Monitoring of butterflies in semi-natural grasslands
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The abundances of many butterfly species have declined rapidly during the last decades as a result of habitat loss and fragmentation caused by changes in land use and agricultural intensification (van Swaay & Warren 1999). Since many butterfly species are sensitive to changes in the local habitat quality and show rapid responses to environmental changes they can be used as indicators when looking at habitat status, biodiversity and climate change (New 1997). This, in addition with their importance as pollinators and the well known natural histories of many species make them especially appropriate for monitoring activities (Kremen et al. 1993). The development of accurate, repeatable and cost-effective methods is crucial when monitoring butterfly diversity and changes in abundances. The line transect method (Pollard 1977) is widely used in butterfly monitoring, and it states criteria which should be followed in order to provide a degree of standardization. However, many of these criteria have not been thoroughly tested. The aim of this study was therefore to investigate inter-observer differences, variations within a day and variations due to weather conditions in recorded butterfly species richness and abundances using the line transect method. The phenology of butterflies during the season was also investigated and power analyses carried out.
This study highlights the importance of using flexible dates when monitoring since emergency dates and flight periods may be affected by variation in the weather. Ideally, monitoring should be performed at the phenologically same dates between years. Since the phenology differ between butterfly species, repeated visits to the same site during the season were shown to be essential when the aim is to investigate the entire species richness. If five visits were made to the same site during a season, 85 % of the total number of species was found on average.
The activity of butterflies are to a high extent limited by temperature since most butterflies require a high and restricted range of body temperature in order to fly. Cloudiness has been shown to affect counts, and to inhibit flight activity of some butterfly species (Pivnick & McNiel 1987). This study show the effect of cloudiness on two levels, the overall cloudiness of the sky and the proportion of time during transect walk made in sunshine. The number of butterflies showed a drastic fall when the cloudiness exceeded 50 % unless the temperature was at least 22 °C. During the actual time for recording, there was a sharp decline in butterflies at temperatures below 19 °C if the proportion of sunshine was below 80 %. These criteria are somewhat stricter than precious recommendations (Pollard 1977). Wind speeds up to five on the Beaufort’s scale did not seem to affect the observed number of butterflies. 
The findings of this study show that the number of observed individuals of a species might fluctuate greatly over the course of the day, and that there can be large differences in daily rhythms of flight activity between species. In order to counter some of the influence of these differing activity profiles monitoring is recommended to start after 8.30, and be finished before 17. 
No significant differences in the number of recorded butterfly species and individuals between different observers were found, even though one of the observers had considerable more experience than the others. This strengthens previous suggestions that results from different observers can be used without problems of observer bias (Pollard 1977). 

Power analyses were done using estimates of SD for species richness and abundances to appreciate the number of sites needed to detect an average change estimated at two points in time. A change in species richness with about 20 % could be detected in eight times out of ten if five sites where used for monitoring. However, these data must be interpreted with care, since power analyses based on data from other sites and longer time periods, including between season variations, are likely to produce larger minimal detectable differences. 
In summary, with increased knowledge about the influence of different factors on the recorded number of butterflies, efforts can be made to minimize their impact by adjusting the guidelines for monitoring and thereby hopefully improve the method. 
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