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authors of this report (Raynolds), visited the
truck sites on 29 June, 3—4 July, and 6 July
2007, and Martha Raynolds returned 10-11
July 2008.

2. METHODS
2.1 Disturbance along truck trails

We used a categorical scale to describe
disturbance along the trails created by the
truck tires. To determine the proportion of the
trail in each disturbance category, we used
a hip chain (a device that measures distance
using a string) to measure the total distances
along the trails as well as the distances
between changes in the disturbance catego-
ries. Disturbance categories 0—5 ranged from
no disturbance (0) to complete destruction (5)
of vegetation (Table 1). Levels 1-3 were based
on studies of impacts of winter seismic trails
on the coastal plain of the Arctic National
Wildlife Refuge (after Felix and Raynolds
1989). We added 2 additional levels, 4 and 5,
to characterize disturbance exceeding that
caused by winter seismic vehicle traffic.

The area of the disturbance was calculated
using the average tire track width measured
in 2007 (30 cm) and the length of trail show-
ing either 2 vehicle tracks (where the 2 trucks
paths coincided) or 4 vehicle tracks (where
their paths diverged).

The distributions of disturbance levels in
2007 and 2008 were compared using a chi-
square test to evaluate th ignificance of the
changes.

2.2 Disturbance at excavations

At each excavation site we mapped 10-m
X 10-m areas encompassing most of the
disturbed ground and categorized the distur-
bance on the maps (Figure 2). For the most
part we used the same disturbance categories
as for the trails (Table 1) to calculate the
area in each disturbance category for the 2
excavatlon sites. However, in 2007 we did not
differentiate Level 1 from Level 2 in mapping
the excavations.

2.3 Transects

We established 7 linear transects in 2007
and resurveyed them in 2008. These transects,
30 to 50 m long, included 2 transects at each

Figure 2. Martha Raynolds mapping the footprint
of the excavation at the Close Truck site, 1 year
after unauthorized trucks were driven over unfro-
zen tundra, Toolik Lake ACEC, Alaska, 6 July
2007.

excavation site (one across the middle of the
excavation parallel to the trail, and one across
the middle of the excavation perpendicular

to the trail). The other 3 transects were per-
pendicular to the vehicle trails: one where the
worst disturbance caused by both vehicles
occurred, one in a location that typified the
overall disturbance where both vehicles drove,
and one in a location that typified the distur-
bance caused by a single vehicle (Table 2).

We measured thaw depth, cover type, and
surface elevation every meter along these
transects in undisturbed (control) areas and
every 0.5 m in areas adjacent to and including
vehicle tracks. We measured surface eleva-
tion from a cable held about 0.5 m above the
ground, stretched taut between anchors at
either end of the transect. In 2008 we also
measured elevation on 4 transects using
a green laser pointer mounted on a tripod
(Figure 3). From these data we plotted the
elevation profiles of the transects, determined
the average thaw depth in the control and
disturbed areas, and calculated the percent-
age of each cover type in the control and
disturbed areas. We used t-tests to test for
significance of differences between control and
disturbed areas of each transect, and between
the disturbed area of each transect in 2007
and the same area in 2008.

Additional information on the transects
and sampling methodology may be found in
Appendix A.
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Figure 6. Maps of vegetation disturbance within 10-m X 10-m areas where
trucks were excavated in April 2007 after becoming stuck in unfrozen
tundra in September 2006, Toolik Lake ACEC, Alaska. Central portions of
the transects crossing the excavations are depicted by dashed lines. Map-
ping was completed in July 2007 and July 2008.

---- Transects

% oil sheen

Table 4. July 2007 and July 2008 measurements of area impacted and level of
disturbance caused by excavation of trucks that had become stuck after traveling
on unfrozen tundra in September 2006, Toolik Lake ACEC, Alaska. Disturbance
outside the 10-m X 10-m plots established at each site is not included in the table.

Close Truck Close Truck Far Truck Far Truck
Disturbance Excavation Excavation Excavation Excavation
level 2007 (m?) 2008 (m?) 2007 (m?) 2008 (m?)
0 52.8 13.6 45.7 34.3
34.1 7.8
! 2.0 9.1
2 13.4 10.8
3 73 5.8 4.5 76
4 8.9 76 27 3.7
5 29.0 254 38.0 35.8
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Sno-Cat tracks that were visible in 2007 are
likely to persist for at least 5 years.

In 2008 many of the depressions created
by the truck disturbance were water-filled,
at least partly because 2008 was a cool, wet
summer in comparison to the warm, dry
summer of 2007. However, the presence of
standing water in the tracks also creates a
positive feedback: the sun warms the water,
which in turn thaws the permafrost, causing
a reduction in soil ice that leads to further
subsidence and even more surface water pond-
ing. As a result, the disturbance level of the
trails increased between 2007 and 2008, and
the trails, because of their significantly deeper
thaw depths, were significantly lower than
the surrounding tundra. The size of the area

affected at the excavations also increased,
suggesting that subsidence may spread from
the original impacted areas to adjacent areas
in the future (Felix et al. 1992).

Our work shows that the disturbed areas
are continuing to change rapidly. The first
2 years of data give a solid description of
the initial level of disturbance. Long-term
monitoring should include 5-year and 10-year
resampling of the sites (2012 and 2017).

5. SUMMARY

Two vehicles driven across non-frozen tundra
in September 2006 affected over 1607 m? of
tundra. We quantified the habitat disturbance
at 5 different levels, with Level 1 being the

Table 6. Percent cover of vegetation categories and percent decrease between
vegetative cover in control sites and sites disturbed by truck trails and excavations
resulting from unauthorized truck travel across unfrozen tundra in Toolik Lake
ACEC, Alaska, September 2006. Measured by point-frame sampling in July 2007,

% Cover
Disturbance % Cover % Cover Decrease in
type Cover Controi Disturbed Disturbed
Live vegetation 118 10 92
Far Truck Vascular 62 7 89
excavation
perpendicuiar | MOsS 56 3 95
Lichen 0 0 none
Live vegetation 102 3 97
Close Truck Vascular 51 3 94
excavation
perpendicular Moss 37 0 100
Lichen 14 0 100
Live vegetation 116 15 87
Vascular 37 11 70
Worst Trail
Moss 74 4 95
Lichen 5 0 100
Live vegetation 128 92 28
) Vascular 60 42 30
Double Trail
Moss 62 47 24
Lichen 6 3 50
Live vegetation 141 93 34
Vascular 67 46 31
Single Trail Moss 7 39 45
More lichen in
Lichen 3 8 disturbed than
controf
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APPENDIX A. RECOMMENDATIONS FOR FUTURE SAMPLING

These transects should be resampled and
photographed in 2012 and 2017 (5 and 10
years post-disturbance). This would take
approximately 3 person-days of field time each
year. In addition, the trails should be reevalu-
ated to determine whether the proportion in
each disturbance level changes (1 person-day).
The vegetation point-frame sampling would
take an additional 2 person-days of field time,
for a total of 6 person-days each year. In 2017
a long-term resampling schedule should be
determined.

For questions, contact Martha Raynolds
(MarthaRaynolds@alaska.edu), 907-474-6720.

A.1 Repeating trail disturbance measures

Measuring the proportions of the trails
with 2 or 4 tracks need not be repeated. This
distinction will only become less visible and
more difficult to determine with time. The
proportions measured in 2007 can be used
for all subsequent calculations. Similarly,
the length of the track measured in 2007 can
be used for all subsequent calculations. The
disturbance rating along the trail should be
repeated to document recovery by determining
the percentage of the trail in each disturbance
category. A hip chain is useful, but well-cali-
brated paces can also be used, as the goal is to
obtain a percentage of the total trail length.
Bring a copy of the disturbance rating sheet
on water-resistant paper and refer to it often
to maintain consistency of ratings.

A.2 Updating the maps

Make copies of the 2008 maps or use a clear
overlay to map changes. Using pin flags and
a tape to mark the outline of the 10-m x 10-m
square and center lines is very helpful. Map-
ping at the excavation sites will likely need
to be expanded in future years to include all
of the areas disturbed by subsidence. Use the
same 5 disturbance level categories as for the
trails.

A.3 Repeating the transect measure-
ments

We permanently marked the ends of the
transects with pieces of rebar 0.75 m long

and 9.5 mm in diameter, hammered into the
tundra until only about 0.3 m was sticking out
of the ground. We then placed white PVC pipe
(about 1.5 m long, with an outside diameter
of 19 mm) over the rebar and attached alumi-
num tags with identification information at
ground level. The locations where transects
crossed the trails were recorded from a
Garmin eTrex® GPS in degrees decimal
minutes using WGS 84 (Table 2 in the report).

Print the forms that are specific to each
site (name and sampling locations are already
filled in). Bring new aluminum tags to replace
missing or illegible ones. Upon arrival at the
site, make sure the ends of the transects are
still well marked. The rebar may have jacked
out and need to be pounded in again.

The laser technique we used for measuring
transect elevations in 2008 was much quicker
to set up and measure than the cable tech-
nique. The laser dot, visible even on sunny
days, expanded in diameter to only about 1 cm
at 25 m and did not enlarge much beyond that
distance. However, the laser’s greatest benefit
was that it eliminated the error introduced
by the cable’s sag across long transects. Cable
sag makes the center of the transect seem
higher than it really is relative to elevations
taken at the ends of the cable, particularly
for transects longer than 40 m. As a result,
the graphs for the 50-m transects parallel to
the truck excavations exhibit higher values
for the cable transects than for the laser
transects in the transects’ centers, where the
excavations are located (Figure 10 a, ¢). Com-
parisons between years for cable data are still
valid because cable sag is probably consistent
between years. Nonetheless, future compari-
sons could be improved by using just the laser
technique.

One unresolved problem with the laser
is that it cannot be used in rainy weather
because it might short-circuit. This could be
remedied by placing a shelter over the instru-
ment.

Another modification that would improve
the year-to-year consistency of the elevation
data would be to place small pin-flags at each
measuring point. Even a few centimeters of
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Table B-1 (cont.). Species and percent cover sampled in July 2007.

Transect Vascn..llar % Mos_s % Llcho_an' % Non- %
Species | Cover | Species | Cover | Snecies | Cover | veaetated | Cover
s b il .
Disturbed |BETNAN | & |AULTUR | 3 [CETCUC| 1 Litter 42
CARBIG 1 DICRA 4 | CLAGRA 1 Peat 2
CASTET 6 |HYLSPL 10 | CLARAN 3
ERIVAG 4 | SPHAG 22 { DACARC 2
LEDDEC 8 PELMAL 1
RUBCHA 4
SALPUL 3
VACVIT 12
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APPENDIX C. PHOTOGRAPHS

Table C-1. Photograph points at transects in disturbed areas resulting from unauthor-
ized truck travel over unfrozen tundra in September 2006, Toolik Lake ACEC, Alaska.
Photographs taken at these points in 2007 and 2008 are included in digital form (jpeg

format) on the compact disc at the end of this report.

Transect # and

Orientation Location Perspective Photo #
Transect 1 — East end, looking W Landscape view 1-1
Perpendicular to Close 20 m from E end, looking W Landscape view 1-2
Truck excavation 20 m from E end, looking W Just disturbance 1-3
23.5 m from E end, looking down  Vertical 1-4
27 m from E end, looking E Just disturbance 1-5
27 m from E end, looking E Landscape view 1-6
West end, looking East Landscape view 1-7
Transect 2 - North end, looking S Landscape view 2-1
F’ara[le!.to Close Truck 11 m from N end, looking S Landscape view 2-2
excavation 11 mfrom N end, looking S Just disturbance 2-3
15 m from N end, looking down Vertical 2-4
19 m from N end, looking N Just disturbance 2-5
19 m from N end, locoking N Landscape view 2-6
South end, looking N Landscape view 2-7
Transect 3 - East end, looking West Landscape view 3-1
Perpendicular to Worst 14 m from E end, looking W Landscape view 3-2
I;i:gfg;sturbance 14 m from E end, looking W Just disturbance 3-3
14 m from E end, looking down Vertical 34
15 m from E end, looking N Landscape view 3-5
15 m from E end, looking S Landscape view 3-6
15.8 m from E end, looking down  Vertical 3-7
16 m from E end, locking E Just disturbance 3-8
16 m from E end, looking E Landscape view 3-9
Woest end, looking East Landscape view 3-10
Transect 4 — East end, looking West Landscape view 4-1
Perpendicularto Far 22 m from E end, looking W Landscape view 4-2
Truck excavation 22 mfrom E end, looking W Just disturbance 4-3
22 m from E end, looking down Vertical 4-4
30 m from E end, looking E Just disturbance 4-5
30 m from E end, looking E Landscape view 4-6
Woest end, looking East Landscape view 4-7
(cont.)

BLM Open File Report 121 = April 2010

21









2007 1-1



2007 1-2



2007 1-3



2007 1-5



2007 1-6



2007 1-7



2007 2-1



2007 2-2



2007 2-3



2007 2-5



2007 2-6



2007 2-7



2007 3-1



2007 3-3



2007 3-4



2007 3-5



2007 3-6



2007 3-7



2007 3-8



2007 3-10



2007 4-1



2007 4-2



2007 4-3



2007 4-4



2007 4-5



2007 4-6



2007 4-7



2007 5-1



2007 5-2



2007 5-3



2007 5-5



2007 5-6



2007 5-7



2007 6-1



2007 6-2



2007 6-3



2007 6-8



2007 6-9



2007 6-10



2007 7-1



2007 7-2



2007 7-3



2007 7-8



2007 7-9



2007 7-10



2008 1-1



2008 1-2



2008 1-3



2008 1-4



2008 1-5



2008 1-6



2008 1-7



2008 2-1



2008 2-2



20038 2-3



2008 2-4



2008 2-5



2008 2-6



2008 2-7



2008 3-1



2008 3-2



2008 3-3



2008 3-4



2008 3-5



2008 3-6



2008 3-7



2008 3-8



2008 3-9



2008 3-10



20038 4-1



2008 4-2



20038 4-3



2008 4-4



2008 4-5



2008 4-6



2008 4-7



2008 5-1



2008 5-2



2008 5-3



2008 5-4



2008 5-5



2008 5-6



2008 5-7



2008 6-1



2008 6-2



2008 6-3



2008 6-4a



2008 6-4b



2008 6-4c¢



2008 6-5



2008 6-6



2008 6-7



2008 6-3



2008 6-9



2008 6-10



2008 7-1



2008 7-2



2008 7-3



2008 7-4



2008 7-5



2008 7-6



2008 7-7



2008 7-8



2008 7-9



2008 7-10



	BLM_AK_OFR_121
	BLM_AK_OFR_121_Appendix1
	Truck 1-1
	Truck 1-2
	Truck 1-3
	Truck 1-5
	Truck 1-6
	Truck 1-7
	Truck 2-1
	Truck 2-2
	Truck 2-3
	Truck 2-5
	Truck 2-6
	Truck 2-7
	Truck 3-1
	Truck 3-3
	Truck 3-4
	Truck 3-5
	Truck 3-6
	Truck 3-7
	Truck 3-8
	Truck 3-10
	Truck 4-1
	Truck 4-2
	Truck 4-3
	Truck 4-4
	Truck 4-5
	Truck 4-6
	Truck 4-7
	Truck 5-1
	Truck 5-2
	Truck 5-3
	Truck 5-5
	Truck 5-6
	Truck 5-7
	Truck 6-1
	Truck 6-2
	Truck 6-3
	Truck 6-8
	Truck 6-9
	Truck 6-10
	Truck 7-1
	Truck 7-2
	Truck 7-3
	Truck 7-8
	Truck 7-9
	Truck 7-10

	BLM_AK_OFR_121_Appendix2



