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                    The variance component analyses showed that variation in the hunting index for both
 ptarmigan species was mostly attributed to variation between municipalities (Table 2). For
 willow ptarmigan there was also some of the total variation that could be attributed to a year
 variance component, which implies a common temporal trend in the hunting index between
 the municipalities (Figure 4). For rock ptarmigan there were fewer birds bagged per hunting
 day, and no variation was attributed to between-year variation (Table 2, Figure 4). Moreover,
 the proportion of rock ptarmigan in the total ptarmigan hunts over eight study years varied
 from inland Kautokeino (average: 2.1% [range: 1.5%–4.5%]) to coastal Alta (average: 29.0%


[range: 18.7%–42.5%]).


Table 2. Variation in hunting index (bag per hunting day) for both ptarmigan species attributed to
 between municipality variation and between-year variation.


Willow ptarmigan Rock ptarmigan


Std. Dev. Variance (%) Std. Dev. Variance (%)


Between municipalities 0.80 68.1 0.16 68.9


Between years 0.36 13.6 0.00 0.0


Residual 0.42 18.3 0.98 31.1


The variance component analyses of the line transect- and snare trapping datasets revealed
 large residual variance (i.e. variance within individual line transects and snare trappers) in
 both the line transect index and the snare trapping index (Table 3). Further, for the line
 transect index year and municipality contributed about equally to the total variance, whereas
 variance between line transects within year and municipality contributed substantially less.


For the snare trapping index the variance between individual snare trappers within year and
municipality was the most important variance component besides the residual variance.
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Figure 4. Willow ptarmigan and rock ptarmigan hunting index (bag per hunting day) in the different
 municipalities over the years 2000–2007.


Table 3. Variation in the two indices line transect (willow ptarmigan observed per hour) and snare
 trapping (ptarmigan caught per snare per day) attributed to within year and municipality, between
 municipalities, between years and residual.


Line transect index Snare trapping index


Std. Dev. Variance (%) Std. Dev. Variance (%)


Within year and municipality 1.15 2.5 1.20 24.6


Between municipalities 2.46 11.6 0.48 3.9


Between years 2.59 12.9 0.36 2.2


Residual 6.16 73.0 2.02 69.3


Results 15
 3.2 Willow ptarmigan hunting statistics predictions


The selection of mixed effect ‘line transect based models’ (i.e. based on eight municipalities)
 of willow ptarmigan hunting index gave as the best model one that included the two


variables, hunting index (t-1) and production index (Table 4) (termed ‘line transect model’).


The reduction in residual standard deviation was, however, minor relative to a constant model
 (Table 4).


Table 4. The three best models and estimated effects (± standard error) describing the variability of
 hunting index (willow ptarmigan bag per hunting day) from the ‘line transect based models’ (i.e.


based on eight municipalities). Hunting index (t-1) = willow ptarmigan bag per hunting day in the
 previous year. Line transect index = willow ptarmigan observed per hour. Production index =
 juveniles per two adults. Last column shows the reduction (%) in residual standard deviation (Std.


Dev.) in willow ptarmigan hunting index prediction models, relative to a constant model with no fixed
 predictor variables.


For the ‘snare trapping + line transect based models’ (i.e. based on five municipalities), the
 willow ptarmigan hunting index was best predicted by the model fitted with three variables
 line transect index, snare trapping index and hunting index (t-1) (termed ‘snare trapping +
 line transect model’) (Table 5). This demonstrates that in the study municipalities with
 available snare trapping data, the snare trapping index could, to some extent, improve the
 prediction of the hunting index for willow ptarmigan. The best model gave a 28% reduction
 in the residual standard deviation, relative to a constant model (Table 5). Line transect index
 and snare trapping index alone gave residual standard deviation reductions of 12% and 1%


respectively. The model including both the hunting index (t-1) and the snare trapping index
provided the best early (i.e. prediction obtained > four months ahead of hunting start) hunting
index prediction, reducing the residual standard deviation with 10% relative to the constant


Master’s thesis Johannes Aspeland Bolstad


model. The negative effect on the hunting index from the snare trapping index, when fitted
 additively to the other variables, is partly a consequence of positive correlation between snare
 trapping index and line transect index (mean correlation coefficient: 0.46 [range: 0.19–0.72],
 directing negative correlation between model coefficients. The model solely including the
 snare trapping index variable gave a positive coefficient (Table 5). Predictions from the
 model including hunting index (t-1) and production index, and the model including hunting
 index (t-1) and line transect index provided the second and third best models respectively.


Table 5. ‘Snare trapping + line transect based models’ selection (i.e. based on five municipalities).


Above dashed line: The three bests models predicting the variability of hunting index (willow


ptarmigan bag per hunting day). Below dashed line: Two models with early (i.e. prediction obtained >


four months ahead of hunting start) indices including hunting index (t-1) and snare trapping index,
 further two models including solely the line transect index and the snare trapping index respectively.


Estimates (± standard error) are shown. Hunting index (t-1) = willow ptarmigan bag per hunting day
 in the previous year. Line transect index = willow ptarmigan observed per hour. Production index =
 juveniles per two adults. Snare trapping index = ptarmigan caught per snare per day. Last column
 shows the reduction (%) in residual standard deviation (Std. Dev.) in willow ptarmigan hunting index
 prediction models relative to a constant model with no fixed predictor variables.


Intercept Hunting
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 3.3 Validation of municipality level predictions


For the ‘line transect model’ the predictions of hunting index had generally low predictive
 power in all municipalities (Table 6). The model could for some municipalities (for example
 Kautokeino and Tana) predict the general direction of the hunting index trajectory in the
 subsequent hunting season (Figure 5). However, there was no general tendency for the
 predictive power of the model to be better for municipalities with high line transect effort
 (Table 6). There were tendencies of overestimating in years of low hunting index, and of
 underestimating in years of larger hunting index (Figure 5).


The ‘snare trapping + line transect model’ made a slightly better overall prediction than the


‘line transect model’ (Figure 5). There was still some tendency of overestimating in low
 years, however this tendency appeared to be less severe than with the ‘line transect model’.


Except for one municipality (i.e. Kautokeino) the best mixed model (i.e. ‘snare trapping +
line transect model’), gave better predictions than the simple linear regression for each
municipality based on only line transect observations (Table 6).
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Table 6. Validation of predictions of hunting index (willow ptarmigan bag per hunting day) from the
 two best mixed models (i.e. ‘line transect model’ and ‘snare trapping + line transect model’) against
 observed hunting index for the individual municipalities by means coefficient of determination (R2)
 and p-values from linear regression. For comparison equivalent statistics are given for the regression
 between line transect index (willow ptarmigan observed per hour) and hunting index (termed line
 transect observation). Significant coefficients are in bold. In two last columns line transect- and snare
 0trapping effort parameters (annual mean line transect numbers and annual mean snare trapper
 numbers) are shown.


Kautokeino 0.47 0.13 0.51 0.11 0.83 0.01 28.9 13.1


Alta 0.22 0.29 0.88 0.02 0.07 0.56 12 3.3


Tana 0.27 0.23 0.56 0.05 0.19 0.32 2 24.7


Porsanger 0.05 0.63 0.37 0.40 0.04 0.67 7.7 8.6


Sør-Varanger 0.11 0.46 0.08 0.72 0.06 0.58 2.9 4


Nesseby 0.07 0.56 –   – 0.25 0.25 3.6 –


Vadsø 0.27 0.24 –   – 0.02 0.76 2 –


Karasjok 0.27 0.30 –   – 0.74 0.03 2.3 –


Results 19
Figure 5 (page 18 and 19). Observed and predicted hunting index (willow ptarmigan bag per hunting
day) in eight municipalities. Observed hunting index (!, blue line), predictions from ‘snare trapping
+ line transect model’ (!, broken black line), and predictions from ‘line transect model’ (#, broken
grey line). Observed line transect index (willow ptarmigan observed per hour) are plotted on right axis
(!, red line). Hunting index is log transformed (note that a constant of 1 is added to Sør-Varanger).
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3.4 Rock ptarmigan hunting statistics predictions


The rock ptarmigan hunting index was best predicted by a constant model from the ‘line
 transect based models’ (i.e. eight municipalities) indicating that none of the study indices
 could predict the rock ptarmigan hunting index (Table 7). Second best model included a
 negative effect from the adult index (willow ptarmigan).  All other models had very low
 predictive powers. Best model from the ‘snare trapping + line transect based models’


selection (i.e. five municipalities), remained the constant model, and the model including the
 snare trapping index variable was the fifth best model with accordingly very low predictive
 power (Table 8). However, in this model the snare trapping index influenced the rock
 ptarmigan hunting index positively, suggesting a weak positive relationship between the
 spring ptarmigan population and the rock ptarmigan hunting index in fall.


Table 7. The three best models and estimated effects (± standard error) describing the variation in
 rock ptarmigan hunting index (rock ptarmigan bag per hunting day) in eight municipalities. Line
 transect index = willow ptarmigan observed per hour. Adult index = adult willow ptarmigan observed
 per hour. Last column shows the reduction (%) in residual standard deviation (Std. Dev.) in rock
 ptarmigan hunting index prediction models, relative to a constant model with no fixed predictor
 variables. Note that all predictor variable indices are based on willow ptarmigan line transect data.


Intercept Line transect index Adult index !AICc AICc (w) Reduction (%) in


residual Std.Dev.


-1.48 (±0.27) – – 0.00 0.261 –


-1.38 (±0.29) – -0.05 (±0.05) 1.309 0.135 0


-1.39 (±0.29) -0.01 (±0.01) – 1.362 0.132 0


Results 21
 Table 8. The three best models describing the variation in rock ptarmigan hunting index (rock


ptarmigan bag per hunting day). Below dashed line: Two models including snare trapping index and
 line transect index respectively. Estimates (± standard error) are shown. Line transect index = willow
 ptarmigan observed per hour. Production index = willow ptarmigan juveniles per two adults. Adult
 index = adult willow ptarmigan observed per hour. Snare trapping index = ptarmigan caught per snare
 per day. Last column shows the reduction (%) in residual standard deviation (Std. Dev.) in rock
 ptarmigan hunting index prediction models relative to a constant model with no fixed predictor
 variables. Note that all predictor variable indices, except snare trapping index (no species
 information), are based on willow ptarmigan line transect data.


Intercept
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4 Discussion


4.1 The validity of population indices as predictive tools


The objective of this study was to evaluate the applicability of conventional and new


population indices in sustainable hunting management regimes for two ptarmigan species in
 northern Norway. We did this by evaluating the ability of line transect indices to predict
 subsequent ptarmigan hunting bags, and to evaluate the possible improvement of predictions
 by including a new index constructed from subsistence snare trapping statistics. Any


improved prediction by using snare trapping statistics, would provide a cost effective means
 for more accurate management on local administrative scale (e.g. municipalities).


For willow ptarmigan the best mixed model based on only line transect indices and previous
 year hunting index (i.e. ‘line transect model’), gave in most cases only crude predictions of
 the current year hunting index when all municipalities were included in the model. Simple
 regression using the line transect index as a predictor per municipality did in most cases not
 predict the willow ptarmigan hunting index. The mixed line transect model gave a slightly
 better prediction when based on the five municipalities, for which snare trapping statistics
 were available. Moreover, for these five municipalities the prediction was vaguely improved
 my adding the snare trapping index to the model. Except for one municipality (i.e.


Kautokeino) where a disproportional large annual line transect effort took place, the mixed
model gave a better prediction than the simple linear regression based on line transect
observations per municipality. This suggests that the mixed modelling approach, including
the snare trapping predictor worked best for some of the municipalities with scanty line
transect data. In such cases the model could “borrow strength” from the information available
from the other municipalities. However, all approaches gave generally uncertain predictions,
thus a conservative use is recommended in the future management. Rock ptarmigan hunting
index could not at all be predicted from any ptarmigan population index in the study, thus at
present there seem to be no information available to perform an evidence based management
of the rock ptarmigan.
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4.2 Sources of variance in population indices


As revealed by the variance component analyses, there were large residual variances in all
 predictors and hence only marginal variance was attributed to year and municipality, which
 may have been some of the reasons for their low capabilities of predicting the hunting index.


With a pronounced lack of systematic variation attributed to municipalities and year, the
 failure to perform powerful model predictions at these levels are to some extent inevitable.


4.2.1 Line transects


The potential of making predictions from line transects depend on a minimum of line transect
 effort, and reasonable precision of density estimation by DISTANCE methodology, has been
 achieved at > 40 observations (Buckland et al. 1993; Pedersen et al. 1999; Buckland et al.


2001, 2004). We were not able to calculate absolute density estimates since the line transect
 efforts were too low in most municipalities. We did not find any obvious tendency for
 improved predictions in municipalities with high line transect effort. Anyhow, for the
 municipality where sufficient data were available (Kautokeino) the simple line transect
 indices were strongly correlated with the proper density estimates. Nevertheless, it seems
 reasonable to suggest that prediction in most study municipalities would benefit from
 increased line transect effort and proper analysis accounting for imperfect detection
 (Buckland et al. 2001). As numbers of observations per effort would vary with changing
 ptarmigan density, the required effort of line transects in Finnmark may differ spatially and
 temporally. For example, the good fit between the line transect index and hunting index in the
 two southernmost study municipalities (Kautokeino and Karasjok) with relatively high


ptarmigan density, could suggest that in areas with high population density better estimates
 are obtained. Perhaps, even the hunting index was more related to the true population density
 in these municipalities.


4.2.2 Snare trapping statistics


There were huge variations between individual snare trappers, and together with the high
residual variance this impede the utility of the snare trapping index as a powerful predictor.
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 Further, different limitations and biases in the use of snare trapping index are evident,
 including both individual snare trappers qualities and other sources of variation associated
 with the snare’s ability to catch the ptarmigan (e.g. snow depth, shifting daylight). Seeking to
 minimize the variation between snare trappers, truncation of trappers with low effort (< 5000
 snare days) was tried, but the variation between snare trappers did not decrease. Based on the
 highly variable snare trapping reports available in most municipalities, we also suspect the
 report return rate to be generally low, and thus be a source of unexplained variability.


4.2.3 Hunting statistics


Hunting statistics have been used as a population index in several studies (Holmstad et al.


2005; Kvasnes et al. 2010). Cattadori et al. (2003) showed that hunting statistics were a good
 proxy for population abundance of red grouse (Lagopus lagopus scoticus) in Great Britain,
 however, the authors emphasised the need of comparative studies to reveal the potential of
 hunting statistics in different species and applied to different harvesting strategies. In


northern Finland, bordering Finnmark in the south, contrasting results were found in hunting
 statistics from three grouse species (Ranta et al. 2008), hence concerns questioning the
 quality of hunting statistics in neighbouring grouse species , such as willow- and rock


ptarmigan in Finnmark, seems relevant. Ranta et al. (2008) further suggested potential factors
that could result in variable reliability of hunting indices, such as management policy changes
and regional differences in management recommendations and hunting traditions. A further
sign of divergences between hunting statistics and census data are the bias in the age and sex
structure observed in the bag data (Hudson 1986). A higher juvenile to adult ratio in the line
transect estimates, compared to the hunting statistics is reported in several ptarmigan studies
(Pedersen et al. 1999; Taylor 2000; Hörnell-Willebrand et al. 2006). In our study the negative
effects of the snare trapping index on the hunting index may suggest a similar pattern in
Finnmark willow ptarmigan populations.
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4.3 Uncertainty in underlying ptarmigan population processes


In this study we use hunting bag statistics both as response (i.e. hunting index) and predictor
 (i.e. hunting index (t-1)), hence potential bias and sources of variation in hunting statistics
 may have influenced the results. Some of the bias and variance is likely to result from to the
 low report return rates in Finnmark. However, when included as a predictor hunting index 
 (t-1) had a positive effect on current year hunting index. This is in contrast to the expectation of
 direct negative density-dependence in ptarmigan populations (e.g. Pedersen et al. 2004). This
 may suggest lack of agreement between hunting statistics and actual population processes.


Alternatively, ptarmigan populations in Finnmark may currently display dynamics less prone
 to direct density-dependence. Conventional ptarmigan dynamics in Finnmark show


population synchrony with small rodent cycles (Myrberget 1982), however during the study
 period small rodents peaked in the years 2002 and 2007 (Ims et al. 2010, manuscript). The
 hunting index showed no apparent population peak associated with these small rodent years,
 hence present ptarmigan populations in Finnmark may experience hitherto unexplained
 dynamic patterns. A similar recent change in the temporal dynamics of ptarmigan is also
 known from the neighbouring county of Troms where 3–4 years cyclicity has been replaced
 by more long term fluctuations (Holmstad et al. 2005). The recent changes in the cyclic
 amplitude of small rodents in northern Fennoscandia have implications on ptarmigan


population (Strann et al. 2002; Hörnfeldt et al. 2005; Ims et al. 2008), both through changed
trophic interactions (e.g. the effect of shared predators) and through shared susceptibility to
the same climatic changes (Kausrud et al. 2008). Other interactions affecting ptarmigan
populations are increased resource competition from large herbivore overabundance (Ims et
al. 2007). With the recent doubling of ptarmigan hunter numbers and a threefold increase in
willow ptarmigan hunting bags in Finnmark during the study period, one might also speculate
that such elevated harvest levels could affect the general population dynamics. The combined
effects of increased harvest pressure and new kinds of natural population regulation represent
an immense challenge making ptarmigan population predictions.
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 4.4 Management implications


This study shows that large sampling variability and potential biases in ptarmigan population
 indices together with potentially unknown processes underlying population dynamics, lead to
 considerable difficulties in making reasonably good prediction under current management
 regime in Finnmark. Potential spatial differences in natural ptarmigan population carrying
 capacity as well as hunting pressure, may call for differentiated recommendations in the
 individual municipalities. However, generally increased line transect effort would potentially
 improve overall predictions. Given low management budgets and incapacity of increased
 monitoring effort, we recommend that a higher number of line transects are placed in fewer
 and larger management regions representative for ptarmigan populations across municipality
 borders. Furthermore, that appropriate methods accounting for imperfect detection are
 applied. This could potentially improve estimates and further provide a basis for direct
 density estimations of ptarmigan populations (Rosenstock et al. 2002). The potential loss of
 prediction on the local (i.e. municipality) scale is justified to the benefit of higher total
 predictive power for the county as a whole. To improve precision from the hunting statistics
 we also recommend that hunting report return rates must be increased. The recent


implementation of municipality scale reporting in the national hunting statistics is promising.


Estimates from snare trapping could potentially be applied in selected municipalities (e.g.


Alta and Tana). However, on a larger scale the utility of snare trapping predictions likely
 depends on an improved report return system. No prediction of rock ptarmigan hunting
 statistics could be made from any of the study indices. Rock ptarmigan is the second most
 harvested game species in Finnmark and Norway, hence, developing population monitoring
 programmes for rock ptarmigan should be a prioritized issue for future research. In


anticipation of improved population prediction for both ptarmigan species in Finnmark,
cautiousness in harvesting practise is recommended.
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