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Terrestrial Carbon and Nitrogen Eight Years after 
Bark Beetle-Caused Forest Mortality

Urszula Norton1, Ada Harris1, Susan Schmidt2,3, and Jay Norton4

Introduction
Recent epidemics of mountain pine beetle (Dendroctonus 
ponderosae) and spruce beetle (Dendroctonus rufipennis) have 
decimated at least 30 million acres of coniferous forests 
in western North America. Such massive-scale forest 
mortality has caused shifts in carbon (C) and nitrogen 
(N) pools and fluxes in soils, plants, and duff on the forest 
floor. Corresponding changes in understory vegetation, 
tree seedling recruitment, and future forest structure 
are likely to be affected, but the information on the early 
successional forest response is still limited and long-term 
response is unknown.

Objectives
Our objectives are to assess the impact of beetle-induced 
tree mortality on vegetation succession and terrestrial 
ecosystem C and N in three types of forests eight years 
after the insect infestation.

Materials and Methods
The study was established in the No Name Watershed 
of the Medicine Bow-Routt National Forests. Our study 
site, elevation 9,500 feet, is in south-central Wyoming’s 
Snowy Range near the popular recreation area of Libby 
Creek. Soils are predominantly Entisols with minimal 
soil development, formed from mixed colluvium and 
metamorphic schist. Climate is cold and snowpack-
dominated. Forests are dominated by subalpine fir, 
Engelmann spruce, and lodgepole pine. Five clusters of 
dead and five clusters of live trees were selected at the toe-
slope (subalpine fir forest), foot-slope (Engelmann spruce 
forest), and shoulder (lodgepole pine forest). Samples 
were collected for total C and N determination of the 
understory vegetation (shoots and roots), soil (0–4 in), 

and surface soil litter. Vegetation inventory, density of 
dead and live trees, and species composition as seedlings, 
mid-canopy, and overstory trees were carried out in the 
middle of the growing season (July).

Results and Discussion
All three forest types experienced 30–32% stand mortality 
(Table 1). They are transitioning to denser forests with 
subalpine fir becoming more prevalent and lodgepole pine 
disappearing from subalpine fir and Engelmann spruce-
dominated forest types. Eight years after the infestation, 
only lodgepole pine forest continues to show 32% more 
C and 35% more N, which is mainly attributed to high 
accumulation of surface soil litter (Figure 1). Surviving 
trees and the large abundance of tree seedlings, grasses, 
and forbs will likely trigger high demand for soil N. 
Accelerated competition may result in earlier onset of 
plant N deficiency, premature tree death, and pests and 
disease outbreaks.
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Table 1. Forest tree species inventory, stand mortality, and recovering vegetation at toe‑slope, 
foot‑slope, and shoulder positions of the No Name Watershed in the Snowy Range. Seedling 
density and seedling composition reflect values in clusters of dead trees in comparison with 
clusters of live trees. (The common name for Vaccinium scoparium* is grouse whortleberry.)

Tree species Toe-slope Foot-slope Shoulder

Engelmann Spruce (ES) 80% 15% 14%

Subalpine Fir (SF) 18% 48% 0%

Lodgepole Pine (LP) 2% 36% 86%

Forest Mortality 31% 30% 32%

Seedling Density 10 times greater 10 times greater 2 times greater

Seedling Composition More SF
Loss of LP

More SF
Loss of LP More SF 

Dominant Understory Vegetation Grass Mixed V. scoparium*

1Department of Plant Sciences; 2Department of Molecular Biology; 3Program in Microbiology; 4Department of Ecosystem Science and Management.

A A

B B

Ba

Bb

0

0.5

1

1.5

2

2.5

Subalpine 
fir dead

Subalpine 
fir live

Engelmann 
spruce dead

Engelmann 
spruce live

Lodgepole 
pine dead

Lodgepole 
pine live

Terrestrial N (lb per acre x1000) 

A
A

B B
Ba

Bb

0
10
20
30
40
50
60
70
80

Subalpine 
fir dead

Subalpine 
fir live

Engelmann 
spruce dead

Engelmann 
spruce live

Lodgepole 
pine dead

Lodgepole 
pine live

Terrestrial C (lb per acre x1000) 

Figure 1 . Terrestrial ecosystem N 
and C (sums of N and C in roots, 
shoots, soil, and litter) beneath dead 
and live subalpine fir, Engelmann 
spruce, and lodgepole pine stands. 
Capital letters (A and B) indicate 
significant differences between tree 
stands while lowercase letters (a and 
b) indicate significant differences 
between live and dead tree clusters 
within tree stands (at p≤0.05). 




