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SUMMARY

During the 1990s, persistent organic pollutants have been quantified in hundreds of samples collected from polar bears Ursus maritimus and glaucous gulls Larus hyperboreus in the Norwegian Arctic. Based on an overall objective to detect temporal changes in pollutant loads, the primary objective of the present report is to give advice on alternative strategies for continued sampling. Special attention was given to statistical power as a measure of the performance of a monitoring programme. In the polar bear dataset, the abundant PCB-congener PCB-153 was less variable in plasma than in blood cells or subcutaneous fat. Therefore, we suggest that blood plasma may be a preferable sample type for monitoring. Significant associations were found between concentrations of PCB-153 in polar bear plasma and reproductive status, sampling location, sampling season, and nutritional condition. A statistical model was used to adjust for the influence of these confounding variables. Using the adjusted data, we found that PCB 153 decreased significantly in polar bear plasma from Svalbard during the 1990s. Furthermore, the within-year and between-year variation in the polar bear data for PCB-153 were used to estimate statistical power of various sampling regimes. Due to random variation between years, we found it unlikely to make significant findings on temporal trends with less than 7-8 years of sampling. About 15 years of sampling are needed to be >90% sure to detect a trend with an average change rate of 5% per year. For the glaucous gull, the different possible sample types were compared and the merits of repeated sampling on the same individuals were also discussed. For monitoring of temporal trends in glaucous gulls, we recommend the use of eggs samples. Both the polar bear and the glaucous gull results indicate that long-term dedicated effort is crucial for successful monitoring. “Dedicated effort” implies that the basic requirement in all monitoring, i.e. to get a fixed number of similar samples from the same location/colony at regular time intervals, must not be relaxed in order to accommodate other research objectives.
1. Introduction

The establishment of the Arctic Monitoring and Assessment Program reflects that the circumarctic countries agree to monitor Arctic pollutants and their possible effects on humans and wildlife 


 ADDIN 
 QUOTE "(AMAP 1998)" 
(AMAP 1998)
. Hopefully, knowledge of pollutant trends and effects can assist and guide the Arctic governments in their work for international implementation of appropriate regulations. A central task for the Norwegian Government’s Transport and Effect Programmes is to expand the knowledge base needed to design and implement monitoring programmes. To optimise the design of monitoring programmes, it is necessary to have defined objectives. Thus, a monitoring programme for persistent pollutants should be designed to detect temporal changes of a specified magnitude. Persistent organic pollutants occur in a large number of varieties. Chemical quantification of residues in abiotic and biotic material is expensive. In addition, some samples are very expensive to collect. Therefore, it is desirable to know how many samples that are sufficient to accommodate the predefined monitoring objectives.

In the Norwegian Arctic, some of the highest concentrations of persistent organic pollutants have been found in glaucous gulls, Larus hyperboreus, (e.g. 
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Gabrielsen et al., 1995)
 and polar bears, Ursus maritimus 
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(Bernhoft et al., 1997)
, which are top predators in the Arctic marine ecosystem. During the 1990s, hundreds of glaucous gull and polar bear samples have been analysed for chlorinated hydrocarbons at the Environmental Toxicology laboratory at the Norwegian National Veterinary Institute. So far, these investigations have not revealed any obvious temporal trends. The primary objective of the present report is to give advice on alternative strategies for continued sampling based on the results obtained so far. The variance in the existing data will be used to compare the usefulness of different sample types, and to estimate the statistical power of different sampling schemes.

2. Statistical power of monitoring programmes

2.1 Power as a central monitoring performance objective

To optimise a monitoring programme, the objectives and performance requirements must be defined beforehand. The best known performance criterion is , the probability of making a Type 1 error. A Type 1 error is to reject the null hypothesis when the null hypothesis is true. When monitoring for a temporal trend, the null hypothesis is that there is no trend. The Type 1 error is then to conclude that there is a trend, when in fact there is not. If there is a real trend, failure to detect it will constitute a Type 2 error. The probability of making a Type 2 error is labelled . The statistical power is defined as 1-Power and  correspond to the quality of the two possible conclusions of a trend study; no significant trend or significant trend.  is a measure of the required evidence to conclude that there is a significant trend. The power of a monitoring programme is the probability that a real trend of a given magnitude actually will be detected. Thus, a conclusion of a trend must be judged in light of the  significance limit. Conversely, a conclusion of no significant trend must be judged in light of the programme’s power to actually detect a trend of a given size. 

2.2 Adjustment for covariates

Typically, a major part of the variation in contaminant levels can be associated with factors that are not expected to change systematically over time in the population. These factors could be the fat content of the analysed matrix, the sex, age and nutritional condition of the animal, or seasonal changes in contaminant exposure. Reduction of variation associated with such “external factors” will increase a monitoring programme’s ability to detect systematic changes over time. In other words, reduced variation gives increased statistical power. There are two measures that should be taken to reduce the influence of irrelevant external factors, and thereby increase power: i) The sampling procedures should be standardised, and ii) correction factors should be applied to reduce variation associated with irrelevant external factors. 

In some cases, sampling procedures have not been constant over time. Unfortunately, sampling for contaminant monitoring has often been piggy-backed on other research. If the sampling procedures have been systematically changed over time, spurious temporal trends are likely to appear. In lack of better data, it may in some cases be possible to make plausible adjustments for factors that have changed systematically due to procedure revisions. The credibility of the results will then be totally dependent on the credibility of the applied adjustments.

2.3 Power of a temporal trend

Appropriate statistical models for detecting linear trends in contaminant levels are described by Fryer & Nicholson 
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(1993)
 and Nicolson et al. 
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(1997)
. The relevant models will be recapitulated in the following:

Let ytr be the ln-concentration of the rth sample in year t. With no random between-year variation, ytr can be considered as a function of the mean ln-concentration in year t, (t, and an error term, (tr:

ytr = (t + (tr, 









(1)

It is assumed that errors (tr are independent normal random variables with zero mean and constant variance (2. A model incorporating a linear trend is then

E(ytr( = a + bt

Random between-year variation can be superimposed in the first model by adjusting the underlying mean ln-concentration in year t by a random error (t;

ytr = (t + (t + (tr, 








(2)

In this model, all observations within a year have the same between year random error (t and are therefore not independent. This lack of independence precludes the fitting of linear regressions of contaminant level on year of collection 
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(Fryer and Nicholson 1993)
. An appropriate way of overcoming the problems of random between-year variation is to use a test based on the yearly means, which are independent. From Model (2):



, where the errors:



,     t = 1,…,T,





(3)

are independent and normally distributed with zero mean and constant variance (2. The significance of the linear trend is then the significance of b in the following model:   E(

t( = a + bt


 

Figure 1. Illustration of the parameters used in statistical models of linear trends in the present report. ytr is the ln-concentration of the rth sample in year t. R is total number of samples per year. (tr is random error. (t is a between year random error component shared by all R samples in year t. t is the error term in the linear regression of the yearly means (

t) on t.

Figure 1 illustrates how the components of the statistical model relate to each other. The variance of the yearly means around the trend line ((2) originates from two components (corresponding to the two error terms (t andtr); (2y (the random between year variance) and (2w (the within year variance). From the expression

 (2 = (2y + (2w/R

it is evident that the influence of the within year variance depends on the size of R. To meet the assumption of constant variance (2, R (samples per year) must be constant in the monitoring period. As will be demonstrated later, estimates of (2y and (2w are necessary to calculate the statistical power of a sampling program as function of R and T (number of sampling years).

The statistical power of a monitoring program to detect a linear trend is a function of the required significance level ((), the magnitude of the yearly change (b), the number of sampling years (T), and the variance ((2) of the yearly means around the linear trend. Power can be calculated from a non-central F-distribution on 1 and T-2 degrees of freedom, with non-centrality parameter 




Most statistical computer packages include the necessary functions to calculate power. Here, we used the functions F Dist and F Quant in SAS JMP (SAS Institute 1995). F Dist returns the probability that an observation from the F distribution with the specified noncentrality parameter and degrees of freedom is less than or equal to the given value. 

power = 1 - F Dist (F1-(, 1, T - 2, ()

where F1-( is the 100(1-() th percentile of a central F-distribution on 1 an T-2 degrees of freedom, given by 

F1-( = F Quant(1-(,1,T-2,0).

When there is no real trend, b and ( are 0, and power is identical to (, the significance level of the test.

3. Case I: PCB in Polar bears, Norwegian Arctic 1990-98

The abundant and persistent PCB 153 was used as a yardstick for the PCB-burden in the bears. In polar bears, PCB 153 correlates well with other major PCBs such as 138, 170 and 180, as well as with total PCBs 
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(Bernhoft et al., 1997)
. Due to the abundance of this congener, interpretation of PCB 153 results is not hampered by samples near or below the detection limit.

3.1 Relative variation in different sample types

When the objective is to discover temporal trends, variance between samples taken at the same time should be minimised. The least variable sample matrix should therefore be preferred. For polar bears, four different sample matrices have been used (blood cells, plasma, subcutaneous fat, and milk). For each sample type, the results may be expressed per gram wet weight or per gram extractable lipids (lipid weight). Results from all utilised sample types were available from 10 bears. The variance (measured as CV, the variance coefficient) was lowest for milk lipid and plasma (wet weight and lipids) (Table 1). Variance of plasma, blood cell and subcutaneous fat samples could be compared in 64 bears. The results from this larger group corroborate that PCB-153 is less variable in plasma than in blood cells and subcutaneous fat (Table 2).

Table 1. Different measures of PCB-153 in 10 bears sorted in order of increasing coefficient of variance.

Matrix, weight base
Geometric mean (ng/g)
CV
sd for ln-transf. data

1. milk fat
1 896
36.2
0.42

2. plasma wet weight
23.3
36.5
0.33

3. plasma lipid
2 126
43.2
0.44

4. blood cells, wet weight
4.2
51.3
0.56

5. blood cells lipid
2 062
52.8
0.53

6. subcut fat lipid
4 132
68.6
0.75

7. milk, wet weight
370
71.7
0.87

8. subcut fat, wet weight
2 259
76.8
0.90

Table 2. Different measures of PCB-153 in 64 bears sorted in order of increasing coefficient of variance.

Matrix, weight base
Geometric mean (ng/g)
CV
sd for ln-transf. data

1. plasma lipid
2 734
60.2
0.60

2. plasma wet weight
26.8
68.8
0.65

3. subcut fat lipid
5 527
77.1
0.74

4. subcut fat, wet weight
2 372
83.1
0.79

5. blood cells lipid
2 571
86.7
0.68

6. blood cells, wet weight
4.8
92.5
0.75

Plasma samples were taken from 313 bears caught in the period 1990-98. Geometric means of PCB 153 are 2 954 ng/g in plasma lipids and 33.9 ng/g in wet weight plasma. CVs are 84.4 and 94.4 respectively. SDs are 0.77 for ln-transformed PCB-153 in plasma lipids, and 0.83 for corresponding wet weight data. Thus, concentrations appear to be somewhat less variable in plasma lipids than in wet weight plasma. However, the significance of this difference is not established. We chose to use plasma wet weight concentrations and to adjust for plasma lipid content in a covariance analysis 
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.

Among 199 bears from six years and up, the variance of PCB 153 plasma wet weight concentrations was not significantly different between the sexes. Thus, while it could be assumed preferable to monitor male bears to avoid reproduction-associated variance, the present data does not support this assumption.



Figure 2. Age distribution of polar bears sampled in the Norwegian Arctic 1990-98
3.2 The plasma data and the covariates

Plasma samples were taken from 313 bears caught in the period 1990-98. As in the preceding section, the abundant and persistent PCB 153 was used as a yardstick for the PCB-burden in the bears.

3.1.1 Age

The age distribution of the 313 sampled bears is shown in Figure 2. Bears aged 0 and 1 year were considered not independent observations (heavily influenced by their mother through the milk) and were excluded from the data. Among the remaining 249 bears, PCB-153 in plasma correlated negatively with age (p<0.0001; Figure 3). The scatterplot (Figure 3) did not reveal any need to group the bears according to age (e.g. subadults vs. adults), as long as a linear correction for age is included. 



Figure 3. Scatterplot of PCB-153 in plasma and age of polar bears sampled in the Norwegian Arctic 1990-98.

3.1.2 Nutritional condition

A subjective 1 to 5 measure of fatness was obtained in the field based on a visual estimation and pinch test along the spine. PCB 153 in plasma was significantly (p<0.0001) associated with the condition index (Figure 4). Therefore, the condition index was included as a covariate for further analysis, and 8 of 249 bears with missing data for the condition index were excluded (241 left). 

3.1.3 Sampling season

While most samples were taken in spring, from late March to early May, thirty samples were taken in August of -92 and -98 (Figure 5). Bears sampled in August had significantly higher condition index (p=0.0002) and significantly less PCB 153 in plasma (60% lower average, p<0.0001), compared to bears sampled in spring. The thirty bears sampled in August were therefore considered not comparable and were excluded from further analysis (211 bears remaining)



Figure 4. PCB-153 in plasma and nutritional condition in polar bears sampled in the Norwegian Arctic 1990-98. Numbers in brackets indicate number of bear in each category. The effect of nutritonal condition is highly significant (ANOVA; N=241, F4,236=16.3, p<0.0001).



Figure 5. Sample sizes by year and season for polar bears sampled in the Norwegian Arctic 1990-98.


Figure 6. PCB 153 in plasma in relation to sampling location for polar bears sampled in the Norwegian Arctic 1990-98.
3.1.4 Sampling location

There was a weak but significant positive association between PCB 153 concentration in plasma and eastern longitude of the sampling location (r2=0.025, p=0.023; Figure 6). Unfortunately, the focus of the sampling effort has been drifting eastwards during the 1990’s (Figure 7). Polar bears sampled between 35 and 45 degrees east (in the Central Barents Sea) could be characterised as outliers in space and time (Figure 7). These 55 bears were therefore excluded from further analysis (156 bears remaining).

3.1.5 Maternal loss of PCB 153 to offspring

Fat soluble contaminants are transferred from female mammals to their offspring through placenta and milk. To be able to correct for this factor, the bears were categorised according to whether they had given milk to offspring in recent years. Category “N” was defined as bears that had not given milk recently, that is, all males plus females without cubs. Category “Y” was defined as bears that had given milk for more than a year, that is, females with yearlings or two year old cubs. Category “C” was females with cubs of the year (“coys”). PCB 153 level was on average 50% lower in bears in category “Y” than in other bears (F2,153=9.12, p=0.0002). PCB 153 levels in categories “C” and “N” were not significantly different, but bears in category “C” were in significantly lower nutritional condition. The differentiation between categories “C” and “N” was therefore kept for later multiple regression analysis. Sampling effort increased in denning areas in the period from 1990 to 1997, resulting in an increasing proportion of females with cubs in the sampling groups (Figure 8). Therefore, it was important to correct for reproductive status in any model where female bears were included. If not, a spurious decrease in PCB 153 could appear as a consequence of the increasing proportion of females with cubs.



Figure 7. Eastern longitude of polar bears sampled in the Norwegian Arctic 1990-98.
3.1.6 Extractable lipids in plasma

A significant part of the variation in PCB 153 was associated with the amount of lipids extracted from the plasma sample (r2=0.21, p<0.0001, see Figure 9).

3.2 A multiple regression model

A multiple regression model was fitted with the data for the 156 bears which remained after the considerations in the preceding section. Ln-transformed wet weight 



Figure 8. Proportions of sampled polar bears according to potential importance of PCB elimination through milk: Group “N”; females without cubs + all males, group “C”; females with cubs of the year (coys), and group “Y”; females with cubs from the previous year (“yearlings”). All bears sampled in the Norwegian Arctic 1990-97.



Figure 9. Scatterplot of PCB-153 and extractable lipids in plasma from polar bears sampled in the Norwegian Arctic 1990-97

concentrations of PCB 153 in plasma was the dependent variable. At this point, no linear temporal trend was assumed, and sampling year was therefore included as a categorical variable. (The significance of a possible linear trend must in any case be tested with a different approach, as discussed elsewhere.) Covariates were those described above; extractable fat, categories according to milk elimination, condition index, age, and eastern longitude. Sex and sex*age interaction were also initially included. The latter two parameters were not significant (p>0.10), and the model was refitted without them. The model accounted for 57% of the PCB 153 variance (Table 3). The effects of covariates and year were all significant at the p<0.05 level. The parameter estimates for the independent variables that were defined as continuous (Table 3) are in agreement with the direction of the effects in the simple regressions in the preceding section. The effects of the categorical variables are best visualised as plots of the least square means, that is the means adjusted for influence of the other independent variables in the model (Figures 10 and 11). The effect of elimination through milk was strongest in bears with yearlings (Figure 10). To test time-related difference between years (Figure 11), the four last years were contrasted against the four first years. The estimated difference (-0.637, t=-4.343, p<0.0001) correspond to 47% lower mean level in the latter half of the period. In the year with highest PCB 153 concentration (1990), only four bears were sampled. Excluding this year, the estimated contrast between the years 1991-1993 against the four last years was -0.493 (t=-3.575, p=0.0005), corresponding to 39% lower level in the latter period. In conclusion, a highly significant decrease in plasma PCB 153 occurred during the 1990’s.

3.3 Is it possible to infer a linear trend from the current data?

The preceding section gave a descriptive perspective on the development in the 1990’s. To be able to predict the development for the future years, however, we want to assess whether PCB 153 level can be estimated as a function of sampling year. A basic model for a temporal trend is a specific percentage change per year. A yearly percentage change is equivalent to a linear trend in ln-transformed concentrations. In the following section we will i) assess the evidence for a linear trend in the current data and ii) use the observed variation within years and between years in the 1990’s to assess the statistical power of alternative sampling regimes. 

Table 3. Multiple regression model for PCB 153 in plasma (ln-transformed wet weight data) from polar bears sampled in the Norwegian Arctic 1990-97.

Summary of Fit

Rsquare
0.570

RSquare Adj
0.530

Root Mean Square Error
0.46458

Mean of Response
3.38622

Observations (or Sum Wgts)
156

Whole-Model Test, Analysis of Variance

Source
DF
Sum of Squares
Mean Square
F Ratio

Model
13
40.550230
3.11925
14.4520

Error
142
30.648586
0.21584
Prob>F

C Total
155
71.198816

<.0001

Effect Test

Source
Nparm
DF
Sum of Squares
F Ratio
Prob>F

% extractable f
1
1
7.6491274
35.4397
<.0001

Age
1
1
0.9347233
4.3307
0.0392

Condition index
1
1
5.4917418
25.4442
<.0001

Eastern longitude of sampling location
1
1
1.3017757
6.0313
0.0153

Lact offsp
2
2
5.9571397
13.8002
<.0001

Year
7
7
5.7153328
3.7829
0.0009

Parameter Estimates

Term
Estimate
Std Error
Lower 95%
Upper 95%

Intercept
2.6669712
0.530869
1.6175345
3.716408

% extractable lipids in plasma
0.8639538
0.145126
0.5770642
1.1508434

Age
-0.017117
0.008225
-0.033378
-0.000857

Condition index
-0.376376
0.074615
-0.523878
-0.228874

Eastern longitude of sampling location
0.0414281
0.016869
0.0080811
0.0747752

3.3.1 Estimate for linear trend in the data from the 1990s

The parameter estimates from the multiple regression model (section 3.2) were used to adjust the data for differences in the following covariates: extractable fat, condition index, eastern longitude of sampling site, age, and a “milk elimination” nominal variable (see section 3.2). Samples sizes were unequal between years. To meet the assumptions of the test for linear trend, random subsamples of equal size had to be drawn from each sampling year. Only four samples were available from 1990. Random subsamples of four were drawn from the other years 100 times and used to calculate one hundred sets of yearly means. Each set of means was regressed on year. The average estimate for the effect of year was -0.149, with 95% of the estimates between -0.20 and -0.097. Average p-value was 0.023, with 87% of the values below 0.05.



Figure 10. PCB 153 in plasma in relation to elimination through milk for polar bears sampled in the Norwegian Arctic 1990-98. PCB 153 values are least square means ± S.E. from a linear regression model which includes adjustments for extractable lipids in plasma, nutritional condition, age, eastern longitude of sampling location and year of sampling. Group “N”; females without cubs + all males, group “C”; females with cubs of the year (coys), and group “Y”; females with cubs from the previous year (“yearlings”). Numbers in brackets are sample sizes.



Figure 11. Mean and least square means ± S.E. of PCB-153 in plasma for polar bears sampled in the Norwegian Arctic 1990-98. Least square means are from a linear regression model which includes adjustments for extractable lipids in plasma, nutritional condition, age, eastern longitude of sampling location, and elimination through milk in recent years. Numbers in brackets are sample sizes.

PCB 153 concentrations were highest in 1990. Only four bears were sampled in that year. To test the estimates stability and their dependence on the four bears from 1990, the linear trend and (2 were reestimated with 1990 excluded. The minimum sample size in the period 1991-1997 was 8 (in 1991). A similar resampling as above was performed with 8 samples per year, yielding the following average estimates: yearly change (b)= -0.112 (95% between -0.15 and -0.07); p=0.078. The distribution of p was skewed, and 54% of the resampled sets gave p-values below 0.05. Thus, more than half of the sets of random yearly subsamples of 8 in the period from 1991-1997 indicated a significant negative linear trend.

3.3.2 Power considerations

The objective of this section is to use the observed variation within years and between years in the 1990’s to assess the statistical power of alternative sampling regimes. 

To explore the relationship between power, R and T, it is necessary to estimate the components of the variance of the yearly means around the linear trend ((2). Estimates for (2 were based on the residual sum of squares of the regression of 

t on t. It is not possible to get a precise estimate for (2 based on only seven or eight sampling years. We chose to use the 91-97 period, where at least 8 bears were available for all years. Based on random subsamples of 8 bears per year from the 91-97 period, average (2 estimate was 0.0605, with 95% of the estimates between 0.03 and 0.12. This interval must not be interpreted as a confidence interval, only an indication of the range of likely estimates with the available data. As mentioned earlier, (2 is related to R, as (2 = (2y + (2w/R. If the random between year variance (2y and the within year variance (2w are known, it is possible to study the relationship between R and (2. Consequently, the relation between R and power can be determined. To estimate within year variance (2w, we used the multiple regression model in the preceding section. The model included a correction for differences between years. The unexplained variance in the model (mean square error: 0.21584) could therefore be used as an estimate for within year variance (2w.



Figure 12. Power to detect a linear trend of 5% per year as functions of number of sampling years. Different lines correspond to different levels of random between year variation. Power calculation based on 0.05 as required (-level. R= number of samples in each year.

To estimate the variance between years, ((2y), we combined the estimate for (2w with the estimates for (2 from the regression of yearly means.

Assuming that (2 = (2y + (2w/R;

(2y = (2 - (2w/R

The average estimate (from 100 resamplings of 8 bears per year 1991-97) for (2 was used to calculate a medium estimate for (2y; 0.0335. The lower and upper ends of the interval containing 95% of the estimates (the 2.5% and the 97.5% percentiles from the distribution of (2-estimates were used to calculate a low and a high estimate for (2y; 0.003 and 0.093, respectively.

Figure 12 shows that random between year variance (2y has a large impact of the power of the monitoring programme. With 8 samples per year, the low estimate for (2y would result in 90% power after 12 years, whereas 19 years would be necessary to reach the same power level with the high estimate for (2y. A high random between year variation can not be substantially compensated by increasing the number of samples per year (e.g., to R=100, see Figure 12).



Figure 13. Power to detect a linear trend of 5% per year as functions of number of sampling years. Different lines correspond to different levels of random within year variation and different number of samples per year. Power calculation based on 0.05 as required (-level and (2y =0.0335. The lowest (2w is based on a model which adjust for a number of covariates. The highest (2w is the variance within years with no covariate adjustment.

The relation between power, the number of sampling years (T), and the number of samples per year (R) is also dependent on the other component of (2; the variation within years, (2w. Our estimate for (2w was based upon a regression model and presupposes that covariates are adjusted for. No adjustment for covariates results in higher (2w. An estimate for (2w without covariate adjustments was obtained from a one-way ANOVA with ln[PCB 153 concentration] as response variable and year as the only independent variable. Mean Square Error in this ANOVA was 0.448, more than twice the variance in the model which included correction for covariates. The effect of within year variation can be compensated for by increasing the yearly sample size (R) (Figure 13). Thus, when R is small, (2w is important for power, while when R is larger (e.g. 20), the power curve is less affected by (2w (Figure 13). 

When the relationship between R and power was explored further, the medium estimate for (2y and the covariate adjusted estimate for (2w were used. Figure 14 illustrates that the effect on power gained by increasing R diminishes as R gets higher, e.g., the effect of increasing R from 8 to 20 is larger than the effect of increasing R from 20 to 100.



Figure 14. Power to detect a linear trend of 5% per year as functions of number of sampling years. Different lines correspond to different number of samples per year. Power calculation based on 0.05 as required (-level. All curves based on (2y =0.0335 and (2w =0.216.
An alternative approach is to sample biannually, to reduce logistic expenses. Figure 15 shows that the power of a sampling scheme with 20 samples taken biannually is similar to a programme with 4 samples taken annually. The power performance of 20 annnual samples for 14 years (90%) is nearly reached after 17 years (9 sample sets) of biannual sampling with the same sample size. The savings for a three year delay would then be the logistical cost of 5 sampling seasons and the analytical cost of 5x20=100 samples. In addition to the delay of power, an additional drawback would be the reduced resolution in time. Biannual sampling would have detrimental effect on the possibility to estimate random variance between yeas. Biannual sampling would also reduce and retard the ability to detect deviations from a linear change pattern. Linear change is most likely a simplification of the actual changes, and this simplification could be less appropriate for longer periods of time.



Figure 15. Power to detect a linear trend of 5% per year as functions of number of sampling years. Different lines correspond to different number of samples per year with annual or biannual sampling. Power calculation based on 0.05 as required (-level, (2y =0.0335 and (2w =0.216.
3.4 Conclusions and recommendations based on polar bear results

We concluded that PCB 153 decreased significantly in polar bear plasma from Svalbard during the 1990s. High resolution temporal data from high Arctic biota are sparse 
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. To the authors knowledge, the present report is the first detailed description of a temporal trend of PCB in high Arctic biota during the 1990s. The shape of the decline (Figure 11) could suggest a levelling off in the latter part of the sampling period. Data from other marine mammals in the Canadian Arctic suggest a decline since the 1970s, but a levelling of during the 1980s and early 1990s 
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. Stabilisation of PCB concentrations has also been observed in Great Lakes herring gull (Larus argentatus) eggs 
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. Continued monitoring will be necessary to verify if the observed decline in the Norwegian Arctic is levelling off or not.

From comparison of variance in difference sample types, plasma was found to be preferable for monitoring, since PCB-153 is less variable in plasma than in blood cells or subcutaneous fat. Milk lipid also seemed to be a comparably stable matrix, but the obvious limitation in availability (only from nursing females) limits the utility of this sample type.

The description of the polar bear PCB data reflects the fact that sampling of polar bears for contaminant monitoring usually has been piggy-backed on other research. The significant effects of reproductive status (milk elimination categories), sampling location, sampling season, and nutritional condition indicate the ample opportunities to misinterpret the data by not adjusting for confounding factors that vary systematically over time in a non-standardised data set. Particularly, the possibility of confounding effects of sampling location should in the future be ruled out by designating a regular sampling site for monitoring of persistent pollutants. From the geographical distribution of the sampling effort in the latter part of the 1990s, continuation of annual sampling at Hopen in the spring season seems expedient.

The calculations of statistical power of different sampling strategies illustrated that the presence of random variation between years makes it unlikely to make significant findings before at least 7-8 years of sampling, assuming that the actual trend is a 5% annual change. The only way to overcome random between year variation is to have sufficient number of years. Thus, the time-constraint cannot be remedied by increased number of samples per season. As shown in Figure 14, the incremental benefit of each additional sample rapidly decreases when number of samples per year exceeds 20. Regardless of the available resources, it does not seem worthwhile to collect more than 25 samples per year from the same location for the purpose of trend monitoring. An “8 samples per year”-programme need only two additional sampling years to reach a statistical power that exceeds a “20 samples per year”-programme (Figure 14). A target value of 10-25 samples per year should therefore be appropriate, depending on the incremental cost of extra samples and available resources.

Resources can be saved by biannual sampling, but since the time needed to reach statistical power is long even with annual sampling, this strategy can not be recommended. This is also because the rate of change is likely to change over time, and biannual sampling would delay detection of changes in the development.

4. Case II: PCB in glaucous gulls from Bjørnøya, the Barents Sea

4.1 PCBs in glaucous gulls in the Barents Sea region

Since the mid 1960s, incidents of unexplained deaths of glaucous gulls have been noted on Bjørnøya. When English scientists visited the island in the early 1970s, they observed birds behaving aberrantly, and their analyses of gulls from the island showed high concentrations of PCBs 
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. In the years between the early 1970s and the late 1980s, the high levels of organo​chlorines were not paid much attention. However, observations of large numbers of dead gulls in 1986 sparked a new interest, and measurements from the late 1980s re-confirmed the findings of very high levels of PCB found almost 20 years earlier. It was suggested that persistent organochlorines, at least partly, were to blame for deaths among the glaucous gulls in the southern part of the Svalbard archipelago 
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In the early 1990s, screening of birds from a variety of colonies in the Russian and Norwegian sector of the Barents Sea showed that levels of organochlorines in this top predator in the Arctic were generally high 
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In this section, we will use recent findings from studies at Bjørnøya to evaluate past and future approaches to monitoring of organochlorines in glaucous gulls.

4.2 Recent findings on the local distribution, that is Bjørnøya

In 1997 a project was started on Bjørnøya to study effects of the high organochlorine (OC) concentrations on the population of glaucous gull, funded by the Norwegian Research Council. In 1999, the Effect and Transport Program also participated in funding parts of the project. This study has given some unexpected results, that will have implications for how OCs are monitored in our part of the Arctic (Bustnes et al., in press).

It is well known that levels of OCs may vary several orders of magnitude between individual gulls (e.g., Gabrielsen et al., 1995), but here we studied differences in blood concentrations of organochlorines and the diet of glaucous gulls breeding in two neighbouring areas, 1-2 km apart. One area (Revdalen-Beinneset) was situated on the edge of the large seabird cliff, about 100-150 m above sea level. The second area (Sørhamna-Kvalrossbukta) was about 1-2 km from the seabird cliff, and 10-50 m above sea level. In both 1997 and 1998 there were significant differences between the breeding areas for five OCs (HCB, HCH, Oxychlordan, DDE and PCB) measured, with the birds breeding on the cliff having higher levels. These differences were accompanied by a difference in diet between the areas. Birds in the former area had at least four times higher intake of guillemot Uria spp. eggs, while the birds near sea level seemed to have a much higher intake of fish, probably capelin Mallotus villosus. This study demonstrates the importance of feeding ecology for the distribution of OCs within populations.

The most obvious implication is that the large differences within Bjørnøya complicates a meaningful comparison like Bjørnøya vs. Frans Josef Land. Which levels of contamination should be considered as typical for Bjørnøya, and how is it possible to know that the birds from Frans Josefs Land is representative for the archipelago as a whole? Attempts of comparing contamination levels between Svalbard and the Canadian Arctic could similarly be confounded by choice of sampling colonies with different feeding ecology. Clearly, feeding ecology of the sampling colonies has to be considered. This means that sampling for geographical comparisons would demand much more effort than just random shooting of gulls at a number of locations.
4.3 Variation within individuals

A novel feature of the recent Bjørnøya glaucous gull studies is that repeated blood sampling of individuals, both within and between seasons, have been conducted. Such sampling is important to clarify the extent of intraindividual temporal variation, that is, to which extent do OC levels within an individual vary over time (Bustnes et al., submitted). If possible effects should be studied based on comparison of individuals with high and low blood concentrations, it is necessary to assume that the same individuals have elevated blood levels over an extended period of time. To test this repeated blood samplings were made, both within a breeding season and between two breeding seasons. For total PCB, it was found that 80 % of the variation between incubating males could be explained by the corresponding concentrations three weeks earlier, while it was only 17% in females. When compared between years (1997 and 1998), 66% of sum PCB variation in males could be explained by the levels from the previous year, while it was 53% in females. Similar results were found for other OC (HCB, HCH, Oxychlordan and DDE) (Bustnes et al., submitted). This implies that if a colony is to be monitored over time, repeated sampling of the same individuals would yield less variable data than random selection of individuals (but see section 4.5). Moreover, it was found that much of the variation within individuals between different sampling times could be explained by changes in body mass and lipid concentrations in the blood of individuals. It may be possible to develop models that include changes in such parameters, to estimate whether changes in body burden has taken place (Bustnes et al., submitted).

4.4 Possible methods of monitoring

Why should the glaucous gull be monitored with respect to OC, when so many factors seems to influence the levels. In other words, is it possible to get reliable measurements of these compounds in a predator that is omnivorous, and feed at various levels of the food chain.

The reason why this species should be included in a monitoring program is that the levels of persistent pollutants are so high that effects of these contaminants can be expected. Our studies on Bjørnøya confirm that segments of the population is affected by OCs both in terms of behaviour and survival (Bustnes et al., in revision). Measurements taken only lower in the food chain will not fully cover this, since the understanding of the transport from low levels to high levels is poorly understood, in terms of how OCs moves from particles to high trophic levels. 

As stated above, a problem with OC monitoring is that the variation among individual is extreme, and one of the questions to be answered here is what way the sampling methods should be used. How can organochlorines most reliably and cost effectively be monitored in the glaucous gull? Several types of sampling procedures have been used in various species of birds through the history of OC monitoring. 

4.4.1 Adults

The most commonly used method for measure the OC levels of seabirds in the Norwegian Arctic has been to sample adult birds (Gabrielsen et al., 1995, Savinova et al., 1995a,b), or collect from dead birds (especially glaucous gull). Then the levels of OC in various important tissues could measured. For some purposes this is clearly the best method for establishing what the levels of OC are, but it has a lot of drawbacks in terms of monitoring.

Studies of birds have shown that several different external factors influence the level a bird carry, such as diet, ability to metabolise OC etc. 
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Glaucous gulls are faithful to their breeding area, and the birds develop specialisation in terms of feeding, which makes them more or less vulnerable to accumulation of OCs. This makes it necessary to sample birds from the same colonies. Glaucous gull colonies are usually small, and a sampling procedure where adults are killed would mean that large proportions of the colonies will be removed. We will therefore not recommend to use adult birds as a matrix for monitoring OC levels in the Norwegian Arctic.

4.4.2 Eggs

A commonly used method to monitor OC in seabirds are eggs. This method has been used for long periods in the Great Lake System in North America 
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. Eggs are easy and cost effective to collect compared to methods where birds need to be caught. Eggs are also a matrix that is more “stable” than the bird because they are not so dependent of nutritional status. 

Sampling of fresh eggs eliminates the possibility of metabolism of OCs by the developing embryo. The eggs must be taken from the same colonies at each sampling. Possibly, it could be advantageous to take eggs from the same birds several times (cf. section 4.5). OC levels in eggs change from the first to the last egg within a clutch 
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. Consequently, it would be advantageous to always collect the same egg in the laying order (the first egg would probably be most practical).

4.4.3 Blood

The main advantage of blood is that in principle is the least destructive method for measuring OC. Moreover, it would make it possible to sample the same individuals several times to test if it their levels are changing. This would mean that much of the variation between individuals that exist in every population can be discarded (see next section). The main problems with blood is that it is time consuming to catch birds, and that individual levels will depend on the body condition and amount of extractable lipids in the blood. This can in theory be corrected for by developing adjustments for changes in body condition and blood fat (Bustnes et al., submitted). 

4.5 The utility of annually repeated sampling from the same individuals when inferring a linear temporal trend

As shown in section 2.3, the statistical power to detect a linear trend is inversely related to y2, the variance of the yearly averages around the linear trend. y2, in turn, is related to the within year variation between individuals s2w, since y2 = s2y + s2w/R (see section 2.3). If information from previous years is used to adjust the levels of each individual, s2w would be reduced, thereby decreasing y2 and improving overall power. It is clear from the relationship between y2 and s2w that the same effect could be achieved by increasing R. More specifically, a 50% reduction of s2w has the same effect as doubling R. 

The statistical method for detecting a temporal linear trend assumes that yearly averages from a constant number of samples are regressed on year. Repeated sampling of selected individuals would result in a declining sample size over time (due to mortality within the sampling group). A more sustainable design could be standardised mixture of “new” and “known” birds. However, the benefit of “known” birds would then be reduced, and the complexities of managing such a sampling scheme suggest that it would be more practical to increase R, the number of samples per year. The presence of random between year variation would in any case limit the maximum obtainable power of the study (as shown for polar bear), and increasing R above 20-25 would not add much information with respect to the temporal trend of the average contamination level.

4.7 Conclusions and recommendations

All methods we have discussed here have advantages and disadvantages. We think that a prime concern in a monitoring program should be the cost efficiency, but also with an emphasis on the reliability of the method. 

Given the above discussion, we would recommend the use of eggs from glaucous gull for monitoring of temporal trends. The basic requirement is that the same colonies are used for all samplings. Preferably, sampling should focus on fresh eggs of known laying order.

5. Overall conclusions

There are two obvious conclusions that can be drawn from the case-studies in this report. Conclusion number one is that thorough monitoring for temporal trends can not be based on occasional sampling produced as a by-product of various short term projects on different locations. This is not a new finding. Previously, genuine “monitoring” has been defined as “the repeated measurement in the same place and on the same substrate at fixed intervals of time” 
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. Clearly, interpretation of the polar bear and glaucous gull data sets is severely hampered by the lack of similar samples taken on the exact same location at regular intervals (annually).

Conclusion number two is that any program which aim to monitor for temporal trends is dependent on sustained and predictable efforts over an extended period of time. The current polar bear data indicate that with an optimal sampling approach, about 15 years of sampling are needed to be >90% sure to detect a change with an average rate of 5% per year. With less than 8 years of sampling, it is very unlikely to get any reliable indications on temporal trends whatsoever. Similar observations were made by Bignert et al. 
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 in their retrospective study of PCB in Baltic herring.

The above conclusions emphasise the dedicated long-term obligations required in thorough monitoring programmes. The long time lag between project initiation and the production of meaningful results is incompatible with the way most research is financed. The responsibility for implementation of long-term sampling series should therefore probably be institutionalised and not left to individual scientists.
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