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                    Abstract
The two forest-defoliating geometrid moth species Operophtera brumata and Epirrita autumnata are known to exhibit different altitudinal distribution patterns in northern birch forests. One possible explanation for this is that altitudinal climatic variation differentially affects the performance of two species through mismatching larval and host plant phenology. We explored this hypothesis by investigating the relationship between larval phenology and leaf phenology of Betula pubescens, which is the main host plant of both moth species, along ten replicate altitudinal transects during two springs with contrasting climate in northern Norway. There was a distinct monotonous cline in host plant phenology with increasing altitude in both years of the study, but the development of the leaves were generally 14 days later in the first of the 2 years due to cold spring weather. We found that larval development of both species closely tracked host plant leaf phenology independent of altitude and year. However, at the time of sampling, E. autumnata was approximately one instar ahead of O. brumata at all altitudes, probably reflecting that E. autumnata has faster early instar growth than O. brumata. The abundance of O. brumata was lowest at the altitudinal forest-line, while E. autumnata was lowest near sea level. Our results do not indicate that the altitudinal distribution patterns of the two moth species is due to any phenological mismatch between larval and host plant phenology. We suggest rather that natural enemies at low altitudes limit larval survival and thus abundance of E. autumnata, while an early onset of winter at the forest limit reduces survival of late eclosing adults of O. brumata.
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1.1 Appendix 1
At all transects stations a 50 m long sampling line was drawn horizontally on each side of the station. Vegetation cover variables for dominating species of the tree-, shrub- and field layers, and occurrence of streams and boulders was recorded at each meter along the sampling lines (see Table 2 for a description of variables). Additionally, at each station and at the two ends of the sampling line stand density, canopy height, snow depth and slope were recorded. Long-term average snow depth was measured by the mean height position of the lichen Parmelia olivacea on birch stems (Sonesson et al. 1994).
Table 2 Codes and description for variables used to characterize the forest along the altitudinal transectsFull size table


                           In the PCA of forest characteristics, two principal components, PC1 and PC2, accounted for 44.3% of the variance between sampling stations (Fig. 8). PC1 was mainly associated with tree height and accounted for 29.3%, while PC2 was associated with snow level and accounted for 15.0%. Tree height was positively correlated with tree density, presence of deadwood, high perennials and litter, and negatively correlated with presence of bushes and moss in mats. Snow level was positively correlated with slope and presence of blueberry, and negatively correlated with peat moss, moss in tufts, heather and grass.
Fig. 8[image: figure 8]
The association between the original forest characteristics variables and the two first principal components derived from the PCA. For description of variables see Table 2. The unit circle indicates the maximum correlation that could be observed between each of the PC and the original variables. The variables with arrows close to the circle are very well explained by the first two PC axes


Full size image


                           1.2 Appendix 2
Results of the multinomial modelling of instar structure, where the different models are ranked according to the two model selection criteria Akaike’s Information Criterion (AIC) and Bayesian Information Criterion (BIC). The models with the strongest support according to AIC/BIC weights are considered to be the most appropriate (i.e. the models in bold for both species). Terms included in different models are indicated with a X. Alt_q: altitude as a continuous variable; Alt_P2: second order polynomial for Alt_q; Alt_c: Altitude as a categorical variable. Np Number of parameters. The model Date: (Alt_q+Year) fitted both O.brumata (Pearson’s chi square=19.39, df=23, P=0.68) and E. autumnata (Person’s chi square=28.95, df=23, P=0.18; excluding one observation with a very large residual, but not affecting model parameters estimates)
	Species
	Alt_q
	Alt_P2
	Alt_c
	Date
	Year
	AltP2:Year
	AltP2:Date
	Alt_c:Year
	Alt_c:Date
	Date:Year
	Date:Year:Alt_c
	Np
	AICc
	BIC
	AIC weigths
	BIC weights

	
                                O. brumata
                              
	
                                X
                              
	
                                X
                              
	 	
                                X
                              
	
                                X
                              
	 	X
	 	 	 	 	
                                26
                              
	
                                0
                              
	
                                0
                              
	
                                0.32
                              
	
                                0.84
                              

	X
	X
	 	X
	X
	 	 	 	 	 	 	14
	21.78
	4.2
	0.00
	0.10

	X
	X
	 	X
	X
	X
	X
	 	 	 	 	30
	1.48
	7.3
	0.15
	0.02

	
                                X
                              
	
                                X
                              
	 	
                                X
                              
	
                                X
                              
	 	
                                X
                              
	 	 	
                                X
                              
	 	
                                32
                              
	
                                -0.82
                              
	
                                8.0
                              
	
                                0.48
                              
	
                                0.02
                              

	 	 	X
	X
	X
	 	 	 	 	X
	 	22
	14.05
	8.2
	0.00
	0.01

	 	 	X
	X
	X
	 	 	 	 	 	 	16
	24.99
	10.3
	0.00
	0.00

	 	 	X
	X
	X
	 	 	X
	 	X
	 	28
	12.02
	15.0
	0.00
	0.00

	 	 	X
	X
	X
	 	 	 	X
	 	 	34
	6.99
	18.7
	0.01
	0.00

	X
	 	 	X
	X
	 	 	 	 	 	 	12
	39.42
	18.9
	0.00
	0.00

	 	 	X
	X
	X
	 	 	X
	 	 	 	22
	26.74
	20.9
	0.00
	0.00

	 	 	X
	X
	X
	 	 	 	X
	X
	 	40
	6.6
	27.1
	0.01
	0.00

	 	 	X
	X
	X
	 	 	X
	X
	 	 	40
	10.78
	31.3
	0.00
	0.00

	 	 	X
	X
	X
	 	 	X
	X
	X
	 	46
	4.39
	33.7
	0.04
	0.00

	 	 	 	X
	X
	 	 	X
	X
	X
	X
	64
	19.67
	75.4
	0.00
	0.00

	
                                E. autumnata
                              
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	
                                X
                              
	
                                X
                              
	
                                X
                              
	 	 	
                                X
                              
	 	
                                X
                              
	 	
                                28
                              
	
                                0
                              
	
                                0
                              
	
                                0.99
                              
	
                                0.53
                              

	 	 	
                                X
                              
	
                                X
                              
	
                                X
                              
	 	 	 	 	
                                X
                              
	 	
                                22
                              
	
                                9
                              
	
                                0.2
                              
	
                                0.01
                              
	
                                0.47
                              

	X
	X
	 	X
	X
	 	X
	 	 	X
	 	32
	19.54
	25.4
	0.00
	0.00

	 	 	X
	X
	X
	 	 	X
	 	 	 	22
	36.99
	28.2
	0.00
	0.00

	 	 	 	X
	X
	 	 	X
	X
	X
	 	46
	21.53
	47.9
	0.00
	0.00

	 	 	 	X
	X
	 	 	 	X
	X
	 	40
	33.16
	50.7
	0.00
	0.00

	X
	 	 	X
	X
	 	 	 	 	 	 	12
	89.89
	66.4
	0.00
	0.00

	X
	X
	 	X
	X
	 	 	 	 	 	 	14
	92.15
	71.6
	0.00
	0.00

	 	 	X
	X
	X
	 	 	 	 	 	 	16
	92.52
	74.9
	0.00
	0.00

	X
	X
	 	X
	X
	X
	X
	 	 	 	 	30
	76.34
	79.3
	0.00
	0.00

	 	 	X
	X
	X
	 	 	X
	X
	X
	X
	64
	36.99
	89.8
	0.00
	0.00

	X
	X
	 	X
	X
	 	X
	 	 	 	 	26
	106.58
	103.6
	0.00
	0.00

	 	 	X
	X
	X
	 	 	X
	X
	 	 	40
	94.18
	111.8
	0.00
	0.00

	 	 	 	X
	X
	 	 	 	X
	 	 	34
	119.13
	127.9
	0.00
	0.00






                           

Rights and permissions
Reprints and permissions


About this article
Cite this article
Mjaaseth, R.R., Hagen, S.B., Yoccoz, N.G. et al. Phenology and abundance in relation to climatic variation in a sub-arctic insect herbivore–mountain birch system.
                    Oecologia 145, 53–65 (2005). https://doi.org/10.1007/s00442-005-0089-1
Download citation
	Received: 03 December 2004

	Accepted: 21 March 2005

	Published: 08 July 2005

	Issue Date: August 2005

	DOI: https://doi.org/10.1007/s00442-005-0089-1


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Altitude
	
                Epirrita autumnata
              
	
                Operopthera brumata
              
	Population outbreaks
	Phenological mismatch
	Larval development








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.201.69.160
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    