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Abstract
In the Record of Dec�s�on for the Northeast Nat�onal Petroleum Reserve – Alaska Integrated Act�v�ty 

Plan (1998), the Bureau of Land Management st�pulated that the locat�on of �ce roads be offset from 
year to year. The rat�onale for th�s requ�rement was based on the assumpt�on that �t �s env�ronmentally 
preferable to spread the �mpact over a greater area of tundra because �n that way the tundra vegetat�on 
w�ll recover more qu�ckly, �.e., a less severe �mpact over a greater area �s preferable to a more severe 
�mpact over a smaller area. Th�s study was �ntended to test a part of that assumpt�on: add�t�ve �mpacts 
occur to tundra vegetat�on w�th subsequent years of �ce road construct�on.

We establ�shed transects across �ce road paths w�th four plots per transect: control (outs�de the road 
boundar�es) and three treatments (2001 road only, overlap area of 2001 and 2002 roads, and 2002 road 
only). In each of three summers (2002–2004), we measured depth of thaw, proport�on of tussocks dam-
aged, and percent ground cover by e�ght vegetat�on cover types to see �f greater �mpacts occurred �n the 
overlap-road plots than �n the s�ngle-year road plots.

No statistically significant differences in depth of thaw were found among control and treatment plots 
or between single-year plots and overlap plots. The only significant result among the thaw data was a 
“year effect”: the thaw depths for all treatments became deeper w�th each success�ve year.

The data for proportion of tussocks damaged showed significant overall differences among the control 
and treatments, due mostly to the marked d�fference between the control by �tself and the three road 
treatments comb�ned. More �mportantly, the overlap treatment d�splayed a marg�nally greater level of 
damage than the two single-year treatments. However, a significant year effect due to a decrease in dam-
aged tussocks from one year to the next suggested the res�l�ence of tussocks to some types of damage.

The percent of ground cover by eight vegetation cover types showed no significant difference between 
the overlap-road plots and the s�ngle-year road plots when data from three years were comb�ned, but d�d 
display a significant additive effect in the overlap-road plots for one year (2003) when the three years 
were analyzed separately.

Data from th�s three-year study prov�ded only m�n�mal ev�dence of add�t�ve �mpacts from bu�ld�ng �ce 
roads over the same path �n two subsequent years. G�ven the observed recovery of the tundra dur�ng the 
three years of study, it is doubtful that any significant environmental benefit would be gained by requir-
�ng that all �ce roads be completely offset from paths of prev�ous years. A more appropr�ate m�t�gat�on 
would be to requ�re that �ce road routes follow the wetter hab�tats to the greatest extent poss�ble w�thout 
significantly increasing their length.
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Introduction
Stud�es of �mpacts to vegetat�on from se�sm�c 

explorat�on �n the Arct�c Nat�onal W�ldl�fe Refuge 
(ANWR) �n 1984 and 1985 suggested that greater dam-
age occurred to tundra where camp-tra�n and se�sm�c 
veh�cle tra�ls overlapped than where e�ther occurred 
alone (Jorgenson et al., 1996). Greater damage also 
occurred where mult�ple veh�cles moved along a 
s�ngle, narrow tra�l rather than along d�spersed tra�ls 
(Jorgenson, 2000). Beg�nn�ng �n at least the m�d- 
1980s, the Bureau of Land Management (BLM) st�p- 
ulated for se�sm�c operat�ons �n the Nat�onal Petroleum 
Reserve – Alaska (NPR-A) that “care shall be taken to 
ensure that when mult�ple tr�ps over the same tra�ls are 
taken, that veh�cles w�ll not ut�l�ze exactly the same  
tracks... ” (Meares, Don; pers. comm.).  In the Record of 
Dec�s�on for the Northeast NPR-A Integrated Act�v�- 
ty Plan / Env�ronmental Impact Statement (1998), 
the BLM rev�sed that st�pulat�on somewhat to requ�re 
that veh�cles avo�d us�ng the same tra�ls for mult�ple 
tr�ps. Transferr�ng that same log�c from se�sm�c explor-
at�on to �ce road construct�on, �t was also st�pulated that  
the locat�on of �ce roads be offset from year to year.

The rat�onale for th�s log�c �s not presented �n these 
BLM documents, but �s presumably based on the fol-
low�ng assumpt�on; �t �s env�ronmentally preferable to 
spread the �mpact over a greater area of tundra because 
�n that way the tundra vegetat�on w�ll recover more 
qu�ckly, �.e., a less severe �mpact over a greater area �s 
preferable to a more severe �mpact over a smaller area. 
This has been verified for seismic camp trains in the 
Arct�c Nat�onal W�ldl�fe Refuge, where the bulldozers 
pull�ng heavy tra�lers on sk�ds can result �n ruts �n the 
tundra (Jorgenson, 2000). Resultant depress�on of the 
tundra mat may cause wetter so�ls and a convers�on to 
more hydroph�l�c vegetat�on that pers�sts for at least 
14 years and poss�bly much longer.

From the 1940s unt�l the late 1960s, overland travel 
�n the NPR-A and other parts of northern Alaska was 
often accompl�shed s�mply by bulldoz�ng tra�ls across 
the tundra �n both w�nter and summer (Lawson et al., 
1978; Lawson, 1982). Ice roads were recogn�zed to 
cause less damage to tundra, and they have been used 
on Alaska’s North Slope and the adjacent Yukon and 
Northwest Terr�tor�es s�nce the early 1970s (Adam 
and Hernandez, 1977; F�sher, 1978; Lawson, 1979, 
1986; Walker et al., 1987), although gravel pads and 
roads were st�ll commonly used for o�l explorat�on 
act�v�t�es dur�ng th�s per�od. In the 1990s, exploratory 
dr�ll�ng act�v�t�es moved almost exclus�vely to the use 
of �ce roads and pads (Hazen, 1997), yet relat�vely few 

stud�es have addressed the�r �mpacts (Jorgenson, 1999; 
Guyer and Keat�ng, 2005; Pullman et al., 2005).

Of those stud�es that have looked at �mpacts from 
�ce roads, none has tested the above assumpt�on �nher-
ent to the rat�onale for requ�r�ng �ce roads to be offset 
from one year to the next. Th�s study was �ntended to 
test part of that assumpt�on; add�t�ve �mpacts occur to 
tundra vegetat�on w�th subsequent years of �ce road 
construct�on. It was not env�s�oned that three years of 
study would be long enough to determ�ne �f any add�-
t�ve �mpact would result �n a longer recovery per�od.

Study Area and Methods
Following the 1998 Record of Decision, the first 

exploratory dr�ll�ng �n the NE NPR-A occurred �n 2000 
�n an area west of the v�llage of Nu�qsut, Alaska, and 
east of Judy Creek. Add�t�onal dr�ll�ng occurred �n each 
of the follow�ng two years, and all of �t was supported 
by �ce roads. Th�s study began �n the summer of 2002, 
us�ng paths of �ce roads constructed and used �n the 
per�ods of January through Apr�l, 2001 and 2002. Study 
sites ranged from 8 to 30 km west of Nuiqsut.

The study des�gn requ�red areas of part�al overlap be-
tween the roads of the two years. In th�s way, a transect 
placed across the roads could prov�de a control (outs�de 
the road boundar�es) and three treatments: 2001 road 
only, overlap area of 2001 and 2002 roads, and 2002 
road only. S�nce the lessees were requ�red to offset 
the roads from year to year, there were very l�m�ted 
opportun�t�es to establ�sh transects w�th a segment of 
overlap. Opportun�t�es arose when the roads were too 
close together, and thus overlapp�ng, or when the 2002 
road crossed at an obl�que angle from one s�de of the 
2001 road to the other.

Our prev�ous summert�me observat�ons of se�sm�c 
tra�ls and �ce road paths, along w�th those of others 
(Fel�x and Raynolds, 1989), �nd�cated that the wet-
ter the vegetat�on type, the less the �mpacts dur�ng 
w�nter travel. Th�s �s due to the protect�on prov�ded 
by the sol�dly frozen ground, or even �ce above the 
so�l substrate. Flooded and wet tundra types typ�cally 
d�splay l�ttle to no �mpact from w�nter travel, preclud-
�ng the poss�b�l�ty of add�t�ve �mpacts from mult�ple 
seasons of use. For this reason, we confined this study 
to mo�st tundra types. Between the two restr�ct�ons of 
road layout and mo�st vegetat�on types, very l�m�ted 
poss�b�l�t�es ex�sted for establ�sh�ng transects for study 
sites. We found only five suitable sites, four of which 
were tussock (Eriophorum vaginatum) tundra w�th 
relat�vely few shrubs and one of dr�er E. vaginatum 
tussocks dom�nated by dwarf shrubs.
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We establ�shed transects at 90° to the �ce road paths 
and marked control/treatment boundar�es w�th wooden 
stakes. Because those boundar�es were more eas�ly ob-
served from the a�r, we double-checked our �n�t�al stake 
placement from a hel�copter, noted correct�ons, and 
then reset the stakes accord�ngly after land�ng aga�n.  
Subsequent photographs taken from the air confirmed 
the correct placement of the stakes. Nonetheless, we 
collected no data w�th�n 0.5 m of any control or treat-
ment boundary to reduce the poss�b�l�ty of ass�gn�ng 
data �ncorrectly to control/treatment type.

We collected three types of data on the control and 
each of three treatments at each of the five study sites: 
depth of thawed so�l, proport�on of tussocks damaged 
and percent ground cover by e�ght vegetat�on/cover 
types. Data collect�on occurred w�th�n the per�ods 
of August 8–9, 2002; July 28 – August 2, 2003; and 
July 30 – August 6, 2004. We measured thaw depth 

and tussock damage w�th�n 1 m of, and on the same 
s�de of, the transect l�ne �n each of the three years. We  
collected vegetat�on cover data w�th�n 2 m on e�ther 
s�de of the transect l�ne.

We measured thaw depth to the nearest cm by press-
�ng a po�nted steel probe �nto the ground unt�l encoun-
ter�ng hard, frozen so�l. To ma�nta�n cons�stency w�th�n 
the h�ghly var�able m�crotopography of tussock tundra, 
we only took measurements between tussocks and not 
on them. We took 10 measurements w�th�n the control 
and each of three �ce road treatments dur�ng each of 
the three years.

We categor�zed tussocks �n one of two classes: un-
damaged or damaged, w�th the latter �nclud�ng both 
scuffed and crushed tussocks (F�gure 1). All tussocks 
w�th�n a rectangle made of the transect l�ne, a parallel 
l�ne 1 m away and l�nes 0.5 m from e�ther end of the 
treatment zone were �ncluded �n the sample. Tussocks 
b�sected by the rectangle boundar�es were �ncluded 
�f on the left or tra�l�ng edges, and excluded �f on the 
r�ght or lead�ng edges.

We categor�zed ground cover �nto e�ght classes: bare 
ground, l�tter, l�ve moss or l�chen, dead moss or l�chen, 
l�ve gram�no�d (sedges and grasses), dead (but stand-
�ng) gram�no�d, l�ve shrub/forb or dead shrub/forb.  
Healthy, undamaged tussocks (F�gure 2), as well as 
other undamaged sedges and grasses, �ncluded a sub-
stant�al component of stand�ng dead b�omass from 
prev�ous years. L�tter cons�sted of dead b�omass that 
had become detached from a plant of any of the classes, 
whether naturally or by the phys�cal act�on of �ce road 
construct�on and use. We used the same e�ght cover 
classes �n each of the three years, but our method of 
estimation from the first year differed in the following 
two years. In 2002 we made ocular est�mates from a 
0.25 m2 quadrat randomly placed w�th�n the treatment.  
Pre-sampl�ng (off-s�te) suggested that the var�at�on 
w�th�n a treatment could be adequately sampled  
us�ng th�s small a frame, but after complet�on of our 
first field season we decided to come prepared in the 
follow�ng year to use a more prec�se and accurate  
techn�que (and a more t�me-consum�ng one, hence 
the greater number of days �nvolved). In the follow-
�ng two years, we sampled the ground cover us�ng a 
p�n frame. W�th�n each treatment, we sampled a 2 x 4 
m gr�d of 200 po�nts w�th 20 cm even spac�ng us�ng a 
start�ng po�nt randomly located along the length of the 
transect l�ne and w�th�n 20 cm of the l�ne. We dropped 
sharpened pins through the frame and recorded the first 
cover class struck by the p�n. Thus the data represent 
the “canopy” cover for each treatment.

We went one step further �n 2004 and recorded each 

Figure 2.  Examples of healthy, undamaged Eriophorum 
vaginatum tussocks, d�splay�ng a substant�al component of 
stand�ng dead sedge blades.

Figure 1.  Examples of scuffed and crushed Eriophorum 
vaginatum tussocks.
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p�n “h�t” to genus, or when poss�ble spec�es, �n add�t�on 
to one of the e�ght cover classes. We were rarely able 
to identify mosses to genus, and most often classified 
them by growth form (cush�on or feather). S�m�larly, 
we identified crustose lichens by growth form only, 
but identified foliose and fruticose lichens to genus or 
spec�es. A complete l�st of growth forms and spec�es 
appears �n Append�x A.

We analyzed depth of thaw data us�ng analys�s of 
var�ance (ANOVA) tested aga�nst the F (three- or 
four-way compar�sons) or Student’s t (two-way com-
par�sons) d�str�but�ons. We used a log�st�c regress�on 
model to analyze the proport�on of tussocks categor�zed 
as damaged �n 2002. The most pars�mon�ous model 
was selected by us�ng l�kel�hood rat�o tests aga�nst the 
chi-square (χ2) d�str�but�on. Pool�ng 2002 data w�th 
those from 2003 and 2004 in later years, and adding 
a “year effect,” altered the covar�ance structure and 
requ�red the use of a d�fferent test. Thereafter we ana-
lyzed damage to tussocks w�th a s�multaneous Wald 
test, wh�ch �s compared aga�nst the F or Student’s t 
d�str�but�ons. We analyzed the cover data, w�th e�ght 
cover types as var�ables, us�ng pr�nc�pal components 
analys�s of covar�ance matr�ces. Plot scores (also 
known as factor scores) were computed for each plot 
for each pr�nc�pal component, and these plot scores 
were analyzed us�ng ANOVA tested aga�nst the F or 
Student’s t d�str�but�ons. We loosely used an alpha 
level of 0.05 as a threshold for statistical significance.  
By “loosely,” we mean that results were not �gnored 
�f alpha was sl�ghtly greater than 0.05, but that they 
provided us less confidence.

Figure 4.  Effect of year on thaw depth w�th�n each of four treatments.
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Figure 3.  Mean depth of thaw for pooled data from 
2002–2004. Note the Y-ax�s does not beg�n at zero, g�v�ng 
an �mpress�on of greater d�fference among treatments than 
really ex�sts.
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Results
Depth of Thaw

No statistically significant differences in depth of 
thaw were found among control and treatment plots 
for pooled data from 2002–2004 (F = 0.84, p = 0.50; 
Figure 3). It follows, then, that the test of most interest 
to the study’s purpose, whether or not the two-year 
road overlap treatment had significantly deeper thaw 
than the 2001 and 2002 s�ngle-road treatments, was 
also not significant (t = 0.21, p = 0.84). In fact, the 
sample data suggest less thaw �n the overlap than �n  
the 2001 treatment. The only significant result among  
the pooled data was the year effect (F = 101.76,  
p < 0.0001; F�gure 4), �.e., the thaw depths for all  
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Figure 5.  Mean depth of thaw �n each of three years.
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separately by year. Nonetheless, the same trends were 
ev�dent among years (F�gure 5).

Damage to Tussocks
The pooled data from 2002–2004 for proport�on of 

tussocks damaged showed significant overall differ-
ences among the control and treatments (F = 68.2,  
p < 0.0001; F�gure 6). Most of th�s �s due to the marked 
d�fference between the control by �tself and the three 
road treatments combined (< 3% damaged vs. > 50% 
damaged; t = 13.7, p < 0.0001). In contrast to the 
data for depth of thaw, the 2001 road treatment (51% 
damaged) d�splayed less �mpact than the 2002 road 
treatment (63% damaged; t = 3.93, p = 0.0003). Most 
�mportant to the purpose of the study �s the compar�son 
between the two s�ngle-year treatments comb�ned and 
the overlap treatment, which was marginally significant 
(t = 1.88, p = 0.07). These comb�ned data for the three 
years also showed a significant year effect (F = 44.4, 
p < 0.0001; Figure 7) due to a significant decrease in 
damaged tussocks from one year to the next (2002 vs. 
2003: t = 6.06, p < 0.0001; 2003 vs. 2004: t = 3.22,  
p = 0.002).

Desp�te the year effect, the same general trends 
were ev�dent when the data for each sampl�ng year 
were analyzed separately (F�gure 8). The d�fference 
between the 2001 and 2002 s�ngle-road treatments 
was significant in two of three years (2002: χ2 = 8.96, 
p = 0.003; 2003: t = 0.87, p = 0.40; 2004: t = 2.36,  
p = 0.04), w�th the 2001 treatment d�splay�ng less dam-
age. The 2001 treatment also displayed significantly 
less damage than the overlap treatment �n the same two 
out of three years (2002: χ2 = 7.11, p = 0.008; 2003:  
t = 1.30, p = 0.22; 2004: t = 2.20, p = 0.05). In two of 
three data collect�on years, the trends for the d�fference 
between the overlap treatment and the two s�ngle-road 
treatments combined fit the expected pattern for an 
add�t�ve �mpact �n the overlap treatment, but none of 
the three years showed a significant difference (2002: 
χ2 = 2.08, p = 0.15; 2003: t = 1.01, p = 0.33; 2004:  
t = 1.36, p = 0.20).

Ground Cover
The first principal component (PC1pooled) for the 

pooled cover data (2002–2004) explained 46% of the 
var�ance �n the data. The l�ve gram�no�d class loaded 
strongly pos�t�ve on PC1pooled , and dom�nated the 
character�st�cs of that component (F�gure 9). Dead 
(stand�ng) gram�no�ds, l�tter and l�ve shrubs/forbs were 
weakly pos�t�ve and dead moss/l�chen loaded weakly 
negative. There was significant difference among the 
mean plot scores for the control and three treatments 
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Figure 6.  Proport�on of tussocks that were damaged, by 
treatment type, for pooled data from 2002–2004.
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treatments combined differed significantly among the 
three years �n wh�ch data were collected. These d�f-
ferences were also significant between pairs of data 
collection years (2002 vs. 2003: t = 2.79, p = 0.008; 
2003 vs. 2004: t = 10.65, p < 0.0001), and d�splayed an 
�ncrease �n depth of thaw (~ 5–7 cm) over two years.

No s�gn�f�cant d�fferences among control and 
treatments were found when the data were analyzed 
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for PC1pooled , but only marg�nally so 
(F�gure 10; F = 2.73, p = 0.05). The con-
trol was significantly more positive than 
the three treatments comb�ned (t = 2.39,  
p = 0.02), but no other compar�sons 
were statistically significant, including 
the one of most �nterest, the two s�ngle-
road treatments versus the overlap treat-
ment (t = 0.38, p = 0.71).

Most notable among these pooled 
data was a h�ghly s�gn�f�cant year  
effect (F = 140.03, p < 0.0001). It was 
expected that, because the coverage 
est�mat�on techn�que changed between 
2002 and 2003, the data collected in 
2002 (PC1pooled mean = –17.56) m�ght be d�ss�m�lar 
from the following two years (2003 PC1pooled mean = 
–15.72; 2004 PC1pooled mean = 33.27). However, there 
was no difference between 2002 and 2003 (t = 0.53,  
p = 0.60) and the major change caus�ng the year  
effect occurred between 2003 and 2004; the PC1pooled 
mean plot score in 2004 was significantly different 
from the prev�ous two years (2002 vs. 2004: t = 14.75,  
p < 0.0001; 2003 vs. 2004: t = 14.22, p < 0.0001).

Because of the strong year effect, �t �s worthwh�le 
to look at the analyses for data collected �n each year 
separately. The first principal component (PC102) for 
the 2002 cover data explained 44% of the variance 
�n the data. The l�ve gram�no�d, l�ve shrub/forb and 
l�ve moss/l�chen classes all loaded strongly negat�ve 
on PC102, whereas  the dead moss/l�chen and l�tter 
classes both loaded strongly pos�t�ve (F�gure 11). Dead 
gram�no�ds were weakly negat�ve and bare ground 
and dead shrubs/forbs were weakly pos�t�ve. There 
was significant difference among the mean plot scores 
for the control and three treatments for PC102 (F�gure 
12; F = 8.36, p = 0.003), and the control was signifi-
cantly more negat�ve than the three treatments comb�ned  
(t = 4.35, p = 0.0009). The compar�son of the two s�ngle-
road treatments versus the overlap treatment showed 
the expected trend, but was not significant (t = 1.41,  
p = 0.18). There was, however, a marginally significant 
d�fference between the 2001 s�ngle-road treatment and 
the other two (2001 vs. overlap: t = 2.24, p = 0.04;  
2001 vs. 2002: t = 2.04, p = 0.06). There was no d�ffer-
ence between the mean plot scores of the overlap and 
2002 s�ngle-road treatments (t = 0.20, p = 0.84).

The first principal component (PC103) for the 2003 
cover data explained 49% of the variance in the 
data. The l�ve shrub/forb and dead gram�no�d classes 
loaded strongly negat�ve on PC103, whereas the l�tter, 
dead shrub/forb and dead moss/l�chen classes loaded 
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strongly positive (Figure 13). Live graminoids were 
weakly negat�ve and l�ve moss/l�chen and bare ground 
were positive but so weakly as to be insignificant to 
PC103. There was significant difference among the 
mean plot scores for the control and three treatments 
for PC103 (F�gure 14; F = 29.91, p < 0.0001), and 
the control was significantly more negative than the 
three treatments comb�ned (t = 9.03, p < 0.0001). The 
compar�son of the two s�ngle-road treatments versus 
the overlap treatment not only showed the expected 
trend, but this time it was statistically significant  
(t = 2.86, p = 0.01). Both of the s�ngle-road treatments 
were significantly different from the overlap treatment 
(2001 vs. overlap: t = 2.61, p = 0.02; 2002 vs. overlap: 
t = 2.34, p = 0.04). There was no d�fference between 
the means of the two s�ngle-road treatments (t = 0.26, 
p = 0.80).

The first principal component (PC104) for the 2004 
cover data explained 57% of the variance in the data, 
wh�ch was the h�ghest level among the three years of 
data. The l�ve gram�no�d class loaded strongly nega-
t�ve on PC104, whereas the l�tter class aga�n loaded 
strongly pos�t�ve (F�gure 15). Dead gram�no�d and l�ve 
shrub/forb were moderately negat�ve, dead shrub/forb 
was moderately pos�t�ve, and dead moss/l�chen, l�ve 
moss/l�chen, and bare ground were progress�vely more 
weakly pos�t�ve on PC104. There was significant dif-
ference among the mean plot scores for the control 
and three treatments for PC104 (F�gure 16; F = 10.31,  
p = 0.001), and the control was significantly more 
negat�ve than the three treatments comb�ned (t = 5.07,  
p = 0.0003). The comparison of the two single-road 
treatments versus the overlap treatment was not signifi-
cant (t = 1.02, p = 0.33). The 2001 single-road treatment 
was marg�nally d�fferent from the overlap treatment  
(t = 1.90, p = 0.08) and the 2002 s�ngle-road treatment 
(t= 2.04, p = 0.06). There was no d�fference between 
the means of the 2002 s�ngle-road and overlap treat-
ments (t = 0.14, p = 0.89).

Record�ng the ground cover p�n “h�ts” to spec�es 
rather than one of the e�ght cover classes resulted �n 
86 var�ables �nstead of e�ght. Two of the 86, l�tter and 
bare ground, were �dent�cal to the l�tter and bare ground 
classes of the pr�or method �nvolv�ng e�ght total classes. 
Many of the other 84 classes, however, occurred rarely 
among the 4,000 data po�nts from four treatments 
across five study transects. With their consequently 
low covar�ances, the load�ngs of many of these (64 of 
86) on the first principal component (PC1sp) for data 
by spec�es ranged between -0.01 and 0.01 (F�gure 17). 
L�tter loaded strongly pos�t�ve wh�le E. vaginatum (tus-
sock sedge) l�ve and dead (#42 and #46, respect�vely, 

�n F�gure 21) loaded strongly negat�ve. E. vaginatum 
was by far the most frequently occurr�ng spec�es among 
the sedges and grasses. Cush�on mosses were the most 
common moss type, and loadings for both live (#3) and 
dead (#7) cush�on mosses were, relat�ve to other moss 
classes, significantly positive. Live shrubs tended to 
load negat�vely, and dead shrubs tended to load pos�-
t�vely. However, both l�ve and dead forbs tended to  
load pos�t�vely. Not surpr�s�ngly, the means for the 
control and three treatments for PC1sp (F�gure 18) d�s-
played nearly the same pattern as d�d those for PC104.  
There was significant difference among the control 
and three treatments (F = 10.04, p = 0.001), and the 
control was significantly more negative than the three 
treatments comb�ned (t = 5.00, p = 0.0003). Although 
the trend for PC1sp better fit the hypothesis of an  
add�t�ve effect �n the overlap treatment than d�d  
PC104, the compar�son of the two s�ngle-road treat- 
ments versus the overlap treatment was still not signifi-
cant (t = 1.59, p = 0.14).  The 2001 s�ngle-road treatment 
was more negat�ve than the overlap treatment (t = 2.19, 
p = 0.05), but not significantly more so than the 2002 
s�ngle-road treatment (t = 1.62, p = 0.13). There was no 
d�fference between the means of the 2002 s�ngle-road 
and overlap treatments (t = 0.57, p = 0.58).

The second pr�nc�pal component (PC2pooled) for 
the pooled cover data (2002–2004) explained 26% 
of the var�ance �n the data. The l�tter class loaded 
strongly pos�t�ve on PC2pooled, dead shrub/forb and 
dead moss/l�chen were weakly pos�t�ve, and bare 
ground and l�ve moss l�chen were pos�t�ve but rela-
tively insignificant (Figure 19). Live shrub/forb was 
moderately negat�ve and the l�ve and dead gram�no�d 
classes were even less strongly negat�ve. There was 
significant difference among the means for the con-
trol and three treatments for PC2pooled (F�gure 20;  
F = 21.57, p < 0.0001), and the control was significant-
ly more negat�ve than the three treatments comb�ned  
(t = 7.68, p < 0.0001). The expected relat�onsh�p 
among the two s�ngle-road treatments and the overlap 
was apparent, but not statistically significant (t = 1.82,  
p = 0.09). The 2001 single-road treatment was signifi-
cantly d�fferent from the overlap treatment (t = 2.34,  
p = 0.04), but ne�ther of the other two pa�red compar�-
sons of treatments were.

There was also a significant year effect for PC2pooled 
(F = 7.62, p = 0.002). As for PC1pooled, th�s was 
due to a d�fference between the data from 2004 and 
those of the other two years (2002 vs. 2004: t = 3.78,  
p = 0.0005; 2003 vs. 2004: t = 2.74, p = 0.009). There 
was no difference between 2002 and 2003 (t = 1.03, 
p = 0.31).
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Loadings on Principal Component 1
2004 Data Recorded by Species
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Desp�te the year effect, �t �s of l�ttle value to look 
at PC2 for data collected �n each year separately. 
PC2 accounted for 24% to 33% of the variance in the 
three individual, yearly data sets. This is a significant 
proport�on of the overall var�ance, but unfortunately �t 
is difficult to interpret what characteristics of ground 
cover are represented by PC2 for any of these analyses 
(see “D�scuss�on” sect�on). For example, the l�ve shrub/
forb class loads significantly negative on PC203 for the  
2003 data, but live and dead (still standing) graminoid 
classes both load pos�t�vely (F�gure 21). Hav�ng these 
d�fferent �nd�cators of healthy tundra vegetat�on on 
oppos�te ends of the spectrum �s not read�ly expla�n-
able, �.e., the var�ance expla�ned by PC203 �s not l�kely 
an effect of the treatments. For th�s reason, no further 
analyses of PC2 data are presented.

Discussion
Depth of Thaw

Stud�es conducted �n the ANWR follow�ng se�sm�c 
explorat�on �n 1984 and 1985 showed that the depth 
of thaw was significantly greater in seismic trails 
than �n control plots �n the �n�t�al summer follow�ng 
d�sturbance, and that thaw depths �ncreased between 
the �n�t�al summer and 1988 (Fel�x et al., 1992).  
D�fferences between controls and tra�ls were up to 
12 cm, and usually �n the range of 7–12 cm. Depth of 
thaw was pos�t�vely correlated w�th d�sturbance level. 
Although thaw depth was significantly greater in trails 
than in controls for all study sites combined, about 25% 
of the study sites had no significant difference, and six 
h�ghly d�sturbed s�tes showed depth of thaw shallower 
than the�r controls �n 1991 (Emers et al., 1995). In 
the latter s�tes, dead sedge leaves may have �ncreased 
�nsulat�on of the ground. Sample s�zes were larger for 
these ANWR stud�es than for th�s study.

In the path of an �ce road bu�lt �n the NPR-A �n 
1978, thaw depths were greater than on nearby control 
plots during the first summer following construction  
(Lawson, 1979) and ranged from �mpercept�ble to 
4–6 cm on some slopes wh�le be�ng 4–20 cm �n poorly 
drained areas. Pullman et al. (2005) found significantly 
greater thaw depths (2–5 cm) �n �ce road plots versus 
controls in the first summer following road construction, 
but no significant differences in the second summer. 
Observat�ons of �ce roads �n Canada (Everett, K.R., un-
publ�shed data, �n Walker et al., 1987) suggest that thaw 
depths return to pre-�mpact depths w�th�n a few years.

There are several poss�ble hypotheses for why depth 
of thaw may d�ffer between �ce road plots and controls.  
Dur�ng spr�ng thaw, the �ce road may rema�n on the 
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Figure 18.  Means of the first principal component for the 
control and three treatments for data by spec�es �n 2004.

Figure 19.  Cover category load�ngs on the second pr�nc�pal 
component for pooled data from 2002–2004.

Figure 20. Means of the second pr�nc�pal component 
for the control and three treatments for pooled data from 
2002–2004.

Figure 21.  Cover category load�ngs on the second pr�nc�pal 
component for data from 2003.
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tundra for a week or more after the surround�ng snow 
has melted. Th�s would result �n greater depth of thaw 
�n control plots, but the oppos�te was found �n both 
of the above �ce road stud�es. Perhaps any effect of 
delayed melt �s present for only a br�ef t�me �n early 
summer.

Alternat�vely, compressed or dead vegetat�on �n the 
path of a prev�ous w�nter’s �ce road may prov�de less 
�nsulat�on from summer a�r temperatures or less shad-
�ng from the sun than und�sturbed vegetat�on, lead�ng 
to greater depth of thaw on d�sturbed plots. Color 
changes �n the tundra surface caused by vegetat�on 
death, delayed vegetat�on green-up, or exposure of 
so�l could change solar �nput to the ground. Depend-
�ng on whether color changes to a darker or l�ghter 
cast compared to surround�ng tundra, th�s may lead 
to a greater or lesser depth of thaw. Our observat�ons  
(F�gure 22) were that vegetat�on �n the path of a prev�-
ous w�nter’s �ce road has a l�ght brown cast compared 
to the surrounding tundra in the first summer following 
�ce road construct�on, but a dark gray cast �n follow�ng 
summers.

Regardless, our study fa�led to demonstrate any 
add�t�ve �mpacts from two years of �ce road construc-

tion in the overlap treatment, or any other significant 
relat�onsh�p among control and treatments. S�nce the 
same trend among treatments �s apparent �n each of the 
three years, �t �s poss�ble that a larger sample s�ze could 
result in statistically significant differences. However, 
the range of d�fference among control and treatments �n 
any one year is only 2.5–3.5 cm. Pullman et al. (2005) 
argued that s�nce �nter-annual var�at�on �n thaw depths 
(8–13 cm) was greater than within-year/between-treat-
ment d�fferences (2–5 cm), the latter were probably not 
ecolog�cally relevant.

Also, even �f our observed d�fferences are real, the 
trend among the three �ce road construct�on treatments 
(depth in 2001 > overlap > 2002) does not reflect an ad-
d�t�ve effect of two years of road �n the overlap. If real, 
it may reflect some difference in construction methods 
or techn�que between the two years, w�th greater �m-
pacts result�ng from the 2001 road (but see “Damage 
to Tussocks” results and d�scuss�on). We do not know, 
however, �f there were any d�fferences �n construct�on 
techn�que. Alternat�vely, �f depth of thaw �ncreases w�th 
t�me �n d�sturbed areas (Fel�x et al., 1992), the 2001 
treatment has had an extra year of thaw�ng. However, 
that would not expla�n the shallower depth of thaw �n 

Figure 22.  Aer�al photo of one of the tussock tundra study s�tes (TT-18), taken August 8, 2002.  Arrows po�nt to wooden 
stakes mark�ng the treatment boundar�es.  (A-B: 2001; B-C: overlap; C-D: 2002; D-E: control)
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the overlap treatment. Perhaps the l�ghter color of the 
ice road path in the first summer following construc-
t�on (F�gure 22), before the dead vegetat�on weathers 
and darkens, �ncreases the albedo and temporar�ly 
counteracts any effect of the d�sturbance. Th�s m�ght 
expla�n the trend observed �n 2002, but fa�ls to expla�n 
the cont�nuat�on of that trend �n follow�ng years when 
there �s no apparent d�fference �n color among treat-
ments (Figure 23).

There was a significant overall increase in depth of 
thaw (5–7 cm) dur�ng the study per�od (2002–2004; 
F�gure 4). Th�s �s tw�ce the d�fference observed, though 
not statistically significant, for comparisons among 
treatments w�th�n years (F�gure 5). Th�s cannot be 
expla�ned by the t�me of data collect�on dur�ng each 
summer. Data were collected more than one week later 
�n 2002 than �n the other two years, allow�ng more 
t�me for the ground to thaw before measurement, yet 
2002 d�splayed the shallowest thaw of the three years. 
Th�s could be expla�ned by �ncreased depth w�th t�me 
(Fel�x et al., 1992; but see Walker et al., 1987, above) 
or a change �n weather over the three years, �.e., an 
�ncreas�ngly greater accumulat�on of heat�ng degree 
days. The latter �s cons�stent w�th the overall pattern of 
warm�ng observed �n the Alaska Arct�c over the last few 

decades. Perhaps both factors are at work here, s�nce 
�ncreased depth of thaw also occurred �n the control, 
but less so than �n any of the treatments.

Damage to Tussocks
The large d�fference between the control and the 

three �ce road treatments �n terms of damaged tussocks 
was not only expected, but known from observat�ons 
of prev�ous �ce roads by us and others. Lawson (1979) 
referred to tussocks as be�ng compressed, torn, or 
r�pped, and Walker et al. (1987) referred to tussocks 
from the same study as be�ng abraded or crushed. S�m�-
lar damage was observed �n two stud�es �mplemented 
s�multaneously to th�s one (Guyer and Keat�ng, 2005; 
Pullman et al., 2005). Indeed, that �s why areas w�th 
tussocks, as opposed to wet or flooded tundra, were 
�mportant to th�s study. Tussocks are pred�sposed to 
damage because they represent m�crorel�ef on the 
tundra susceptible to flattening (Walker and Webber, 
1980). Noel and Pollard (1996) s�m�larly recogn�zed 
strangmoor r�dges as another form of h�gher m�cro-
topography that can be affected by �ce construct�on 
through scrap�ng and compress�on.

As for the data on depth of thaw �n th�s study, our 
measure of tussock damage fa�led to demonstrate an 

Figure 23.  Aer�al photo of TT-18 taken August 2, 2004. Arrows as �n F�gure 22.
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add�t�ve �mpact �n the area w�th two years of road con-
struct�on versus those areas w�th only one year. Th�s 
comparison was marginally significant when the data 
for all three years were pooled, but th�s �s largely due 
to the much lower level of damage �n the 2001 treat-
ment versus the overlap or the 2002 treatments. The 
same contrast was apparent for the tests of each year 
analyzed separately, but none of these even approached 
the level of significance.

The analys�s of tussocks had another aspect �n com-
mon w�th the analys�s of depth of thaw data �n that there 
was a significant change from year to year. The most 
l�kely explanat�on �n th�s case, however, has l�ttle �f 
anyth�ng to do w�th d�fferences �n weather. The reduced 
level of damage to tussocks measured from one year to 
the next �s best expla�ned by recovery of the tussocks. 
The same trend was apparent �n each of the treatments 
but not �n the control, wh�ch �mpl�es �t was a phenom-
enon occurr�ng �n the �mpacted areas only, and not 
w�dely across the tundra. Although crushed tussocks 
rema�ned crushed over th�s short a per�od, scuffed 
tussocks often moved out of the “damaged” category 
due to new growth. Walker et al. (1987) noted that tus-
socks damaged by an �ce road bu�lt and used �n 1978 
were recover�ng when they returned three years later 
�n 1981.  However, there rema�ned areas of numerous 
dead tussocks compr�sed mostly of those that had been 
severely crushed or broken. These observat�ons were 
s�m�lar to ours. In 2002, Guyer and Keat�ng (2005) 
looked at the same 1978 �ce road route and reported 
the ice road trace “was difficult to locate because of 
�ts fa�nt to non-ex�stent s�gnature on the ground after 
24 years of vegetat�on recovery.”

The observed, but not statistically significant, trend 
for greater damage �n the overlap treatment as com-
pared to the two s�ngle-year road treatments may also 
be due to recovery over t�me more so than to add�t�ve 
�mpacts �n the overlap treatment. In 2002, the measured 
damage was actually sl�ghtly greater �n the 2002 than 
the overlap treatment, and both were significantly 
greater than the 2001 treatment. In th�s case, only the 
2001 treatment had had more than a part�al grow�ng 
season to recover between �mpact and measurement.  
In 2004, the 2001 treatment again showed significantly 
less damage than the other two. By th�s t�me �t had 
benefited from recovery during 3+ growing seasons as 
opposed to only 2+ growing seasons for the other two. 
In none of the three years were the d�fferences between 
the overlap and 2002 treatments significant. Thus re-
covery time is a more efficient explanation of any dif-
ferences, perce�ved or real, among the three treatments 
than �s add�t�ve �mpact �n the overlap treatment.

The results of the depth of thaw measurements sug-
gested that the 2001 road construct�on had a greater 
�mpact on the tundra than d�d the 2002 construct�on.  
Th�s was not corroborated by the tussock damage data, 
wh�ch d�splayed the oppos�te trend. Even �f recovery 
t�me has a strong effect on observed tussock damage, 
�t seems unl�kely that �t could not only mask but re-
verse any greater �mpact of construct�on �n the w�nter 
of 2001. The best explanat�on for the greater depth of 
thaw �n the 2001 treatment may rema�n sampl�ng error, 
�.e., random chance, although �ncreas�ng depth of thaw 
w�th t�me cannot be ruled out as a potent�al factor.

Ground Cover
S�nce the dead gram�no�d class pr�mar�ly represents 

stand�ng dead b�omass of und�sturbed sedges and 
grasses (F�gure 2), �t makes �ntu�t�ve sense that �t would 
load on PC1pooled �n assoc�at�on w�th the l�ve gram�-
no�d, l�ve shrub/forb, and perhaps the l�ve moss/l�chen 
classes, and that th�s group would contrast w�th an  
alternat�ve group cons�st�ng of the dead moss/l�chen,  
bare ground, and dead shrub/forb classes (F�gure 9). 
However, �t does not make sense that the l�tter class 
would load �n assoc�at�on w�th the “less d�sturbed” 
classes. L�tter certa�nly occurs �n und�sturbed tundra, 
but �t �s more obv�ous �n d�sturbed areas, where the 
canopy of gram�no�ds and shrub/forbs has been reduced 
and the l�tter can more read�ly be seen from above 
(Pullman, 2005). The same �s true for the bare ground 
and dead moss/l�chen classes, and to a lesser extent, 
even the l�ve moss/l�chen class.

Pr�nc�pal components analys�s of the cover data from 
all three years pooled does not support the hypothes�s 
that add�t�ve �mpacts occur from bu�ld�ng an �ce road 
over the top of the path from the prev�ous year’s road.  
It is reassuring to see that the control is influenced 
more heav�ly by the “less d�sturbed” classes than are 
any of the three treatments (F�gure 10) for PC1pooled , 
but nonetheless, add�t�ve �mpacts are not demonstrated 
by an appropr�ate trend among treatments. Such a trend 
would have the overlap treatment as most d�vergent 
from the control, w�th the two s�ngle-road treatments 
at some �ntermed�ate level. Not too much can be made 
of the apparent d�fferences among treatments, how-
ever, s�nce none of those compar�sons are stat�st�cally 
significant.

Because the very strong year effect for PC1pooled may 
be mask�ng some d�fferences among treatments w�th�n 
a year, we also exam�ned the data on a year-by-year 
bas�s. The e�ght cover classes load onto PC102 (F�gure 
11) �n the assoc�at�ons �ntu�t�vely expected (above), to 
�nclude l�tter among the “more d�sturbed” group�ng.  
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Furthermore, the apparent trend among the control and 
three treatments (F�gure 12) also matches the relat�on-
sh�p expected g�ven the hypothes�s of add�t�ve �mpacts 
in the overlap treatment, but this trend is not significant.  
Aga�n, the analys�s fa�ls to reject a hypothes�s of no 
add�t�ve �mpact �n the overlap treatment. It �s poss�ble 
that �n fact there �s no such effect, or that our sample 
size of five study sites has insufficient power to detect 
that effect from among the other var�ance, or “no�se,” 
�n the data.

There �s one �nd�cat�on that comes out of the 2002 
cover data w�th a h�gher degree of certa�nty. The s�ngle-
road treatment from 2001 d�splays less �nd�cat�on of 
d�sturbance than does e�ther the 2002 treatment or 
the overlap. Th�s could be due to e�ther a d�fference 
�n construct�on techn�ques between the two years, 
or an extra grow�ng season for recovery by the 2001 
treatment, or some comb�nat�on of both. A d�fference 
�n construct�on techn�ques �s somewhat quest�onable, 
g�ven the contrad�ct�on seen between the depth of thaw 
data and the tussock damage data, but the depth of thaw 
difference was not significant and the tussock damage 
data agree w�th the relat�onsh�p seen here �n the cover 
data. Both explanat�ons st�ll have some mer�t.

In the cover data from 2003, when the data were 
collected us�ng a more r�gorous techn�que (�.e., the 
p�n frame rather than ocular est�mat�on), the e�ght 
cover classes aga�n load �n the expected assoc�at�ons 
(Figure 13). The live moss/lichen loads very weakly 
w�th the “more d�sturbed” classes, but as expla�ned 
above, that l�kely results from the removal of some of 
the canopy layer. The means of the PC103 data d�splay 
a p�cture-perfect trend �n support of the hypothes�s for 
add�t�ve �mpacts �n the overlap treatment, and th�s t�me 
the overlap shows significantly more disturbance than 
the two s�ngle-road treatments. The mean for the 2001 
treatment shows sl�ghtly less d�sturbance than does the 
2002 treatment, as was the case for the data collected 
�n the prev�ous year, but the d�fference does not ap-
proach any level of significance. It may be that no real 
d�fference ex�sts among the two, or that another year 
of recovery for the younger (2002) treatment allowed 
�t to “catch up” w�th the 2001 treatment (but see 2004 
d�scuss�on below).

The same general assoc�at�ons seen for 2002 and 
2003 appear again in how the cover data load on PC104 

(F�gure 15). But as for the 2002 data, the means of 
PC104 for the control and three treatments do not sup-
port the hypothes�s for add�t�ve �mpacts �n the overlap 
treatment because the overlap and 2002 s�ngle-road 
treatments show s�m�lar levels of d�sturbance. Both 
show significantly more disturbance than the 2001 

s�ngle-road treatment, ra�s�ng aga�n the quest�on as to 
whether the extra season post-d�sturbance has allowed 
the 2001 treatment substant�al t�me for add�t�onal 
recovery.

Record�ng ground cover to genus or spec�es does not 
provide any significant benefit in testing the hypoth- 
es�s for add�t�ve �mpacts �n the overlap treatment. The 
expected trend among control and treatments �s ap-
parent, but not stat�st�cally s�gn�f�cant. However,  
th�s extra effort not only pays off �n terms of d�st�nct�ons 
w�th�n the e�ght cover classes, as seen �n the dom�nance  
of E. vaginatum and cush�on mosses, but espec�ally  
�n separat�ng shrubs from forbs. After do�ng so, the 
live forbs load positively, reflecting an association 
w�th d�sturbed areas, and the means of PC1sp better fit 
the hypothes�s of add�t�ve effects than do the means 
of PC104. This fits our observations of forbs coloniz-
�ng areas where shrubs had been k�lled, and to a lesser 
extent, areas of damaged tussocks. Ebersole (1985) also 
descr�bed forbs as colon�zers follow�ng d�sturbance.

Earl�er stud�es of �ce road �mpacts are not only few 
�n number but also prov�de l�ttle quant�tat�ve deta�l of 
changes �n ground cover. Walker et al. (1987) d�d note 
that an espec�ally apparent �mpact was the alterat�on 
or destruct�on of the �nter-tussock plant commun�ty.  
Th�s �s also apparent when compar�ng F�gures 1 and 2.  
In contrast to the earl�er stud�es, Pullman et al. (2005) 
prov�ded quant�tat�ve data on n�ne cover classes that are 
subsets of ours: bare ground, l�tter, moss, l�chen, sedge, 
grass, evergreen shrub, dec�duous shrub, and forbs.  
Rather than compar�ng road overlap areas to s�ngle-
year road paths, they compared two s�ngle-year paths 
constructed at d�fferent t�mes dur�ng the same w�nter.  
In the summer �mmed�ately follow�ng construct�on, 
they found �ncons�stent d�fferences between the two 
treatments. However, when compar�ng the two treat-
ments to the�r controls, they observed w�th�n tussock 
tundra treatment plots significant increases in cover of 
bare ground and litter; significant decreases of moss, 
sedge, evergreen shrub and forbs; and a marg�nally 
significant decrease in deciduous shrub. Guyer and 
Keat�ng (2005) descr�bed damage to grasses, shrubs, 
forbs and bryophytes, and espec�ally to tussock sedges.  
The results of these two stud�es are generally compa-
rable to ours.

To summar�ze the d�scuss�on of PC1, �ts mean plot 
scores �n each of the three years of data collect�on 
�nd�cate �t has served as a good �nd�cator of the rela-
t�ve level of d�sturbance among the control and three 
treatments. In each of the three years, the mean plot 
scores for PC1 reflect a far greater level of disturbance 
�n the three treatments than �n the control. PC1 also 
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d�splays �n all three years less d�sturbance �n the 2001 
treatment than �n the overlap or 2002 treatments, sug-
gest�ng some recovery from d�sturbance, although 
those differences are not consistently significant. But 
in only one of those three years (2003) does the pattern 
among treatments support the hypothes�s for add�t�ve 
�mpacts �n the overlap treatment.

PC2pooled appears to tell the same general story as 
PC1. Its cover class load�ngs aga�n show the now 
familiar associations reflecting a relative scale of dis-
turbance (F�gure 19), and the control aga�n scores on 
the “und�sturbed” s�de of the scale, whereas the three 
treatments fall on the “d�sturbed” s�de (F�gure 20). 
The expected trend appears �n support of add�t�ve �m-
pacts �n the overlap treatment, but w�thout conv�nc�ng 
stat�st�cs, and once aga�n the 2001 treatment d�splays 
less d�sturbance than do the other two. There �s also a 
significant year effect as for PC1, but this time things 
qu�ckly fall apart when try�ng to �nterpret the PC2  
load�ngs for any of the �nd�v�dual years of data collec-
t�on.  The relat�vely neat assoc�at�ons of cover classes 
�nto “d�sturbed” versus “und�sturbed” group�ngs are not  
apparent (e.g., F�gure 21). In the absence of any obv�-

ous interpretation of PC2, the most efficient explana-
tion is that it reflects noise in the data.

Is there any add�t�ve �mpact assoc�ated w�th a second 
year of �ce road construct�on? In the summer �mmed�-
ately follow�ng construct�on of the second �ce road, the 
overlap area could be v�s�bly d�st�ngu�shed from the 
two s�ngle-road areas (F�gure 22). So there �s an effect 
of overlap, but recovery of some of the vegetat�on oc-
curs rapidly, making the ice road paths difficult to see 
in photography after two (Figure 23) or three (Figure 
24) years. Crushed tussocks are st�ll crushed, though 
they may have some new growth, but scuffed tus-
socks may have significant new growth.  As observed 
on se�sm�c tra�ls (Fel�x and Raynolds, 1989), dwarf 
shrubs are affected greatly by �ce road construct�on 
and may show l�ttle recovery �n two years, but forbs 
may colon�ze that space (see above), return�ng the 
tundra to a percept�on of health. Any add�t�ve effects 
of bu�ld�ng one �ce road over the top of the prev�ous 
road’s path may be obscured �n just a few years by 
recovery of the tundra.

Recovery �n the short term has been demonstrated 
by other stud�es. Although the�r work occurred �n the 

Figure 24.  Aer�al photo of TT-18 taken July 28, 2005. Arrows as �n F�gure 22. Th�s photo was taken under better l�ght 
conditions than the one in Figure 23. It also differs from both of the prior photos in that more “cotton-grass” flowers 
(Eriophorum spp.) were ev�dent across the landscape.
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boreal forest reg�on of the Northwest Terr�tor�es rather 
than on arct�c tundra, Adam and Hernandez (1977) 
reported that live-plant cover increased from 11% to 
16% in the summer immediately following disturb- 
ance to 31% to 44% in the following summer. Evidently 
the road construct�on techn�que used at that place and 
t�me, wh�ch �ncluded us�ng a bulldozer to clear the land 
of trees before construct�ng the road, caused greater 
overall �mpacts than modern construct�on techn�ques on 
treeless arct�c tundra. A better compar�son to our study, 
conducted at roughly the same t�me and only 50 km  
to the east (Pullman et al. 2005), noted a 48% to 63%  
reduct�on �n total l�ve-plant cover �n the �ce road path  
compared to reference plots dur�ng the summer  
�mmed�ately after construct�on. In the follow�ng  
summer, total l�ve-plant cover �n �ce road plots was 
only 23% to 43% less than in reference plots. By the 
time of our final data collection (2004), when the pho-
tograph in Figure 23 was taken, our study plots had 
had 1–2 add�t�onal years to recover than d�d those �n 
the two stud�es above.

Conclusions and  
Management Implications

There are at least three �mportant quest�ons th�s study 
was not des�gned to answer e�ther completely or at all. 
The first is whether it is better following two or more 
years of �ce road construct�on to have less area w�th 
more severe �mpacts or more area w�th less severe 
�mpacts. Had we found strong ev�dence of add�t�ve 
�mpacts �n the overlap treatment, we would have con-
firmed the validity of the question but still would not 
have known the answer. Instead, we found m�n�mal 
ev�dence of “more severe” �mpacts, almost mak�ng the 
quest�on moot. In add�t�on, s�nce there are no cons�stent 
d�fferences between the overlap treatment and the 2002 
s�ngle-road treatment, each of wh�ch rece�ved �ts last 
or only d�sturbance, respect�vely, �n 2002, the results 
suggest they are recover�ng at s�m�lar rates. 

All of th�s seems to make the case that �ce roads may 
overlap from one year to the next with no significant 
add�t�onal �mpact to tundra vegetat�on other than 
retard�ng recovery by another year. It �s �mportant 
to remember, though, that these results do not prove 
there are no effects of overlap; all we can say for sure 
is that we failed to find any such effects. It would be 
prudent to keep th�s quest�on �n m�nd, observe these 
and add�t�onal �ce road paths over the ensu�ng years as 
explorat�on and development expand �n the NPR-A, 
and note any anecdotal ev�dence that suggests a rea-
son to return to th�s quest�on. It may also be of value 

to return to these plots aga�n �n a few years and see �f 
depth of thaw has cont�nued to �ncrease, or whether 
the treatments have become s�m�lar to the control, as 
suggested by Walker et al. (1987).

The second unanswered quest�on, and the ult�mate 
one �n terms of env�ronmental consequences, �s wheth-
er �t makes any d�fference to the ecology of an area to 
have less tundra exper�enc�ng more severe �mpacts or 
more tundra w�th less severe �mpacts. S�nce th�s study 
was not des�gned to address th�s quest�on at all, the 
response here �s only speculat�on, but the answer �s 
l�kely to be scale-dependent. If there are any add�t�ve 
effects of overlapp�ng �ce roads, desp�te our �nab�l�ty to 
measure them, there may be a consequence to popula-
t�ons of organ�sms whose range approx�mates the w�dth 
of the �ce road. These may �nclude some �nvertebrates, 
but m�ght be l�m�ted to non-an�mal organ�sms such 
as fung� or bacter�a. G�ven the small proport�on of 
the local or reg�onal area that �s affected by �ce road 
construct�on, and the apparent rate of recovery to a 
level that can prov�de some cover and support some 
herb�vory, �t seems unl�kely that overlapp�ng versus 
offsett�ng �ce roads would have any consequence to 
vertebrate w�ldl�fe. So at the scale at wh�ch the BLM 
seeks to manage the NPR-A, there �s l�kely no d�ffer-
ence to ecolog�cal commun�t�es.

The th�rd quest�on relates to �mpacts of overlapp�ng 
�ce road paths for three or more years. There �s potent�al 
for th�s to occur �f the requ�rement for offsett�ng paths 
from year to year �s removed. The same �ce road route 
could be used for many consecut�ve years dur�ng ex-
ploration and subsequent field development. Not only 
would th�s delay recovery, but perhaps �t could make 
recovery occur at a slower rate once �ce road use ends. 
Our anecdotal observations of the Alpine field ice road 
(east of the NPR-A), wh�ch was used �n several con-
secut�ve years, do not suggest th�s �s a concern, but no 
r�gorous test of th�s poss�b�l�ty has been conducted.

Data from th�s three-year study prov�de, at best, 
m�n�mal ev�dence of add�t�ve �mpacts from bu�ld�ng 
�ce roads over the same path �n two subsequent years.  
Increased depth of ground thaw may be a result of 
�ce road construct�on, but these data show no add�-
t�ve effects at all. Yet th�s �s the measure that may be 
most �mportant to tundra vegetat�on �n the long term.  
Deeper thaw can lead to changes �n so�l mo�sture that 
may translate �nto a change �n plant spec�es compos�-
t�on. The proport�on of tussocks that were damaged 
do prov�de weak ev�dence of an add�t�ve effect, but 
only when the data for all three years are pooled. An 
add�t�ve effect �s d�splayed by the ground cover data, 
but only �n one of three years. It �s conce�vable that 
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increasing the sample size of this study (beyond five 
transects) could lead to more conv�nc�ng stat�st�cs 
�n one d�rect�on or the other, but that would not be 
poss�ble w�thout an effort to purposely bu�ld overlap-
p�ng roads. It �s not l�kely that �ncreas�ng the number 
of years of data collect�on �n the short term would 
prov�de more conclus�ve ev�dence of an add�t�ve  
effect �n overlap areas because of the ongo�ng recov- 
ery of the vegetat�on dur�ng the years of data collect�on.  
However, �f depth of thaw �ncreases �n the long term, 
it may be measurable and cause a significant change in 
ground cover. If so, �t would l�kely show an effect of �ce 
road construct�on �n general, but not an add�t�ve effect 
of overlapp�ng �ce roads. Most �mportantly, g�ven the 
fa�rly rap�d recovery of the tundra, �t �s doubtful that 
any significant environmental benefit will be gained by 
requ�r�ng that all �ce roads be completely offset from 
paths of prev�ous years. A more appropr�ate m�t�gat�on 
would be to requ�re that �ce road routes follow the 
wetter hab�tats to the greatest extent poss�ble w�thout 
significantly increasing their length.
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Species Name or Growth Form I.D. No. Live I.D. No. Dead
Bare Ground n/a 1
Litter n/a 2
Mosses
   Cushion mosses (> 50% Aulacomnium turgidum? Next most common: Ceratodon 

purpureus?)
      cushion moss 3 7
      Polytrichum spp. 5 9
   Feather mosses 4 8
   Sphagnum spp. 6 10
Lichens
   lichen (dead; not discernible) 21 35
   Crustose lichens 14 28
   Foliose lichens
      Peltigera apthosa 22 36

      Peltigera scabrosa 23 37
   Fruticose lichens
      Alectoria ochroleuca 11 25

      Cetraria cucullata 12 26

      Cetraria islandica 13 27

      Cladina rangiferina 16 30

      Cladina spp. 15 29

      Cladonia spp. 17 31

      Cladonia squamulosa 18 32

      Dactylina arctica 19 33

      Evernia perfragilis 20 34

      Thamnolia spp. 24 38
Monocots
   Sedges (Cyperaceae)
      Carex aquatilis 39 43

      Carex bigelowii 40 44

      Eriophorum angustifolium 41 45

      Eriophorum vaginatum 42 46
   Grasses (Poaceae)
      Arctagrostis latifolia 47 51

Appendix A. 
List of species and growth forms included among the ground cover data from 2004, 
and the identification number for each as seen in Figure 17.
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Species Name or Growth Form I.D. No. Live I.D. No. Dead
Dicots
   Forbs
      Pedicularis capitata 56 62

      Polygonum bistorta 55 61

      Pyrola grandiflora 57 63

      Saussurea angustifolia 58 64

      Senecio atropurpureus 59 65

      Stellaria laeta 60 66
Shrubs
      Arctostaphylos rubra 67 77

      Betula nana 68 78

      Cassiope tetragona 69 79

      Dryas integrifolia 70 80

      Empetrum nigrum 71 81

      Ledum palustre ssp. decumbens 72 82

      Rubus chamaemorus 73 83

      Salix planifolia ssp. pulchra 74 84

      Salix rotundifolia 75 85

      Vaccinium vitis-idaea 76 86
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