level after 45 min (401 nmol.L-1), after which cortisol level declined and was down to 56 nmol.L-1 2 h after start. A further small decrease was observed during the next 2 h.

After introducing the same stressor to Arctic charr injected with  Aroclor 1254 (2 x 25 mg.kg-1 bodyweigth) dissolved in marine oil (PCB), or injected with only marine oil (Con), a significant blood plasma cortisol increase was evident after 1 h for both groups. At this time average cortisol level was, however, significantly lower in the PCB group (137 vs. 277 nmol.L-1). A difference was also maintained after a hormonal decline during the next hour (Fig. 5).

Secretion of melatonin
The diurnal plasma melatonin concentrations in Dieset charr subjected to an increase in day length is demonstrated in Fig. 6. From a resting level of 20 – pg.mL-1 35 during daytime (light), plasma melatonin concentration rose sharply after introduction of darkness and reached a maximum of 164 pg.mL-1 4 hours later. The melatonin level stayed elevated throughout the dark period, but dropped rapidly and was below 50 pg.mL-1 one hour after light was turned on again.

Resting blood plasma melatonin levels (in light) was low and comparable between the Arctic charr injected with Aroclor 1254 (2 x 25 mg.kg-1 bodyweigth) dissolved in marine oil (PCB), and the Arctic charr injected with only marine oil (Con) (Fig. 7). Two hours after onset of darkness, however, average melatonin concentration was significantly higher in the control fish than in the PCB treated charr. This was also the case at end of the dark part of the day.

Discussion.

Animals within the Arctic area are subject to extreme seasonal changes in temperature, photoperiod and food availability. Physiological and behavioral adjustments to these fluctuating conditions allow their survival in this high latitude environment. Toxic components may in many instances effect animal populations through influence on growth, reproduction,  osmoregulation and immunology of the free-living individual. To address the fundamental questions about how the Arctic animals are affected by exposure to environmental pollutants, it is imperative to perform experiments where important parameters like photoperiod, temperature and food availability can be controlled. Such control systems have been developed and experiments including Svalbard charr and seasonal changes have repeatedly been performed at Brattøra Research Center during the last 8 years. Thus, easy and cheap rearing combined with a bulk of biological, behavioral and physiological knowledge should make the Svalbard charr a prime target for toxicological studies.

Various studies have documented  reproductive impairment in fish species (Jensen et al. 1970; Hogan and Braun 1975; Bengtsson 1980; Monod 1985; Black et al 1988). Although organochlorine contamination is a suspected cause of reproductive impairment in Great Lakes salmonines (Burdick et al. 1964; Wilford et al. 1981; Giesy et al 1986; Ankley et al. 1991; Mac and Edsall 1991; Spitsbergen et al. 1991; Walker et al. 1991), the effects of environmental contaminant bioaccumulation on fish populations are obviously poorly understood.

Within the present study one hundred adult anadromous Svalbard charr were either "fed" Aroclor 1254 in marine oil (50 mg/kg BW), or only marine oil prior to their first time maturation. The load of PCB did not seem to effect the timing or the number of maturing fish when compared to the controls. The average egg size was also almost identical for the two groups of charr. On the other hand, the delivered batch volume (and therefore also the egg number) was significantly less in the group treated with Aroclor. Furthermore, parental PCB increased the death rate of  the fertilized egg populations. Thus, 31 % from the PCB group and 5.8 % from the control group were removed as dead eggs during the period of incubation. 

Studies of  the Dieset charr living at Spitsbergen indicate that only 25% of the anadromous population have 3 or more spawning cycles during life-time (Gulseth and Nilssen, 2000). Furthermore, only one out of four reproductive fish spawn the year after their first-time spawning. Thus, using the frequencies for maturation and sex distribution, it can be calculated that less than 15 % of the anadromous females within the investigated Dieset watercourse would reproduce in a given year. This amounts to a total of 50 females and suffice to illustrate the potential population hazard of environmental pollutants compromising the charr fecundity.


We were not able to detect any body growth differences between offspring from PCB and control groups during the first two and a half month after hatching. However, when a larger number of fish were measured at end of this period, we found that the body length distributions were different. On average, charr fry from the PCB sample had a shorter body length than that from the control group, indicating that Aroclor 1254 indeed also had influenced the body growth process of these fish. Comparison between the two groups also showed that the offspring from PCB loaded parents were significantly more prone to develop deformities or to die throughout the first 2.5 month of growth after hatching.


Recent investigations have shown that freeliving charr migrating towards the sea have an increased hypoosmoregulatory capacity prior to their seawater entry (Nilssen et al., 1997; Halvorsen et al. 1993). These results indicate both the existence of an anticipatory development of seawater tolerance, and that environmental factors might  influence the timing of  the changes taking place in the Arctic charr. This hypo-osmoregulatory improvement has furthermore been verified for charr reared either outdoor under natural photoperiod (Finstad et al., 1989), or indoor under artificially controlled photoperiod (Gulseth et al., 2000). As for other smoltifying salmonides, changes in blood plasma thyroxine and cortisol concentrations seems also to play a key role for the development of seawater tolerance in the charr (Iversen et al., 2000). Previous studies have shown that toxic effects induced by PCB’s could be mediated through interactions with non-Ah receptor involved in the transport of thyroid hormones, the so-called transthyretin (TTR) (Brouwer and Berg, 1988). Thus, studies have revealed that a monohydroxy-metabolite of TCB could bind with high affinity to transthyretin. Due to the high level of structural similarity, the OH-TCB metabolite appeared to be competitive with the thyroid hormones for the thyroxine-binding site on TTR (Brouwer, 1987). Inhibition of binding of thyroxine to TTR by the TCB metabolite would result in more free thyroxine, which is rapidly removed from the circulation into the tissues and may therefore cause a rapid and almost complete elimination of thyroxine from the plasma. In other words it is possible that PCB congeners could interfer with charr smoltification through a direct action on the charr blood plasma levels of  thyroxine and cortisol. The use of Aroclor 1254 during the simulated indoor winter (shortday period) did, however, not influence the Salveline parr – smolt change following an increase in daylength. On the contrary, seawater tolerance for the PCB injected charr both increased and decreased (due to freshwater stay) in parallel with the changes measured  for the charr from the control group. Whether starvation would have provoked an effect from the PCB mixture on the development of seawater tolerance is not known. Deposition of persistent organic pollutants (POPs) within the fish appears to be positively correlated with the localisation of non-polar lipids like triacylglycerols (Kawai et al., 1988). Hence in well fed, "fat" fish a high proportion of the total POP burden is found in tissues containing the majority of the body lipids, i.e. in the muscle, skin and skeleton in the Arctic charr (Jørgensen et al., 1997). During periods of lipid mobilisation, there may be a redistribution of deposited POPs from adipose tissues toward vital organs like the liver, kidney and brain (Boon and Duinker, 1985; Jørgensen et al., 1997). Periods of POP redistribution  would therefore carry a risk of increased pollutant-associated stress. Studies on the effect of Aroclor 1254 on charr smoltification should therefore also be carried out during periods of starvation.


A cortisol increase represents a neccessary prerequisite for the charr smoltification (Nilssen et al., 1997). Cortisol also plays an important role in regulation of  fish intermediary metabolism (Vijayan et al., 1994) including metabolic adaption to stress (Vijayan et al., 1994; 1996). In this study, a rapid water level reduction managed to increase blood plasma cortisol levels 10-fold within 45 min after onset of the stressor. When the same stress was applied to the PCB treated fish plasma cortisol increase was significantly less. Thus, the interrenal stress responsiveness of  Arctic charr was impaired by the preceeding injection of  PCB. This effect was probably not secondary to ionoregulatory dysfunction, as the photoperiodic manipulations also stimulated an increase in seawater tolerance for the PCB treated charr. Acutely impaired ability to activate interrenal steroidogenesis has also been demonstrated for PCB fed tilapia (Quabius et al., 1997). This same study indicated that the PCB congener had a direct toxic effect on the interrenal cells and that the PCB treatment also caused a decrease in basal level of the tilapia pituitary ACTH content. Whether this also could be the case for the Aroclor injected charr remains to be seen. It can be argued, however, that

any effect on the dynamics of cortisol including production and clearance, may have a profound effect on the way the charr can mobilize its energy substrates, and cope with the stress.
While timing is required for seasonal acclimatization, it is important that animals anticipate the forthcoming change to begin behavioral and physiological adjustments in advance of the time they are actually needed. Thus, several investigators have demonstrated that a temporal organization in animal physiology and behavior involve neuroendocrine mechanisms which are affected by changes in photoperiod. The secretion of melatonin from the pineal gland appears to be of great importance with respect to bodily coordination in time. The gland produces melatonin in the dark, but not in the light. The pineal gland can therefore convert neural information about photoperiod into a biochemical output and may therefore serve both as clock and calendar (Reiter 1993). Accordingly, circadian melatonin production has been demonstrated to entrain cycles of growth and reproduction in several vertebrate species (Reiter 1993) including Svalbard charr (Nilssen, 2000). 


Arctic charr plasma melatonin concentration was low during "day-time" (in light), and increased rapidly after onset of darkness. The change was from 20 – 30 pg.mL-1 and up to approximately 150 pg.mL-1 within 2 hours after light was turned off. Furthermore, melatonin concentration remained significantly elevated during the entire dark periode. Average resting melatonin level in PCB treated charr was not different from that of fish injected with only marine oil. An increase in the circulating plasma hormone level did also occurr during darkness. The change was, however, significantly less than the melatonin increase observed during darkness for the controls. This is the first recorded effect from polychlorinated biphenyls on the fish plasma melatonin activity. In rats were the environmental toxicant tetrachlorodibenzo-p-dioxin (TCDD) found to reduce circulating melatonin levels by enhancing the peripheral extrahepatic metabolism of this hormone. Whether the load of Aroclor 1254 influence the peripheral breakdown (half life) of circulating melatonin or has a  direct toxic effect on the charr pineal melatonin production remains to be investigated. 

Irrespective of mechanisms, if persistant organic pollutants interfere with the brain (pineal-) melatonin production, or the binding between melatonin and its receptors (through-out the body), the induction and coordination of several bodyfunctions would most certainly be at risk. Finally, it should also be pointed out that several studies have disclosed roles for this pineal hormone also as an immunostimulant, anti-stress agent and antitoxidant (Maestroni , 1993; Reiter 1993).
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Table 1. Cummulative increase in number of mature ("running"),male (m) and female (f) Arctic charr  given Aroclor 1254 (50 mg/kg bodyweigth – per os) dissolved in marine oil (PCB), or given only marine oil (Con).


06.16    07.20     08.26     09.03      09.09    09.14
Total

PCB m
         f
0          0            5            8             9          10

0          0            3            9            10         10
10

13

Con  m

         f
0          0            2            2             7          15

0          0            3            6             11        11
15

11

Table 2. Body length, body weight and corresponding egg batch volume, egg size and calculated egg number for ”running” female Arctic charr given Aroclor 1254 (50 mg/kg bodyweigth – per os) dissolved in marine oil (PCB), or given only marine oil (Con). Values are means with SDs in parenthesis.


N
Arctic charr

Length Weight

        (cm)        (g)
Batch       Egg
  Vol     Diam.  Num.

  (ml)     (mm)

PCB

Con
13

11


43.3 1253

(4.1) (444)

44.9 1472

 (2.3)     (221)    
  145       3.9     2561

(68) (0.17)  (977)

234       4.0     3917

(25) (0.15)  (811)



Table 3. Average % of incubated eggs removed as dead eggs during three different periods of incubation. PCB represents female Arctic charr given Aroclor 1254 (50 mg/kg bodyweight – per os) dissolved in marine oil, while Con represents female Arctic charr given only marine oil.  Values are means with SDs in parenthesis.


N


Removed day       Removed            Removed        

after start of         until occurr.         until

incubation             of eyed eggs       hatching

PCB

Control

13

11


      2.5                        20.5                    8.0

     (3.6)                     (31.6)                 (8.4)

      2.3                          1.9                    1.6

     (0.8)                       (0.7)                 (0.4)

Scanned picture not included in E-mail delivery.

Fig. 1 Locations of the fish traps within the Dieset watercourse on

Spitsbergen Island, Svalbard, Norway.
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Fig. 2 Body growth after hatching for offspring from Dieset charr

given Aroclor 1254 (50 mg/kg bodyweigth – per os) dissolved in

marine oil, or given only marine oil. Values are means with SDs.
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Fig. 3 Body length distributions at end of the growth period for offspring

from Dieset charr given Aroclor 1254 (50 mg/kg bodyweigth – per os) 

dissolved in marine oil (PCB), or given only marine oil (CON). N = 2 x 

400.
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Fig. 4 PLasma osmolality and chloride concentration in Dieset charr subjected to 24 h of seawater exposure. The fish were previously injected with marine oil (Con), or marine oil with Aroclor 1254 (PCB). The photoperiod was increased from short day (6L:18D) and reached continuous light at week 0. Values are mean with SDs (N = 10). The fish were previously injected with marine oil (Con), or marine oil with Aroclor 1254 (PCB). Values are mean with SDs (N = 10).
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Fig. 5 Plasma cortisol concentrations for Dieset charr stressed  by lowering

the water level from 40 cm to about 10 cm in the course of 2 min. Water

supply was not cut off. The water levels were normalized within the

following 45 min. Values are mean with SDs (N = 6).
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Fig. 6 Plasma cortisol concentrations for Dieset charr stressed  by lowering

the water level from 40 cm to about 10 cm in the course of 2 min. Water

supply was not cut off. The water levels were normalized within the

following 45 min. The fish were previously injected with marine oil (Con),

or marine oil with Aroclor 1254 (PCB). Values are mean with SDs (N = 10).
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Fig. 7 Plasma melatonin concentrations in Dieset charr parr subjected to an

increase in daylength known to stimulate the process of smoltification.

Values are mean with SDs (N = 6).
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Fig. 8 Plasma melatonin concentrations in Dieset charr parr subjected to an

increase in daylength known to stimulate the process of smoltification. The

fish were previously injected with marine oil (Con), or marine oil with

Aroclor 1254 (PCB). Values are mean with SDs (N = 10).
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