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Abstract

Question:  



  

stress gradients.

Location: 

Methods:          





  





Results: 

ability of seedling emergence in gaps. The magnitude of competition increases with 

          





of these processes occurring in early life history are reflected in the seedling com

  



wetter sites.

Conclusion:             

dicting shifts from competitive to neutral or facilitative interactions toward colder 



petition dominating for emergence whereas facilitation was more evident for seed

ling growth. The patterns along the precipitation gradient indicate stress at both the 
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interactions may change along environmental stress gradients is 

crucial for understanding plant species and community responses 



     

interactions along gradients from relatively benign to environmen

       



        



that the role of facilitation and competition may also change over the 

















  

   



rection of interactions changes across productivity/stress gradients 

 





          

plant interactions across multiple sites spanning different types of 







    





amine the effects of biotic interactions from the mature vegetation 



 

     

       

 



     







time. This allowed us to assess their progression through three life 

stages and calculate three vital rates and growth rates during seed

 



  

fer systematically in productivity and environmental stress because 

     



      

     



and along multiple stress gradients. In our study region in southern 







 

      

removal plots than in intact vegetation in the most productive and 

       

   

strength of this pattern will differ throughout ontogeny; survival 



  





 

our study is conducted in an oceanic region where the wetter sites 

    >     



    

 

      



dry and the wet end may be stressful for plants.

 |

|

  

west and from the alpine to the lowlands in the fjord landscapes of 



    

       

  ~ ~ 

    ~ ~    

        

see also Klanderud et al. 2015). The climate data were interpolated 
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n = 
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× 25 cm plots were placed 

   

         







          



         

nate using a 5 cm × 





ment of the cohort of seedlings were monitored over three years 

       

   

     

   

       

    

            





 |

        



 

trapped seeds using a 25 cm  25 cm artificial turf mat placed in ×

       

  

by flushing them with water over 500 and 125 m diameter sieves µ

         



  Bistorta vivipara) and viviparous seeds

 Festuca vivipara      Polytrichum

   



 |

rate proxies

  



rate of establishment as juveniles; each calculated at the plot level. 

  

nating from the seed rain and emerging as a visible seedling above 









tablished when it had at least two fully grown leaves or leaf pairs and 

plant height >





of surviving seedlings). Because we defined the establishment phase 





         

comparing particular groups of species rather than community to







data from the removal plots in combination with a number of other 

data sets to compare performance of locally persistent vs locally 

transient species across the grid.

|

       

        









       

between vegetation removal and either temperature and/or precipi

     

more facilitative) effects in more stressful habitats.

       

         

ysed whether the association between probability of establishment



vegetation and vegetation removal plots for each temperature and 



nomial distribution) including establishment probability as response 
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indicate that the time to establish as a juvenile shifts as a function 







To assess the overall consequences of trends in the vital rates 



        





 



on previous life stages because the number of seedlings reaching a 

specific life stage is directly impacted by the number of seedlings 





calculated the effect of biotic interactions on abundances and rich





across the temperature and precipitation gradients. Because of 





       





  

= 0.1). 

     

        

lmerTest

MASS 



R2 and partial R2

r2glmm       R2

 

terms because they are computed in the absence of the interaction. 

 R2 was not calculated for growth rates due to the 

     



structure).

 |

        

R2
=

  





 

    



  



tive R × T R2
= 0.26). The conse

quence of these two opposing trends with temperature is that the 

magnitude of removal effects is smallest in the alpine and increases 



 

   

p <

 

      

>

Variables

Vital rates 

Emergence EmergenceSurvival Establishment Survival Establishment

n n n n n n 78= = 73 = 56  78= = 73 = 73

Intercept ***  1.776** 1.526*** 0.752*** +

Removal 2.025
***

0.314
+

0.445 1.799
***

1.893
***

2.532
***

Temperature **  1.419***   0.185

 *** *  ** ** *

R  T× 0.594***  * 0.523*** 0.519*** 0.269+

R  P× 0.037
***   0.035**

0.064
*



N is the number of observations 



+p < 0.1. 

*p < 0.05. 

**p < 0.01. 

***p < 0.001. 
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partial R 2
= 

R2
=





have competitive effects on establishment rate in the alpine sites 

       

 

       

R2
= 0.09). Because only four 

        


replicated along a precipitation gradient 




the end of the second growing season 



per 25 cm  25 cm plot × + SE
a binomial error distribution. 0 means a 






individuals reached the previous and the 

current life stage)
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Explanatory variables DF  value  valueCoeff Std Err T p

Intercept  1.22 254  <0.001

Time 0.331 0.082 0.001254 4.065 <

Removal 1.470 1.302 254  0.260

Temperature  0.300 0.6469 

  0.019 0.0539 

Time × R 0.080 0.087 254 0.912 0.362

Time × T 0.305 2540.029 1.064 0.288

Time × P     

Time × R  T× 0.048* 0.024 2.006 0.046254

Time × R × P     

Note: 

*p < 0.05. 

 n=





       Coefficients of selected 
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intact vegetation plots had any seedlings in the boreal that could 

  

the boreal and found that this significant interaction effect remained 









  

months faster in the intact plots than in plots where the vegetation 

  







        



The consequences of the strong but variable competitive effects 

of vegetation on emergence are reflected in the seedling community 



niles in plots where vegetation has been removed compared to intact 



    

    

  

         

 

    

   



R2 0.04 and 0.06 for number of emerged 

 

      

       

   

richness of the seedling community shows largely similar patterns to 



 |

Our study of seedling recruitment in alpine and boreal grasslands 

show that biotic interaction effects can change both along biocli

matic gradients and through the early stages of plant ontogeny. 

Our results illustrate how biotic interactions may operate through 



more competitive effects on seedling emergence and survival early 





        



our findings are also in line with our prediction that biotic interaction 

effects may change through early ontogeny.

        
emergence to establishment to the juvenile stage) in intact 

vegetation and in plots where the vegetation was removed in alpine 
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The strong positive effect of vegetation removal on seedling 

        

          

        

     

    

          

       

   

      



     

  

       

with seed germination responding more consistently to facilitation

by benefactor plants than seedling establishment and growth in a 

 

not see much facilitation on seedling emergence along the gradi

          

of vegetation removal toward colder alpine sites. This suggests that 

facilitation could become important at the highest elevations if the 









tact alpine vegetation than in gaps where vegetation was removed. 





      



  

found slightly stronger facilitation on growth than on survival when 

    

        

         Difference in seedling 

abundance between intact vegetation 




alpine and boreal sites replicated along 





surviving for at least two growing seasons 




entries are means per plot ± SE
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seedling survival. Temperatures on open alpine ground can be very 

      

to overheating or drought. Optimal conditions for seedling growth 

        

and interaction effects of neighbor vegetation may depend on veg





and at the same time provide enough light and open soil for seedling 



       

This is also shown in other studies where neighbor vegetation pro



until they grow bigger and may start competing with the previous fa

cilitators resulting in a shift from facilitation to competition as plants 



balance between neighbor vegetation offering protective structure 





        

       



  



  

        



        

         

  







unimodal biotic interaction effects along the precipitation gradient 





      







     

biotic interaction effects along precipitation gradients may be more 

 

This is also in line with inconsistent patterns of biotic interaction ef

          















   

     

        





 

richness of the seedling communities were primarily driven by vari





     

of this sorting is reflected in the abundance and species richness 



our results highlight the importance of biotic interaction effect 

studies on plant performance across ontogeny and along different 

productivity gradients to disentangle the mechanisms underlying





   





      

The data codes are stored and available at https://osf.io/62fvb/.
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