
Introduction 
The increasing fragmentation of many New England forests 

has created  gaps in the forest canopy and gap edges 

(Harper et al. 2005). Edges and canopy gaps increase the 

availability of resources and have variable temperatures 

and soil moisture that affect the regeneration and 

succession of the forest. The objective of this study is to 

understand the influence of gaps and forest edges on the 

survival of seedlings of two common gymnosperm species 

of southern New England temperate forests, the eastern 

white pine, a shade-intolerant species, and the eastern 

hemlock, a shade-tolerant species.  We examine if light, 

distance from the edge of the forest, canopy cover above 

seedlings, and species are predictor variables of survival. 

Understanding how various factors affect the survival of the 

seedlings will give insight into how seedlings and the forest 

respond to fragmentation and disturbance.  

Hypotheses 
• Seedlings exposed to a high percent transmittance of light 

(%T) and under low canopy cover should have a higher 

probability of survival over time than seedlings deep in the 

interior of the forest because higher light microsites, like 

those in the gap and along the edge, may increase survival 

of seedlings of both species (Walters & Reich 2000, Chacon 

& Armesto 2005) 

• White pine seedlings should have a higher survival time 

when light is high and distance from the gap and canopy 

cover are low. The eastern hemlock should have relatively 

high survival probabilities as compared to pine and fairly 

constant survival functions across all distances from the 

gap, and under any %T or canopy cover. 
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Questions 
• How does a forest-to-gap gradient influence the 

survival of seedlings of two species (one shade-

tolerant and one shade-intolerant) of conifers? 
 

• What environmental variables of the gap-to-

forest gradient habitat significantly affect the 

survival of seedlings? 

 

• Are the seedlings of these two species 

responding differently? 
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Results 
• Pine seedlings within the forest (20-30 m) had a significantly 

lower survival than those at or near the edge (0-10 m). 

• Hemlock seedlings showed no significant difference in survival 

as a function of distance. 

• Although light is higher at the edge of the gap, the amount of 

light does not affect the survival of seedlings. 

• Distance from the edge was found to increase the hazard rate 

of pine seedlings significantly making it a good predictor of 

pine seedling survival. 

 Discussion 
 Our findings suggest that hemlock seedlings are not affected by 

any measured predictor variable and survival is constant within the 

forest as predicted. Pine seedlings survival is not significantly 

affected by light available to seedlings, as hypothesized, but by 

distance from the gap edge. This suggests the that below-ground 

variables, such as nutrients and competition, may affect the 

survival of fast-growing shade-intolerant tree species within the 

forest. Pine seedlings deep in the forest have a higher mortality 

probability and abundance of pine is predicted to decrease in  the 

forest while those in the gap and near are expected to continue 

growing well until the habitat becomes unfavorable for pine but 

suitable for shade-tolerant species like hemlock. 

 Methods 
 Study site: Yale-Myers 

Experimental Forest (CT) 

Tree Heaven 

Experimental Linear Gap 

(cut winter  

1999-2000). Gap size  

~ 100 x 20m oriented  

E-W.  

 

  Study  

Acknowledgments 
We thank Dr. Mark Ashton and the Yale School of Forestry and Environmental Studies for permission to use the Yale-Myers 

Forest. 

• Pine and hemlock seedlings were tagged, numbered and 

survival was recorded throughout the study period. 

• Hemispherical “fisheye” canopy photos were taken and 

analyzed to calculate percent of open sky. 

• Measurements of photosynthetically active radiation (PAR) 

were taken with a Li-Cor® quantum sensor and calculated as 

percent of light transmittance (%T). 

 Data Analysis 

•  Kaplan-Meier survival curve estimates were used to compare 

the cumulative survival of seedlings in distance groups. 

(Group 1= -10-0 m, Group 2= 0-10 m, Group 3= 10-20 m, 

Group 4= 20-30 m from the gap-edge).Survival curves of both 

species were also compared. Significance was tested using 

the Log-Rank test. 

• Cox Proportional Hazards models were used to quantify the 

magnitude of the effect a variable has on the hazard rate of 

the seedlings. Significance was tested using the Wald test. 
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Four 40 x 10 m belt transects  

perpendicular to the North gap edge 30 m into the 

forest and 10 m into the gap. Along each transect the 

following data was collected from  growing seedlings 

for 60-months: 

 

Canopy light (%T) as  

a function of distance 

from gap  


