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ABSTRACT

'~/C documented the distribution of large mammals within a study area from the Beaufort Sea

south as br as lat tl9°54.S'N between the Sagavanirktok River delta and Bullen Point on the

North Slope of Alaska. Five systematic aerial strip-transect surveys, at I O()(}~O coverage, \'\;erc

f}O\vn from 17 June 10 25 .Iuly 2000. Uunng the 17 June caribou iRangtler tarandus} calving,

period survey (:;outh to lat 70 DN), 915 caribou were counted, including 261 calves (48 calves: 100

cows). Most calves (98?/Q) 'were south of the f3adami pipeline. -r-..'1ean tOlal caribou demity from

1998 to 2000 calving penod surveys was 0.73 :::: 0.477 caribou/kIn", while mean calf density \....a5

0.20 ± 0.161 calves/lan~. During the 4 post-calving period surveys (south to lat 69°54.5'N), the

total number of caribou ranged from 1,398 to 6,167. Annual post-calving caribou densities for

1997 to 2000 ranged from 2.05 ± 4.42 caribou/km1 in 1997 to 4.20 ± 3.83 caribou/km1 in 2000.

Across years, mean caribou density was 3.14 ± 1.19 caribou/km1
. Comparisons of the

proportions of caribou within coastal (0 to 4 Ian) and inland (4 to 8 km) intervals. from the

Beaufort Sea coast in the Badami study area \vith those in the adjacent Bullen Point to Staines

River study area, suggest geneml similarities in distributions during 2000. Similarities included:

(1) '::;40% of caribou were within 4 km of the coast in June; and (2) >55?fO of caribou were within

4 km of the coast on 2 of 3 surveys in July. To evaluate potential blockage of caribou

movements between coastal insect-relief habitat and inland foraging habitats by the elevated

Badami pipeline, \ve compared paired survey data from 1998, 1999, and 2000. We tested for

differences in the proportions of caribou \vithin coastal and inland areas. For individual Badami

and Bullen Pomt to Staines River post-calving survey pairs from 1998 to 2000, the proportion of

caribou near the coast in the Badami study area \\ias significantly lower for 2 surveys, while there

\vas no difference between study areas for 4 surveys. There was no consistent difference in the

proportions of caribou within coastal intervals between these study areas using paired-sample

analysis. \Vc evaluated caribou distributions pre- and post-pipeline within 22 linear segments

each extending I km north and south of the Badami pipeline and lound there appears to have

been a shift in concentrations from the eastern segments of the pipeline before construction to

western segments of the pipeline post-construction. This apparent shift, however, was likely due

to general changes 10 caribou distribution and abundance throughout the study area, rather than

the presence of the pipeline. There does not appear to be any consistent widespread avoidance of

the pipeline corridor. Other large mammals observed in 2000 included grinl)' bears (Ursus

arc/os), muskoxen (Ovibos moschatus), and moose (A/ees a/ces).

Key "mrds: Alaska, caribou, Central Arctic Herd, elevated pipeline, grizzly bear, muskoxen,

North Slope, oilfield, Ovibos moschatus, Rangifer rarandus, Ursus arClos



INTROIKCTlON

STUDY RATlO'lALE

Caribou arc the arctic coastal plain's most conspicuous summer resident. They are an

Important suhsistence and cultural resource for fnurlat communitIes. Perceived detrimental

ei"fcds or oil and gas development on caribou have affected industrial access to natural resources

on the coastal plain. Controversy over potential development effects on caribou has been an

LSSUC since the beginning of 011 and gas development on Alaska':; ~onh Slope. Perceptions that

calving eanboli and oilfield development cannot coexist, and that oilfield infrastructure blocks

caribou movement to coastal insect-relief habitats, arc widely held. These beliefs persist despite

a lack of evidence that oilfield developments have had any herd level effect on CAH caribou

(Cronin et a1. 1998, 2000). A lack of pre~developmentcaribou calving distribution data. along

with a lack of post-development calving caribou lise, have led to speculation that development of

the Prudhoe Bay oilfield caused caribou to abandon this area for calving (\Vhitten 2001).

Therefore, pre-development and post-development data on caribou distribution, abundance,

and reproductive status in the Badami study area are necessary to assess potential development

Impacts and to develop effective mitigation measures, Potential impacts to caribou from oilfield

development due to constmction of roads, pipelines, or other related facilities and oilfield

activities 10 the Badami study area include: (1) displacement or blocked access ofCAIf caribou

to calving habitats, (2) displacement or blocked access of CAH caribou to post-calving and

l',()a~tal insect-relief habitats: and (3) blocked PCI I and CAH movements to and from the Arctic

:--Jalional \Vildlife Refuge.

Environmental assessments have been completed for three oil exploration and development

areas between tile Sagavanirktok River delta and the Staines River: (1) Sourdough, (2) Yukon

Gold, and (3) Badami. In support of these environmental assessments, LGL Alaska Research

Associates, Inc. (LCi-L) was contracted by BP Exploration (Alaska) Inc. to collect baseline large

mammal distribution information during aerial surveys conducled between the Sagavanirktok

and Staines rivers for most years since 1993 (Pollard and Noel 1994, 1995: Noel 1998; Noel and

Olson 1998, 1999; Noel and King 2000a, 2000b). Data collection in the adjacent Bullen Point to

Staines River study arca allows comparison of caribou distributions between these t'-\'o areas.

J\,1onitoring canbou distribution and abundance at the l1adaml pipeline and coastal development

allows direct comparison lO assess potential impacts from similar developments in the Point

Thomson enit. These data arc critical to evaluate post-development cfIects on caribou

distribution.



LARGE MAMMALS RETWEEN THE SAGAVA,\IRKTOK AND nu: STAINl::S RlVERS

Caribou (Rangift1 tarandus) from 2 herds may OCl:ur in the area between the Sagavanirktok

and StainesiCanning rivers: the Central Arctic Caribou Herd (CAH) and the Porcupine Caribou

Herd (PCH). Studies conducted over the past 20 years 10 the Arctic National Wildlife Refuge

(ANWR) (Figure I) have shown that little, if any, pen calving occurs west of the Canning

River, nor is the urea used by large numbers of PCB caribou during post-calving and dispersal

periods (Clough d aJ. 1987, Russell et al. 1993). i'l/Iost caribou observed within this area

probably belong to the CAH.

During spring migration, CAB caribou move from the northern foothills of the Brooks Range

10 the coastal plain. In general, cows arrive on the coastal plain between late April and early

June, while bulls do not arrive lll1til post-calvmg in early July (V/hitten and Cameron 1980,

Jakimchuk et al. 1987). The C/..H uses two general areas for calving: (1) \vest of the

Sagavanirktok River (near the Kuparuk and Milne Point oilfields), and (2) east of the

Sagavanirktok River and west of the Canning River. Two areas with CAH calving

concentrations have been documented in most years since 1969: (1) between Oliktok Point and

the Kuparuk River (Kuparuk and Milne Point), and (2) between Bullen Point and the Canning

River (Figure 1: Cameron and ~rhitten 1978, Gavin 1983, Lawhead and Curatolo 1984, \Vhitten

and Cameron 1985, Cameron et al. 1989). Lower-density conccntratiol15 of calving caribou have

been observed west of the Colville River and east of the Canning River (Carruthers and

Jakimchuk 1986). Curatolo and Rcges (1984) described the 1984 CAH calving distribution as

Imv-density and relatively dispersed, especially in comparison with other herds. The number of

caribou using east and \Vest ranges fluctuate among years, probably due to movements across the

Sagavanirktok River (Cronin et a!. 2000).

The CAB uses a broad area along the Arctlc Coastal Plain between the Colville and Canning

rivers for summer range (Figure 1; Smith 1996). Coastal areas, river deltas, river channels, and

wind-swept uplands and ridges are used as insect-relief habitats by mosquito- and oestrid

ny-harassed caribou during the post-calving period. Large groups of caribou have often been

observed near Franklin Blutfs and on the deltas of the Kadleroshilik, Sagavanirktok, Shaviovik,

and Staines rivers (Gavin 1983, Carruthers et al. 1984). La'Nhead and Curatolo (1984) reported

that large aggregations uf caribou sought relief on or near deltas of the Kuparuk. ShavlOvik, and

Canning rivers dunng intense insect harassment, as well as along the coast between Oliktok

Point and the Canning River. Beginning in late July or early August, caribou begin to disperse

across the coastal plain as mosquito harassment abatcs and oestrid fly harassment increases

(Curatolo 1975, La\vhead ilnd Curatolo 1984, Carruthers et al 1987). Caribou gradually drift

inland, group sizes decrease, and movement patterns become less directed (Carruthers et al.

1987, .Iakimchuk et a1. 1987, Cameron et a!. 1989).
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(>tiler large mammals that occur between tI,e Sagavanirktok and Staines rivers include

muskoxen ((}vibos moschatlls), grialy be,lrs (Urslls an-tos), moose (Alcn aices), and wolves

(Car/is lupus) (Figure I). By the late IXOOs, muskoxen were extirpated from the North Slope of

Alaska ,md little is known about historic population levels (Clough cl 31. 1987). Muskoxen were

reintroduced into the Arctic "\"ational Wildlife Refuge (ANWR) in 1969 and 1970 and the

population has grmvn exponentially smce 1974. l\'lixed-sex herds have dispersed into areas east

of the Aichllik River (Clough et al. ; 987), ::md they have ::lIsa dispersed to the \yest as fl.r as the

Colville River (J. Helmencks, pers. comm.). Muskoxen have been regularly sighted as far west

as the Sagavamrktok River near the Prudhoe Bay oilfield (Pollard and Noel 1994, 1995, Noel

1998). rVluskoxen arc generally considered non-migratory, but may move in response to seasonal

changes in SilO\'-\' cover and vegetation. During summer and fall, muskoxen are found primarily

in riparian habitats, which are imponant for lravel and foraging, but they move to adjacent

uplands in winter and spring (Clough et a1. 1987).

Coastal areas are used seasonally by grizzly bears. Bears generally move nonh from denning

areas in the foothills of the Brooks Range in late May and arc most abundant in the study area

during June and July. In late July, most bears gradually return south to the foothills (Figure 1;

Clough et a!. 1987). Moose are uncommon on the North Slope, but they were observed in the

area during 1994 and 1995 summer surveys (Pollard and Noel 1994. 1995). Wolves are also

uncommon, bul were observed west of Bullen Point in the southern portion oftbe Badami study

area during a summer 1999 survey (Noel and King 2000b).

SURVEY OBJECTIVES

Our aerial survey program m 2000 was to determine the distribution and abundance of

carihou and other large mammals within the Badami study area during the calving and past

calving periods. Our primary objectives were to: (1) detetmine the number, sex-age

composition, and distribution of large mammals during the carihou calving and post-calving

seasons; (2) compare distnbution and abundance of large mammals in the Badami study area

wilh the adjacent Bullen Point to Staines River study area; and (3) evaluate the effects of the

Badami pipeline on caribou movements between the I3eaufort Sea coast and areas south of the

pipeline.

STUDY AREA

fn 1997. LGL established tv/O study areas: (1) l1atbmi, between the Sagavanirktok River

delta ::llld Bullen Point. and (2) Bullen Point to the Staines River. These two study areas extend

from the Beaufort Sea coastline south to lat 69°54.5'01 in most years. Surveys of these two study

areas continued during summer 2000 and this report includes our 2000 survey results and related

data analyses for the Badami study area. Results of surveys in tbe Bullen POlnt to Staines River



study urea are presented In the rcpot1 Rullen Point to .'.,'taines River Large Jlammal Distribution,

5,'ummer 2000 (Noel and Olson 2001)

BADAi\U

The 2000 Hadami study area was bounded on the \vest bv the Sagavanirktok River, extended- . -
cast to Bullen Point, north to the Beau[on SC3, and soulh to approximately ]at 69"54.5':-;

(Figure 2). \Ve used a southern boundary oftat 69 c'O'N during the single calving period survey.

The area is part of the Arctic Coastal Plain, and is characterized by a gently rolling tl1a\v lake

plain landscape (Walker and Acevedo 1987). Tundra In the area gradually rises 6 to 8 m above

the level of streams and river channels. Topographic relief results in many well-drained areas;

moist and dry tundra vegetation types are common on high-centered ice wedge polygon terrain.

HO\vever, drainage is poor away from fluvial gradients and low-centered icc wedge polygons;

strangmoor, thaw lakes and ponds, and drained lake basins predominate in these areas. The

Badami pipeline extends 40 kill across the northenunost section of the study area. The pipeline

ranges from 1 to 5 km inland from the (;oast between the Endicott pipeline to the west and the

Hadilmi facility to the east (figure 2).

BULLEN POINT TO STAl~[S RIVER

The 2000 Bullen Point to Staines River study area ,,-vas bounded on the west by Bullen Point,

extended east to the Staines River, north to the Beaufort Sea, and south to approximately lat

69°54.5'N (Figure 1). This are<i is P<irt of the Arctic Coastal Plain, which is characterized by a

gently rolling thaw lake plain landscape (Walker and Acevedo 1987). Tundra within 5 illl of the

coast has little topographic relief. Further inland, the landscape begins a gradual assent from 25

to 350 ft above sea level at the southem edge of the study area (about 24 mi inland from the

Beaufort Sea coast). Contours within the study area form concentric bands oriented north

northwest. The area has been referred to as the Canning alluvial fan, fanned by sediment

deposition from the Canning River. Calcarious loess deposited downv.ind of the Call1ling River

results in soils with high silt content, high pH (6.0 to RA), and low organic content (Tedrow

1977, Gesper et a1. 1980). Vegetation in the southern portion of the study area is a mixture of

dry or moist herbaceous tundra and wet herbaceous tundra. MOIsture increases to the east,

approaching the Cannmg River, and toward the coast (U.S. Geological Survey 1981, rv[t.

Michelson, l'vfap 1.-206).

METHODS

AERIAL SURVE YS

During summcr 2000, we conducted 5 systematic strip-transect <Jcrial surveys (Caughley

1977) from a Cessna 206 fixed-wing 31rcraft. A single caribou calving period (:::::20 June) survey
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was flown on 17 June, and post-calving penod (>20 June) sun/eys "verc t1O\vn on 29 June, 7 July,

21 July, and 25 July. \Ve completed 1 instead of the usual 2 calving period surveys m 2000,

because the Alaska Department of Fish and Game (/\DFG) was also flying il calving period

survey within this study area. !3ecause of a combination of problems with our additional survey

aircrali and poor f1Yll1g weather, we wcre unable to complete the 7 planned survcys. Between

1994 and 2000, 9 calving period «21 June) surveys were conducted in 5 study years (1994 = 3,

1995 - L 1998 ,-- 2, 1999 = 2, 2000 = 1). Twenty-six post-calving period surveys ltl 6 years were

conducted betv,·een 1994 and 2000 (1994 = 7 surveys, 1995 = 2, 1997 = 1, 1998 -= 5, 1999 = 5,

2000 ~ 4).

Transect center/ioes, spaced at I.n-km intervals, were oriented north-south and centered on

township and section lines mapped on I:63,360 scale U.S. Geological Survey (USGS)

topographic maps. Twenty-seven transects (numbered 21 through 47; Figure 1) were flown

during each of the 5 surveys. Surveys were flown at 90 m altitude and 115 to 125 km/hr

airspeed. Two observers Vv·ere used for each survey; each observer was responsible for searching

an 800-m swath on one side of the transect centerline, providing for 100~/o transect coverage.

Aircraft wing struts \vere marked to enable visual control of transect strip w·idth (Pennycuick and

\Vestern 1972). Observers verified strut markings using inclinometers.

A global positioning system (GPS) receiver was used by the pilot to navigate. Locations of

the aircraft at the time of animal sightings were determined using a separate rvlotorola

WorkhorseT\1 GPS receiver linked to a notebook computer using Geolink:E: software. This system

associated a real-time GPS-dctennined position WiTh each sighting record. Slghting data were

entered by a third crewmember acting as a data recorder (l7 and 29 June, 7 and 21 July) or by

one of the two observers (25 July). Sighting entries included a visual estimate of distance from

the aircraft, species, and number of individuals by sex-age classification. Coordinates of animal

sightings were later calculated using the visual estimates of distance from the aircraft to offset

the GPS aircraft positions. When possible, predominant behavior and habitat wcre noted along

with group attributes and time of sighting on audiotapes; these data were later transcribed and

added to the survey database. BehaViOr was defined as the activity of the majority of caribou in a

group. Habitat types were categorized from the observer descriptions, \vhich included comments

on landform leatures and soil moisture following \Valker's (1983) hierarchical classification

syslem.

\Ve coullled and classified caribou as bull:;, co\'/s. calves, or unclassified based on body size,

antler development, pelage, and calf presence. "Unclassified" caribou were adults (or yearlings)

that could not be classiJied with confidence. Caribou ncar the outer margin of transect strips

were most diflicult to counl and cIasslfy. Other factors that may have affected counting and

classiiicatiotl of caribou include observer experience, lighting conditions, caribou behavior, and

(;



survey weather conditions. When J. large group of caribou was encountered, the survey aircraft

often left the transect and clrcJcd the group to facilitate counting and classification. The (JPS

allowed the aircraft to return to the point of departure from the transect; therefore, no survey

coverage ,vas lost as a result of transect departures. In some cases, eanbou group counts were

refined using counts made from oblique 3S mm slides taken during the surveys. Muskoxen \vere

classiflcd as bulL cow, unclassified, or calf grizzly bears as adult or female with cubs; and arctic

foxes as adult or kit.

DATA ANALYSIS

We llsed MapInIo@) Geographic Information System (GIS) software to map and analyze the

survey data. The base maps used for analyses were at a scale of I :63,360. To assist with

describing the summer 2000 distributions, we constructed a set of concentric l-km interval

huffers around the Beaufort Sea coastline in the Badami and Bullen Point to Staines River study

areas, and summarized caribou numbers by distance interval. Caribou densities (caribou/km~)

\-vere calculated for each distance interval using the total land area of each interval. Caribou

density withintbe Badami sLudy area \Vas calculated using the total land area of the 2000 l3adami

study area (calving = 1334.3 km", post-calving = 913.2 kill?) as the divisor.

Caribou observations recorded during surveys conducted in 1994. 1995, 1997, 1998, 1999,

and 2000 compared caribou use of the study area among years. The southern boundary of the

study area varied among years; consequently, we established a common multi-year boundary and

limited most analyses to this area. Because caribou behavior, distribution, and sex-age

composition differ between the calving and post-calving periods (V,rhitten and Cameron 1980),

we prepared separate analyses for each of these two periods using :::0;20 June as the end of the

calving period.

Vie excluded 5 of these surveys (1994 and 1995 surveys and 19 June 1999 survey) from

calculation of area wide calving-period statistics because of incomplete coverage of the study

area. Calving and post-calving sUf\.-'eys were flown in 1993 within the Badami study area, but

survey coverage was 50%, not 100% (LGL unpublished data). Because the post-calving surveys

were primarily conducted in June and July when parasitic insects are most active (20 of 23

surveys), we limited our analyses to surveys conducted during those months. Although the 1994

and 1995 surveys were included for analyses of distributions within 8 kIll of the study area

cO::lstline, these surveys were excluded from calculations of area wide statistics because of

limited coverage of the study area (Pollard and Noell994, 1995).

We calculated parasitic insect activity based on weather parameters using predictive models

of mosquito activity (Russell et ai 199.1) and oestrid fly activity ('vlOrschel 1999; Appendix 0).

Insects were also considered active based on u mean daily temperature of?:: 13°C and a mean
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daily wind velocity of <6 mcters per second (mps) follO',ving Walsh et aL (1992). l'vlosquito and

oestrid fly activity index values were calculated for each hour that temperature and wlIld data

were recordcd at the Deadhorse \Veather Station (ASCC 2001; Appendix 8). All mean values arc

presented \vith 95S/0 coniidcnce intcrvals.

Caribou Distribution in Relation to the Badami Pipeline

Vv'e evaluated caribou distributions b<lsed on aerial survey data t(lf: (l) blockage or deby of

north-south movcments between coastal foraging habitats and insect-relief inland habitats, and

(2) changes in prc- and post-pipcline east-west crossing corridors. For north-south movements

across the pipeline, we paired post-pipeline caribou surveys in the Badami study area

(experimental) with caribou surveys in the Bullen Point to Staines River study area (control).

For east-west crossmg corridors we compared combined pre-pipeline and combined post-pipeline

caribou surveys within 22 east-west segments along the pipeline corridor.

We graphically compared the proportions of caribou found withm coastal and inland areas of

the Badami study area to proporlions observed in the adjacent Bullen Point to Staines River

study area for paired surveys during summer 2000 (Noel and Olson 2(01). Because the Badami

pipeline is primarily wlthin 4 km of the coasilinc, we summarized caribou counts by survey and

study area for coastal (0 to 4 km) and inland (4 to 8 km) intervals. If caribou movemen!.s

between coastal and Inland habitats \""'ere blocked or significantly delayed by the pipeline, we

would expect differences in the proportions of caribou in coastal vs. inland areas between these

two study areas. This summary was prepared using buffers of the Beaufort Sea coastline for the

Badami and Bullen Point to Staines River study areas.

We also evaluated paired aerial survey data after pipeline construetlOn from 1998, 1999, and

2000 and tested for differences in the proportions of caribou within coastal and inland areas. \Ve

limited this analysis to paired surveys on consecuti"vc days with 2::2() caribou within each study

area. This resulted in a sample size of 6 survey pairs, 2 calving period and 4 post-calving period

(29, 30 June 199&; 14, 15 June 1999; 25, 26 July 1999; IS, I GJune 2000; 28, 29 June 2000; 6,

7 July 2000). We tested the null hypothesis:

H"l: The proportions of caribou in coastal (0 !o4 km interval) and inland (410 Xkm

interval) llreas are not different between the Badillni study area and the Bullen

Point to Staines RIver study area.

fest: Wilcoxon Signed Rank Test (non-parametric paired test), Comparison of

Proponions (approximation lor Fisher Exact Test, I.ar 1(74).

ror changes in CasH-Nest crossing corridors, \ve compared pre-pIpeline and post-pipeline

cunbou distributions along the Badami pipeline cornuar. V'le developed a bufTer that extended



1 km north and I km south of the pipeline and subdivHIed this mto 22 segments that

(;orresp::mded with north-south town::hip and section lines. An assumption inherent in this

presenta.tion was that caribou either had crossed or would cross the pipeline \.vithin the segment

in which they were recorded. Caribou numbers were summarized by segment for pre-pipeline

(1094, 1905, dnd 1997; n 10 surveys) ,:md post-pipeline (1998, 1999, and 2000: 11 = 13 surveys)

surveys. There is 110 a priori reason to expect caribou dislributions to be consistent either day-to

day or year-to-year \,villlin these pipeline segments. Because caribou distributions are inherently

variable and we have not attempted to detennine or control for other factors iniluencing caribou

distribution, no statistical analyses were completed. This summary \vas used to evaluate the

pipeline corridor for potentially unused or avoided segments. Based on Landsat land cover

mapping, habitats at pipeline segments \verc evaluated as the sum of area by land cover type

wirllin a 500-m buffer of the pipeline ("\Valker and Acevedo 1987).

RESULTS

SI}JIl\fER 20011 SURVEYS

S).'fiopsis

Five aerial surveys of the Badami study area were completed, (rigure 3. Table 1 and

Appendix A). Almost all (99~/o) classified caribou on the 17 June calving period survey were

cows and calves. Calf density on the 17 June survey was 0.20 calves/k.mc, while total caribou

density \'\'a5 0.69 caribou/k..rnc. For the 4 post-calving surveys combined, the composition of

classiJied caribou was 36% bulls, 42% cows, and 22% calves. The density of calves during post

calving period surveys ranged from 0.20 calves/km 2 (29 June) to 0.74 ealves/km" (7 July). Total

caribou densities were highest in the Badami study area on 7 July (6.75 caribou/km?), and

21 July 2000 (6.62 caribou/km").

Muskoxen \overe observed during 3 of the 5 surveys (Table A-2). or the 14 muskoxen

recorded, 13 were within 100 m of a stream or river (Figures A-L A-2, <mel A-5). Other

mammals seen included arctic foxes at dens during 2 surveys, grizzly bears during 3 surveys, and

moose during 2 surveys (Figures A-2, AA, and A-5; Table A-2).

Aerial Survey Descriptions

Survc)} j, }7 June 2000.--..')urvey conditions were good, with clear skies. winds at 1.5 to

5.6 mps primarily from the cast-northeast (500 to 9(F'), and temperature 12 to 14 '"C from 1100 to

1700 Alaska Daylight Savings Time (ADST: /\sec 20(1). The study area was primm;ly snow

free with some area.s of tlooding. Indices of parasitic insect activity indicated conditions were

not favorable for mosquito or oestrid activity on 17 June (Figure 4, Table B-1). Small groups of

primarily c:ows and calves (mean --- 5.4 ± 0.03 canbouigroup) were scattered throughout the study
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area. rrimarily south of the Badami pipeline (Figure 1\-1, Table 2). The (;ulfcO\v ratio was 47

calves. 100 CO\VS, with calf density in the study area 0.20 calves/km". rViany wIves (5Yh,) were

west of the Kadleroshltik River, 11 % were hetween the Kadleroshilik River and the Shaviovik

River, and 34% were east of the Shaviovik River (figure A-l). For caribou sightings with

hehavior ami habitat noted, most (68%) wefe feeding or resting on moist tundra, primarily

tll.~sock tundra Cfable J). In addition to caribou, 2 muskoxen \vere observed on the

Sagavanirktok River delta res6ng on moist tundra (Figure A- I, Table A-2).

Surve}' 2, 29 June 2000. ~Survey conditions were good, with high overcast skies, winds 3.1

to 3.6 mps from the northwest (3000 to 340~), and temperature 2 to 6 "c between WOO and 1500

ADST (ASCC 2001). Indices of parasitic insect activity indicated conditions \vere not favorable

for mosquito or oestrid activity on 29 June (Figure 4, Table B-1). Both caribou group size (mean

= 12.4 ± 3.36 caribou/group) and total density (1.53 caribou/km2
) were nearly doubled from

17 June 2000. The composition of classiJied caribou was 21 %l bulls, 59% cows, and 20% calves.

_'Jinety percent of caribou were south of the Badami pipeline and east of the Kadleroshilik River,

\-\'h(;n: more than half of caribou were west of the Shaviovik River (Figure 04-2). Very few

.:arihou were north of the pipeline (Table 2). \'lany caribou (SR%) \vere feeding or resting on

moist or dry tundra (Table 3). Other mammals recorded during the survey included 6 muskoxen

(all cast of the Shaviovik River); 2 grizzly bears; and 2 arctic foxes, including one with 2 kits

(Figure A-2, Table A-2).

Survey 3, 7 Ju(v 2000.-Survey conditions were good, with 5000 to 13,000 ft scattered to

broken cloud cover, winds 4.1 to 6.7 mrs primarily from the west (240'" to 290"'), and

tempcrahlre 17 to 19°C between 1000 and 1500 ADST (ASCC 200 1). Indices of parasitic insect

activity indicated conditions \\i·ere not favorable tor mosquito or oestrid activity on 7 July

(Figure 2, Table B-1). Mean daily temperature and wind speed, however, may have been

frlVorable for insect activity (\Valsh et a1. 1992, Figure 2, Table B-1). YIean group size increased

but was highly variable (293.7 ± 249.55 caribou/group). Total caribou density \vas 6.75

caribou/kn}, with the composition of classified caribou 22% bulls, 46%. cows, and 31 % calves.

Many caribou (65~/o), however, were not classified for sex/age. Most caribou (77%) were north

of the Endicott road near the \Vest Channel of the Sagavanirktok River (f'igure /\.-3). Almost all

caribou were within 4 km of the Beaufort Sea coast, while 13% were north of the Badami

pipeline (Tables 2 and 5). For caribou groups with behavior and habitat recorded, feeding and

resting were still domlllant behaviors (85%), but many groups (54%) were using barren or

partially barren habitats (Table 3).

S'urvey -I, 21 .Iuly 2000.-Survcy conditions were good, with scatlered clouds at 6000 <lnd

20,000 ft, winds 2.6 10 41 mps from the east-northeast (50 0 to 7OC'), and temperature 11 to 14 °C

hetwecn 1300 and 1800 ADST (ASCC 2001). Indices of parasitic insect activity indicated
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conditions were not favorable for mosquito or oestrid activity on 21 July (Figur:::4. Table B-1).

~!1ean group size was similar to 7 July (208.4 1: 167.88 caribou/group), as ",",us total caribou

density (6.62 carihou/km!). "1l1e proportion of hulls among classified caribou increased from

previous surveys to 52~/o bulls, 32% cows, and 16% calves. rvIany caribou (77%) v....ere along the

East Channel of the Sagavanirktok Rrvcr or in the Tlver delta, while 34~/o were north of the

Budami pipelllle (Figure A-4, Table 2). About halfofthc caribou sightmgs with bebavior noted,

\vere travcling and half were resting or feeding (Table 3). For resting or feeding groups nearly

half were on barren or partially harren habitats (Table 3). Other mammals recorded eluring the

survey included a grizzly bear, a moose, and an arctic fox with J kits on a den (Figure A-4,

Table A-2, Allribute 10). No foxes were at a 2nd den where 2 kits were observed on 29 June

(Figure A-4, Table A-2, Attribute 6).

Survey 5, 25 July 200G.-Survey conditions were fair, with low clouds, occasional mist,

winds 2.6 to 4.1 mps from the northwest (310~ to 340°), and temperature S to 9 °C between 0900

and 1400 ADST (ASCC 2001). Indices of parasitic insect at.:tivity indicated conditions \Vere not

favorable for mosquIto or oestrid activity on 25 July (Figure 4. Table 13-1). 1\,1ean group size

(61.4 ± 34.41 caribou/group) was less than half that recorded during the 21 July survey, while

total caribou density declined to 2.89 caribou/km~. The proportion of bulls among classified

caribou was more similar to the 29 June and 7 July surveys with 29% bulls, 48%. cows, and 23%

calves. Seventy-fivc percent of caribou were south of the Badami pipeline hetween the

Sagavanirktok and Kadleroshilik rivers, while J5% were ncar the Shaviovik River at the southern

end of the study area (Figure /\-5, Table 5). For caribou groups with behavior and habitat

recorded 47% 'were feeding or resting primarily on moist or dry tundra, \-vhile 53% were moving

also primarily on dry or moist tundra (Table 3). For moving caribou groups the primarily

direction of travel \vas toward the coast (Table A.-I). Other mammals observed included a

grizzly bear ncar the Shaviovik River, a moose at a pond bet\veen the Sagavanirktok and

Kadleroshilik rivers, and 6 muskoxen along the Sagavanirktok River (Figure A-5, Table A-2).

The grizzly bear was within 3.5 km of the bear observed on 21 July (Figure A-4).

CARIBOU I)ISTRIBUTION AND ABUNDANCE IN THE BADAyn STUDY AREA:
MliLTI-YEAR COMPARISONS

Calving period caribou dcnsity for individual surveys from 1998 through 2000 ranged from

0.46 caribou/km2 to 1.09 caribowkm2
• Both extremes occurred in 1998. CalC:cow ratiu ranged

from 38 calves:100 cows on 15 June 1999 to 51 calves:100 CO\VS on 15 lun 1998. Across

surveys. mean total caribou density was 0.73 ± O.4X carihou/km", while mean calf density was

0.20 ± 0.16 calves/klll'. Calves occurred primanly >4 km inland from the Beaufort Sea coast fIX

all calving period surveys (Figure 5).
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P(lst-c~lvmg period caribou density for individual surveys from 1997 through 2000 ranged

from 0.01 cariboufkm" to 7.64 carihou/km'. Annual post-calving caribou densities ranged from

2.05 ± 4.42 caribou/km" in 1997 to 4.20 ± 3.83 caribou/km" in 2000. Across surveys, mean

caribou density \\/as 3.14 1: 1.19 caribou/km". To idcnti(v areas along the coast v,,-here canbou

concentrated during the post-calving periud, we plotted the locations of ~11 caribou groups withm

8 km of the coast hy survey year (Figure 6). Coastal areas consistently used by caribou included

the Sagavanirktok, Shaviovik, and Kadleroshilik rivers, deltas, and associated bays (Figure G).

CARIBOU DISTRlBUTIONS AND THE BADAMI P1PELlNfC CORRIDOR

On the day prior to each Badami survey, we conducted an aerial survey of the adjacent

Bullen Point to Staines River study area (Figure 2, Noel and Olson 2001). Similarities in

distributions between these areas Juring each 2-day set of surveys flown in 2000 included:

(1) 2=;40% of caribou were within 4 km of the coast in June; and (2) >55% of caribou were within

4 km of the coast on 2 of 3 surveys in July (Figure 7). Caribou density was consistently higher

,",vithin 8 km of the coast in lhe Badami study area than in the Bullen Point to Staines River study

area during 2000 (Figure 7).

f<or individual Badami and Bullen Point te Staines River survey pairs 110\\/n on consecutive

days from 1998 to 2000, the prop0l1ion of caribou near the coast in the Radami study area was

significuntly lower for 2 surveys, and not significantly different for 4 surveys (Figure 8).

However, there was no consistent ditTerence in the proponions of caribou within coastal intervals

between these study areas usmg paircd-samplc analysis (\Vilcoxon Signed Rank Test: -T =

-11.00 (4.00), P =-0 OA1S5, n = 5). The 29 and 30 June 1998 survey pair was not testable because

no caribou were present in the inland intervals for either study area.

We also compared the pre-pipeline and post-pipelinc distributions of caribou among 22 lincar

segments of a 1-km buffer of the Badami pipeline (Figure 9). During the pre-pipeline surveys

caribou appeared more concentrated in the eastcrn segments; while post-pipeline surveys indicate

caribou were more concentrated in western segments (Figure 10). The peaks in proportions at

Segment 21 (pre-plpeline) and Segment 10 (post-pipeline) w-ere caused by the presence of21arge

caribou groups, 1 pre- and 1 post-pipeline (Figure 10). After pipeline construction there appears

to be a trend to\vards more COllSlstent presence of caribou within some westcrn buffer segments

(Figure 10). These changes may represent diffcrences in caribou distribution attributable to the

pipeline construction. They may also retlect uncontrolled variables: (1) the greater number of

surveys post-construction (13 vs. 10), (2) the greater Humher of caribou post-construction (3,752

vs. 649), (3) the greater number of caribou groups post-construction (59 vs. 29), (4) the tighter

association of caribou INilh riparian habitats fix some surveys post-construction, or (5) a

combination of these (Figure 11). Habitats at buried pipeline segments in riparian habitats (2, G.

10, und 19) generally contained higher proportlons of barren and sparse vegetmion (Figure 12).
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During the :3 post-pipeline years, caribou were scen in 6 segments every year (Figure 10). 1\\'0

of these segments (segments 2 and 10) wcre associated with buried sections of the pipeline at

river crossings, while 2 other segments werc associated \vith pipeline vibration dampers

(segments 1 and 6, Figures 9 and 10). During the :3 years of pre-pipeline surveys caribou were

observed in 2 segments evcry year (segments 5 and 20, FJgure 8). Annual Jrequency of caribou

occurrence l"vithin the 22 pipeline segments was the same fi)[ 10 segments, higher for 9 segments,

and lo\,ver for 3 segmcl1Is aftcr pipeJJnc construction (Figure 10).

DISCUSSION

The area between Bullen Point and the Calming River has been used consistently by calving

caribou in most years since 1969 (Pollard et aL 1992). The distribution of animals observed

during calving surveys may retlcct survey timing within the calving period (early or late June)

and/or spring snow and flood patterns (Gavin 1983, \\-'hittcn and Cameron 1985). Calving

period distributions in the Badami study area during 1994, J998, 1999, and 2000 have

consistently shown that: (l) few cow-calf pans occur within 4 kIn of the Beaufort Sea coastline,

and (2) most cow-calf pairs occur south of lat 70 0 0S')J with a tendency for higher concentrations

in the southeast followed by the southwest comers of the study area (Figure 3, Koel and King

2000b).

The population size of the CAH in 2000 was 27,128 animals, \vith 12,833 cast of the west

hank of the Sagavanirktok River (Lenart 2000). Caribou that calved between Bullen Point and

the C31ming River \vere considered part of the eil-stern segment of the CAH (Cameron and

Whitten 1978, Lawhead and Curatolo 1984, Whitten and Cameron 1985, Cameron et al. 1999).

But there is probably some exchange of animals between eastern and western segments of the

CAH (Cronin et a1. 1997, 2000; Wolfe 2000). Based on this 2000 herd size, about 7% of CAH

east of the Sagavanirktok River (3% of the CAli) used the Badami study area during calving.

This compares to 31>0 of eastern CAl{ (I % of the CAH) using the Bullen Point to Staines RIver

study area (Noel and Olson 2(01). The ca1f:cow ratio recorded for our 2000 calving period

survey (47 calves:I()() cows on 17 June) was lower than the 70 calves:l00 cows reported for

CAf-I calving transects Down by ADFG on 15, 16, and 17 June 2000 (Lenart 2000). ADFG's

calving period transects extend further into the foothills to lat 69"45'N and composition counts

are more comprehensive than our surveys; hmvever, in previous years our reported calf:cow

ratius l1ave been comparable. It is possible that cmvs with cal ves remained further inland than

our survey area due to the latc snow cover; while cows that either did not calve or lost calves

early continued to the coastEI! plain. Our post-calving ratio of 52 calves.IOO cows was closer to

ADFG's filll ratiu uf 56.5 calves: 100 cows (Lenart 2000).

During the post-calving period, weather-moderated parasitil: insect activity probably

int1uences caribou distribution, movements, and behavior more than any other environmental
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factor (\\/hlte d aJ 1975. Roby 1971t Dau 1986, Johnson and Lawhead 1989). In the Prudhoe

Hay and Kuraruk olificlds, caribou were reported to move to coastal areas to iimeliorate mscct

harassment (Roby 1978, Dau 1986, lohnson and Lawhead 1989, Pollard et al. 1996a, 199611).

Caribou were observed to dnft inland and feed dunng periods of low temperatures and/or high

wind ·velocities, which suppress mosquito activity ('0lhi1e et a1. 1975, Curatolo et a1. 19R2. Dau

1986, Pollard ct 31. 1996a) During the post-calving period in 2000, the percentage of the CAH

cast of the \vcst chatmel of the Sagavanirktok River, \-vl1ich used the Badami study area ranged

from 11% to 48% (5%1 to 23% of the CAH). This compares to <1% to 20~'o «1%1 to 10% orthe

CAI-I) using the Bullen Poim to Staines River study area (Xoe! and Olson 2001). Across study

years, post-calving distributions show that caribou primarily use riparian habitats, river deltas

and estuaries across the Badami study area in response to insect activity (Figure 6).

The composition of the CAH in November 2000 was 56.5 calves:] 00 cows and 83.R

bulls:IOO cows (Lenart 2000). The calfeow and bull:cow ratios for combined post-calving

surveys in 2000 (52 calves:l00 cows, 86 bulls: 100 cows) indicate that the sex-age distribution

for carihou within the Badami study area \,\'as representative of the herd. This is in contrast to the

Bullen Point to Staines River study area where the proportion of bulls (13 bulls:100 cows) was

substantially lower in 2000 O\-oel and Olson 2001).

Some resource managers are concerned that North Slope oil production infrastructure,

including pipelines, roads, and facilities, \"i11 exclude caribou from required habitats. Placement

of the 40-km Badami pipeline bet\-vcen inland foraging habitats and coastal insect-relief habitats

has the potentia] to adversely affect free passage of caribou bct\veen these 2 required habitats.

Previous studies designed to evaluate passage of caribou across pipeline corridors have

concluded that a minimum pipeline elevation of 1.5 m is sufficient to allow passage of caribou

(summarized in Cronin et al. 1994). During the 2000 surveys as many as 2050 caribou \vere

recorded north of the Badami pipeline corridor (Table 2). For caribou to be north of this corridor

they must cross either the Badami pipeline, the Endicott Road/pipeline, or the Badami production

facility. Observations of caribou crossings at the Badami pipe] ine based on tower observations,

indicated that 33% of caribou and 43% of caribou groups crossed successfully (Coltrane illld

Lanctot 20(0). Coastal and inland caribou distrihutions from 1998 to 2000 in the Badami and

the adjacent Bullen Point to Staines River study area show that for 2 of 6 paired surveys, a

smaller proportion of Badami caribou were within 4 km of the coast. for 4 of 6 surveys, the

coastal proportions between thesc 2 areas wcre not different. A non-parametric paired test for

these surveys indicated there was no significant difference bet\-veen these study areas. These

evaluations suggest that caribou move freely between coastal and inland habitats in the Badami

study area.
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We also evalu;]ted east-INest distnhutions along the Badami pipeline corridor pre- and post

pIpeline to look for changes in distribution that may be attributable to the pipeline. There

appears to have been a shift 1rom a concentration in the eastern segments pre-pipeline to western

segmcnts post-pipeline, the shift is primarily attributable to the presence of 2 large caribou

groups (! pre-pipellllc and 1 post-pipeline). There does not appe:u to be any consistent

widespread aVOJdance of the pipeline corridor. \Vhile 3 of 22 segments had lower annual

frequency of usc post-plpeline, 9 of22 segments were used more frequently.
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Pipeline Segments (West to East)

Figure j I, Pre- and post-construction carIbou distribution durmg the post-calvine penud by west to east segments vilthm a ]-km
buffer north and south of the Badanll pIpelIne, Alaska, 1994-2000 Data are summarized separately for surveys conducted

prior to (1994, 1995, and ]997) and followmg (1998, 1999, and 2000) construcTion of the BadamI plpelme AtUluul
frequency of caribou occurrence (1 to 3 years) by s~gment IS mdlcated above each bar.
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Pipeline Interval
Habitat types by pipeline segment along the Badami pipeline based 00 Landsat land cover mapping (Walker and Acevedo 1987).Figure 12.


