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SUMMARY

1. The calving grounds of the Central Arctic Herd were surveyed
systematically by helicopter in June 1979, and periodic surveys along the
West Sak Road were conducted by ligbt truck during midsummer 1979.

2. The total number of caribou observed during calving in 1979 was
approximately double that in 1978, apparently due to natural variation in
tbe number of parturient cows entering the area. As in the previous year,
the overall density of calving caribou was highest west of the Kuparuk
River, with a particularly dense calving aggregation between the West Sak
Road and the Arctic Coast.

3. Relatively low pumbers of calving caribou were observed within or
neat the Prudhoe Bay Complex, reflecting continued avoidance of that area,
However, no abnormalities in sex and age representation were detectable
among caribou in the wvicinity of the West Sak Road.

4. Mean calf percentage observed from the West Sak Road between
mid-June and mid-August was representative of caribou in the general
region. B

5. Specific intervals along the West Sak Road (0-4, 16~20 km) were
identified as areas of relatively high caribou occupancy. Between-year
shifts in the location of such "anodes" of occupancy are thought to be
partly attributable to changes in the distribution of construction
activity. In general, the principal areas of caribou occupancy in both
1678 and 1979 corresponded to sites of road crossings; both tended to occur
near or within river drainages.

6. Temporal patterns of caribou occurrence along the West Sak Road
were attributed to weather-related changes in insect density.

7. Recommendations include minimizing local disturbance during the
calving apd insect periods, and maximizing crossing success through
strategic design of production pipelines.

BACKGROUND

Since the discovery of oil at Prudhoe Bay in 1967, much attention has
been focused on the effects of cilfield and industrial development on fish
and wildlife resources, and on barren-ground caribou {(Rangifer tarandus
granti} in particular. Wildlife surveys of the Central Arctic Slope
conducted in the late 1960's and early 1970's indicated that the Prudhoe
Bay region was probably within the peripheral ranges of both the Western
Arctic and Porcupine Herds, and that some 20-30,000 caribou might ecccupy
the general area during summer (Hemming 1971, Gavin 1973). After 1970,
however, the number of caribou using this area declined rapidly, te an
estimated 2,500 in 1972 (Gavin 1973). This apparent withdrawal paralleled
a decrcase in the size of the Western Arctic Herd, from 242,000 in 1970
(Hemming 1971) to 64,000 in 1976 (Davis and Valkenburg 1978). Since 1975
no large influxes from adjacent herds have been observed and it has become
clear that caribou presently ranging in the vicinity of Prudhoe Bay and
along the North Slope route of the Trans-Alaska Pipeline (TAP) constitute a
separate subpopulation, now known as the Central Arctic Herd {CAH) (Cameron




and Whitten 1879a). Although this herd bhas not been accurately ceasused,
it undoubtedly exceeds 5,000 head and has likely been increasiog slowly
since at least 1977 (Cameren and Whitten 1979b). 1

Caribou vceupancy of the Prudhoe eilfield and TAP corridor has
declined with sustaiced petroleum development. This response is primarily
a reflection of lecal asvoidance of the area by cows and calves {(Cameron st
zl. 1979, Cameron and Whitten 1988). In spite of this displacement from
previeusly occupied units of range, the herd remains moderatsly productive.
Nevertheless, existing conflicts with industrial development and the
potential for progressive disruptionm elicit 3 pumber of concerns for the
future well~beiopg of the CAM and other caribon subpopulations on the Arctic
Slope as well., Amoeng these possible conseguecces is reduced survival of
neonatal alves resuliing from disturbance-induced displacement of
parturient cows from traditiopsl calving grounds. A second major copcern
involves the potential restriction of summer movements in response to
ingect havessment, specifically the bicvenergetic ramificatrons of reduced
access to Cegstal insect relief areas. The successful mitigation of these
and other possible cvonflicts depends or the ultimate development of a basic
understanding of disturbance mechanisms, including the types and
intensities of development that constitute negative stimuli, the threshold
levels of disturbance that trigger range abandonment, the amount of
displacement tolerable before overuse of remaining vange occurs, and
whether caribon will accommodate to local disturbance over time. Despite
our present dearth of knowledge regarding these fundamental concepts,
practical short-term mitigation of existing or Iimminent prohlems will a
become possible ag relevant site-specific data are accumulated. Thus,
general criteria developed for pivelime design and placesment will hopefully
maximize physical passage of caribou, and strategic scheduling of
cepstruction arvivity should minimize disturbance-induced displacement.

Continned coordinated study, both basic and applied, will likely result in
more sperific--and perhaps more liberal--guidelines for petroizum
development on the Arvctic Slope. :

The present vesesrch program was initiasted in 1978 to address some of
these needs in the Kuparuk Development Area {XKDA}, located immediately west
of the main Prudhos Bay oilfield (Figs. 1 and 23. This new development
unit was knows to lie within an active celwviog avea and dmporiani componont
of summer ravge. We believed that detailed knowledge of regional caribeu
distribofien and movemsals would assist ip the formulation of development
practices which would accommodate rariben, hopeofully within established
zeotechnical constraints. It would also provide an opportunity to identify
and guantify the securces and chrenoicgy of locsl disturbance and the
reactions of caribou to koown stimuli. Finally, in coenjunction with
contipued monitorving of CAH status, the present program represents an
opportenity to document any related effects on population productivity.

Results of the first vear of study showed that the majority of CAH
calving cceurred within a 40-km band zlong the Arctic Oopast. The deansity
of valving caribou was highest north of the XDA and was gensvally Jowsy
hetween Prudhoe Bay and Bullen Point. The incidence of calving was
extremely low in the active ¢ilfield near Prudhoe Ray, although parturient
caws and neonabtes were shserved sonth of Lhe maisn complex. The percentage
of calves among raribou within 8 km of the West Sak Read was significantly



lower than the same percentage calculated for caribou observed at greater
distances, suggesting avoidance of the road during the calving period.

During midsummer, mean calf percentage observed from the West Sak Road
was similar to that in the surrounding region. Numerical changes in
caribou sightings were consistent with observed or predicted variations in
insect activity. Areas of highest overall carihou occupancy along the road
also accounted for the overwhelming majority of road crossings; these
"nodes" of caribou activity were all associated with stream or river
systems. )

This report describes the results of continued surveys of the CAH
calving grounds and observations along the West Sak Road in 1979. These
findings and various between-year comparisocns are considered in relation to
weather-related variables and local disturbance.

OBJECTIVES

Acceptable baseline data were obtained in 1978, and major study
objectives for 1979 were to identify and assess changes in:

1. the distribution and density of caribou calving
in the vicinity of the Kuparuk Development Area;

2. the distribution, group compositior, and movement
patterns of carxibou within the Kuparuk Development Area
during summer; and

3. the overall trends in summer distribution of caribou
west of the Kuparuk River.

METHODS

The calving grounds of the CAH were surveyed by helicopter on
11-13 June 1979 using a series of north-south transects (Fig 1). Except
for minor differences in coverage (described below), sampling methodology
was identical to that used in 1978 (Cameron and Whitten 1979c).

Caribou survey data from the West Sak Road between 26 June and
21 August, Deadhorse weather records from June through August, and
estimates of local vehicular traffic were alse obtained as in the previous

year (Cameron and Whitten 1979c).

Arca-wide sex and age composition of caribou was determined by
systematic fixed-wing surveys (Camcron and Whitten 1979a} on 25 August.

Statistical differences between expected and cbserved variations in
caribou group composition were tested by Chi-square contingency analysis;
significance was evaluated at the 95 percent confidence level.

Comparisons of 1979 data with 1978 results are based on the findings
of the First Interim Report (Cameron and Whitten 1979c).
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FINDIRGS AND DISCUSSION

Distribution and Composition During Calving

During 1979 calving ground surveys 1,923 caribou were counted;
compesition figures are listed by observation mumber in Appendix I. By
comparison, only 964 raribon were pbserved during calving surveys in 1978,
Hinor belween~year differences in survey coverage may account, in part, for
these differences in numsbers. ¥ig. 3 shows numbers of adults and calves
Tor each sureey line flown in 1979, as well as sighting rates (caribou per
kz) for those trausects spaced at regular 9.7-km intervals. The 1979
survey included two additional tramsects {1' and L") through an area of
high density calving and excluded one transect (1) which in 1978 wag within
an area of relatively low density {(see Fig. 1). Hevertheless, Table |
indicates that ihe mean sighting rate and estimated density intreased for
all areas surveyed in 1979, with greatest proporticnal increazses occurring
west of the Kupsruk Riwver, the same generzl region which alsse supported the
highest density calving in 1878, It is alseo likely that improved
visibility contributed to the higher survey totals im 1979, The coastal
plain was snow-free in 1379, vhereas survey conditions weve poorer in 1878
because of partial snow cover. However, it is inconmceivable that koown
survey incongistencies alone couid have more than doubled the botsl count,
znd thus the 1979 results likely reflect a real increase in caribou density
within the survey area.

falves comprised 37 percent of the caribon observed on the calving
grounds in 18973 asnd 36 percent ip 1878, inicial calf:cow ratios were
similar at B57100 and BZ/IGO, respectively. However, proportionally more
hulls a2pd fewer yearlings were present in 1978 (7 bulls and 26 yearliags
per 160 cows) than in 1978 {3 buils and 3% vearlings per 100 cows). In

Table 1. Comparisen ol mean sighting rate and density of caribou on
the Central Arctic Herd calving grounds in 1978 and 1979.

‘Hean Signting Rate Mean Density
{numbexr/100zm} {number/100ka"}
Area Year Toval Caribou Calwves Teotal Caribou Calves

West of Kuparuk River 1878 124 44 38 14
19798 380 1R2 113 &7
Between Kuparuk River 1578 £2 M i3 &
and Sagzvanirkrok River 19379 75 30 23 9
Fagt of Szgavanirktok 1978 4 1 11 5
River 1979 58 6 18 5
Tetal 1578 80 29 25 9
1575 183 7l 57 22
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1879 calfl percentages differed significantly among the regions surveyed.
Calves were relatively wore numerous west of the Kuparuk River {3%%) than
between the Kuparuk and the Sagavanirktok Rivers (26%) or east of the
Sagavanirktok River (27%). Thus, the regien of highest caribouw density
uring caiving was alge characterized by the greatest incresse in use and
the highest initial calf production. '

An analysis of caribou distributiion relative to the Arctic Coast in
1979 {Fig. 4) indicates that calving west of the Kuparuk River was agsin
concentrated toward the coast but had shifted slightly fsrther inland
compared to 1878; 69 percent of total caribou and 73 percent of calves were
between B and 24 km frowm the soast. As in the previous year, caribou
between the Kuparuk and Sagevanirktok Rivers exhibited a definite inland
distribution, 8& percent of a1l carpibou and 87 percent 2f Calves were
Joecated 2& te 40 km from the coast, and po calves were observed in the
A~16 km inrsgval. Presumadly, stynctures and activity associated with the
Prudhoe Bay oilfield discourzged use of the coastal plain im that regicn.

Caribou distribution relative to the West Sak Read during calviag is
depicted in Fig. 5. A& distinct peak in both calf and adult numbers is
shown for the interval 4-12 km nerth of the road, slightly farther south
than the peak in 1978; both peaks covrespond te the respective areas of
calving concentration shown in Fig. L. Estigat&d mizimum density of this
calving “podl) in 1979 was 630 caribou/164 kn” or 279 cow-calf
pairs/100 xa”., Comparable figures for 1878 were substantially lower at 281
caribeu/100 k"™ and 112 cow-calf pairs/l00 xw™ . There was oo detectable
avoidance of the road by cows and calves in 1873,

Summer Use of of the KDA by Caribou

The distribution of caribou sightings along the West Sak Road during
midsummer 1979 is depicied in Fig. &; all pertinznt dets are listed in
Appendix II. A total of 2,695 caribon in 43R groups were observed from the
zoad, substantizlly higher than the 1,867 individuals in 18& groups
observed in 1978. This iocrease is partially attributzble to & greater
nuwber of surveys, although other factors were also lovelved (see below).
Irr 1979, #7 percent of the caribon chserved were north of the road, 31
percent were south, and 1 perceni were west of the road teyminus (the
remaining 1 percent were either on the road vhen first sighted, or no
position was recorded).,  Thus, relatively more caribou were sighted north
of the road, with fewer te the south or west than in 1978 (57, 39, auwd 4%,
respectively).

Two thousand ninetcen ¢aribou {¥8%) in 425 groups {97%) were
classified ip 1379, a somevwhat higher proportion than in 1978. Howsver,
sex and age identification among sdults is subject te kuown errors, snd the
percentage of calves {s considered the onrly reliable parameter for
comparison {Camercn and Whitten 197%c). In 1978, 23 percent of the caribou
ebserved from the road were calves, and percentages for groups seen north
and south of the read werse not significantly different.

Tn 1978 the mean percentage of calves observed along the West Bak Road
did not differ significently fvos the percentage of posi-calviag
aggregations in the servounding area {Cameron and Whittenm 1979%c).
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Unfortunately, no comparable area-wide survey was done in 1979, although
initial ecalf production (85 calves/100 cows} was very similar to that in
1978 (82 calves/1l00 cows}, when an estimate of 25-26 percent calves was
obtained in midsummer. The high overwinter calf survival in 1978-1%79
(Cameron and Whitten, unpubl.) and the subsequent addition of a large
cohort of nonreproductive yearlings would reasonably result in a lower
overall calf percentage in 1979. In addition, an aerial survey in late
August 1979, which included tbe foothill areas farther soutb where bulls
normally predominate (Cameron and Whitten 19789a), vielded a minimum of 20
percent calves. Thus, it appears probable that the value of 23 percent
calves obtained by road survey in 197% was representative of caribou in tbe
general area., Similarly, calf percentages determined for caribou observed
within three intervals of distance from the road (0-500, 600-1,000, and
more than 1,000 m) varied between 21 and 26 percent, but differences were
not significant. Hence, there was no detectable cow/calf avoidance of tbe
West Sak Road in 1979. '

As in 1978, caribou were not distributed uniformly along the West Sak
Road, but were concentrated within several "nodes" of occupancy. Fig. 6
shows that 52 percent of caribou sightings were within the 0-4 and 16-20 km
intervals, which collectively make up only 25 percent of the road length.

In 1979, 225 caribou in 52 separate groups were observed crossing the
road during routine surveys, fewer caribou but more groups than in 1978
(281 caribou in 23 groups). Twenty-two groups totaling 38 caribou either
remained on the road shoulder as the survey vehicle passed (i.e. counted as
"crossings" witbh direction unknown) or the direction of movement was
inadvertently not recorded. Otherwise, crossing direction was
overwhelmingly to tbe north (174 carihou in 23 groups, representing 93
percent of all caribou and 77 percent of the groups observed crossing the
road). Of 214 caribou classified in crossing groups, 29 percent were
calves, a significantly bigher proportion than for the aggregate numher of
caribou ohserved. This, and the preponderance of northerly crossings,
could reflect a strong tendency for cow/calf groups to move toward insect
relief habitats near the coast. CAH bulls are typically distributed
farther inland during summer (Cameron and Whitten 197%a).

Fifty-eight percent of observed crossings were within the 16-20 km
road interval (a node of occupancy), with an additional 17 percent within
the adjacent 20-24 km interval; a small drainage system crosses the road in
this area. This corroborates the tendency noted in 1978 for insect-induced
movements to be channeled along rivers (Cameron and Whitten 1979c). The
relative paucity of southward crossings in both years raises several
guestions. Cameron and Whitten (1979c) supggested that continuously scvere
insect harassment in 1978 reduced the amplitude of oscillatory movements
within the coastal zome; that is, temporary abatement of harassment brought
caribou inland within sight of the road, but not southward across it. In
1979, however, some of these movements apparently did continue across the
road (sce below), but southward crossings were not detected during routine
road surveys. It may be that weather conditions favoring insect activity
and inducing coastal movements of caribou occurred near midday, when most
survevs were conducted. Inland dispersal of caribou was probably more
common during the late night or early morning hours when lower temperatures
resulted in decreased insect activity. However, with the arrival of a



storm fropt on the late afterpoon of 25 July we chserved several hucdred
taribou moving southwest from the general ares of Point Hcintyre and
crossing the West Sak Foad just west of the Kuparuk River. Because of
deterioraring weather a road survey could not be completed; consequently,
this observation does net appear in the tazbulated survey resuwlts. Thus,
although cressing observations made during routine road surveys may be good
indicators of preferred crossing locations (i.e. drainages), they may not
accurately reflect the chropelogical patteras of local mevemeat or the
magnitude of tolal cressing activity.

The Effect of Insects op the Daily Patterns of {apibou Occupancy Along
the West Sak EHead

Caribou in the Prudhoe Bay avea may be periodically szubjected to
insect harassment from as early as 23 June to approximately 15 August
{¥hite et al. 1975, Cameron and Whitten 1§79¢). Hosguitoes predominate
until abont 5 August hut are subsequertly replaced by sestrid flies,
However, both are present in late July zpnd early Angust, and the resultant
narassment op warm, Still days mav be extreme. Large, dense agpregations
of caribou mav {orm on habitats op or near the coast where lower
temperatures and sea breezes provide relief from insects. When cooler
terperatures and/or higher winds reduce insect activity farther inland,
caribou disperse to preferred feeding areas. These movements in response
to changing weather and iansect activity can be extensive and rapid--up te
40 km in a 24-hour period {Camercn and Whitten 1978c, umpubl.)}.

Levels of insect harassment estimated from 1679 weather dsta (see
White et al. 1975, Lameron and Whitten 197%c)} are shown in Fig. 7 aleng
with cerresponding ohservations of caribou distribution azleng the West Sak
Road arez. Conditions did not faver inmsect actiwvity ustil lste on 2% June,
when severe herassment developad rapidly and continued through 3 July.

Very few caribou were pressnt near the road. Although no aerial survew
data from the Xuparuk region ars available for that period, flights farther
east along the coast between the Sagavanirktok and {anning Rivers showed
that ceribeou were concentyated on coastal ingect relief habitar {Cameron
end Whitten, unpubl.). Moderate harassment continued through 5 July, and
the majority of caribou in the area probably rvemained well north of the
vread. Lower levels of harassment oo 7 July brought larpe numbers of
caribou inland Lo the north side of the read. Low to moderate insect
levels prevailed through L1 July, fellowed by severe harassment between 12
and 15 July aund moderate harassment os 16 and 17 July., These conditions
should have favored continned scuthward movement across the reoad after

7 July and 2 rapid reversal to the ceast after 12 July. Aerisl surveys and
radiocellar relacations cenfirmed that caribou wore concenirated near the
coast on 18 July, but unfortunately both aerizal amd road surveys were too
infreguent to conlirm sxpected movements across the rvead fvom 7 to 12 July.
Caribou returned fo the perth 3ide of the road en 20 July following 3 days
of generzily light hsressment. {ontioued movement southward scross the
voad likely ooourzed, as moderate havassment on 21 and 22 July caused
substaptial numbers of caribou to cress the rosd northbound. ¥ith severe
harassment on 23 and 24 Julv few caribou were found near the road, although
sema additional northward c¢ressings were observed. Aerial survevs
confirmed that cariben were zgain concentrated on coastal relief habitats,
Insect activity declined on the morning of 25 July, and large numbers of
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caribou returned to the road. Several hundred caribou crossed the road
southward that evening (see above)} and remained to the south through

26 July. A brief period of severe harassment on 28 July may explain the
low number of sightings on that date and early on 2% July; most caribou had
presumably moved back to the coast. Only light to moderate harassment
occurred thereafter through 7 August, which is normally beyond the end of
the mesquito season., Caribou were dispersed on both sides of the road in
moderate numbers during this entire period. Severe harassment by oestrid
flies prevailed on most davs between 8 and 21 August, and caribou responded
by dispersing inland in small, scattered groups. Very few caribou were
present along the West Sak Road and aerial and haul road surveys confirmed
that most caribou had moved some distance to the south.

The foregoing discussion indicates that patterns of weather/insect
harassment offer 2 reasonahle explanation for midsummer caribou movements
and occupancy in the vicinity of the West Sak Road. Severe insect
harassment drives caribou northward away from the road, while light to
moderate harassment hrings caribou inland to or across the road. A similar
interrelated pattern was noted in 1978 (Cameron and Whitten 1979c) for the
KDA. 1n both 1978 and 1979 road surveys were conducted almost daily
between 18 July and 5 August. During this period in 1978 there were 8 days
of severe, 9 of moderate, and only 2 of light harassment. In contrast, the
1979 data indicated 3 days of severe, 9 of moderate, and 7 of light
harassment. The predominance of moderate and severe insect harassment in
1978 resulted in a mean caribou sighting rate of 2.7 per road km, while
surveys doring the predominantly light-to-moderate conditions of 1979
yielded an overall sighting rate of 3.5 caribou per km. Thus, higher total
numbers of caribou along the West Sak Road in 1979 may he mainly a function
of hetween-year weather differences as manifested by variations in insect
harassment.

Effects of Road Traffic and Construction Activity on Caribou Use of the KDA

As in 1978, changes in caribou occupancy along the West Sak Road
showed little relation to traffic levels. Any effects were presumably
masked by the stronger influence of insects on caribou movements. In
general, however, traffic rates in 1979 (x = 3.6 vehicles/hr) were lower
than in 1978 (x = 10.1 vehicles/hr), even though considerably more local
construction activity occurred during the latter year. 1In 18679
restricLbions on unnecessary or unauthorized travel were implemented and, in
addition, midsummer flooding of the Kuparuk River halted most traffic for
nearly a week. Whether lower traffic rates in 1979 had a separate,
moderating effect on sighting rate is highly conjectural.

In 1978 the majority of caribou sightings and crossings occurred
within three sections of the West Sak Road (intervals 0-4 km, 8-12 km, and
28-32 km. These areas corresponded to intersections of the road with the
Kuparuk, Sakonowyak, and Ugnuravik Rivers, respectively (Fig. 2). It was
suggested that such drainages may he preferred routes of movement between
inland feeding areas and insect relief habitat on the coast. Two
additional drainages, both unnamed on USGS maps, intersect the West Sak
Road: the so-called West Fork of the Kuparuk River (road interval 4-8 km)
and a small stream near Gravel Site B (road interval 16-20 km). HNodes of
caribou occupancy in 1979 were again associated with drainage
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Fig. 8, Schematic summary of summer caribou distribution along the West Sak
Road for 1978 and 19739. '



svstems. The Kuparuk remained an ares of hsavy use, but there were major
decreases in relative sightings near the Ugsuravik and Sakonowyak Rivers, 3
slight increase in use of the West Fork of the Kuparuk, and & marked
increase Iin use of the streaw channel near Grazvel Site B, These changes
are illustrated schematically in Fig. 8.

Construction aetivity io 1978 was heaviest around Gravel Site B,
possibly mcoountipg for the scarcity of caribou sightings iz that location.
The CPF area {see Fig. 2}, where little activity oc¢curred during summer
1978, was the site of continuocus heavy construction throeughout the survey
period din 1978, Up to Z9 pieces of heavy equipment and & job-related
pickups were in use daily on the West Sak Head, two well pad access roads,
an airstrip and the CPF site itself (Fig. 2); the 28~32 kw and most of the
adjacent 24-28 km road iantervals were affected {Fig, 8). Again, this level
ef intensive distarbance could account for the observed decreass in caribou
use locally. Furthermore, any displacement of caribon from the vicinity of
the Ugnuravik drainage could have contributed te the observed incresse in
cecupancy of the adjacent drainage pear Gravel Site B,

Seme minor copnstructiop-related activity was present in the Xuparuk
River as a resnlt of flooding in early August 1979, Ferrying men and
equipment across the river and subsequent rezd repairs resulted in some
additional disturbance, However, this activity was little more thsn bpormal
traffic and had no apparent effect on caribou suvmmeyr use of the immediste
area. 1n addition, culvert installation in the West Fork of the Xupsruk
aoccasjonally dnvelved intense zctivity, but began late in the 1879 survey
season (4 August) whes caribou dispersal was already in propress. No
adverse mffects were discernible; in fact, caribou use of the vorresponding
road increassd slightly relative to 1978 (Fig. B).

Thus, it appears that changes in the intensity of construction
activity associated with s given drainage had an inverse effect on carvibou
cccupancey in that area. Other areas characterized by relatively little
change in betweeen~year construction activity showed correspondingly little
chenge in caribow use, The appsrenr exception to this pattern is the
Sakonowyak River where construckicn activity was low in hoth years; 1t was
ifentificd 55 a2 node of caribeu cccupancy in 1978 but had relatively little
uze in 1979,

In summary, drainages appear to be the most important avenues of
caribou movement, although the results suggest comsiderahle natural and
disturbance-induced variatien in the year-to-year use of 2 given drainage.
The levels and duration of disturbance within and among these specific
areas of preferred habiitat may be a critical coasiderstion in avaiding
displacement of caribou during oilfield development.

RECOMHMERDATIONS

To date no majer abnormalities in caribou summer distribubtion have
been identified in the viginity of the Xuparuk Development Area. It
appears that recent levslz of ewploration and comstructicnevelated aclbivity
have remzined below the zumulative thresbeld of disturbange; bub it ig alse
conceivable that exposure of vesident caribou te these stimuli has been of
insufficient durstinn te slicit ap adverse response.  Studies near Prudhos
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Bay and along the Trans~Alaska Pipeline Corridor clearly demonstrate that
caribon will be displaced at some level of local disturbance within calving
and summer range. These “critical" conditions have not been defined, and
vantion should continue Lo be evercised in terms of human and vehicular
activity, particalarly during construction, and through the appropriate
design and placement of production facilities., The following
recommendations ave intended to minimize disturbance o caribsou during the
progress of oilfield developpent,

A, Activities
1. 15830 HMay {(pre-partum staging of parturient females).
No construction; only essential road maintenance

and preparations for spring hreakup.

2. 1-20 June {calving period}. No constructicn; minimal
road maintenance,

3. 21 June-7 July {(post-calving disperssl, ne insects).
Sumumer road repairs, equipmesnt transfsvs, moderate
censtruction,

L, B July-S August {iasect-induced movements). Ko
ceastruction, excepl at or pear permanent facilitiesy
only zsgential road maintenance; minimum road traffic.

5. 6-15 August {(insect-induced movements continued).
Continuvation ¢f rccommendations unsder 4 zhove, highly
desirable; otherwise, road maintepancs and miner
ceanstruction.

6. 16 August~13 September {inland dispsrsal). Road
upgrading and repairs; equipment/facilities transfer;
moderale coustruction.

7. 16 September-14 May (minimum conflict with caribou).
Hajor construction, no restrictions.

B. Structures and Facilities

1. Permanent facilities should inciude only those zbsolutely
essential to ¢il preduction. Tempoarary facilities should
be similarly micimal and restricted o sites of permanent
developmgar.

2. Facilities should not be located in aress regularly
occupied by large oumbers of cariboe and/or where
caribou cyessiags are koown te be frequent,
Accerdingly, placement of facilities adiacent to
strecams oy rivers should be avoided.

Production lines should be buried and consolidated
wherever possible, Compulsory above-ground sections
sheuld be located in noasensitive areas, if possible,
Appropriate crossing provisions should be located in
areas nf high caribou occupancy.

G



C. General

At no time during the spring and summer months should road or air
traffic within the Kuparuk Development Area exceed the minimum required for
specific maintenance, restoration, relocation, and/or production functions.
Road traffic sheuld be screened carefully to avoid unautherized and
unnecessary use, and authorized trips should be scheduled as infrequently
as practicable, using vehicle convoys if appropriate. Low-level flights
(i.e. less than 500 ft} should be prohibited, and the frequency of
helicepter and fixed-wing operations reduced to the greatest extent
possible. In general, transport activities from midday through late
afternoon are less likely to conflict with caribou during the insect
season.
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Appendix I.  Survey observations con the calving grounds, 11-313 June 18735,

Ohs. Toral bs., Totali

No. No. B G Ca b4 A Hise No., % {3 ca

1 pi pi ’ 46 P 1 1

z f 3 3 47 ' 3 3

3 7 I3 i 4H8 2 1

& 19 13 & &3 G 2

5 2 1 i 50 Z 1 1

£ 1 i .51 6 2

7 ] 1 7 52 & B

8 4 4 i3 1 i

9 7 5 2 4 2 2 1

14 1 1 55 1 i

1 4 & 56 2 1

i? 3 1 1 1 57 & Z 2 F

13 4 -2 2 58 4 Z 2

is g 3 3 2 39 2 b

15 4 2 2 &G Z i 1

16 2 H L &) 2

17 4 P 2 &2 Z i 1

ig pd i 1 &3 1

14 z 1 L G4 b 1

20 £ 3 ! a5 A 1 2

21 2 4 4 &6 2} &

a2 1 1 & 2 1 1

23 ? 1 1 . £58 2 1 1
24 133 A 4 689 5 5

5 2 i 1 78 10 4

26 Z L i i1 i 1

27 8 E 72 2 i

28 & % 2 73 7 1 1 H 3 1
2 7 1 2 4 74 1 1
30 4 2 z 73 g 1 #

31 5 i 4 2h 1 1

£V ya 2 77 & 5 i
33 8 & & 78 13 & &

34 L8 g 9 74 - 4 i 2

5 3 Z i 80 27 13 17 by

36 2 1 1 51 i1 5 3 1

37 6 2 3 g2 11 {5 3
38 7 4 1 Z 3 A 2

35 pi H 1 84 3 2 i

40 2 1 1 8% 5 2 2 1l

41 4 3 i 26 & 4 & 1
47 i i 87 2 4 % H
43 15 & S 3 848 3 1 1 1
4 Z 2 s 4 3 1

&5 17 8 R i 30 4 2 ya



Appendix I. Continuved.
Obs. Total Dbs. Total
Ho, HNa. D ¢ (& Y A Neo. ¥e, B £ ¢a ¥ &
a1 1in 5 3 136 1z 2 Z ¥ 1
92 P 2 137 1 i
43 6 2 2 2 138 1z g &
94 g 4 4 13¢% & 3 3
45 2 1 1 140 14 5 3
56 34 15 9 3 7 141 38 12 18 1
897 g 3 2 3 1 ‘142 25 18 12 Z
98 & 2 2 1 143 1h 8 &
94 6 - 3 3 144 i8 9 8 1
108 1 1 145 5 3 Z
JRN] -1y g 9 S 1486 3 1 1 1
102 4 Z 2 147 pi 1 i
03 Z M i 14% 3 i 1 1
184 12 5 5 2 149 33 1F 13 3
103 g 4 4 1 153G 23 il 9 2
108 B 3 3 151 1& 7 7
107 B 4 4 152 4 1 H Z
168 5 2 Z i 153 iz 6 5
10% i 1 134 2 1 1
110 12 & 4 i 1 155 g 4 4 1
111 a & 4 156 5 2 2 1
11z 14 3 3 157 ib 5 3 2
133 32 27 25 158 z 12 12 i
114 33 17 16 12¢ 1 R 7 3
115 88 33 27 4 160 54 55 39
ile 2 i 1 181 30 34 14 z
117 ] 4 4 162 1B 9 g
1iR 2 i L 163 43 23 20
119 & 2 z 2 164 i8 8 7 2
126 1 i 165 1 1
127 1 1 164 g & 5
122 4 2 2 167 1 1
123 i3 6 6 1 1568 Y] 2
124 4 2 é 169 3 2 k3
125 2 1 1 1 L7 20 B 5 7
126 14 7 & i 171 Z 1 1
127 4 i i 1 1 172 52 26 ¢ 11 5
128 14 1 3 3 3 & 173 20 il 9
124 ) 31 43 1 174 & L 3
130 g7 45 41 175 1 1
131 33 16 ia 1 176 15 ) & 3
13z i 5 5 137 4 2 P
133 4 2 2 178 i i
-134 27 1l 12 1 179 21 & G 3 6
135 i 1 1 180 3 2 i



Appeadiv 1, Continued.

Obs. Total {ba, Total
No, Mo, B o Ca Y A Na. No. B
183 4 2 2

182 Z 1 i

183 3 3

184 1 1

i85 2 1 1 '

186 2 1 1

187 40 i 16 4 4

168 2 1 1

185 2 2

150 b i1 1 1

12] 51 29 ID Z

182 5 2 2 1

193 4! 2 3 -

184 3 N} 2

195 1 ]

196 7 Z 2 i 2

197 2 2

Totals 1923 56 833 710 216 108

2= bulls, € = cows, ca = calves, ¥ = veariings, and A = adulis,

Note: Geme observations include wmore than one group of c¢aribeu.
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Appendix lI. Burvey obgervations from the West Sak Road, 26 June-Z] August 1579,

obhs. Total Locatisni 1.0.D.4

Date Time Ko, No, B € ca ¥ A U {mi) (vd) n/g3

26 June  1415-161% 1 1 1 2.0 500 H
2 1 1 Z.1 300 2

3 4 4 2.4 1000+ N

& 3 3 2.1 1000+ 5

5 2 1 1 7.1 1000+ X

8 1L 1 7.8 600 K

77 22 1 ¢ 20.¢ 8O0 s

& s 1 2 1 1 20.0 600 N

2 3 1 1 1 1 1 12,4 1000+ 5

101 1 6.7 800 ¥

27 June  1200-1400L & 2 2 0.5 200 ¥
2 1 1.1 100 i

Survey terminated 3 1 1 L& 1600+ g
at Mi 18.0 & 2 1 1 3.8 1000+ it
5 2 1 1 3.9 250 5

3 July 14451645 1 AN X 1 ©1lh 1000 5
211 14,1 1000+ 5

3 3 3 14.9 1000+ 5

& 1 1 18.6 1000+ ¥

7 July  1100-1300 1 3 101 1 13.0 1000+ 5
2 255 255 10.8 1000+ i

305 5 6.0 350 K

& 72 & 5 1% 5 17 3.9 GO0 N

5 13 4 4 301 1 3.3 200 8

& 2 1 1 2.3 LOO0+ 5

% July  0915-1315 1 3 3 15.8 1000+ g
211 6.9 0 -5

5 12 72 2 2 8 b4 1000+ N

& 1 1 1.6 30 ¥

11 July  08G0-1000 1 1 1 19.6 1060+ 2
z 20 1003 iz 2 20.0 1400+ g

3 235 2 5 & 18 20,0 1000+ N

4 9 z 2 5 20.0 1000+ W

5 12 12 18.4 1000+ 5

16 July  2030-2200 1 1 1 2.8 500 S
17 July  1325-1553 1 1 1 £.1 156 S
: 2 1 1 3.7 200 5
3001 1 1.7 50 &



Appendix I1. Coentinued.

_ Obs. Total _ tocariont I.Q.D.2
Date Time MNo. Ne. B € ea Y A ¥ {mi) (vd) Nf5d
18 July 0161240 1 13 13 2 0.5 800 5
2 3 3 a.5 a0 b
Survey terminated 3 14 10 1.6 400 g
ar HMi 1B.GO 4 1 i 1.9 420 5
1540-3840 1 9 5 0.2 200 8
2 i i 1.0 80O #
Survey teyminated . 3 1 1 1.2 73 N
at Mi 18.0 & 1 1 3,9 150 pid
19 July  1400-15322 1 1 i 12.1 GGG 8
20 July 10601200 1 11 3 2 z 2 2 2.4 500 N
2 & 2 2 8.9 1000+ N
3 3 1 Z 9.2 700 N
4 22 2 11 8 2 1.4 400 b
% 175 175 12.4% a0 N
5 20 20 is.0 1040+ B
7 38 38 15,8 1000 B
q 5 3 1 1 12.4 150 5
g 3 1 IS 5 11i.% G (53X
10 4 1 # 3 1 9.4 150 |34
12 5 2 3 H2.4 306G ¥
i? 9 Z i 7,3 800 N
i3 5 3 2 2.3 400 B
272 Juiy 13133~133G 1 i i 3.3 €8 N
2 5] 1 - i B 3.2 1600+ H
4 8 1 & 3 4.9 1000+  N{X)E

Ao 13 5 5 3 4.8 1000 5
5 1 1 2.0 300 S

5 77 4 40 27 5 I 14.8 1004 S5
7 30 3 G g 4 1L ¢ 15060+ 5

8 i i 1Z.2 & {3}

G 33 3 12 iz 3 3 12.4 1000+ S(¥}

10 2 2 13.2 — ${X)
17 5 12 6.0 1000+ W

12 2 H 1 2.6 §; S{X)
i3 1 1 2.1 100 N
23 Muly 1045-1245 1 i i 8.1 404G §
2 1 1 1.1 Z40) N

3 1 i i.5 50 5{X)

4 1 1 4.1 80 S(X)
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Appendix 1I. Continued,

Obs. Total Locatien+t I.0.D.2
Date Time  No. Ho. B C 25 Y A i {mi} (yd) /83

5 i i 5.2 50 5
6 1 i 5.9 1000+ s
71 1 9.5 50 (%)
B 2 1 1 2.5 106 K
g 3 13 1 10.8 1000+ S}
15 2 3 i 11.9 i ~-{X}
11 i i 9.5 L0004 N
12 i 1 in.§ GG g
13 1 1 13.8 BOG N
14 1 1 14.0 10006+ s
15 1l 1 14,3 1000+ 8
ia 1 1 16.0 10004 by
EU A R § . 17.8 15 N
8 2 1 i . 9.9 1000+ N
1% 1 1 - 18.0 50 $(X)
20 1 1 15,2 1000+ ®
211 1 14.6 300 RO
22 2 T 1 5.5 50 S{(X)
23 3 3 3.0 L0004 {

Z4 July 1230-1430 1 1 ¥ 1.2 4000 N
701 4.6 200 SN
3 Z ) i 10.5 30 N
& 1 X 14,4 1600+ K
5 2 i L 7.3 1000+ K

25 July 10001200 1 17 14 3 0.8 4004 &
4 17 &5 34 2 3 15 1.7 1000+ N
3 64 16 i g 30 1.9 1000+ N
4 134 21 54 37 1z 10 2.4 7O ¥
5 B2 10 16 16 RH 10 2.7 10004 N
6 53 4 14 4 i1 3,2 1000 N
7 1 i 1.2 FIGE 5

26 July GB4G-1048 1 3 i 1 1 1.9 300 B
hii H i Z Z 1 2.6 200 )
3 4 1 )3 Z 5.% 165004 3
4 b s 2 i 5.8 RS S 5
5 ARE 16 7.8 1040+ 5
é 20 H B & i 4 8.6 1000+ K
7 4y 17 16 3 6 g 8.9 183004+ by
2 7 3 3 1 9.6 700 X
e 2 b 1 4.8 1500 5
10 40 1% 14 3 ? in.9 1660+ N
2 3 3 1 iL.5 10460+ 5
12 2 Z 12.5 400 5



Appendix 11, Continued.

s, Total Locationl 1.0.p,%
Bate Time  No. Bo. E & A Y U (mi) (vad) N/83

=

26 Juiy 1700-12261 2z 1 1 0.2 350 5
71 1 0.3 800 8
302 101 1.0 50 s
h 1 1 1.2 540 S
5 2 2 1.3 1000 $
& 1 1 1.5 650 8
7 2 11 2.1 75 N
g 2 1 2.1 1000+ g
g 2 11 2.1 1000+ 5
10 2 2 2.1 1000+ 5
1101 1 2.1 1000+ 3
122 r 1 2.1 1000+ 5
12 9 -1 5 1 2 2.5 $00 s
14 1 1 7.6 30 3
502 i 1 3.0 200 3
16 8 2 6 1.0 1000+ N

7 03 1 1 1 1.8 800 g
802 2 4.0 300 3
16 2 11 4.2 400 N
B 2 2 4.2 800 N

12 2 4.2 1000+ N
22 8 % 1 303 4.2 1000+ N
23 2 1 1 4.3 200 $
264 1 1 4.6 £00 S
25 2 11 5.1 160 s
26 1 1 5.1 1000+ 5

77 2 23 5.1 300 ®
28 & 2 2 5.1 1900+ $
29 1 1 5,1 1000+ 5
0 2 2 5,2 900 g
YR 11 5.2 300 5
32 3 Z 3 5.2 10404+ 5
33 1 1 5.7 300 $
34 1 1 5,7 1000+ s
as 15 2 5 4 4 5.7 160 g
361 1 5.5 400 X
37 2 101 5.6 160 S
B 2 11 6.1 1000+ s
1 1 6.1 600 N
46 4 i1 11 6.7 1000+ 8
11 1 6.6 500 §
42 2 11 6.6 900 g
43 ¢ 9 6.6 1000+ 5
4h 1 1 6.8 400 K
G501 1 6.9 o -(¥
46 1 1 £.9 L00 f;



Appendix I7. Continued.

Obs. Total Lecatieat 1.0.p.2

Date Time %6. No. B £ ca Y A U (mi) {ya) R/53

47 1 1 8.0 150 N

48 & 2 2 2 8.4 1000+ 5

45 9 i 2 1 1 4 0.0 1000+ M

a8 2 i 1 12.2 10004 g

51 4 1 12.2 1000+ 8

52 2 2 1%.1 800 5

53 1 1 14.0 1006+ S

LT 1 1 1 14.4 600 5

55 2 1 1 14.5 600 g

56 3 1 2 1 1 15.1 400 R

572 1 i 17.4 73 $

27 July  1530-31730 1 L - 4 y; 5.0 £00 S

: 2 4 2 2 9,7 2060 N

3 4 2 . 5.7 1000 i

& 5 2 3 1G.6 1000 N

5 8 4 4 1l.4 300 N

6 2 1 1 13,1 800 N{X)

7 1 1 14.5% 600 5

8 3 2 1 5.1 450 NI%y

g 3 1 1 1 20.0 1000+ W

i1 1 0.0 100G+ s

11 19 3 5 & S 20.0 1000+ 1

28 July  1030-125C 1 1 1 0.3 0 -

2 1 1 G.5 500 g

3 4 2 2 A8 50 3

i 1 1 3,8 E00 g

5 1 1 11.2 10+ S

& 7 1 L 11.3 o ~{1}

7 1 1 12.0 0 S(X)

8 1 1 13.2 O ~£X)

g p 1 1 14.8 00 §

10 3 1 15.1 400 X

1301 1 17.% 4 ~ (%3

122 1 1 17.2 1000+ 3

31 1 20.0 0 %)

14 3 i i 1 18.2 o -{%}

15 1 1 18.2 50 5

16 1 1 17,3 9 ~£X)

17 2 1 1 17.5 200 8

2145-2330 1 2 2 6.1 407 8

2 2 2 0.6 400 5

3 2 2 1.9 1000+ §



Appendix 1. Continued.

Obs. Toral Locationt 1.0.D.2
Data Time No. Keo. B C ca ¥ AU (mi)} {xd) N/l
s 1 i 6.5 1000+ S
5 2 11 1.2 200 s
6 1 1 ©11.3 500 8
7 1 1 11.2 16004+ 5
8 1 1 12.8 1000+ 8
9 1 1 _ 17,9 500 5
101 1 14.0 1600+ 5
112 1 1 lé.6 300 8
12 1 1 14.8 00 8
13 1 1 15,6 500 N
141 1 16.4 300 8
i3 1 1 16.6 508 X
16 2 - 1 1 20.0 1000+ W
17 1t 1 20,0 800 W
M1 , 1 17.4 1400+ N
12 3 2 1 8.6 500 N
20 1 1 1.8 8OO N
2% July  1010-1210 1 1 1 .1 50 ¥ -

2 2 1 1 4,7 700 ¥
Il 1 6.8 400 5
& & 1 4 3 6.6 150 5
S ;! 3 8.3 1000+ N
& 3 I 2 1 1 9.0 0 =X

7 4 2 2 9.8 1000+ N
8 1 1 12.3 400 N
$ 1 1 13.3 200 N
W02 2 14.0 1000+ 8
11 i 1 14,8 250 ¥
121 1 14.2 0 {3
13 28 312 g 3 14,5 2060 S{%)
146 2 1 1 16.5 100 N(X)
151 1 16. 6 L00 s
16 1 1 16.6 1000+ N
17 & 1 1 1 i 17.4 1600+ N
18 3 1 1 1 17.8 1060+ S
19 4 2 1 1 17.8 260 S
20 24 1 8 8 7 17.9 1060+ N
21 8 & 4 20.0 50 N
2116-2020 1 2 1 1 1.2 500 8
25 1 2 2 1.7 606 3
31 1 3.0 500 &

& 7 2 3.5 1000+ 8

5 5 1 2 2 6.4 800 5



Appendix II., Continuad.

Obs. Tobal Locationt 1.4,0,2
Dute Time Ho. No. B C «ca Y A U {mi} {yd} N/g3
& 2 1 i £.5 Z00 X
7 3 P 1 1.7 1600+ &
g ? 2 3 i 12.1 1600+ 8
G 4 2 2 15,0 3G 8
10 2 z i5.6 1004 &
il 7 4 3 15.7 350 N
iz 3 2 i 16.3 1000+ &
13 1 i 0.0 204 N
i 1 i 0.0 18200+ N
is 3 3 18.5 - 1000+ N
16 4 2 i i 17.2 1004+ H
17 i i 16.5 Q0 N
18 18 - & 5 a 16.1 1000+ N
ig 2 Z 13.2 & S¢X3
2 1 3 11.7 300 K
21 15 15 0.9 400 R
30 July 13GC-1500 1 8 8 0.3 it N4 B
2 2 2 a.3 504 &
3 2 1 i 2.3 234 4
4 10 1 3 1 3 2.4 1000+ K
5 2 2 4.0 1000+ ¥
6 1 3 4.5 &64G0 o
7 H 1 5.7 50 N
5 S 2 2 i 5.0 10430+ 8
g 3 i 6,2 1000+ 8
14g 1 i ] 500 N
1] 4 3 1 10.6 600 8{%)
iz 3 Z i 10.8 1000+ 5
1303 1 b i 12.9 0 -{X)
14 13 1 5 5 2 14.9 200 5
15 i 1 15.1 304 by
16 i 1 12.9 1000+ g
17 4 2 1 1 20.0 400 5
18 1 i 20.5 58 K
14 A 2 1 1 0.0 FLMy e
20 2 2 2.0 IGO0+ 8
21 1 i 12.8 700 K
22 i 1 1 17.2 804 X
23 1 i 18,2 0G0+ 3
24 & 2 1 i 4.9 1004+ N
25 3 1 3 1 3.5 2643 |
26 1 1 3.4 1050+ N
s B i 3 i 2 i a3 230 N
25 18 5 7 2 3 3 2.2 3G0 s



Appendix 11. Continued.
Obs. Total Locationl 1I.0.D.Z

Date Time No. No. B C ca A (mi) (yd) N/S3

31 July 1430-1630 1 1 1 2.6 100 N{X)
2 1 1 2.7 1000+ N
3 1 1 5.9 150 N
4 3 2 1 6.1 0 -(X)
5 14 4 5 4 6.7 0 S (X)2
) 2 1 1 8.2 900 5
7 8 1 5 2 9.4 0-25 N
8 4 i 1 1 1 10.4 1000+ N
g 1 1 10.4 200 N
10 1 1 10.5 0 -(X)
11 16 4 4 g 10.6 1000+ S
12 2 1 1 11.2 1000+ S
13 3 1 1 1 11.4 1000+ S
14 1 1 11.3 1000 5
15 2 2 12,2 1000+ S
16 1 1 13.6 1000+ N
17 1 1 14.7 1000+ S
18 2 1 1 15.2 400 S
19 1 1 16.0 1000+ S
20 2 1 1 16.1 100 S
21 3 3 16.1 1000+ S
22 2 1 1 16.4 600 S(X)
23 2 1 1 18.0 200 S
24 2 1 1 17.9 100 K
25 1 1 18.7 300 N
26 1 1 19. 4 1000+ g
27 1 1 19.9 1000+ S
28 5 1 3 1 1.0 50 5

1 Aug 1240-1440 1 1 1 1.4 1000+ S
2 3 1 1 1.7 250 N
3 2 1 1 1.7 100 N
4 1 1 1.8 1000 5
5 1 1 1.9 100 5
6 1 1 1.8 1000+ S
7 1 2.1 250 N
8 1 1 3.3 700 S
9 2 1 1 4.8 1000+ N
10 1 1 6.4 0 -{X)
11 2 2 6.8 25 N
12 3 1 1 6.9 50 8
13 2 1 1 6.9 200 5
14 1 1 6.9 600 N
15 4 2 2 8.9 200 N



Appendix Ti. Continued,

Obs. Total Lecationd 1.0.D.2
Daro Time No. Ne. B ¢ ca ¥ A I {zi) {(yd} Nfs3
16 1 1 10,4 200 N
17 1 1 10.5 54 S(X)
18 1 1 i0.5 504 g
19 3 % 1 1 11.1 1060+ 8
20 1 1 311.2 60 N
21z 1 H 11,2 1000+ N
22 2 1 1 11.3 900 ¥
23 1 1 11.2 100604 5
24 1 1 11.3 1060+ 8
25 1 1 1.4 1004+ N
26 1 1 11.4 200 5
27 2 1 1 12,4 300 S
28 1 - i 12,2 400 N
29 2 _ 1 12.3 600 N
30 3 2 i 12.4 1000+ K
31 4 2 1 1 13.7 L6000 N
32 1 1 13.7 300 N
33 1 i 15.5 50 $
35 1 1 16,1 1000 S
3503 1 1 1 17.9 1000+ 5
W1 1 1B.0 500 5
37 1 1 18.1 50 N
38 2 1 1 1%.3 g - ()
39 1 1 20,0 1000+ S
40 1 3 18.9 50 ¥
2 Aug 0860~1000 1 1 1 1.8 500 5
2 2 11 1.9 106G+ N
3 2 y) 2.0 1000+ 5
4 & & 3.0 1600 g
5 4 ) 3 1 5.9 2 K
6 2 2 6.5 200 S
¥ 3 H 1 1 7.4 360 N
8 1 1 &.0 1000+ 5
9 7 1 1 8.2 500 8
i 6 2 2 2 &, 4 1000+ K
112 i 1 8.9 460 5
2 2 1 1 132 1060 §
13 5 1 1 1 z 33.7 1000+ 8
148 1 1 1 5 13.5 1000+ s
15 2 1 1 16,7 $00 5
16 1 1 17.2 50 8
i7 1 1 17.8 800 g
18 4 Vi 2 19.0 1000+ g
14 3 2 1 19.2 501 5



Appundix 11. Coontinued.

Obs. Total Locationt 1.0.1,2
Dare Time No. No. B ¢ ca ¥ & U {mi) {vd} 5783
20010 3 2 2 3 20.¢ 1000+ H
3 A 3 260.90 100+ X
2?2z 1 1 19,5 1060+ 5
23 2 i 15,8 1000+ M
24 4 3 1 15.0 16680~ N
25 G ¥y y; 3 13.8 1400 H
26 1% b 4 2 3 $.5 1000+ N
27 3 2 z 1 3.2 200 N
28 2 2 1.9 0 =-{X)
29 39 3 12 12 4 6 1.7 600 N
30 3 3 0.5 & ~{X3
9 Aug 1200-1300 1 | 1.0 200 g
2 2 Z 1.5 300 5
3 1 1 2.3 206 K
4 Z 2 2.0 306 N
A 1 1 a7 &ah Y
& 1 1 3.8 iy N
7 1 1 3.9 500 Y
8 1 1 5.0 800 3
g b 1 1 5.0 & 3
30 3 i 1 i 6.8 3 5
% R 1 €.7 400 N
12 2 2 6.9 900 N
13 i 1 7.8 100 5
141 1 8.0 0~ A0 $
i5 1 1 11.8 150 s
16 1 1 12.0 0 S{%)
17 3 1 1 ! 12.0 300 3
18 2 2 12.1 404 H
19 L b 14,7 200 5
2003 Z 1 15.0 308 4
2L 1 1 15.4 O - {3
22 1 1 17.8 T -{¥3
231 1 18,5 1000+ g
241 1 16,5 i -{X}
18 Aug I308-1530 1 1 1 3.5 1460 5
2 4 2 Z 3.7 430 5
3 6 f 3.8 1000 4
4 1 i 4.0 400 NEX)
5 1 1 L 50 K{X)
5(0)
A h 3 1 1 5.2 58 5
7 1 1 5.8 10 S{x)



Appendiz 1I. Continued.
Obs. Total Locationt 1.0.0.2

Date Time No. Mo, B € ea ¥ A U {mi) {vd} N/g3
E 2 i 1 £.8 1008+ K
g 3 3 h. % 200 5
10 4 4 4.9 14660+ s
11 X i 11.¢ k1Y s
12 6 Z 4 15.4 &0 24
31 1 16,8 &40 8
i 1 i 8.6 1066+ N
15 ) 1 16.9 300 8

17 Aug 81 5-0834 1 1 1 18,6 1600+ i
i z 1 1 8.2 1004+ N
3 3 3 4.4 1000+ K
4 2 2 (A 1000+ &

21 Aug 12a0-1300 1 4 i 1 2 £,7 156 s

Survey terminated 2 3 3 §,7 600 g

ap Mi 14.8

Tead mileage (se2e Fig. 2},

Initdal chservation distance (L000+ = more than 1060 wd),

initial sighrting north (N) or south (3} of read; X = evencuval crossing; W » west
foend of road: - = on yoad, or peositien not crossed.

Only three crossed,

Omly seven crossed.

EE ROl e B WL S

B = bulls, € = ¢ows, ca = calves, ¥ = vearlings, & = adults, U = unknowns.
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