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i ABSTRACT

Large mammal distribution was documented from the Sagavanirktok River delta on the west

to near Bullen Point on the east and inland to latitude 69°54,S'N within the Badami development

area North Slope, Alaska, during systematic, strip-transect surveys between 15 June and 19 July

1999. A total of 15,143 caribou (Rangifer tarandus) in 665 groups was recorded during seven

surveys. Caribou numbers within the study area ranged from 13 on 17 July to 4,209 on I July.

Mean and 95% Confidence Interval (95%CI) of caribou group size ranged from 1.6 ± 0.77

caribou on 17 July to 168.8 ± 133.61 caribou on 8 July. Cow caribou density in the Badami study

area was 0.62 cows/km' on 15 June and increased to 0.87 cowslkm' on 20 June 1999. Calf

production on 20 June 1999 was 47 calves: I00 cows. The predominant activities of caribou

groups during the calving period were feeding 52% and resting 36%. During post-calving

surveys, cows and calves were 83% (range 70% to 96%) and bulls were 16% (range 4% to 30%)

of classified caribou. Indices of mosquito activity, oestrid fly activity, and sweep net sampling

indicated that mosquito activity peaked between 1 July and 10 July 1999. During post-calving

period surveys, large caribou groups appeared to be associated with riparian habitats more

consistently than with coastal habitats. Caribou density during the post-calving period was

highest on 1 July at 3.2 caribou/km' and lowest on 17 July at 0.01 caribou/km'. Mean and

95%CI of caribou density during the post-calving period was 1.86 ± 1.542 caribou/km'. The

proportion of caribou groups feeding during the post-calving period increased with increasing

group size with a minimum of 48% for groups of <1 0 caribou to a maximum of 81 % for groups

of > 100 caribou. To evaluate potential blockage of north-south caribou movements by the

Badami pipeline corridor, the proportion of caribou within coastal (1- to 4-km) and inland (5- to

8-km) intervals from the Beaufort Sea coast were compared between the Badami study area and

the Bullen Point to Staines River study area to the east. The proportion of caribou within coastal

and inland intervals in the Badami and Bullen Point to Staines River study areas were not

significantly different. We reviewed five years of aerial survey distribution data for evidence of

north-south caribou movements along the Badami pipeline corridor. Based on this data, there

was no evidence of consistently used crossing areas. Six muskoxen groups with 87 individuals

were observed during aerial surveys, primarily along riparian corridors. One or two grizzly bears

were recorded during each snrvey from 15 June to 8 July, with half of these sightings along

riparian corridors.

Key words: Alaska, caribou, Central Arctic Caribou Herd, elevated pipeline, muskoxen,

North Slope, oilfield, Ovibos moschatus, Rangifer tarandus
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INTRODUCTION

Environmental assessments have been completed for the Ynkon Gold, Sonrdongh, and

Badami oil exploration and development areas on Alaska's North Slope. Areas between the

Sagavanirktok River and Bullen Point and between the Sagavanirktok River and the Staines

River were surveyed for large mammal distributions beginning in 1993 to collect baseline

distribution information in support of these environmental assessments (Pollard and Noel 1994,

1995; Noel 1998). Construction of the Badami development was completed during winter 1996

1997 and the Badami pipeline was completed during winter 1997-1998.

Two caribou (Rangifer tarandus) herds may occur in the area between the Sagavanirktok and

Staines rivers: the Porcupine Caribou Herd (PCH) and the Central Arctic Caribou Herd (CAH).

Studies of the PCH conducted over the past 20 years have shown that little, or no, calving occurs

west of the Staines River, nor is the area used by large numbers of PCH caribou during post

calving and dispersal periods (Clough et al. 1987). During spring migration, CAH caribou move

from the northern foothills of the Brooks Range to the coastal plain. In general, cows arrive on

the coastal plain to calve between late April and early June, while bulls do not arrive until post

calving in early July (Whitten and Cameron 1980, Jakimchuk et al. 1987). The CAH uses two

areas for calving, one west of the Sagavanirktok River (near the Kuparuk and Milne Point

oilfields), and one east of the Sagavanirktok River. These are thought to reflect east and west

segments of the CAH, although there may be intra- and inter-annual movements of animals

between segments (Cronin et al. 1997).. Within the eastern and western CAH calving areas,

several general areas of concentrated calving have been reported; however the distribution of

calving caribou varies annually. Two areas of high-density calving occurred in most years since

1969: between Oliktok Point and the Kuparuk River (Milne Point) and between Bnllen Point

and the Canning River (Cameron and Whitten 1978, Gavin 1983, Lawhead and Curatolo 1984,

Whitten and Cameron 1985, Cameron et al. 1989).

The CAH uses broad areas along the Arctic Coastal Plain between the Colville and Carming

rivers for summer range during the post-calving period (Smith 1996). Coastal areas, river deltas,

river chamlels, and wind-swept uplands and ridges are used as insect-relief habitats by mosquito

and oestrid-harassed caribou during the post-calving period. Large groups are often observed

near Franklin Bluffs and on the deltas of the Kadleroshilik, Sagavanirktok, Shaviovik, and

Staines rivers (Gavin 1983, Carruthers et al. 1984, Pollard et al. 1996b). Large aggregations of

caribou seek relief from parasitic insects on or near deltas of the Kuparuk, Shaviovik, and

Canning rivers during intense insect harassment; although caribou groups have been observed

along the coast within the entire Oliktok Point to Canning River area (Lawhead and Curatolo

1984; Pollard and Noel 1994, 1995; Pollard et al. 1996b; Noel 1998, Noel and Olson 1999).

Caribou may also use gravel roads and pads and oilfield facilities as insect-relief habitat (Pollard

et al. 1996a, b; Noel et al. 1998).
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By the late 1800s, muskoxen (Ovibos moschatus) were exterminated from the North Slope of

Alaska and information is sparse concerning historic muskoxen population levels (Clough et al.

1987). Muskoxen were reintroduced into the Arctic National Wildlife Refuge (ANWR) in 1969

and 1970 and the population has grown exponentially since 1974 (Reynolds and Ross 1984).

Mixed-sex herds have dispersed into areas east of the Aichilik River (Clough et al. 1987), and

muskoxen have been regularly sighted as far west as the Sagavanirktok River near the Prudhoe

Bay oilfield (Pollard and Noel 1994, 1995; Noel 1998, Noel and Olson 1999). Although

muskoxen are non-migratory, they move in response to seasonal changes in snow cover and

vegetation. During summer and fall, they are found primarily in riparian habitats, but move to

adjacent uplands in winter and spring (Clough et al. 1987). Riparian habitats are important travel

corridors and foraging areas. Moose (Alces alces) are uncommon on the North Slope, but they

were observed in the area during 1994, 1995, and 1998 surveys (Pollard and Noel 1994, 1995,

Noel and Olson 1999).

Coastal areas are used seasonally by grizzly bears (Ursus arctos). They generally move north

from denning areas in the foothills in late May and are most abundant in the study area during

June and July. In late July, they gradually return south to the foothills (Clough et al. 1987).

Riparian areas are used as travel corridors and contain abundant prey and preferred vegetation.

The Alaska Department of Fish and Game (ADF&G) conducts ongoing research and monitoring

of grizzly bear numbers, productivity, and movements within the Prudhoe Bay oilfields, and has

addressed bear use of the landfill and problem bears. Wolves (Canis lupus) are rare on the Arctic

Coastal Plain. Three wolf sightings recorded during 1999 were the first documentation of

wolves in the study area since LGL began aerial surveys in 1993.

ISSUES

Potential impacts to caribou from oil development in the Badami study area include:

• Blockage of northward or southward movements to and from the BeaufOlt Sea

coast by roads, pipelines, or other facilities and oilfield activities.

• Displacement of caribou from traditional calving and post-calving habitats, or

blocked access to such habitats.

Pre- and post-development data needed to assess development impacts to caribou includes

distribution and abundance of caribou in the Badami study area during the calving and post

calving periods.
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OBJECTIVES

During 1999, LGL Alaska Research Associates, Inc. (LGL) conducted systematic aerial

surveys of large mammals within the area of the Badami development and the Badami pipeline

corridor. Effort focused on calving and post-calving caribou distributions within the study area.

Our objectives were:

I. to determine the number, sex/age composition, and distribution of caribou and

other large mammals during caribou calving and post-calving periods, and

2. to evaluate potential blockage of caribou movement and identify caribou

crossing areas along the Badami pipeline corridor.

STUDY AREA

The Badami study area is bounded on the west by the Sagavanirktok River, extends east to

Bullen Point, north to the Beaufort Sea, and south to approximately latitude 69°54.5'N

(Figure I). The study area lies within Alaska's Arctic Coastal Plain and is characterized by a

gently rolling thaw-lake plain landscape (Walker and Acevedo 1987). Tundra in the area

gradually rises 20 to 25 feet above the level of streams and river channels, which gives the

landscape a gently rolling appearance. This topographic relief results in many well-drained

areas, and moist and dry tundra vegetation types are common on high-centered ice wedge

polygon terrain. However, drainage is poor away from fluvial gradients and low-centered ice

wedge polygons; strangmoor, thaw-lakes and ponds, and drained lal,e basins predominate in

these areas. The 40-km Badami pipeline extends across the northernmost section of the study

area. The pipeline ranges from I to 5 km from the coast and extends from the Endicott pipeline

on the west to the Badami facility on the east (Figure I).

METHODS

AERIAL SURVEYS

During JWle and July 1999, seven systematic strip-transect aerial surveys (Caughley 1977)

were conducted from either a Cessna 206 or a Cessna 207 fixed-wing aircraft. Two surveys were

completed during the caribou calving period (1-20 June), and 5 surveys were completed during

the caribou post-calving period (21 June to 15 August). Two observers recorded large mammal

sightings along transect centerlines spaced at 1.6-km intervals, providing for 100% study area

coverage (Figure I). All transects were oriented north-south and centered on township and

section lines mapped on I :63360 scale U.S. Geological Survey (USGS) topographic maps.

Surveys were flown 90 m above ground level at 130 km/hr airspeed (Pollard et al. 1992a).

During surveys, each observer was responsible for searching an 800-m wide space on one side of

4



i I

I !

the transect centerline. Aircraft wing struts were marked to enable visual control of transect

strip-width (Pennycuick and Western 1972). Observers verified strut markings with

inclinometers and by comparison to survey maps. Species, number, sex/age composition, and

group location were recorded for each observation. Behavior and habitat descriptions were

recorded when possible.

Aerial surveys conducted by LGL in the Prudhoe Bay oilfield and adjacent areas since 1990

(Pollard et al. 1992a, b and others) have used Global Positioning System (GPS) receivers to

navigate the aircraft during surveys and to identify the location of the aircraft when animals were

observed. Coordinates of animal sightings were then calculated by using the GPS aircraft

position offset by a visual estimate of the group's distance from the aircraft. As groups were

sighted, all data was entered directly into a notebook computer linked to a GPS receiver

(Motorolla Work Horse™ GPS receiver in 1999) using Geolink® software. For each sighting, a

GPS-determined position was associated with group attributes (e.g., species, number of

individuals, sex/age classification, distance and direction from the aircraft) entered by either one

of the observers or by a data recorder.

Caribou were counted and classified as bulls, cows, calves, or unclassified based on body

size, antler development, pelage, and calf presence. "Unclassified" caribou were either adults or

yearlings, that could not be classified with confidence; caribou near the outer margin of transect

strips were the most difficult to classify. When large groups of caribou were encountered, the

aircraft left the transect line and circled the group to better facilitate counting and classification.

The GPS tracked the aircraft from the line-transect departure point; therefore, survey coverage

was not lost as a consequence of transect departures. Muskoxen were classified as adult

(unclassified) or juvenile (calves). Moose were classified as bulls, cows, or calves. Grizzly

bears were either listed as unclassified or females with young-of-year cubs, and wolves were

listed as unclassified sex and age.

GEOGRAPHIC ANALYSIS

Large mammal observation data were combined with base-map data in MapInfo®

Geographic Information System (GIS). Spatial data were used to produce maps of distributions

for each survey and to conduct spatial analyses in MapInfo® and Vertical Mapper™. Data

collected in the study area during 1999 were analyzed using the distribution and abundance of

calves and all caribou. These classes of caribou were chosen because previous research has

suggested that bulls and maternal cows respond differently to habitat features (Pollard et al.

1992a), and adult bulls and calves were easiest to identify during the surveys. Analyses were

based on individual caribou rather than on groups. Individual caribou were used because:

(I) during aerial surveys, groups were sometimes difficult to distinguish; (2) groups were
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disparate in size, ranging from 1 to more than 2,000 individuals; and (3) groups are not of fixed

membership. However, location data are collected for caribou groups, so individual caribou

locations are not necessarily independent.

Contours of calving period distributions were created using Vertical Mapper™ software for

Maplnfo® GIS. Point location data was converted from latitude/longitude, datum World

Geodetic Survey 1984 to Universal Transverse Mercator for Alaska Zone 6, North American

Datum 1927 for the United States. Grid files were created using the distribution of caribou

calves for each year and for all years combined using natural neighbor interpolation. Variables

for interpolation were 200-m aggregation distance, sum of values for aggregated points, 200-m

cell size, and convex hull boundary. Natural neighbor interpolation method was slope, with

skew 1, weight 2 and exponent 2. Grids were then contoured using bins of <0, 0-5, 5-10, 10-25,

and >25 calves.

To evaluate blockage of north-south caribou movements, the proportion of caribou occurring

within coastal and inland areas with a pipeline and without a pipeline were compared. One-km

intervals were constructed by buffering the Beaufort Sea coastline in the Badami and the Bullen

Point to Staines River study areas. The Badami pipeline crosses these intervals within 5 km of

the coastline primarily within the coastal 1- to 4-km interval. Numbers of caribou were summed

for paired aerial survey coverages within the coastal 1- to 4-km interval and within the inland

5- to 8-km interval. The proportions of caribou within the coastal and inland intervals were then

compared between study areas. This data was used to test the following hypothesis:

HO 1: The proportion of caribou in coastal, 1- to 4-km interval, and inland, 5- to 8-km

interval, from the Beaufort Sea coastline are not different between the Badami

study area and the Bullen Point to Staines River study area.

Test: Wilcoxon Signed Rank Test (non-parametric paired test), Marm-Whitney U test.

To identify caribou crossing sites along the Badami pipeline, intervals extending 1 km north

and south of the pipeline were constructed by buffering the Badami pipeline. These intervals

were subdivided into pipeline segments corresponding with north-south township and section

lines. Caribou observations were summarized by pipeline segment; caribou densities were

calculated using the mean annual number of caribou within the segment divided by the total land

area for each segment. Land area was calculated as the total segment area minus the area of

lakes within the segment based on I :63360-scale digital base mapping. Habitats at pipeline

segments were evaluated as the sum of area by land cover type within a 500-m buffer of the

pipeline based on LandSat land cover mapping (Walker and Acevedo 1987).

6



PARASITIC INSECT ACTIVITY

Predictive models for mosquito (Russell et al. 1993) and oestrid fly (Morschel 1999) activity

were used to identify days with conditions suitable for parasitic insect activity. Index values

were calculated for each hour that temperature and wind data were recorded at the Deadhorse

Weather Station (ASCC 1999). Sweep net sampling for mosquitoes was conducted from 29 June

to 24 July 1999, in conjunction with monitoring at the Badami pipeline. Mosquito and oestrid

activity indices for the 1999 field season, and the syntax used to calculate the indices, are

presented in Appendix B.

RESULTS

Seven systematic strip-transect surveys of the study area were completed during summer

1999 (Table 1, Appendix A). Coastal fog prevented surveying the entire study area on 20 June

such that transects 21 and 22, and the northern portions of transects 23 to 25, were not flown

resulting in 88% coverage of the study area (Figures 1 and A-2, Table I). A total of 15,143

caribou in 665 groups were recorded during the seven surveys (Table 1). During calving-period

surveys (15 June and 20 June), cows and calves comprised 98% (2,355 of 2,41 0) of all classified

caribou (2 surveys; 68% cows [1,647 of2,410], 29% calves [708 of2,410]). During post-calving

surveys, cows and calves were 83% (7,698 of 9,223) of classified caribou (5 surveys; 61 % cows

[5,594 of 9,223], 23% calves [2,104 of 9,223]). For individual post-calving surveys, cows and

calves ranged from 70% (1,554 of 2,225) to 96% (3,077 of 3,215) of classified caribou. Bulls

comprised 2% (55 of 2,410) of classified caribou during the calving period and 16% (1,525 of

9,223) of classified caribou for the combined post-calving surveys, ranging from 4% (138 of

3,215) to 30% (671 of2,225) among individual surveys. Indices of mosquito and oestrid activity

and sweep net sampling indicated that mosquito activity peaked between 1 July and 10 July 1999

(Figure 2).

Six muskoxen groups with 87 individuals were observed during aerial surveys (Table I,

Figure A-8). Muskoxen groups were primarily observed along riparian corridors. One or two

grizzly bears were recorded during each survey from 15 June to 8 July (Table A-2, Figure A-8).

Three of six sightings were along riparian corridors, one on the Kadleroshilik River, one on the

Shaviovik River, and one on the Kavik River. Two cow moose were observed on 26 June, and

two bull moose were recorded on 8 July, both groups were between the Shaviovik and Kavik

rivers (Table A-2, Figure A-8). A total ofthree wolves were recorded; one on 1 July, and two on

19 July (Table A-2, Figure A-8).
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CARIBOU

Calving Period Surveys

Survey 1, 15 June 1999.-Survey conditions were good, with few to scattered clouds, winds

at 4.1 to 5.7 meters per second (mps) primarily from the north-northeast (360° to 60°), and

temperature 4 to 9°C from 1100 to 1600 Alaska Daylight Savings Time (ADST, ASCC 1999).

The tundra was snow free. A total of 1,149 caribou in 193 groups were recorded in the study

area, including 175 cow-calf pairs (Figures 3 and A-I, Tables I and A-I). Most caribou groups

!i ! (85%, 164 of 193) consisted of less than 10 animals. Mean and 95% confidence interval

(95%CI) of group size was 6.0 ± 1.08 caribou. One unclassified caribou was observed north of

the Badami pipeline, the remaining 192 caribou were south of the pipeline (Table 2). Fifty-three

percent (613 of 1,149) of caribou and 58% of calves (101 of 175) were located between the

Sagavanirktok and Kadleroshilik rivers. Twenty-eight percent (318 of 1,149) of caribou and

29% of calves (51 of 175) were located between the Kadleroshilik and Shaviovik rivers; and 19%

(215 of 1,149) of caribou and 13% of calves (23 of 175) were east of the Shaviovik River. Daily

mean temperature was 5 °C and daily mean wind speed was 5.1 mps (Table B-1). Indices of

parasitic insect activity indicated that conditions were not suitable for mosquito or oestrid

activity on 15 June (Figure 2, Table B-1). Direction of travel was recorded for five caribou

groups. Two groups were headed north into the wind, two groups were moving downwind to the

south, and one group was headed west (Table 3).

Survey 2, 20 June 1999.-Survey conditions were marginal with overcast clouds and a 300 m

i i broken ceiling, winds at 4.1 to 9.3 mps from the northeast (40° to 60°), and temperature 2 to 4 °C

between 1100 and 1800 ADST (ASCC 1999). Coastal fog prevented the completion of some

transects. Transects 21 and 22, and the Sagavanirktok Delta portions of transects 23 through 25

were not flown resulting in 88% coverage of the study area. A total of 1,752 caribou in 167

groups were recorded within the survey area (Figures 3 and A-2, Tables I and A-I). Mean and

95%Cl of group size was 10.5 ± 2.51 caribou per group. Two caribou groups, consisting of a

total of 3 cows and I calf, were observed north of the pipeline, and the remaining caribou were

south of the pipeline (Table 2). The survey was incomplete for areas north of the pipeline. Most

caribou (73% of groups, 122 of 167; 84% of caribou, 1,471 of 1,752) were in either the western

third or the eastern third of the Badami study area. The western third of the study area, between

the Sagavanirktok River and the Kadleroshilik River, contained 35% of groups (59 of 167) and

42% of caribou (729 of 1,752). The eastern third of the study area, east of the Shaviovik River

contained 38% of groups (63 of 167) and 42% of caribou (742 of 1,752). The remaining caribou

(26% of groups, 44 of 167; 16% of caribou, 279 of 1,752) were between the Kadleroshilik and

Shaviovik rivers. One group with more than 100 caribou was located in the southeastern corner

of the study area. There were four cow-calf groups with more than 50 caribou (Table A-I). One

of these groups (Attribute 17, Table A-I) was located in the southeastern corner of the study

8



area; and the three other groups (Attributes 9, 12 and 32, Table A-I) were located in the

southwestern corner of the study area (Figure A-2). Daily mean temperature was 1.2 °C and

daily mean wind speed was 6.5 mps (Table B-1). Indices of parasitic insect activity indicated

conditions were not suitable for mosquito or oestrid activity on 20 June (Figure 2, Table B-1).

Direction of travel was recorded for ten groups. Three groups were moving east into the

northeast winds, four groups were moving downwind to the south and three groups were moving

downwind to the west (Table 3).

Calving Period Distributions

The distribution of cow-calf caribou pairs during the calving period (1 to 20 June) has varied

both within years and between years since surveys were initiated in 1994 (Figures 3 and 4).

Generally, later during the calving period, near 20 June, mean group size is larger. Mean and

95%CI of group size increased from 6.0 ± 1.08 caribou on IS June to 10.5 ± 2.51 caribou on

20 June during 1999. Calving period surveys in 1994 and 1995 only extended as far south as

70°05' north latitude (Pollard and Noel 1994, 1995). Early surveys during these years, from I to

6 June, were completed during 95% to 70% snow cover, and at most, six calves were recorded

within this area. On 16 June 1994 with snow-free conditions, six calves were recorded within

this study area (Pollard and Noel 1994). In 1998, under snow-free conditions and with the

survey area expanded south to 70°00' north latitude, on 10 June, 132 calves were recorded and

on 15 June, 318 calves were recorded (Noel and Olson 1999). The snow-free conditions

undoubtedly increased observers' ability to detect caribou in 1998, and also indicate conditions

were warmer earlier in the calving season. The increase in number of caribou recorded during

the 1998 calving period is also attributable to the southern extension of the study area. Sixty

three percent of calves (282 of 450) were recorded south of 70°05' north latitude for the two

1998 calving-period surveys combined. Calving period surveys were snow free again in 1999.

The 1999 study area was extended further to the south to 69°54.5' north latitude. Most calves

(74%, 527 of 708) were recorded south of 70°05' north latitude, and 37% (259 of 708) were

recorded south of 70°00' north latitude during 1999. Toward the end of the calving period, near

20 June 1999, the number of calves north of 70°05' north latitude increased from 70 calves on

15 June to III calves on 20 June 1999. Even though the number of calves increased, the

proportion of calves within the study area that were north of 70°05' north latitude decreased from

40% (70 of 175) on 15 June to 21 % (111 of 533) on 20 June 1999.

Cow caribou density in the Badami study area (1313.60 km' land area, 1465.88 km' total

area) was 0.87 cows/km' on 20 June 1999 (1,138 cows, Table I). Too many caribou were

unclassified during the 15 June survey to compute cow caribou density. In the adjacent Bullen

Point to Staines River study area (904.53 km' land area, 942.08 km' total area) cow caribou

density was 1.62 cows/km' on 14 June 1999 (Noel and King 2000). Calf production on 20 June
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1999 in the Badami study area was 47 calves: 100 cows. In the adjacent Bullen Point to Staines

River study area, calf production was 48 calves: I00 cows on 14 June 1999 (Noel and King

2000). This compares to calf production in 1998 of 50 calves: 100 cows on 15 June 1998 (Noel

and Olson 1999).

Caribou activity was recorded for 219 groups during the calving period (Table 4). The

predominant activities for all group sizes were feeding 52% (114 of219) and resting 36% (78 of

219, Table 4). Caribou on the move, primarily in groups of <10 caribou, accounted for 9% of

group activity (19 of219). Feeding caribou occurred primarily on moist or dry tundra (91 %, 103

of 113, Class V, Tables 5 and 6); and many of these were on moist tussock sedge, dwarf shrub

tundra (46%, 52 of 113) and moist sedge, dwarf shrub tundra (31 %,35 of 113). Resting caribou

also occurred primarily on moist or dry tundra (83%, 63 of 76, Class V, Tables 5 and 6); and

many of these were associated with moist tussock sedge, dwarf shrub tundra (41 %, 31 of 76).

Post-Calving Period Surveys

Survey 3, 26 June 1999.-Survey conditions were good with clear skies, winds at 2.6 to

6.2 mps from the north-northeast (10° to 60°), and temperatures 7 to 10°C between 0900 and

1600 ADST (ASCC 1999). A total of 1797 caribou in 136 groups were recorded within the

study area (Figures 5 and A-3, Tables I and A-I). Mean and 95%CI of group size was 13.2 ±

5.35 caribou. The composition of classified caribou was 8% bulls, 64% cows, and 28% calves

(Table I). Most caribou (89%, 1,602 of 1,797) were within 10 km of the Beaufort Sea coast, and

110 caribou (6%,110 of 1,797) were north of the Badami pipeline (Figure A-3, Table 2). Halfof

the caribou within the study area were in eight cow-calf dominated groups and one bull

dominated group of 50 or more total caribou (50%, 906 of 1,797, Table A-I). Daily mean

temperature was 6.9 °C and daily mean wind speed was 3.8 mps (Table B-1). Indices of parasitic

insect activity indicated conditions were not suitable for mosquito or oestrid activity on 26 June

and were also not suitable for mosquito or oestrid activity during the two days prior to the survey

(Figure 2, Table B-1). Of 16 moving caribou groups, 13 groups were headed either north or east

into the wind (Table 3).

Survey 4, 1 July 1999.-Survey conditions were excellent with clear skies, winds at 4.1 to

6.2 mps from the east (70° to 100°), and temperatures 9 to 16°C between 0900 and 1600 ADST

(ASCC 1999). A total of 4,209 caribou in 88 groups were recorded within the study area

(Figures 5 and A-4, Tables I and A-I). Mean and 95%CI of group size was 47.8 ± 23.15

caribou. The composition of classified caribou was 4% bulls, 67% cows, and 29% calves

(Table I). Most caribou (90%, 3,803 of 4,209) were less than 10 km from the Beaufort Sea

coast; and 364 caribou (9%, 364 of 4,209) in 24 groups were north of the Badami pipeline

(Figure A-4, Table 2). Over half of the caribou within the study area (64%, 2,681 of 4,209) were

in seven cow-calf dominated groups of 280 to 650 total caribou located in the northeastern corner
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of the study area (Figure A-4, Table 1). Seventy-seven percent of caribou in the study area

(3,252 of 4,209) were clustered within a 5 Ian radius west of the Shaviovik River and south of

the Badami pipeline (Figures 5 and A-4, Table A-I). Daily mean temperature was 10.8 °C and
daily mean wind speed was 4.3 mps (Table B-1). Indices of parasitic insect activity indicated

conditions were suitable for mosquito activity one hour of the day, but were not suitable for
oestrid fly activity on I July (Figure 2, Table B-1). Indices indicated conditions were not
suitable for insect activity during the two days prior to the survey. Sweep net sampling also

indicated mosquitoes were not active during the survey, or for the two days prior to the survey
(Table B-1). However, mosquito abundance peaked on 2 July, based on sweep net sampling, the

day following the survey. Insect indices also indicated conditions were suitable for both

mosquito and oestrid activity for three hours on 2 July (Figure 2, Table B-1). Direction of travel
was recorded for 11 groups. Seven groups were moving toward the coast and three groups were

! • moving away from the coast (Table 3).

Survey 5, 8 July 1999.-Survey conditions were good with scattered clouds, mild winds at 0

to 4.6 mps primarily from the east-northeast (0° to 80°), and temperatures 9 to 13 °C between
1100 and 1800 ADST (ASCC 1999). A total of 2,700 caribou in 16 groups were recorded in the

study area (Figures 5 and A-5, Tables I and A-I). Mean and 95%CI of group size was 168.8 ±

133.61 caribou. The composition of classified caribou was 30% bulls, 49% cows, and 21 %
calves (Table I). Ninety-five percent (2,565 of 2,700) of caribou were within 2.5 km of the

Sagavanirktok River, with seven of these ten groups in the river channels on gravel bars or in the

water (Table A-I). Four caribou groups (25%,4 of 16 groups) with 349 caribou (13%, 349 of
2,700) were north of the Badami pipeline. Daily mean temperature was 9.2 °C and daily mean

wind speed was 2.4 mps (Table B-1). Indices of parasitic insect activity indicated conditions

were not suitable for mosquito or oestrid activity on 8 July (Figure 2, Table B-1). Sweep net

sampling, however, indicated mosquitoes were active on 8 July, with a mean of 27 mosquitoes

per net (mpn); and caribou behavior and distribution similarly indicate that mosquitoes were

active. Indices of insect activity indicated conditions were not suitable for mosquito or oestrid

activity for the two days prior to the survey (Table B-1). This is again contradicted by sweep net

sampling, which indicated mosquitoes were active on both 6 July (40 mpn) and 7 July (18 mpn,

Table B-1). For the four caribou groups with direction of movement records, two groups were

headed east into the wind (Table 3).

Survey 6, 17 July 1999.-Survey conditions were good with few clouds, winds at 3.1 to

5.2 mps from the northeast-north (20° to 360°), and temperatures 5 to 6 °C between 0800 and

1500 ADST (ASCC 1999). A total of 13 caribou in 8 groups were recorded within the study area

(Figures 5 and A-6, Tables I and A-I). Mean and 95%CI of group size was 1.6 ± 0.77 caribou.

Seven of the 13 caribou (54%) were in the Sagavanirktok Delta, and five (38%) were between

the Kadleroshilik and Shaviovik rivers (Figure A-6, Table A-I). Thirty-eight percent (5 of 13) of
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caribou in the study area were north of the Badami pipeline corridor. Daily mean temperature

was 6 °C and daily mean wind speed was 4.7 mps (Table B-1). Indices of parasitic insect

activity indicated conditions were not suitable for mosquito or oestrid activity on 17 July

(Figure 2, Table B-1). However, conditions were favorable for mosquito activity during one

hour on 16 July and three hours on 15 July (Figure 2, Table B-1). Sweep net sampling indicated

mosquitoes were not active on 17 July (3 mpn) or 15 July (7 mpn), but were active on 16 July

(29 mpn, Table B-1). Direction of travel was recorded for two groups, one group of 2 caribou

was running to the east and the other group of 3 caribou was moving to the southeast (Table 3).

Survey 7, 19 July 1999.-Survey conditions were fair with few clouds, winds at 2.6 to

6.2 mps from the east-northeast (50° to 80°), and temperatures 5 to 7 °C between 1300 and 1800

ADST (ASCC 1999). A total of 3,523 caribou in 57 groups were recorded within the study area

(Figures 5 and A-7, Tables I and A-I). Mean and 95%CI of group size was 61.8 ± 35.82

caribou. The composition of classified caribou was 25% bulls, 61% cows, and 14% calves

(Table I). Seventy-three percent of caribou in the study area (2,555 of 3,523) were in four cow

calf dominated and two mixed sex-age groups of between 325 and 625 caribou. Most caribou

(82%, 2,879 or 3,523) and many of the calves (73%, 258 of 354) were within 2 km of the

Shaviovik and Kavik rivers. Few caribou (2%, 69 of 3,523) in the study area were north of the

Badami pipeline corridor (Table 2). Daily mean temperature was 3.9 °C and daily mean wind

speed was 3.4 mps (Table B-1). Indices of parasitic insect activity indicated conditions were not

suitable for mosquito or oestrid activity on 19 July (Figure 2, Table B-1). Sweep net sampling

also indicated mosquitoes were not active. Both indices and sweep net sampling indicate that

neither mosquitoes nor oestrids were active on 18 or 17 July. Direction of travel was recorded

for three small groups, two inland groups were moving north and the third group was moving

northwest (Table 3).

Post-Calving Period Distributions

During the post-calving period on warm calm days, caribou tend to congregate in riparian

and coastal insect-relief habitats in response to parasitic insect harassment. During the 1999

post-calving period surveys, large caribou groups appeared to be associated with riparian habitats

more consistently than with coastal habitats (Figure 5). Mean group size increased from

13.2 caribou on 26 June to a maximum of 168.8 caribou on 8 July. Between 8 July and the next

survey on 17 July, however, virtually all of the 2,700 caribou previously in the study area left the

area. Then between 17 July and the next survey on 19 July (less than 48 hours) 3,500 caribou

moved back into the study area, apparently traveling from inland areas northward following the

Shaviovik and Kavik riparian corridors (Figure 5, Table I).

The indices of mosquito and oestrid activity appeared to be well correlated with the sweep

net counts, although the indices may be conservative (Figure 2). The relationship between
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caribou group distribution and insect activity are not as obvious. The scattered distribution and

small mean group size on 26 June suggests caribou were not responding to insect harassment

(Figure 5) and indices and sweep net samples verify that insects were not active. The formation

of larger groups and concentration of caribou closer to the coast on 1 July suggests that caribou

were responding to mosquito harassment, although indices indicate mosquitoes would be active

for only one hour on 1 July. Sweep net counts, mosquito and oestrid indices however, all peaked

on 2 July. The most striking concentration in riparian habitats occurred on 8 July, with most of

the caribou in the study area in or near the east channel of the Sagavanirktok River. Again,

indices indicated that mosquitoes and oestrids were not active but sweep net counts did suggest

mosquitoes were active on 8 July. And as for the 1 July survey, the day after the 8 July survey,

9 July, the mosquito index and sweep net counts peaked (Figure 2, Table B-1).

Caribou density during the 1999 post-calving period was highest within the Badami study

area on I July at 3.2 caribou/km' and was lowest on 17 July at 0.01 caribou/km'. Mean and

95%CI of caribou density during the post-calving period in 1999 was 1.86 ± 1.542 caribou/lan'.

Mean and 95%CI of caribou density were similar to the adjacent Bullen Point to Staines River

study area during 1999 at 1.73 ± 1.926 caribou/km' for the post-calving period (Noel and King

2000).

Caribou group activity was recorded for 222 caribou groups during the post-calving period

(Table 4). The predominant activities for all group sizes were feeding 57% (127 of 222) and

resting 24% (54 of 222). The proportion of caribou groups feeding increased with increasing

group size with a minimum of 48% (73 of 151) for groups of <10 caribou to a maximum of 81 %

(17 of 21) for groups of>100 caribou. Conversely the proportion of groups resting decreased

with increasing group size from a maximum of 29% (44 of 151) for groups of <1 0 caribou to a

minimum of 14% (3 of 21) for groups of> 100 caribou. The proportion of groups moving at any

pace also decreased with increasing group size from a maximum of20% (30 of 151) for groups

of<10 caribou to a minimum of 5% (1 of21) for groups of>100 caribou (Table 4). Feeding

caribou occurred primarily on moist or dry tundra (89%, 108 of 121, Class V, Tables 5 and 6);

and many of these were on moist sedge, dwarf shrub tundra (52%,63 of 121) and dry, dwarf

shrub, crustose lichen tundra (28%, 34 of 121). Resting caribou occurred primarily on moist or

dry tundra (84%, 43 of 51, Class V, Tables 5 and 6); and many of these were on moist sedge,

dwarf shrub tundra (43%, 22 of 51) and dry dwarf shrub, crustose lichen tundra (35%, 18 of 51).

For 35 groups that were recorded moving at any pace, 40% (14 of 35) were on moist sedge,

dwarf shrub tundra; 14% (5 of 35) were on dry, dwarf shrub, crustose lichen tundra; 11 % (4 of

35) were on river gravels; and 9% (3 of35) were in water (Table 5).
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Caribou Distribution and the Badami Pipeline Corridor

To evaluate potential blockage of north-south caribou movements by the Badami pipeline,

the proportions of caribou within the coastal 1- to 4-krn interval and the inland 5- to 8-km

interval from the Beaufort Sea coast were compared between the Badami study area and the

Bullen Point to Staines River study area. The numbers of caribou within the paired study areas

was quite variable, but the proportions within 1- to 4-krn and 5- to 8-km intervals followed the

same trends between the two study areas (Table 7). For five of six paired surveys, there were

higher proportions of caribou in the 5- to 8-km interval for both study areas, and during flight

six, both study areas had a higher proportion of caribou in the 1- to 4-krn interval. An

appropriate paired survey was not available for the 20 June survey. If caribou movements were

blocked or delayed, proportions within the coastal (1- to 4-krn interval) and inland (5- to 8-km

interval) intervals should be different for the paired surveys. The proportion of caribou within

coastal and inland intervals in the Badami and Bullen Point to Staines River study areas were not

significantly different (Wilcoxon Signed Rank Test n = 6, P= 0.4017; Marm-Whitney U Test

n = 12, U = 21.0, P = 0.6889; Table 7).

To identify areas where caribou may cross the Badami pipeline corridor, mean annual density

I krn north and 1 km south of the pipeline in 1.6-km wide segments were calculated based on

five years of aerial survey distribution data (Figures 6 and 7, Tables 8 and 9). This data includes

three years of surveys prior to pipeline construction and two years of data after pipeline

construction. Because habitat may influence where caribou cross the pipeline corridor, habitat by

pipeline segment was quantified based on LandSat land cover mapping (Walker and Acevedo

1987). Most segments were mixtures of various proportions of water, wet herbaceous tundra,

and moist or dry herbaceous tundra (Figure 8, Table 10). Pipeline segments with river crossings

all included a proportion of barren and sparse vegetation (Figure 8). No consistently used

crossing corridors were obvious. In fact, for the five years of data, caribou occurred in only one

segment north of the pipeline for four of the five years of data, and for three of these years only

one caribou was within this segment (Table 8, Segment 5). Caribou occurred within four

segments north ofthe pipeline for three of five years (Table 8, Segments I, 2, 7 and 8) and within

two segments for zero of five years (Table 8, Segments 12 and 22). Peak numbers of caribou

north of the pipeline occurred in Segment 21 in 1995 and in Segment 2 in 1999 (Figure 6,

Table 8). Peak numbers of caribou south of the pipeline occurred in Segment 22 in 1994 and in

Segment lOin 1998 (Figure 7, Table 9).

OTHER LARGE MAMMALS

Six muskoxen groups with 87 total individuals were observed during aerial surveys

(Figure A-8, Table I). It appears likely, based on the total number of muskoxen and number of

calves in each group, that these represent three distinct muskoxen groups or herds (Figure A-8,
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Table A-2). If this is the case, Herd A with 16 adults, moved from the Kadleroshilik River to the

Sagavanirktok River between 15 June and 20 June, a distance of 20 km, and then Herd A must
have left the study area (Figure A-8, Table A-2). Herd B, with 14 adults and 4 calves, was on the

Sagavanirktok River on 15 June, moved 12 km to the Sagavanirktok Delta on 26 June; and then

headed south for 38 km to just outside the southern boundary of the study area (Figure A-8,
Table A-2). This herd was feeding in moist sedge, dwarf shrub tundra by the Sagavanirktok

River on 15 June, standing on gravel on 26 June, and again feeding on moist sedge, dwarf shrub

tundra on 1 July (Table A-2). If this is in fact the same muskoxen herd, a calf was lost between
26 June and 1 July (Figure A-8, Table A-2). Herd C consisted of 2 adult muskoxen sighted on
the Kadleroshilik River standing in dry, dwarf shrub, crustose lichen tundra on 1 July 1999
(Figure A-8, Table A-2).

Two bull moose were observed on 26 June feeding on dry, dwarf shrub, crustose lichen

tundra near the Kavik River; and two cow moose were observed on 8 July resting on moist

sedge, dwarf shrub tundra between the Shaviovik and Kavik rivers (Figure A-8, Table A-2).

One or two grizzly bears were recorded during each survey from 15 June to 8 July

(Figure A-8, Table A-2). Three of six sightings were along riparian corridors, one on the
Kadleroshilik River, one on the Shaviovik River, and one on the Kavik River. One bear was

feeding on moist sedge, dwarf shrub tundra near the Shaviovik River on 20 June (Table A-2);

and one bear was feeding on moist tussock sedge, dwarf shrub tundra near the Kadleroshilik

River on 1 July (Table A-2). The two bears sighted on 8 July were both moving. The bear on

the Kavik River was headed to the west and the bear between the Sagavanirktok and

Kadleroshilik rivers was running to the east (Table A-2). A total of three wolves were recorded;

one wolf was observed running to the west in the southeastern corner of the study area on 1 July,
and two wolves were observed moving to the west on river gravel in the Kavik River on 19 July

(Table A-2, Figure A-8).

DISCUSSION

During seven systematic strip-transect surveys in 1999, between 13 and 4,209 caribou were

recorded in the Badami study area (Table 1). The 1997 estimated CAH size was 20,000 caribou

(1997 count: 19,730), with an estimated 8,000 caribou (1997 count: 7,733) in the eastern of the

CAH (E. Lenart, ADF&G, pers. comm.). Caribou calving between Bullen Point and the Canning

River are generally considered part of the eastern segment of the CAH (Cameron and Whitten

1978, Lawhead and Curatolo 1984, Whitten and Cameron 1985, Cameron et al. 1989). Based on

these population estimates, the estimated 43.9% fall cow composition in 1996 (Hicks 1997), and

assuming the herd size was similar in 1999; from 9% to 13% of CAH cows and from 23% to

32% of eastern segment CAH cows used the Badami study area during the calving period. This
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! is an increase of approximately 6% over the 1998 percentages of3% to 7% of CAH cows; and an

increase of approximately 15% over the 1998 percentages of 7% to 15% of eastern segment CAR
cows in the Badami study area. These increases are primarily due to the southern extension of

the study area in 1999. Extension of the 1999 study area from 70°00' to 69°54.5' north latitude
accounted for an increase of -250 cows on 15 June, or 3% of the CAR cows, and 7% of the
eastern segment CAR cows. Extension of the study area accounted for an increase of 481 cows

on 20 June, or 6% of the CAR and 14% of the eastern segment of the CAR.

During the 1999 post-calving period <1 % to 21 % of CAR caribou and <I % to 53% of the

eastern segment CAH caribou used the Badami study area. Composition of classified caribou

varied between surveys, but for the combined post-calving period surveys, 16% were bulls, 61 %
were cows, and 23% were calves. This was comparable to combined post-calving period

composition during 1998 of 15% bulls, 62% cows, and 23% calves (Noel and Olson 1999).

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

caribou distribution, movements, and behavior more than any other environmental factor (White
et al. 1975, Roby 1978, Dau 1986, Johnson and Lawhead 1989). Caribou move to coastal areas

to ameliorate insect harassment (Roby 1978; Dau 1986; Johnson and Lawhead 1989; Pollard et

al. 1996a, b), and tend to drift inland and feed during periods of low temperatures and/or high
wind velocities, which suppress mosquito activity (White et al. 1975, Curatolo et al. 1982, Dau
1986, Pollard et al. 1996a). From the patterns of caribou distributions within the study area from

17 July to 19 July 1999, it appears that caribou moved inland out of the study area and then

returned to the study area following the Shaviovik and Kavik drainages north toward the coast.
During 1999, caribou within the Badami study area appeared to be more closely associated with

riparian areas than with coastal areas during the post-calving period.

Caribou group size generally increases after the peak of calving, and mosquito harassment

apparently is a major factor causing large aggregations (Roby 1978, Johnson and Lawhead

1989).. During 1999, mean and 95%CI of group size increased from 10.5 ± 2.51 caribou on

20 June to 168.8 ± 133.61 caribou on 8 July. Calculated mosquito activity, oestrid activity, and

sweep net sampling indicated mosquito activity peaked on 2 July, 5 July, and again on 9 July.

These dates are consistent with mosquito data collected in 1992 and 1993 in the Prudhoe Bay

oilfield that identified peaks in mosquito activity during the first week of July (Pollard et al.

1996a). Sweep net sampling, but not modeled insect activity, also indicate that peaks in early

July are higher in magnitude than peaks later in July and that mosquito activity tapers off after
about 15 July, again consistent with Pollard et al. (l996a).

The models for mosquito and oestrid activity, and sweep net mosquito sampling do not

explain on a survey-by-survey basis the shifts in caribou distribution within the study area,
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According to these data, insects were inactive during the I July and 8 July surveys. The

formation of large caribou groups, their distribution within 10 km of the coast, and clustering

near riparian habitats on these days, however, suggest that caribou were responding to mosquito

harassment (Figure 5; White et al. 1975, Dau 1986, Johnson and Lawhead 1989). Interestingly,

both indices and sweep net sampling indicated insect activity peaked following these two

surveys. Had these surveys been flown one day later, peaks in caribou numbers and mean group

size may very well have been coincident with peaks in insect activity. The increase in caribou

numbers and increase in mean group size within the study area on 19 July is more difficult to

interpret. There are three plausible explanations for the lack of coincidence between the modeled

insect activity, measured insect activity, and caribou distributions. First, the indices do not

appear capable of predicting peak levels of mosquito activity, although they do seem to

accurately indicate presence or absence of mosquitoes and oestrids (MorscheI1999). Second, the

Deadhorse weather data may not accurately represent conditions within the study area or perhaps

conditions further inland that may cause caribou to alter their distributions. And third, caribou

distributions on any particular day may not reflect current conditions, but may represent

conditions prior to the actual survey date.

Observations of caribou north of the Badami pipeline between the Endicott pipeline and the

Badami facility indicate that a minimum of 364 caribou crossed the Badami pipeline corridor

during the post-calving period in 1999 (Table 2). The numbers of caribou within the paired

Badami and Bullen Point to Staines River study areas was quite variable, but the proportions

within coastal 1- to 4-km and inland 5- to 8-km intervals were not different between the two

study areas (Table 7). For five of six paired surveys, there were higher proportions of caribou in

the inland interval for both study areas, and during flight six, both study areas had a higher

proportion of caribou in the coastal interval. If caribou movements were blocked or significantly

delayed by the presence of the Badami pipeline, proportions of caribou within the coastal

intervals between the Badami and the Bullen Point to Staines River study areas should be

different for the paired surveys. We reviewed aerial survey distribution data for evidence of

north-south caribou movements along the Badami pipeline corridor both before and after the

pipeline was constructed. Based on this data, there was no evidence that any specific pipeline

segment was consistently used to cross the pipeline corridor.
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Distribution of caribou calves observed
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Figure 4

Distribution of caribou calves during the calving period (before
20 June) as contours of the total number of calves by year and for
combined 1994 to 1999 distributions (8 surveys), in the Badami
study area, Alaska.
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Table 1. Sex and age classification of caribou and muskoxen observed during systematic aerial
surveys in the Badami study area, Alaska, 15 June to 19 July 1999.

Number of Caribou Number Mean
Flight Date Bulls Cows Calves Unclassified Total of Groups Group Size

Caribou Sightings
I 15 Jun 99 54 509 175 430 1,149 193 6.0
2" 20 Jun 99 1 1,138 533 80 1,752 167 10.5
3 26 Jun 99 106 835 361 495 1,797 136 13.2
4 1 Jul99 138 2,160 917 994 4,209 88 47.8
5 8 Jul99 671 1,083 471 475 2,700 16 168.8
6 17 Jul99 2 9 1 1 13 8 1.6
7 19 Jul99 608 1,507 354 1,054 3,523 57 61.8

Muskoxen Sightings
1 15 Jun 99 0 4 4 26 34 2 17.0
2" 20 Jun 99 0 0 0 16 16 I 16.0,

26 Jun 99 0 4 4 10 18 1 18.0"
4 1 July 99 0 0 3 16 19 2 9.5

"Coastal fog prevented surveying all transects, resulting in approximately 88% coverage of the
study area.
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Table3. Caribou group movements recorded on systematic aerial surveys during the
calving and post-calving periods in the Badami study area, Alaska, 15 June to

r
19 July 1999.

i
!

Direction Wind

Date E N NE NW S SE W Total Direction

Calving Period (1 to 20 June)

15 Jun 99 2 2 I 5 NNE

20 JUll 99 3 4 0 10 NE.J

Total 3 2 0 0 6 0 4 15

Post-calving Period (21 June to 15 August)
26 Jun 99 3 9 1 1 2 16 NNE

01 Jul99 1 5 1 1 3 11 E

08 Jul99 2 I 1 4 ENE

17 Jul99 1 1 2 NE

19 Jul 99 2 I 3 ENE

Total 7 16 1 3 4 3 2 36
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Table 2. Sex and age classification of caribou and muskoxen observed north of the Badami
pipeline corridor during systematic aerial surveys in the Badami study area, Alaska,
15 June to 19 July 1999.

Number of Caribou Number Mean
Flight Date Bulls Cows Calves Unclassified Total of Groups Group Size

Caribou Sightings
1 15 Jun99 0 0 0 1 I I 1.0
2a 20 Jun 99 0 3 1 0 4 2 2.0
~ 26 Jun 99 17 49 15 29 110 16 6.9.)

4 1 Jul 99 38 189 69 68 364 24 15.2
5 8 Jul99 67 121 71 90 349 4 87.3
6 17 Jul 99 I 4 0 0 5 3 1.7
7 19 Jul99 20 38 9 2 69 8 8.6

Muskoxen Sightings
~ 26 Jun 99 0 4 4 10 18 I 18.0.)

aCoastal fog prevented surveying all transects, resulting in approximately 88% coverage of the
study area.
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Table 4, Caribou activity by group size recorded on systematic aerial surveys during the

calving and post-calving periods in the Badami study area, Alaska, 15 June to

19 July 1999,

Group Size Activity

Calving Period (1 to 20 June)

Rest Stand Feed Walk Trot Run Move Play Total

Groups <10 58 6 84 10 3 4 I 1 167

Groups 10-100 20 I 29 0 0 I 0 0 51

Groups >100 0 0 1 0 0 0 0 0 1

All Groups 78 7 114 10 3 5 1 1 219

Post-Calving Period (21 June to 15 August)

Rest Stand Feed Walk Trot Run Move Play Total

Groups <10 44 4 73 16 0 4 7 0 151.J

Groups 10-100 7 0 37 3 0 2 I 0 50

Groups >100 3 0 17 0 0 0 I 0 21

All Groups 54 4 127 19 3 6 9 0 222
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Table 5. Caribou group sightings by activity and habitat types (Walker 1983, see Table 6) recorded on systematic aerial
surveys during the calving and post-calving periods in the Badami study area, Alaska, IS June to 19 July 1999.

Calving Period (1 June to 20 June)
1 8 20 31 10 2 4 76
1 1 3 1 1 7
4 2 4 35 52 14 2 113

4 3 2 1 10
213

1 2 1 4
1 1
1 1

o 6 0 2 17 63 88 29 4 5 1 0 0 215

~ IlId I IlIe I IVa I Va I Vb I Vc I Ve [:~~TI~~Total
Post-Calving Period (21 June tolS August)

3 22 2 18 1 3 1 1 51
1 1 1 1 4

2 1 63 11 34 8 2 121
I 2 6 I 4 3 1 18

1 1 2
4 1 1 6

2 1 1 4 1 9
4 2 2 0 6 100 15 58 2 15 2 4 1 211

w
w
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Table 6. Hierarchical vegetation categories in the Badami area based on Walker's (1983)
vegetation classification.

LEVEL A
Small-Scale

Units

A. Water

B. Wet Tundra

C. Moist
Tundra

LEVELB
Landsat-Scale

Units

I. Water

II. Very Wet Tundra

III. Wet Tundra

IV. Moist/Wet
Tundra Complex

V. Moist or Dry
Tundra

LEVELC
Photo-Interpreted

Map Units

la. Water (ponds, lakes,
rivers, streams, saltwater)

nb, Aquatic Graminoid
Tundra (emergent
vegetation)

IId. Water/Tundra Complex
(pond complex with
emergent vegetation)

IIIa. Wet Sedge Tundra

IIIb. Wet Graminoid Tundra
(wet saline tundra,
saltmarsh)

IIIe. Wet Sedge
Tundra/Water Complex
(pond complex, no emergent
vegetation)

IIId. Wet Sedge/Moist
Sedge, Dwarf Shrub Tundra
Complex (wet patterned
ground complex)

IIIe. Wet Sedge/Moist
Sedge/Barren complex (wet
frost-scar tundra complex)

IVa. Moist Sedge, Dwarf
Shrub/Wet Graminoid
Tundra Complex (moist
patterned ground complex)

Va. Moist Sedge, Dwarf
Shrub Tundra
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LEVELD
Typical Plant Communities

No vegetation

Aquatic Arctophilalu/va Grass Tundra

Aquatic Carex aquatilis Sedge Tundra

Typical communities listed in lIb, lIla, and Va

Wet Carex aquQtilis, Scorpidium scorpioides
Sedge Tundra (wettest facies of wet alkaline
tundra)

Wet Carex aqua/ilis, Eriophofum angustifolium,
Pedicularis sude/tea, Drepanocladus brevi/olius
Sedge Tundra (wet alkaline tundra)

Wet Eriophorum angusllfoLium, Dupontia
fisheri, Campy/ium stellatum Graminoid Tundra
(wet acidic tundra, coastal areas)

Wet Carex subspathacea, Puccinellia
phryganodes, Stellaria humifusa, Coehlearia
offieinalis Sedge Tundra

Typical communities listed in IlIa and Va

Typical communities listed in IlIa and Va, and
sometimes lIb

Typical communities listed in IlIa, Va and Ve

Typical communities listed in IlIa and Va

Moist Carex bigelowii, Eriophorum
angustl/olium, Dryas integrifolia, Salix
reticulala, Tomenthypnum nitens, Thamnolia
subullformis Sedge, Dwarf Shrub Tundra (moist
alkaline tundra)

Moist Luzula arctiea, Poa arctica, Saxifraga
eernua, Salix pJanijoLia, Dicranum eLongatum,
OchroJechia frigida Graminoid, Dwarf Shrub,
Crustose Lichen Tundra (moist acidic tundra)



Table 6. Continued

LEVEL A
Small-Scale

Units

C. Moist
Tundra
(continued)

E. Partially
Vegetated and
Barren

LEVELB
Landsat-Scale

Units

V. Moist or Dry
Tundra
(continued)

IX. Partially
Vegetated

LEVELC
Photo-Interpreted

Map Units

Va. Moist Sedge, Dwarf
Shrub Tundra (continued)

v c. Dry, Dwarf Shrub,
Crustose Lichen Tundra
(Dryas tundra, pingos, river
bars)

Vd. Dry, Dwarf Shrub,
Fruticose Lichen Tundra
(dry acidic tundra)

Ve. Moist Graminoid, Dwarf
Shrub Tundra/Barren
Complex (frost-scar tundra
complex)

TXb. Dry Barren/Dwarf
Shrub, Forb Grass Complex
(forb rich river bars)

rXe. Dry Barren/Grass
Complex (coastal sand dune
grassland)

IXf. Dry Barren/Dwarf
Shrub Grass complex (sand
dune steppe)

rXh. Wet Barren/Wet Sedge
Tundra Complex
(barren/saline tundra
complex, saltmarsh)
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Moist Carex aquatilis, Eriophorum
angustifolium, Salix planifo/ta, Campy/tum
stellatum Sedge, Dwarf Shrub Tundra (moist
acidic tundra, wetter facies)

Dry Dryas integrifolia, Carex rupestris,
Oxytropis nigrescens, Salix reticulata, Ditrichum
flexicaule, Lecanora epibyron Dwarf Shrub,
Forb, Crustose Lichen Tundra (Dryas tundra,
pingos)

Dry Dryas integrlfolia, Astragalus a/pinus,
Oxytropis borealis, Salix reticulata, Distichium
capillaceum, Lecanoro epibyron Dwarf Shrub,
Forb, Crustose Lichen Tundra (Dryas tundra,
river bars)

Dry Salix rotundifolio, Pedicularis kanei, Luzula
arctica, Ploytichum sp., Alectoria nigricans,
Cetraria islandica Dwarf Shrub, Fruticose
Lichen Tundra (dry acidic tundra near coast)

Typical communities listed in Va plus either
completely barren frost scars or communities
such as: Dry Saxifraga oppositifoLia, Dryas
integrlfoLia, Chrysanthemum integrifolium,
Juncus biglumis, Arctagrostis latifolia,
Ochrolechiafrigida Barren (alkaline frost scars)

Typical communities listed in Vc, and mixed
forb, grass and dwarf shrub communities such
as:

Dry Bromus pumpeLlianus, Festuca rubra,
Astragalus alpinus, Androsace chamaejasme,
Salix ovalifolia Grass, Forb, Dwarf Shrub
Tundra (forb rich river bars)

Dry Dryas integrifolia, A rtemisia borealis, A.
glomerata, Salix ovalifolia, Androsace
chamaejasme Dwarf Shrub, Forb Tundra (Dryas
river bars near arctic coast)

Dry Elymus arenarius Grass Tundra (coastal
sand dune grassland)

Dry Artemisia borealis, A. glomerata,
Deschampsia caespitosa, Trisetum spicatum
DwarfShruh, Grass Tundra (sand dune steppe)

Typical communities listed in TIlb



Table 6. Continued

LEVEL A
Small-Scale

Units

E. Partially
Vegetated and
Barren
(continued)

LEVELB
Landsat-Scale

Units

IX. Partially
Vegetated
(continued)

X. Light- colored
Barrens (ground
cover <30%)

XI. Dark~colored
Barrens (ground
cover <30%)

LEVELC
Photo-Interpreted

Map Units

IXi. Dry Barren/Forb,
Graminoid Complex (coastal
barrens)

Xa. River Gravels

Xc. Barren Gravel Outcrops

Xe. Gravel Roads and Pads

XIa. Wet Mud (drained
lakes and ponds)

Xlc. Bare Peat (mostly
barren coastal areas caused
by storm surges)
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Dry Cochlearia officinalis, Stellaria humifusa,
Puccinellia phryganodes, P. andersoni/, Salix
ovalifolia, Potentilla puichella Forb, Graminoid
Tundra (coastal saline barrens)

Completely barren or with communities listed
under IXb and IXe.

Typical communities listed under Vd or IXe or
the following among many others;

Dry Dryas octopetala, Lupinus arcticus,
Potentilla biflora, Smelowski ca£vcina,Saxifraga
tricusoidata, Salix phlebophylla, Silene acautis
Dwarf Shrub Barren (gravel outcrops)

Completely barren or partially vegetated with
communities similar to IXb and IXc.

Completely barren or occasionally wtih
colonizing species such as Deschampsia
caespitosa and Senecio congestus.

Completely barren or with sparse communities
similar to IIIa, Va, and lXi.



Table 7. Caribou numbers within the coastal 1- to 4"km interval and the inland 5- to 8-km interval from the Beaufort Sea coast
for the Badami and Bullen Point to Staines River study areas, Alaska, based on aerial survey data, summer 1999. No
appropriate paired Bullen to Staines River flight was available for the 20 June 1999 Badami area survey.

Badami Bullen to Staines

1- to 4_kma 5- to 8-km Total 1- to 4_kma 5- to 8-km Total
Flight I (15 June) 4 7% 56 93% 60 Flight I (14 June) 41 24% 128 76% 169

Flight 3 (26 June)
347 23% 1142 77% 1489

Flight 3 (25 June)
156 42% 215 58% 371

Flight 4 (I July)
1271 39% 1969 61% 3240

Flight 4 (29 June)
525 40% 772 60% 1297

Flight 5 (8 July)
1251 46% 1445 54% 2696

Flight 5 (9 July)
0 0% 0 0% 0

L>j 10 100% 0 0% 10 76 60% 51 40% 127
---.l Flight 6 (17 July) Flight 6 (15 July)

Flight 7 (19 July)
79 31% 176 69% 255

Flight 7 (18 July)
0 0% 3 100% 3

"Wilcoxon Signed Rank Test--paired non-parametric (Normal approx. = 0.839, Sum negative = -6.00,
Sum positive = 15.00, n = 6, P = 0.4017)

Mann-Whitney U--rank sum test (U = 21.00, n = 12, P = 0.6889)



Table 8. Caribou density 1 km north ofthe Badami pipeline by pipeline segment, before and after winter 1997-1998 construction of the Badami pipeline, based on 1994
to 1999 aerial survey data, Badami study area, Alaska.

Pipe Segment 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22

Segment Area (km2) 2.90 2.07 1.73 1.78 1.74 2.09 1.89 1.78 1.56 1.86 1.81 1.68 1.62 1.68 1.64 1.63 1.62 1.62 1.61 1.72 1.58 1.74

Water Area (km 2
) 0.34 0.85 019 0.20 076 0.32 0.25 0.37 018 0.19 0.25 0.53 065 030 078 0.59 0.32 0.18 019 003 0,15 007

Land Area (km 2
) 2.56 1.22 1.55 1.59 0.97 1.78 1.64 1.41 1.38 1.67 1.56 1.15 0.97 139 0.86 1.05 130 1.44 1.42 1.69 1.42 1.67

Pre-Construction
1994 Survey Data (10 Flights)
Mean Caribou 1.7 01 0.1 0 0.3 0.2 0.1 0.1 0 0.5 0 a 4.4 0 0 0 0 0.3 0 0 0 0

Mean Density (No/km
2

) 0.66 008 0.06 000 0.31 0.11 006 0.07 000 0.30 000 000 4.52 000 0.00 000 0.00 0.21 000 0.00 0.00 000

Total Caribou 17 t I 0 3 2 I I 0 5 0 0 44 0 0 0 0 3 0 0 0 0
Number of Groups 3 1 I 0 2 1 I I 0 3 0 0 1 0 0 0 0 I 0 0 0 0

1995 Survey Data (6 Flights)

Mean Caribou a 0 0 0 0.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6.66 65.83 0

Mean Density (No/km2) 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.94 46.21 0.00

Total Caribou 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 395 0

Number of Groups 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 I 0
w
00

1997 Survey Data (3 Flights)

Mean Caribou 0 0 0 0 0 0 1.66 0 0.33 0 0 0 0 0.66 1 0 0 0 0 0.33 0 0

Mean Density (No/km
2

) 0.00 0.00 0.00 0.00 0.00 000 1.01 0.00 0.24 0.00 000 0.00 0.00 048 1.16 0.00 000 0.00 0.00 0.20 0.00 000

Total Caribou 0 0 0 0 0 0 5 0 I 0 0 0 0 2 3 0 0 0 0 1 0 0

Number of Groups 0 0 0 0 0 0 I 0 1 0 0 0 0 I I 0 0 0 0 1 0 0

Post-Construction
1998 Survey Data (7 Flights)

Mean Caribou 26.28 6 0 0.14 0.14 0 0 0.14 0 0 0 0 0.29 0 0 0 0 0 0 0 0 0

Mean Density (Nolkm 2
) 1026 4.91 0.00 009 0.14 0.00 0.00 0.10 000 0.00 0.00 000 0.30 0.00 000 0.00 0.00 0.00 0.00 000 0.00 000

Total Caribou 184 42 0 I 1 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0

Number of Groups 5 2 0 I 1 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0

1999 Survey Data (7 Flights)

Mean Caribou 0.14 42.14 0 3.86 014 1.14 1.86 4.14 0 0 0.71 0 0 0 0 243 0.14 3 0.14 0 0 0

Mean Density (Nolkm 2
) 0.05 34,50 000 2.43 0.14 0.64 1.13 2.93 0.00 0.00 046 0.00 0.00 000 0.00 2.32 O.ll 208 010 0.00 000 0.00

Total Caribou I 295 0 27 1 8 13 29 0 0 5 0 0 0 0 17 I 21 1 0 0 0

Number of Groups I I 0 2 I I 1 3 0 0 3 0 0 0 0 2 I 1 I 0 0 a



Table 9. Caribou density 1 km south ofthe Badami pipeline by pipeline interval, before and after winter 1997-1998 construction of the Badami pipeline, based on
1994 to 1999 aerial survey data, Badami study area, Alaska.

Pipe Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Segment Area (km1
) 290 1.70 1.74 1.77 1.75 2.21 180 1.74 1.59 1.85 1.82 1.63 1.62 1.72 1.61 1.63 1.62 1.62 1.61 1.72 1.58 1.86

Water Area (km1
) 0.60 063 048 0.18 0.48 0.80 020 0.09 0.13 0.15 0.12 032 021 0.48 0.16 0.17 0.00 0.08 030 0.16 031 030

Land Area (km 2
) 2.30 1.06 1.26 1.59 1.26 1.41 1.61 166 1.47 1.70 1.69 1.31 141 1.24 1.45 1.46 1.62 1.54 1.31 1.56 1.28 156

pre-Construction

1994 Survey Data (10 Flights)

Mean CaribOLl 120 2.40 0.00 000 0.00 0.00 0.00 000 0.00 0.00 320 0.00 0.00 0.00 0.00 0.00 0.00 0.80 0.00 0.10 0.00 5.50

Mean Density (No/km 1
) 0.52 2.25 000 0.00 0.00 000 0.00 0.00 0.00 0.00 1.89 0.00 0.00 0.00 0.00 000 0.00 0.52 0.00 0.06 000 3.52

Total Caribou 12 24 0 0 0 0 0 0 0 0 32 0 0 0 0 0 0 8 0 1 0 55

Number of Groups 2 3 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 0 1 0 1

1995 Survey Data (6 Flights)

Mean CaribOll 0.00 000 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 000 000 0.00 000 000

Mean Density (Nolkm 1
) 000 0.00 000 0.00 000 000 0.00 000 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00

Total Caribou 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Number of Groups 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0

co 1997 Survey Data (3 Flights)
'0

Mean Caribou 0.00 0.00 000 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 1000

Mean Density (Nolkm 2
) 0.00 0.00 0.00 0.00 026 0.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 000 6.40

Total Caribou 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30

Number of Groups 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Post-Construction

1998 Survey Data (7 Flights)

Mean Caribou 0.57 000 0.00 3.10 0.00 102.80 0.29 0.00 014308.60 0.14 0.00 0.29 0.00 0.00 0.00 0.00 0.29 071 000 0.00 0.00

Mean Density (No/km1) 0.25 000 0.00 1.95 0.00 7289 0.18 0.00 0.1018198 0.08 000 0.21 0.00 0.00 000 0.00 0.19 0.54 0.00 0.00 000

Total Caribou 4 0 0 22 0 720 2 0 1 2160 1 0 2 0 0 0 0 2 5 0 0 0

Number of Groups I 0 0 1 0 1 I 0 1 1 I 0 2 0 0 0 0 1 1 0 0 0

1999 Survey Data (7 Flights)
Mean Caribou 029 4.28 0.29 0.00 0.43 000 0.57 0.00 0.00 0.29 0.29 0.00 0.43 0.29 0.00 5.28 100 4.71 0.00 0.29 7.14 000

Mean Density (No/km1
) 013 4.02 0.23 0.00 0.14 0.00 0.15 0.00 0.00 0.17 0.17 0.00 0.10 0.23 0.00 361 0.62 306 0.00 0.19 5.60 0.00

Total Caribou 2 30 2 0 3 a 4 0 0 2 2 0 3 2 0 37 7 33 0 2 50 0

Number of Groups 1 I 1 0 2 0 2 0 0 1 1 0 I I 0 3 2 3 0 2 I 0



Table 10. Habitat by pipeline segment within 500 m north and south ofthe Badami pipeline based on LandSat babitat mapping (Walker and Acevedo 1987).

111. Moist IV. Moist
11. Wet or Dry Herbaceous,

Herbaceous Herbaceous Mixed-Shrub VI. Sparse
l. Water Tundra Tundra Tundra V. Shrubland Vegetation V11. Barren Total Area

Segment (km') %Area (km') %Area (km') %Area (km') %Area (km') %Area (km') %Area (km') %Area (km')
1 0.86 28.8% 1.41 47.2% 0.48 15.9% 0.00 0.0% 0.19 6.5% 0.05 1.7% 3.00

2 0.44 23.8% 0.44 23.8% 0.12 6.6% 0.00 0.0% 0.18 9.6% 0.67 36.3% 1.84
3 0.50 28.6% 0.52 30.0% 0.66 37.6% 0.00 0.0% 0.02 1.0% 0.05 2.8% 1.74
4 0.24 13.5% 0.91 51.3% 0.63 35.2% 0.00 0.0% 0.0% 0.0% 1.78
5 0.53 30.7% 0.94 54.1% 0.26 15.2% 0.00 0.0% 0.0% 0.0% 1.74

6 0.60 27.3% 1.09 50.2% 0.49 22.5% 0.00 0.0% 0.0% 0.0% 2.18

7 0.35 19.2% 0.68 37.4% 0.78 43.3% 0.00 0.00 0.0% 0.0% 0.0% 1.81

8 0.19 10.7% 0.36 20.6% 1.12 63.6% 0.09 0.05 0.0% 0.00 0.1% 0.0% 1.77

9 0.28 17.8% 0.45 28.5% 0.82 52.3% 0.02 0.01 0.0% 0.00 0.1% 0.00 0.0% 1.57
.". 10 0.25 13.4% 0.61 32.7% 0.65 34.7% 0.03 0.02 0.0% 0.07 3.7% 0.26 13.9% 1.87
0

11 0.15 8.5% 0.64 35.6% 0.93 51.2% 0.08 0.05 0.0% 0.0% 0.0% 1.81
12 0.37 22.1% 0.96 58.1% 0.33 19.7% 0.00 0.00 0.0% 0.0% 0.0% 1.66

13 0.36 22.1% 0.75 46.3% 0.51 31.4% 0.00 0.00 0.0% 0.0% 0.0% 1.62
14 0.49 29.0% 1.00 58.4% 0.21 12.5% 0.00 0.0% 0.0% 0.0% 1.70

15 0.54 33.0% 0.74 45.4% 0.35 21.6% 0.00 0.0% 0.0% 0.0% 1.63

16 0.23 13.9% 1.10 67.5% 0.30 18.6% 0.00 0.00 0.0% 0.0% 0.0% 1.63

17 0.32 19.7% 0.29 18.2% 0.90 55.2% 0.09 0.06 0.01 0.5% 0.01 0.8% 0.0% 1.62

18 0.07 4.6% 0.37 22.5% 1.01 62.4% 0.03 0.02 0.0% 0.03 1.9% 0.11 7.1% 1.62

19 0.21 13.2% 0.45 28.0% 0.55 34.2% 0.01 0.01 0.0% 0.11 6.6% 0.28 17.1% 1.62

20 0.07 4.1% 0.74 43.0% 0.71 41.2% 0.02 0.01 0.0% 0.05 2.9% 0.13 7.8% 1.73

21 0.34 21.7% 0.81 51.3% 0.40 25.1% 0.01 0.01 0.0% 0.01 0.6% 0.01 0.5% 1.58

22 0.22 11.6% 0.67 35.5% 1.00 52.7% 0.00 0.00 0.0% 0.0% 0.00 0.0% 1.89

Total 7.61 19.3% 15.95 40.5% 13.21 33.5% 0.40 1.0% 0.01 0.0% 0.67 1.7% 1.56 4.0% 39.41
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Distribution of caribou observed in
the Badami study area, Alaska, on
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Distribution of caribou observed in
the Badami study area, Alaska, on
1 July 1999.
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Figure A-5

Distribution of caribou observed in
the Badami study area, Alaska, on
8 July 1999.
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Figure A-6

Distribution of caribou observed in
the Badami study area, Alaska, on
17 July 1999.
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Distribution of caribou observed in
the Badami study area, Alaska, on
19 July 1999.
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Figure A-8
Distribution of large mammals, other
than caribou, observed in the Badami
study area, Alaska, between 15 June
and J9 July J999.
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Table A-1. Caribou (ca) sightings in the Badami study area, Alaska, summer 1999. Coordinates are longitude, latitude, and
datum is WGS 1984. Time is Alaska Daylight Savings Time. See Table 6 for habitat code definitions.

; LongitudeOW : LatitudeON Date i Time ADST I Flight I Attribute! Species IBuDs I Cows! Calves I Unclass i Total I Behavior i Habitat i Direction i
, ..J.4~?~~~69 938640 , 15.)un.99, 101455 I I I I cu: 0 II 0 I 0 L_3_I,_3_~'--,-noveJ~a._L ..1'I~JI,
1147023921 6999153015·)un·99 101659: I I 2 cu j O! 2! I [ 0 I 3~,Va ! , i
,1~49 70 002070 15~Jun~99 10 17 23 I I 3 ca O! 0 I 0' i 6~! 6--l----!~~~I-~-\L~ i :

~
47026160 : 70024020 115.)un-99 ~~I 1 I I 4 ca' 0 i, 0 ~~ 4 -4~-1 tfe;j',I-jIE1T---

1470iim3l 70062070 I 15·)un-99 10 1936 ' I i 5 ell O! I I, 0_ 2 1 rest i Vb 1
IY7.017544 ! 70.070210 I 15 w Jun-99 I 10'19.55 r I 6 ca 0 i 0 ,0 I: I i feed i Ve I
i 147.049889 I 70.086870 I 15-)un-99~26'20 I 7 ca 0 I I I 0 I 0 , I I I 1 ! i
1"-147.046620 I 70.076540-' 15')"',,-99! 10,26:42 I 8 ca 0 5 1 1 0 I 6 1_ feed -t,IlI~,' 1

1

, 147.068299 70.047750 I 15·)un-991 10:27:43 I 9 ca I 0 i 2 1 0 I 0 __2_ feed .JIla_L
f--t47:051887 69.987650' 15·)UJ'::W 10:29:51 ! I ! 10 ca 0: 0 0 ~ 2 i J. I I

147.054866 69.9839~0 15.)uo.99 10:29:59 I I II' ca 1 0 0 0' 4 4 i feed i==:±IlIa
,147.092870 69.903490 15-)un-99 10:33:43 I I I 12 ca 0 2 0 0 2 I 1_ '" I

r"'l47:iJ82~ 69.928390 15.)uo.9900:34:40 I I 13 ca I 0 0 0 2 2 feed- Ve __I
l..I47.113449 170.016310,15')"".991 10:38:02 I 14 ca 0 2 2 0 4 feed_ ..~b~-----.J
I 147.083926 1 70.025280: 15.)un.99! 10:38:23 I 15 ca 0 9 0 0 9 rest Va 1

'147.097149 70.034820 15·)uo·99 10:38:45 ,I 16 ca 0Tl" 1 I . 3 rest Vc
~147.106031 70,108440 1 15·)un-99 10:41:36 II! 17 ca 0 i I 0 0 I .
_.147.148483 70.036940 115,)ul1-99 10:48:40 I I 18 ca 0 2 1 0 3 ---!'---cc",+---I

147.119649 70.014720 i 15-1un-99 10:49:26 I, I 19 ca 0 0 0 25 ...25.J_':est._!~~IJ_+ __-.-j

147.140447 69.982950; 15,)ul1-99 10:50:33! I 20 II ca 0 3 0 0 -.2...I.--.l...... .i
147.124777 I 69.959~~ 15-Jun-99I 10:~1:21 ! 1 i 21 ea 0: 12! ~__2_~J__~~_-l~b. __i__. 'I'
147.131493 69.923170 15..1un~:52:39 ~ I ! 22 1 ca 3 0' 0 7' 10 I re.s~ 1 Va.....!
147.196090 70.003740 15-1uo-991 10:57:23 I 1 23 1 ca 0 0 ~--.g..... _6--1 6 i «s'=Rvc j 1

147.190713 70.033290 15·)un-99I 10:58:34 I 24 ca I 0 0 2'--1 3 ~ feed . va_I I

~~I?5J..!l..I.. 170~UI1.99!.Il:00:11, I I 25 ca 2 0 0 II 13 feed Va-j. I
147.1979~ffio,073240 w's.::)U11.99T 11:12:37 L I ! 27 ca 0 3 0 I ~_f-feed I Va i !

.., 147.202120 70.063780! 15.)un'99!~12c~L...l_28 ca 0 I I 0 I 2 3 i feed i~ I
~147.2279~? 70.044680 i 15-Jun-9?J II:13'36~ I i 29 i etti0 ! 4 i31 0 _.....;..~_-"-a~n_ i_,Va I ~I
' 147.209696 170.034290' 15,)ul1.99I 11:13:57a=±' 30 I ca 0 I 4 '2 0 _I.._~_i -1- r----
~2322019-~ 70.005270 15')UnJ~~ 11:14:57 I 31, ca 0.1 0 0 2! 2 !-~:=I_ 1----"

rl:;;:~~~~-I ~;c;l~:;~ ~~:j~0;;i--:::~~r~=-T=[~;;'-4~-~-[Ij ~ f'~' r-:-----:-..-~-~---·I
[147.257s53....·f]D:03i560;I5:)un.991 ....TEf:85' I I 34 1 ca 0 3 0 L..D......J........ ~=~,'-' _I __:1'

. 147.?53306 _ 70.0385~o::r1s:jul1.99r=li:24:1 I tT-l 35 I ca 0 0 -0-, 4~~r :I:':"'-
_147.~1738~09~2}OiI5.JunJ9L 11:3510 i-11 36 ca I 0 0 4 I 5 ' 1==--=-'1-== 1

147.310037 i 69.932310 15-Jti',:99L.J.I:4049 I I 37 ca 0 I 'I 0 0 1""1 ...J
1 ...I£.1~59633....j_7.Q,010200 15')lUl.9,'J..J_II:47:55 1 I 1 39 ca 0 I I 0 2 _I~ feed "'Vb~--,
I 147331689 ; 70063440 15·Jl1n-99, 1150iJ2T 1 i 40 ea ~I_ 1----;-0 0 1 _~_ rest I-Vc-'---~I

':~;;~~;;8if~;;~;~~~;~~;i-::·:;~}n : : :l I:: ~ fm~, ~ -~~~---:-i=..==C~ i~'=i
::;~~~~lHH~:~_::jJ:~;:*F~t:r~~·~i-:-I, :~~: ~ i ~ ~ 1 ~ , ~ :;~~~..~L~z-=:I--- I

I- ~42.~0'±~83 1 ?0~70859~!un-92~1~~593-9 -1-1- i--46~-en--0l-12- 4 I 0 ! 16 ! ~ t~__~_
~_I±2 3Z~~~9 J)O 06254~~~:J11~-~ 1! 59]6~~~ 1 r- ~Z_~~-_· I 0 ! 12! 2 P_=[]4.J~~~est~ ~b J _ ~~'

=-::~~;}~~~-'-~~~;~~~I_:..:;I:~:;~: ~H~lh :~~ :f-+",,*,-rl--~i ~-:_1~-:':': -t=;_-=~~rest-= ...Jb _~__'
147385841'....69!)5588~+I5.)un.99 .....I.?.0336 LJ.. ..i_so_I_'''--:_O I 1..._.. O.~_, _~ .. _ "._ _~ ..~~'
1'!J39192?._.6..99Is,J20 i_15.1ull:99__.I.?050!..J .J_J__51_i.....ca...~_L_c~O ~~O~...r.~_~_~_ .. I .._~_ .. __
147447660 69 945690 15~JL1n~99 120737 I 1 I 52 J ea 0 0 0 8 8 I rest ! Vb I

147450159-69.95952015,)ull·99 "12:08:09- -I-r---sJ-,c';--O-': 0 , 0 : 4 r 4"T--" - --- - ---
- -..-.----.-----, -----.- ,.-.~--_.,•..._ .. ,-.. - --.--.-.-.'. ~-'~------'---'-'-----~' ---··-L..----,--·-----'-------i---,-~~----_____1-~-·--·-· - _.~__, _

147.438586 69.962300 15-)un·99' 12:08:16 , 1, 54 I co , 4 ' 0 " 0 , 0" i 4 I

,-----:-·~:·1Ii~l,f--··~:-~·6~~¥~~~-·~qIl{::~~~; ~--~;+~~~~=-=~+=~~:--.~--~{·-·-t"-.~: =~~--I -~---~~~r=~~--~~-~.- =~---~~==~~;~~
[4?:~?l~~-(~'~Q~ (b-~_~j6.: _~;Jlll~:~?- _- _~~(~-i 3-j?-_-~~=}.~_-·.~·~----57- ··:-~·~·i~._:=_~=-jC~·--~C-==- ~ __._.:..~-=6-·- _:~ - 1.,1 _
147.430790 70.1191 JO 15-Jun-99 12:14:28 1 58 ea 0 I I 0 2 -- ---,-,...----------..

147:44"1724--" --70. i23520 15-.1un-99 --1-2:T(~8~_~~~T~=:.:~~_~-5~__-=~ca_.~:_~~O:_J __()"'-··----O-_ ~:J~~:.T~~_T--~i_·:~_~·=_--trot--~:j=~.Y:;! __~=..-.=S_~=
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Table A-I. Continued
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Table A-I. Continued
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Table A-I. Continued

i LongitudeoW ~ LatitudeON I Date 'Time ADST.I Flight i Attribute! Species I Bulls I Cows! Calves i Unciass ! Total i Behavior i Habitat [ Direction I

147.575050 I 69.9762901 19-Jul::!!!'...:-I5:4~13 : 7 : 46 : c. ' 3 ' 0 ' 0 i 2 t'~L --l_~__'. :
i 147.569463 170.032610, 19-Jul-99' 15:45:2~'1'~ 47 i c. 0 1 ~1_Lo.__2_L.reed-.J_Va ,-------1

I
147.620081 ,69.945670 I 19-Jul-92_LJ~Il5}~_~~--.J ca 0 I; 0 '__0 _'_U L-----=1 '

, 147.695461 : 70,021360, 19-Jul-991 16:30:54 , 7 '" 49 1 c. I 0 !~i-I I ------J.--~i i
; 1~7 .. 793889 i 70.1140~lli?--=:!~d-991 16:42:27 ! 7 I, 50 I ca 0 1 \ 0 i 0 P=f- move I, IVA:. "
! 147.794209 : 69.908280 19-Jul-99, 16:49:16 '7----r-51 ca O. 1 1 0 i O---.J 1 . , , i

1147.8401'6717'6'13654°' 19-JUI-99Tis:2iJ:1ij=::t=1 52 ! ca 2 I 5 , 0 I 2 I 9 L I V_a_ -I

.1

' .147.908444 i 70.293590 : 19-1ul-99 i 18:47:44 ' 7 i 53 i ca , 0 liT 0Ho 1 I stand :_~l__--.-J
147.928246 L70.210140: 19-1ul-99 I 18:~2:04 ! 7 L 54 1 ca I 2 1 0 : 0_ IJ...J_2_! -+1 : i
~4057 i 70.295980 i 19-J"I-991 19:21:29 7 i 55 1 ca '~~~ 0 ' 2 treed 111<1 I j

; 148.010449 ' 70.256950 i 19-Jul-99' 19:22:51 7 i 56 ',c, I i 0 I 0 1 0 Ii-r-teed \ XI. '

n-=.48.007650 I 70.2093201 19-J"I:9i.L.19:24:32 i 7 i 57 i ca 0 ,~~ I I I""TT.!·teeu.._~.
I 148.035304 I 70.0201901 19-Jul-99 I 19:31:05 I 7 I 58 I ca 0 I..J...J~ 0 I 2 1 I ,---I
!l48.057604 I 70.285480 , 19-Jul-99! 19:50:23 I 7 I 59 I ca I I 0 1 0 i 0 r-i-----r---i~~----I
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Table A-2. Muskoxen (mx), grizzly bear (bb), moose (ms), and wolf (wo) sightings in the Badami study area, Alaska, summer 1999. Coordinates
are longitude, latitude, and datum is WGS ]984. Time is A]aska Daylight Savings Time. See Table 6 for habitat code definitions.

i Longitude oW ! Latitude oN i Date jTime I Flight! Attribute Species i Bulls Cows ICalves IUnclass!TotallBehaviorj Habitat IDirection!

I 142.341003 1 6.9})3~250 I 15-Jun:99_~~4:53 __I_I 38 . __~J_2__~ I 0 0 j -2._L _ __I .__
i 147.671964 ' 70.040430 1 ]5-Jun-99 ]3:21:18 1 j- 95 mx I 0 0 0 16~~.-e---
[·-i~8_.6813_0r·l· ~0.~~9410 J 15-JU,:-~~ 16:15:22~._~ mx 0.__ 4 4 10 - 18 - ~ed I--V-;;-T-.·.·.·.-.. ··.--

i 147.443703 _I..22..01~7~2. _~2:!u;;:99TD:16:54...2 ~. bb 0 0 0 _ 1 __1 - f.ee_~-::-,:--v.a-....r...._-.....
I 148.047547 [ 70.167170 ! 20-Ju~:59:09 2 46 I mx 0 0 0 ----U;' 16 . 1-" ._,
I. 1~7.~~~839.i .69.927740+'~6-Jun-99 11:28~%~~- . 39' ms . 2' 0 0 0 ~tf~~':--VGI-=---=_~~
11~7.:4200~6 ! 6Sl~908~~2.26~LIl!2~29 11:48:47 3 48 ._bb 0 0 0 2 2 I ~~ .__ ._
I 142.8260211 72·3~9~92 ..3?-Jun-99 13:35:23 3 . 107 mx 0 4 4.~--~J stan~.__ Xe j

I

147.232597 I 69.946523 I-Jul-99 11:04:05~ 6 wo 0 0 I 0 1 1 run Va W

' ..•. -.1.±?-2682~3[69 ...:.~2?±~~I l-Jul-99 113:40:03+ 4--::-
r

----ss--! bb 0 I 0 1 0 1 . 1 feed- ----vb~=----=-~-l~·
1.147.749300 [69.960730 l-Lu~~99 1D:41:22 4 56.1 mx 0 0 0 2'~ stand VC
·1_~~~:970~OOI69.9002~2.1 I-Jul-99 16:27:27 4 27 mx 0 0 3 14 ]7. feed Va -----_=_.
I 147283699U2·9~7~8.2..t~-Jul-99 12:32:05 5 3 r bb 0 0 0 1 1 m?ve. 1-'_- __ W
. 147.482576 r69.921760 8-Jul-99 13:20:15 5 5"1 IDS 0 2 0 0 2 rest Va .__...

I·· }:~~~1f~l:;~:~~~~:~·: 18;~~~~:9 ~::~~:~~I--4 I' ~: ~ ~~ '-I'-~' ~ ~ ~ ~ ~~~e '-~'~=F:~"
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Table A-3. Opportunistic caribou (ca) sightings outside the Badami study area, Alaska, summer 1999. Coordinates are longitude,
latitude, and datum is was 1984. Time is Alaska Daylight Savings Time. See Table 6 for habitat code definitions.

Longitude oW [Latitude oN I Date
I

Time IFlight 1Attribute 1Species 1Bulls i Cows: Calves Unciass Total Behavior! Habitat IDirection
147.092870 , 69.903490 r 15-Jun-99 10:33:43 1 12 B 2 0 0 2

-Vb-r=--=147.92675°1 69.902870 15-Jun-99 15:34:54 55- --
I ca 5 0 0 6 11 feed

-----r- .-
147_9659191 69.902450f5=ju~-99 15:35:35 1 56 ca 1 14 0 0 15

----..

::;:;7~l-~rr~~:!~~~~~~~~~~::~H~:~~:~; I

2 60 ca 0 1 0 0 1

1 101 -T--~
~-----_.,--

7 8 ca 2 4 4 0
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MOSQUITO AND OESTRID ACTIVITY INDICES



Appendix B. Mosquito and Oestrid Activity Indices

Mosquito Activity Index (Russell et aI. 1993)

IF temperature >18 °C THEN TIm = 1
IF temperature <6°C THEN TIm = 0
TIm = 1-((l8-temperature)/13)
IF wind >6 mps then WIm = 0
WIm = (6-wind)/6

then 1m = TIm x WIm

where:
TIm = Temperature Index for Mosquitoes
WIm = Wind Index for Mosquitoes

then 1m = Mosquito Activity Index

These parameters were translated into IF statements for TIm and WIm with inputs as follows:

TIm =IF (Th <6, 0, IF(Th > 18, 1, (1-((18-Th)/13))))
WIm = IF (Vh >6,0, ((6-Vh)/6))

then 1m = TIm x Wim

where:
Th = Temperature in °C recorded hourly at Deadhorse Weather Station
Vh = Wind velocity in mps recorded hourly at Deadhorse Weather Station

Syntax is: IF (logical test, value if true, value if false)

Oestrid Fly Activity Index (after MorscheI1999):

e( -2.9646+0. I66xTemp-0. 195 IxWind)

y = 1+ e(-2.9646+0.166xTemp-0.195IxWind)

where:

y = Estimated probability of oestrid fly presence (between 0 and 1)
Temp = Temperature in °C recorded hourly at Deadhorse Weather Station
Wind = Wind speed in mps recorded hourly at Deadhorse Weather Station

The oestrid fly activity index (y) predicts presence/absence of oestrid flies with 83% reliability.
Oestrid flies were considered present wheny was ~ 0.4
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Table B-1. Daily average temperature and wind velocity recorded at the Deadhorse Weather Station
(ASCC 1999), with tabulations of hourly mosquito (Russel et al. 1993) and oestrid activity
indices (Miirschel 1999) and mean number of mosquitoes collected during sweep net sampling.

Mosquito Index Oestrid Index

Mean Number of Number of Number of Number of
Temperature Mean Wind Records Records Mosq. Records Records

Date (0C) n Speed (mps) n <0.5 :::0.5 No. <0.4 :::0.4
1-May-99 -7.56 27 4.05 34 27 0 N/A 27 0
2-May-99 -8.75 12 9.12 12 12 0 N/A 12 0
3-May-99 -12.69 26 9.88 26 26 0 N/A 26 0
4-May-99 -14.29 24 7.88 24 24 0 N/A 24 0
5-May-99 -10.73 30 4.83 32 30 0 N/A 30 0
6-May-99 -9.13 30 2.86 32 30 0 N/A 30 0
7-May-99 -7.75 28 3.60 28 28 0 N/A 28 0
8-May-99 -6.14 29 3.30 31 29 0 N/A 29 0
9-May-99 -5.56 25 3.15 30 25 0 N/A 25 0
10-May-99 -5.91 35 8.03 37 35 0 N/A 35 0
Il-May 99 -2.48 27 7.75 27 27 0 N/A 27 0
12-May-99 -2.07 29 9.98 29 29 0 N/A 29 0
13-May-99 -2.93 29 4.71 29 29 0 N/A 29 0
14-May-99 -0.81 21 3.66 23 21 0 N/A 21 0
15-May-99 -1.04 24 3.24 24 24 0 N/A 24 0
16-May-99 -2.04 24 3.81 24 24 0 N/A 24 0
17-May 99 -7.00 27 5.65 29 27 0 N/A 27 0
18-May-99 -7.73 26 9.23 26 26 0 N/A 26 0
19-May-99 -6.42 26 10.81 26 26 0 N/A 26 0
20-May-99 -5.74 27 9.52 27 27 0 N/A 27 0
21-May-99 -5.52 25 6.70 25 25 0 N/A 25 0
22-May-99 -4.23 21 4.13 26 20 0 N/A 20 0
23-May-99 -4.12 25 2.61 29 25 0 N/A 25 0
24-May-99 -3.52 27 8.57 27 27 0 N/A 27 0
25-May-99 -4.36 25 9.52 25 25 0 N/A 25 0
26-May-99 -4.23 26 11.01 26 26 0 N/A 26 0
27-May-99 -2.00 29 7.67 29 29 0 N/A 29 0
28-May-99 -0.36 25 3.56 29 25 0 NlA 25 0
29-May-99 -1.34 29 5.11 30 29 0 N/A 29 0
30-May-99 -2.08 24 7.73 24 24 0 N/A 24 0
31-May-99 -0.61 31 2.77 34 31 0 N/A 31 0
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Table B-1. Continued.

Mosquito Index Oestrid Index
Mean Number of Number of Number of Number of

Temperature Mean Wind Records Records Mosq. Records Records
Date (OC) n Speed (mps) n <0.5 20.5 No. <0.4 20.4

I-Joo-99 -0.58 31 7.56 32 31 0 N/A 31 0
2-Jun-99 -0.53 17 6.29 27 17 0 N/A 17 0
3-Joo-99 0.06 33 3.59 34 33 0 N/A 33 0
4-Jun-99 -0.07 29 5.84 29 29 0 N/A 29 0
5-Jun-99 -0.32 28 4.98 28 28 0 N/A 28 0
6-Joo-99 -0.07 27 4.69 29 27 0 N/A 27 0
7-Jun-99 -2.07 30 7.29 30 28 0 N/A 28 0
8-Joo-99 -0.52 25 8.30 25 25 0 N/A 25 0
9-Joo-99 1.63 35 6.83 35 35 0 N/A 35 0
10-Jun-99 1.32 37 7.47 37 37 0 N/A 37 0
II-Joo-99 2.37 41 3.89 41 41 0 N/A 41 0
12-Joo-99 5.84 25 5.39 25 25 0 N/A 25 0
13-Joo-99 7.54 26 4.12 26 26 0 N/A 26 0
14-Jun-99 4.66 29 3.62 29 29 0 N/A 29 0
15-Jun-99 5.04 26 5.05 26 26 0 N/A 26 0
16-Jun-99 4.25 28 10.17 28 28 0 N/A 28 0
17-Jun-99 3.58 36 4.15 36 36 0 N/A 36 0
18-Jun-99 1.82 38 3.91 38 38 0 N/A 38 0
19-Jun-99 2.09 33 3.79 33 33 0 N/A 33 0
20-Joo-99 1.18 34 6.48 34 34 0 N/A 34 0
21-Jun-99 0.47 36 12.67 36 36 0 N/A 36 0
22-Jun-99 2.22 37 8.36 37 37 0 N/A 37 0
23-Jun-99 3.53 32 3.88 32 32 0 N/A 32 0
24-Jun-99 2.00 38 5.42 38 38 0 N/A 38 0
25-Joo-99 5.25 24 5.04 24 24 0 N/A 24 0
26-Joo-99 6.92 24 3.77 24 24 0 N/A 24 0
27-Jun-99 1.14 35 3.83 36 35 0 N/A 35 0
28-Jun-99 3.59 29 3.21 29 29 0 N/A 29 0
29-Jun-99 4.83 24 6.35 24 24 0 0 24 0
30-Jun-99 6.38 24 4.53 24 24 0 0.5 24 0
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Table B-1. Continued.

Mosquito Index Oestrid Index
Mean Number of Number of Number of Number of

Temperature Mean Wind Records Records Mosq. Records Records
Date COC) n Speed (rops) n <0.5 ~0.5 No. <0.4 ~0.4

I-Jul-99 10.79 24 4.31 24 23 1 1.5 24 0
2-Jul-99 15.91 23 3.80 23 20 3 103.3 20 3
3-Jul-99 14.21 24 3.97 24 24 0 38.5 24 0
4-Jul-99 14.63 24 5.23 24 24 0 5.62 24 0
5-Jul-99 15.17 24 4.46 24 23 1 92.9 24 0
6-Jul-99 8.83 42 5.11 42 42 0 40.0 42 0
7-Jul-99 8.30 37 2.40 38 37 0 17.6 37 0
8-Jul-99 9.16 32 2.38 32 32 0 26.9 32 0
9-Jul-99 12.00 26 3.04 26 23 3 83.1 25 1

10-Jul-99 9.20 30 4.29 30 30 0 26.5 30 0
ll-Jul-99 6.92 24 3.75 24 24 0 22.1 24 0
12-Jul-99 6.91 23 4.29 24 23 0 20 23 0
13-Jul-99 8.65 23 5.55 23 23 0 8.5 23 0
14-Jul-99 8.63 24 7.21 24 24 0 5 24 0
15-Jul-99 10.21 24 4.76 24 21 3 7.3 24 0
16-Jul-99 10.17 29 3.09 29 28 1 29.5 29 0
17-Jul-99 5.97 36 4.71 36 36 0 3.4 36 0
18-Jul-99 4.26 27 5.70 27 27 0 1.9 27 0
19-Jul-99 3.88 34 3.42 34 34 0 0 34 0
20-Jul-99 2.54 26 8.99 26 26 0 0 26 0
21-Jul-99 1.83 36 6.31 36 36 0 0 36 0
22-Jul-99 2.97 34 5.01 34 34 0 26.3 34 0
23-Jul-99 2.50 34 1.89 34 34 0 2.2 34 0
24-Jul-99 3.0 38 2.94 38 38 0 0 38 0
25-Jul-99 1.52 42 5.85 42 42 0 N/A 42 0
26-Jul-99 1.71 35 8.95 36 35 0 N/A 35 0
27-Jul-99 2.03 36 7.52 36 36 0 N/A 36 0
28-Jul-99 2.03 30 3.04 30 30 0 N/A 30 0
29-Jul-99 2.46 41 6.25 42 41 0 N/A 41 0
30-Jul-99 7.92 24 3.62 24 24 0 N/A 24 0
31-Jul-99 12.00 24 4.63 24 23 1 N/A 23 1
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Table B-1. Continued.

Mosquito Index Oestrid Index

Mean Number of Number of Number of Number of
Temperature Mean Wind Records Records Mosq. Records Records

Date (0C) n Speed (mps) n <0.5 ~0.5 No. <0.4 ~0.4

l-Aug-99 12.86 21 4.01 21 19 2 N/A 21 a
2-Aug-99 11.00 21 3.45 21 21 a N/A 21 a
3-Aug-99 7.63 32 8.05 32 32 a N/A 32 a
4-Aug-99 9.97 29 5.76 29 29 a N/A 29 a
5-Aug-99 17.42 24 4.07 24 20 4 N/A 14 10
6-Aug-99 15.73 30 3.07 32 28 2 N/A 20 10
7-Aug-99 9.52 27 5.79 27 27 a N/A 27 a
8-Aug-99 7.10 41 5.30 41 41 a N/A 41 a
9-Aug-99 9.72 43 1.91 45 43 a N/A 43 a
10-Aug-99 7.22 37 3.26 39 37 a N/A 37 a
l1-Aug-99 12.63 24 3.02 24 18 6 N/A 22 2
12-Aug-99 7.24 34 4.04 43 34 a N/A 34 a
13-Aug-99 7.13 39 2.93 39 39 a N/A 39 a
14-Aug-99 9.41 29 3.48 30 29 a N/A 29 a
15-Aug-99 7.18 39 2.00 39 39 a N/A 39 a
16-Aug-99 10.38 26 3.06 26 26 a N/A 26 a
17-Aug-99 10.98 40 6.72 41 40 a N/A 40 a
18-Aug-99 5.11 57 3.00 57 57 a N/A 57 a
19-Aug-99 3.32 34 11.91 34 34 a N/A 34 a
20-Aug-99 4.10 29 10.85 29 29 a N/A 29 a
21-Aug-99 3.18 39 8.84 44 39 a N/A 39 a
22-Aug-99 3.07 46 3.50 54 46 a N/A 46 a
23-Aug-99 3.02 44 9.74 44 44 a N/A 44 a
24-Aug-99 2.83 36 9.52 36 36 a N/A 36 a
25-Aug-99 2.55 31 4.59 31 31 a N/A 31 a
26-Aug-99 5.92 24 5.23 24 24 a N/A 24 a
27-Aug-99 2.34 41 5.58 41 41 a N/A 41 a
28-Aug-99 -0.19 31 3.73 31 31 a N/A 31 a
29-Aug-99 0.69 35 8.39 35 35 a N/A 35 a
30-Aug-99 2.25 40 6.94 40 40 a N/A 40 a
31-Aug-99 1.16 19 3.22 27 19 a N/A 19 a
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