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The objective of this research is to provide an integrated program for the definition of ecological 
consequences of resource developments in northern Alaska. The qualitative and quantitative results 
obtained describe the environmental costs incurred by petroleum resource extraction and transporta
tion, including interaction of wildlife populations with industrial activities. This section of the Annual 
Report presents information on impacted populations of arctic foxes, small mammals, and tundra-nesting 
birds in the Prudhoe Bay oil field and along the Trans-Alaska Pipeline and haul road; findings from similar 
studies from the Colville River Delta and other unimpacted habitats; field experiments to determine the 
sensitivity of lichen communities of the Brooks Range to sulfur dioxide concentrations likely to be 
encountered near pipeline pumping stations; and amounts of worldwide-fallout radionuclides in the 

lichen-caribou-Eskimo food chain. 

Arctic Fox and Red Fox Studies 

Arctic fox (Alopex lagopus) and red fox 
(Vulpes vulpes) studies were continued. 
Emphasiswason arctic foxes because they 
are the major manma 1 i an predator of the re
gion currently being developed for petroleum 
resources and because they are an important 
source of income to resident trappers through
out the circumpolar region. This year, tag 
returns from marked foxes captured by trap
pers indicated again that arctic foxes make 
extensive movements (up to 2,000 km) in rela
tively short periods of time and may extend 
the impact of apparently localized resource 
development (Figure 1). 

Because of a lack of information on the 
Prudhoe Bay arctic fox popUlation prior to 
petroleum developments, comparative observa
tions were made of denning activities at 
Prudhoe Bay (disturbed habitat) through a 
University of Alaska subcontract and on the 
Colville River delta (undisturbed habitat) 
through a Pennsylvania State University sub
contract (Figure 2). Results showed that 
arctic foxes are very adaptable and that 
reproduction was apparently not adversely 
affected by current petroleum development 
activities. The percentage of arctic fox 
dens examined since 1976 which have contain
ed juveniles has been consistently greater 
at Prudhoe Bay than at the Colville River 

23 

delta site (Table 1), and the Prudhoe Bay 
region supports about three times as many 
fox families per unit area as does the 
Colville River delta. This higher produc
tion of Prudhoe Bay foxes may be related to 
artificial food sources (garbage and hand
outs from construction workers); however, 
variations in natural fox habitat quality 
between the two areas may be at least par
tially responsible. Food habits of the two 
populations are currently being examined to 
determine the importance of artificial foods. 

The 1979 arctic fox populations, as mea
sured by reproductive success on the two 
study areas, remained relatively high as 
compared to the 1977 low, although the popu
lation density of lemmings, a major food of 
arctic foxes, has not recovered at Prudhoe 
Bay as it has at the Colville River delta 
site (Table 2). It is generally assumed 
that the cyclic nature of arctic fox popula
tions is closely related to that of lemmings; 
therefore, the recovery of fox reproduction 
at Prudhoe Bay without a concomitant in
crease in lemmings may be related to utili
zation of alternate food sources, either 
natural or artificial. In addition, it was 
noted that juvenile fox mortality appeared 
to be considerably higher at Prudhoe Bay 
this year than in any previous year, includ
ing 1977. 
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FIGURE 1. Map of Arctic North America Showing long-Range Movements of Tagged Arctic Foxes 
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FIGURE 2. Map of Northern Alaska Showi ng locations of Study Sites 

A second and final year of a behavior 
study of the interactions of penned arctic 
and red foxes was conducted by a Pennsylvania 
State University subcontract at t he U.S. Fish 
an d Wildlife Service Northern Pr airie Wildli fe 
Research Center in Jamestown, North Dakota. 
The purpose of this investigation was to 
determine the relationships within and be
tween two closely related spec ies whose 
ranges overlap in the region currently being 
impacted by northern Alaska petroleum devel
opments. Results from this year confirmed 
the pre liminary data obtained in 1978 and 
showed that red foxes consis t ently displaced 
arctic foxes from preferred habitats. As a 
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result, it is believed that petroleum devel
opment ac tivi t ies, which appear to disturb 
arctic foxes less than red f oxes, probably 
will have littl e impact on t he population 
balance between these two speci es in jointly 
occupied areas . 

Duri ng the late fall, winter and spring 
mon ths, arctic foxes are reported to spend 
considerable time on the Beaufort Sea ice 
pack in areas t hat are currently proposed 
for petro leum deve lopment. Results from our 
investi gation conducted during mid-March to 
mid-May of this year indicated that foxes 
are present up to at least 40 km offshore 



TABLE 1. Comparison of Arctic Fox Reproduction as Measured by Percentage of Dens 
with Juveniles on the Prudhoe Bay (disturbed) and Colville River Delta (undisturbed) 
Study Sites 

Prudhoe Bay Site Colville River Delta Site 

Number of Dens Percentage with Number of Dens Percentage with 
Year Examined Juveniles Examined Juveniles 

1975 17 71 

1976 20 85 30 37(a) 

1977 19 21 39 5 

1978 10 50 46 44 

1979 20 55 26 35 

(a)Minimum percentage based on aerial survey only with no ground check. 

TABLE 2. Arctic Fox and Lemming Population Indices at the Prudhoe Bay and 
Colville River Delta Study Sites 

Prudhoe Bay Colville River Delta 

Lemming Arctic Fox Lemming Arctic Fox 
Year Index(a) Numbers Index(a) Numbers 

1975 9.1 High 

1976 8.7 High Medium 

1977 1.8 Low 2.7 Low 

1978 0 Medium 8.7 Medium 

1979 1.1 Medium 6.0 Medium 

(a)iNumbers captured per 1000 trap nights using trap lines described by F. A. Pitelka (1973), 
"Cyclic Patterns in Lemming Populations near Barrow, Alaska," in Alaskan Arctic Tundra, 
ed. M. E. Britton, pp. 199-215, Arctic Institute of North America Paper No. 25, AINA, 
Washington, D.C. 

through mid-May, at which time arctic foxes 
on terrestrial habitats begin to whelp. It 
was also found that foxes do not congregate 
in large numbers or for long periods of time 
at food sources during spring months as they 
do during fall and winter. This provides 
critical information for designing future 
studies and for evaluating fox behavior in 
the context of petroleum developments. 

Small Mammal Studies 

A fourth summer of investigation at the 
Franklin Bluffs (buried pipeline) site 
(Figure 2) showed a continued reduction of 
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animal populations due to blocked drainage 
of runoff waters by the Trans-Alaska Pipeline 
haul road and a substantial decline in the 
small mammal population density from peak 
numbers recorded last year (Table 3). This 
year, the small mammal trapping grids were 
enlarged from 30.5 by 38.1 m (~0.116 hal 
to 75 by 75 m (~0.562 hal. This was done to 
increase spacing of traps to 15 m, there-
by decreasing trapping mortality and ena
bling more effective study of small-mammal 
home ranges. Five species were caught dur
ing 4802 trap-nights. The tundra vole 
(Microtus oeconomus) was most frequently 
caught (Table 4). The population density of 



TABLE 3. Small Mammal Population Density at the Franklin Bluffs Study Site 
During the Summers of 1976 Through 1979 

Population 
Number of Animals Area Density 

Year Marked Captured Recaptured (ha) Population(a) (Number/ha) 

1976 9 15 2 0.932 43 ± 468 52 

1977 4 8 0.932 18 ± 84 19 

1978 54 54 19 0.932 148 ± 668 159 

1979 23 18 4 2.81 87 ± 938 31 

(a)Modified Petersen (1896) Index, according to notation of Bailey (1951): 

M(C + 1) W(C + 1) (C - R) 
PB = R + 1 ; sPB = (R + 1)2(R + 2) 

Bailey, N. T. J. 1951. "On Estimating the Size of Mobile Populations from 
Recapture Data." Biometrika 38(pts. 3-4): 293-306. 

Petersen, C. G. J. 1986. The Yearly Migration of Young Plaice Into Limfjord from 
the German Sea. Rept. Danish BioI. Sta. for 1895, 6:1-77. Cited by Bailey (1951). 

TABLE 4. Numbers of Small Mammals Captured at Franklin Bluffs and Trans-Alaska Pipeline 
Mile 12 Sites from July 21 to August 9, 1979 

Tundra Singin~ 
Vole(a) Vole(b 

Site Adult Subadult Adult Subadult 

Franklin Bluffs 15 

Trans-Alaska 3 
Pipeline Mile 12 

(a)Microtu5 oeconomU5 
(b)Microtus miurus 
(C)Clethrionomys ruti/us 
(d)Dicrostonyx groenlandicus 
(e)Lemmus trimucronatus 

17 6 

2 0 

both varying lemmings (Dicrostonyx 
groen1andicus) and brown lemmings (Lemmus 
trimucronatus) remained low. 

3 

0 

Nineteen small-mammal trapping grids were 
located in suitable habitats within the new 
Trans-Alaska Pipeline mile 12 study site 
(Figure 2), located 50 km north of the 
Franklin Bluffs site. Fewer animals and 
fewer species were captured at that site 
during 7308 trap-nights. The population 
density of small mammals was estimated to 
be three animals per hectare. 
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Red-Backed Varying Brown 
Vole(c) lemming(d) lemming(e) 

Adult Subadult Adult Subadult Adult Subadult 

2 0 0 0 1 

0 0 2 0 2 

Tundra-Nesting Bird Studies 

The new 100-ha study site established at 
Trans-Alaska Pipeline mile 12 to compare the 
environmental impacts of buried versus above
ground pipeline construction modes contained 
120 nests of 10 species of tundra-nesting 
birds. A total of 214 adult and nestling 
birds were banded and one previously banded 
bird was captured. Approximately 4 ha of 
habitat were lost to areas occupied by the 
pipeline, pipe pad and access road. Early 
in the breeding season another 14 ha of 



habitat were unavailable to nesting birds 
because of the accumulation of snow and 
meltwater caused by the "snow fence" effect 
of the elevated pipeline. Late in the sea
son these wet areas adjacent to the pipeline 
pad become important feeding areas for adults 
and young birds, and marked family groups 
were observed to move up to 1 km to utilize 
these areas. We estimate that habitats that 
would have supported about 11 nesting pairs 
of birds of six species were lost during the 
1979 summer season as a result of the pres
ence of the pipeline within the study site. 

Tundra-nesting birds within the 100-ha 
Franklin Bluffs site continued to avoid the 
wet areas created by blocked drainage of 
runoff waters from the Trans-Alaska Pipeline 
haul road. Nesting densities were low with
in the haul road dust shadow, and the birds 
resumed nesting next to the buried pipeline 
pad. Phenologies of 65 nests of 12 species 
were documented at the Franklin Bluffs site. 
Eighty adult and nestling birds were banded 
for migration studies and four previously 
banded birds returned to the site. 

Lichen Studies 

Arizona State University subcontractors 
conducted additional studies on the system
atic variation of gas exchange in arctic 
lichens. This work extended the observa
tions made last year in Cetraria cucullatta 
to three other species and documented the 
physiological basis for the observed differ
ences in photosynthetic activity. A clear 
gradient was seen in 14C02 incorporation 
from the top to base and from proximal to 
distal portions of Cladonia stellaris (= C. 
alpestris) and f. rangiferina and from thalli 
margins inward for Parmelia separata. This 
gradient was most pronounced in photosyn
thesis, during which essentially all of the 
activity was restricted to the top half 
(0 to 4 cm) of the lichen mat. The gradient 
was positively correlated with differences 
in chlorophyll a and b concentrations. 
These data show-that Tichens are most active 
physiologically in a relatively small por
tion of their biomasses and that there is a 
steady progression of senescence in their 
older (lower) portions, reflected by a pro
gressive decrease in both photosynthetic and 
respiratory activity. 

Four 24-hr observations were made of 
photosynthetic rates and patterns in dif
ferent depths of C. stellaris and C. 
rangiferina lichen communities. BTomass in 
0.5-cm vertical segments of the lichen mats 
was determined to further define the eco
physiological aspects of these northern 
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Alaskan lichen communities that are vital 
winter range components for caribou. 

Natural Cladonia-Cetraria lichen communi
ties that were exposed to field fumigation 
by sulfur dioxide during summer periods of 
1977 and 1978 were re-examined and found not 
recovering from exposures of 0.62 + 0.31 ppm. 

Radiation Ecology Studies 

Amounts of worldwide-fallout 137Cs in 
northern Alaskan ecosystems have been con
tinuously monitored since 1959, and since 
1962 these studies have included comprehen
sive evaluation of the lichen-caribou-Eskimo 
food chain at Anaktuvuk Pass. This exten
sive data base now furnishes an effective 
record of the impact of ecologic, economic 
and cultural factors upon the Eskimo people 
as they undergo culture change that has been 
accelerated by resource developments in 
northern Alaska. Measurements of 137Cs con
centrations in the Anaktuvuk Pass residents 
this year (Table 5) showed that the average 
adult during 1979 received a radiation ex
posure of about 10 mrem. This is 2 mrem 
lower than last year's exposure and about 
one-fifteenth that received from the rela
tively high body-burdens observed during the 
years (1964 through 1966) of maximum fallout 
deposition and greater dependency upon cari
bou for food. An unusual decline in the 
summer exposure as compared to winter expo
sure was apparently due to 1) laws restrict
ing caribou hunting to periods when the ani
mals of the spring migration were unavail
able and 2) constant employment of most 
adults in village school construction, which 
restricts hunting and provides money to buy 
processed food that is low in fallout radio
activity. 

TABLE 5. Concentrations (nCi/kg body wt) of 137CS 
in Anaktuvuk Pass, Alaska, Residents During January 
and June 1979 

January June 

Age in -----137CS Concentration (nCi/kg)-----

Category Years n .K ~ n X ~ ---
Adults >21 43 0.76 0.43 38 0.53 0.27 

Minors 15-21 8 0.43 0.12 10 0.17 0.13 

Children <15 12 0.29 0.12 6 0.32 0.13 




