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SUMMARY

The reeults of continued road and aerial surveys along the Trans-
Alaska Pipeline (TAP) route are presented and compared with similar data
obtalned in 1975 and 1976.

In 1977 a greater portion of the Central Arctic Herd (CAH) wintered
on the coastal plain than during the previous 2 years. Other differences
in the timing of seasonal movements were noted, but the centers of
caribou occupancy within the study area have remained within roughly the
- same distance range from the TAP corridor, irrespective of season; thus,

no major shifts in overall range occup&ncy have been identified

The results of aerlal surveys conducted in June 1977 indicate that
the peak of calving was between 6 and 8 June and that virtually. all
calving activity occurred between Point Oliktok and Bullen Point, extending
“inland from the coast to approximately 70°N latitude. As for the past 2
years, survey observations indicate that little if any calving took
place within the Prudhoe Bay oilfield, while elsewhere within the above
boundaries calving activity appeared to be fairly uniform. Thus, structures
“and/or human activity near Prudhoe Bay continue to elicit a local avoidance
response by parturient/maternal cows and neonatal calves.

A comparison of group composition determined through aerial and
haul road surveys for 1975-1977 indicates that calves are underrepresented
along the TAP corridor. During summer 1975, 1976 and 1977 mean calf
percentages determined from haul road surveys were, respectively, 38, 65
and 87 percent lower than those determined by alr.

A comparison of latitudinal distribution of caribou determined from
corresponding aerial and haul road surveys demonstrates some abnormalities
in caribou occupancy immediately adjacent to the Pipeline corridor,
particularly in the vicinity of Prudhoe Bay. During summer in all 3
years relatively fewer caribou were present in the coastal region of the
corridor than observed during comparable surveys by air. This reflects
perturbed distribution resulting from local avoidance of structures
and/or activities. In November 1975 some decrease in this avoidance
tendency was noted, but in 1976 and 1977 sensitivity appears to have
continued into fall., '

During spring 1976 and 1977 the frequency of caribou sightings
along the haul road (no. of caribou/l100 km coverage) was substantially
higher than in 1975, but summer and fall values for 1976 and 1977 remained
consistently lower than for 1975; however, sighting frequency in fall
1977 was higher than in fall 1976. Crossing frequencies (no. of observed
road or pipe crossings/100 caribou sightings) obtained in spring, summer
and fall 1976 were all lower than those in 1975. In 1977 the spring
value continued to decline while little change was noted in summer;
“however, the crossing frequency in fall increased above that obtained in
v either previous year. Thus, both sighting and crossing frequencies
showed increases by late 1977. These changes, together with some indication



of a more representative sex/age composition along the TAP corridor,
suggest a slight reversal of the previous downward trend in 10cal occupancy
and crossing success,. : :

Transects were flown in the vicinity of the corridor to further
characterize the avoidance response of caribou. The results demonstrate
a distinct local pattern of distribution in relation to group composition.

~ Caribou in groups with calves were present in low numbers near the

corridor, but were progressively more numerous as distance increased.

" In contrast, groups without calves exhibit the opposite tendency and may

even be attracted to the corridor.

Movements of collared caribou are in general agreement with CAH

'movements described using aerial survey data. In addition, sighting

location and frequency of collared caribou support other indications of
corridor avoidance by cows and calves., Proportionately more collared
bulls were observed after collaring and were resighted more frequently
than collared cows; 77 percent of all sightings of collared bulls were
from the road, whereas only 45 percent of the cow sightings were from
the road.

Infrequent contact of caribou with the corridor continues to limit
an evaluation of the behavioral responses assoclated with Pipeline
encounters and precludes any assessment of the effectiveness of Pipeline
crossing structures.

. The minimum total size of the CAH in July 1977 was estimated at
4,756 caribou (3,805 adults), and 1ikely did not exceed 6,000. Overwinter
survival of 1976 and 1977 calf cohorts was approximately ?0 percent; thus
steady herd growth appears probable.
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BACKGROUND

Identification and assessment of the effects of the Trans-Alaska
Pipeline (TAP) on caribou (Rangifer tarandus granti) movements, now in
the fourth year of study, have been directed almost exclusively to
Alaska's Arctic Slope. Because of a dearth of background information on
local caribou activities and the probable influence of pipelines,
initial concerns were very general and highly speculative. Consequently,
”much of the early work was directed toward caribou inventory, a descrip-
~tion of herd movements and the identification of potential problems.
Specific concerns have now been identified, and project. efforts now
- focus on two or. three aspects of caribou-pipeline interaction; other
interests have been de-emphasized or discarded.

It 15 now clear that the Arctic Slope route of the TAP traverses
the range of 'a distinct subpopulation of about 5,000 caribou, the Central
Arctic herd (CAH). Seasonal movements are primarily north-south, between
calving grounds near the coast and wintering areas in the northern ‘
foothills of the Brooks Range. In 1975 and 1976 such movements were
described through a series of aerial surveys (Cameron and Whitten 1976,
1977) and have since been verlfied through the known movements of collared
caribou (unpubl data).

, A comparison of the results of aerial and haul road surveys conducted
in 1975 revealed local abnormalities in caribou distribution and group



composition (Cameron and Whitten 1976, 1977). During both summer and

fall, fewer caribou were observed along the corridor near Prudhoe Bay

than expected on the basis of aerial survey results. Also, calf percent-
ages calculated for groups observed along the haul road in summer were
consistently lower than for those classified through aerial survey of a
more representative area extending east and west of the corridor; comparable
percentages obtained in fall, however, did not differ appreciably,

These observations indicated caribou avoidance of the Pipeline corridor

and associated areas of oil development, a response which appears to be
strongest for cows and neonatal calves.

In 1976 the level of avoidance increased (Cameron and Whitten
1977).  Calf percentages determined from haul road surveys continued to
be lower than those obtained from comparable aerial surveys, particularly
during spring and summer, and sustained avoidance of the Prudhoe Bay
area was noted. In addition, caribou sighting frequency along the haul
road and the observed rate of corridor crossings were generally lower in
1976 than in 1975; contact with, and crossings of, elevated pipe were
infrequent for both years. The current trend appears to be toward
separation of the herd into eastern and western components, each with
largely independent north-south movements.

The extent to which the elevated pipe alone might restrict caribou
movements was a major concern at the inception of this project. 1In
retrospect,: the question of crossing success of caribou in relation to
any pipe mode has proven to be somewhat irrelevant due to avoidance of
corridor activities and/or structures. Given the choice of crossing
location, approaching caribou appear to select areas of buried pipe,
or--where continuous elevated mode is present, greater surface-to-pipe
clearance (Cameron and Whitten 1976). However, local traffic and human
activ1ty ‘apparently represent an equally serious or overriding impediment
to movement, silnce avoldance of the corridor occurs irrespective of the -

. pipe mode which would otherwise be encountered. In fact, even caribou
approaching or successfuly crossing the Pipeline, and/or haul road,
frequently exhiblt outward signs of disturbance. Further, little use of

- big game crossings (i.e. short elevated or buried sections of the Pipeline)
has been noted. Previous reports and our own observations indicate that
these should be preferred crossing sites, and non-use of special structures
is probably more a reflection.of the low numbers of caribou approaching

the corridor than an indication of unsuitable design.

In the absence of human influence, sections of buried pipe and low
road berms do not appear to pose a serious barrier to caribou movements.
Fortunately, the placement of buried pipe between Deadhorse and Pump .
Station 2 and near the mouth of the Ribdon River coincides roughly with
two known areas of caribou movement. Thils suggests possible accommodation
in the future, should a moderation of the avoidance response occur.
Similarly, special. crossings have been located in previous movement
areas, and may become more functional if the sensitivity of caribou to L
human activity decreases. The crucial question is whether caribou will
continue to demonstrate an avoidance of the corridor, or if a reversal
of the current trend will occur, f
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Caribou movement data obtained in 1976 indicated that no appreciable
changes in migration between, and general use of, seasonal ranges had
occurred compared to 1975. It was therefore concluded that observed
: avoidance of the corridor was a local phenomenon and not due to a lateral
" shift in range occupancy (Cameron and Whitten 1977). Quantitative

: information on seasonal movements of the CAH is now available for 1977,
‘and these studies should continue as a means of identifying any disturbance-
related changes in range utilization. :

Despite a strong negative response of caribou to the TAP corridor and
related structures/activities, initial calf production in 1976 was
moderate (ca: 44 calves per 100 cows) and survival of calves to 4 months
of age nearly 100 percent. Unfortunately, however, calf mortality
during the previous winter was estimated at 70 percent (Cameron and
Whitten 1977), indicating a low rate of yearling recruitment. 'These
are the only such data available for the CAH, data which may or may not
reflect the '"mormal"” dynamics of the subpopulation. Only by regular
monitoring of herd status can trends of productivity and mortality be
established. 'This type of information has direct management applicatlon
and, in addition,'is required for identification of any future decline
-of the CAH which might be linked to disturbance within its range.

The present report summarizes progress on studies conducted during
the 1977 field season, and includes data on: 1) .seasonal movements and
sex/age composition of the CAH, 2) caribou distribution and group composi-
tion along the TAP haul road, 3) changes in the status of corridor
avoidance, 4) Pipeline crossings, and 5) productivity/mortality of the =
CAH.

OBJECTIVES

. In aceordaneekWith stipulations 2.5.4}1# and 2.5.3.l,ofkthe Stipulations,
for the Agreement and Grant of Right of Way for the Trans-Alaska Pipeline,
this . project is designed to accomplish the following objectives

To determine herd 1dentity, general numbers, productivity and
seasonal movement patterns of caribou which range in. the vicinity of the
,pipeline corridor.

‘ To characterize movement behavior of caribou which encounter the
“haul road, pipeline and. construction—related activities,

, ' To ‘assess the effectiveness of special crossings in allowing for
. : unrestricted movement.

PROCEDURES

Aerial surveillance within the Arctic Slope study area and ground
surveys along the TAP haul road (see Fig. 1) were conducted as described

‘ *“Leasees shall construct and maintain the pipeline, both buried and above
ground sections, so as to assure free passage and movement of big game animals.'
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previously (Cameron and Whitten 1977). Observations of caribou-pipeline
or caribou-road interaction, including evidence from tracks, were made
. incidental to haul road surveys and during unscheduled trips between '
- camps; the information recorded for each observation is given in a
’ ' fprev1ous report (Cameron and Whitten 1976)

Sex and age composition of the CAH was determined with the ald of a
helicopter. Caribou were identified as bulls, cows, calves or yearlings
on the basis of external genitalia, body size and/or antler development.
Generally, the composition of groups of less than 30 individuals could
be ascertained by hovering briefly at low level (ca: 10-20m), whereas -
for larger groups, a landing was made nearby (ca: 100-300m) and caribou
were classified using a spotting scope or binoculars, Initial calf
production was estimated during post~calving aggregation in late July.
Size and composition were determined for all groups located (with fixed-
wing assistance) on the coastal plain between Point Oliktok and the

~Canning River (Fig. 1). Rates of calf survival over the previous winter
~and through 4 months in the current year were determined in early May and
early October, respectively, by classifying'all caribou observed along a
standard, preestablished survey route (Cameron and Whitten 1976, 1977).

The peak of calving (i.e. date of highest calf:adult cow ratio) was
determined through the results of four successive helicopter surveys
within the known calving grounds of the CAH. On 3, 5, 7, and 9 June
transects were flown along the coast between Point Oliktok and Bullen
Point; and over the same straight-line distance inland along transects -
corresponding approximately to 70°05' and 70°15'N latitude on the east
and west sides of the Sagavanirktok River, respectively (Fig. 1). Sex
and age composition was determined, as described above, for all groups
sighted. During the last three surveys, the number of antlered cows in‘
each group was recorded :

On 28 June a‘fixed~wing grid survey was conducted between the
Colville and Canning Rivers to delineate the calving area of the CAH,
the assumption being that little redistribution had occurred since the
peak of calving. An initial flight line along the Arctic coast was
followed by an inland series of parallel east-west transects (true
course), approximately 10 km apart. Except for low passes to count and
classify caribou, airspeed was maintained between 190 and 210 km per
hour, and altitude was adjusted to approximately 50 m above terrain.
Total caribou and the number of calves were recorded for each group
, observed; locations were noted on a 1:500,000 aeronautical chart. The
- : : survey was: terminated to the south when no calves were sighted during
two successive transects, - k

0n 30 June an'attempt was made to verify and further quantify ,
differential avoidance of the TAP corridor by caribou. The area selected
. for study is bounded on the east by a 45-km section of the corridor,
just south of Pump Station 1, and extends west approximately 20 km (Fig.
'2). Ten east-west (true course) transects, 5 km apart, were flown in fixed-
‘wing aircraft about 50 m above ground level and at an airspeed of approximately
190 km per hour. Group size, number of calves and location were recorded
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on a 1:250, 000 USGS map. Distance of each group from the corridor was
determined as a straight-1line measurement due east (true) to either haul
road or Pipeline.

, Caribou collaring operations were conducted within 30 km of the
'Pipeline corridor between Galbraith Lake and the northern end of Franklin:
Bluffs. Fifty-one adult caribou were collared (including two replacement
collars) in this region between 19 April and 7 May: 13 radio collars
- (all on females) and 38 numbered collars (24 on females; 14 on males).
Immobilization and relocation procedures are described in a previous .
report (Cameron and Whitten 1976). :

' FINDINGS AND DISCUSSION |
Seasonal Movements and Group Coﬁposition Determined by Aerial Survey

Shifts in the center of caribou occupancy (Cameron and Whitten
1976, 1977) within the study area are shown in Figure 2 for 1975, 1976
and 1977. In all 3 years northward spring migration was in progress by
early May, and the majority of the CAH remained near the coast from June
through August. In general, the results demonstrate that little change
in summer range occupancy has occurred over the past 3 years. Fall
movements in 1975 occurred earlier than in either succeeding year and, by
the rutting period, most caribou had penetrated farther south than in
either 1976 or 1977. 1In fact, the majority of the CAH appears to have
wintered on the coastal plain in 1977-78. A survey was attempted in
November 1977, but bad weather prevented coverage of the coastal plain.
~ Nonetheless, as in October, very few caribou were observed south of Franklin
Bluffs within the study area. Additional observations in early spring
1978 suggested continued use of the coastal plain as primary winter
range.

It is noteworthy that, since 1975, progressively greater numbers of
caribou have wintered in the northern half of the study area, correspond-
ingly fewer migrating to and through the foothills of the Brooks Range.
This tendency correlates roughly with the timing of initial snowfall and
the overwinter accumulation of snow. In 1975 major snowstorms first
occurred in late September whereas in 1976 and 1977 little snow accumulated
until November. Also, snow depths on the coastal plain remained low
 (ca. '10—150m) throughout the winter of 1977-1978, while those inland on
'more typlcal" winter range were clearly greater. Perhaps the relative
ease of access to forage near the coast compensates for the energy ex-
penditures of southward migration and cratering in deeper snow, albeit
for more abundant forage of higher quality. :

;Aside from between~year differences in the timing of seasonal
movements, presumably due to weather phenomena, centers of occupancy
- have remained within roughly the same range of distances from the Pipeline
corridor (ca. 0-25 km, see Fig. 2). Thus, no major disturbance-related
changes in overall range occupancy have been identified to date; adverse
effects on caribou have been primarily of a local nature,



Table 1 gives caribou numbers and overall group composition observed
during aerial surveys in 1977. The aggregate percentage of calves in
the herd (i.e. short yearlings) in April and May was in general agreement
at 13 and 15 percent, respectively. However, calf percentages calculated
for groups with calves declined slightly, from 28 percent in April to 23
percent in May, indicating a reshuffling of caribou between group types.
The percentage of caribou observed in groups with calves increased from
46 to 68 percent, while the mean size of such groups without calves
declined from 6.5 to 6.0 during the same period (Table 1). Thus, the
spring decrease in the percentage of calves in groups with calves was
due, in part, to the addition of bulls, juveniles, and/or non-maternal
cows from groups without calves. Although not detectable from the
‘present data, the above changes in group composition may also reflect an
early tendency for cow-calf separation prior to calving.

Calf percentages obtained in August (Table 1) reflect the addition
of current-year neonates, surviving yearlings having been recruited into
the adult base of the herd. Despite a 1l5-percent increase in total
caribou numbers due to calf production (less early mortality), mean
group size declined to 5.8 and 1.9 for with- and without-calf groups,
respectively (Table 1). The wide dispersal of small groups.in late
summer. is thought to be a response to oestrid flies (Curatolo 1975, Roby.
1978).

- During the rut in October approximately 80 percent of the caribou
observed were in groups with calves. . Mean size of these breeding bands
was seven individuals, collectively representing the majority of cows,
calves and bulls in the herd. The remaining smaller groups were predomi-
nated by nonbreeding bulls (Table 1)

Aside from the‘productivity/mortality parameters obtained from
aerial survey results (see subsequent section), these data on presumed
normal group composition represent a reference for corresponding observa-
"~ tions along the Pipeline corridor. Such comparisons, presented below,
represent the basis for the identification and assessment of corridor-
related abnormalities in caribou group structure.

Calving

Results of survey transects conducted during calving are presented
in Table 2. The aggregate number of calves per 100 cows increased from
nine on 3 June to 26 on 5 June and stabilized at 52-53 on 7 and 9 June.
After 7 June the percentage of antlered cows declined to nearly half of
the earlier estimates, indicating postpartum antler shedding. Further,
~the ratio of calves to antlered cows, relatively low on 5 June when few
new calves were present, lncreased to a peak value on 7 June and subse-
quently declined by about 50 percent on Y June as the rate of antler
shedding increased. This accelerated antler loss by cows with stabiliza-
tion of relative calf numbers suggests that calving reached its maximum
prior to 9 June. Peak of calving for the CAH is estimated to be between
6 and 8 June, slightly after the estimated peak for the Porcupine Herd
(Roseneau, pers. comm.) and a few days earlier than that for the Western
Arctic Herd (Davis, pers. comm.).
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Survey observations from transects flown by fixed-wing on 28 June
indicate that virtually all calving by the CAH occurred between Point
Oliktok and Bullen Point, extending inland from the coast to approximately
70°N latitude (Fig. 1). This is the same area in which surveys were
conducted for determining the peak of calving., General impressions of
caribou density were similar during the two surveys and no appreciable
differences in distribution were apparent. More than 500 caribou were
observed, of which approximately 150 were calves. Groups with calves
were distributed more or less uniformly within the area described above,
and no distinct regional concentrations were evident. In past years,
however, Gavin (1973; pers. comm.) noted calving concentrations in the
“White Hills (110 km southwest of Prudhoe Bay), in the Ugnu area (15 km
east-southeast of Point Oliktok) and in the vicinity of the Canning
River Delta (Fig. 1).

Results of both Juné‘surveys indicate that neonatal calves were -

- absent or extremely scarce within the Prudhoe Bay oilfield. Except for
the immediate coastal region between the mouth of the Kuparuk River and
Prudhoe Bay itself (where little development has ocecurred), no calves
were observed from the air between the Kuparuk River and the west channel
of the Sagavanirktok River. Gavin (pers. comm,), while acknowledging
that calving activity within the oilfield is and has been relatively
low, argues that the area is normally not preferred as calving habitat.
He attributes annual variations in local calving activity to between-
year differences in the total number of caribou occupying the central
Arctic Slope.' This explanation would be irrefutable in years when
_distinct concentrations of calving caribou are found elsewhere within
the coastal plain.' However, the absence of neonatal calves near Prudhoe
Bay, within an area of otherwise uniform distribution of calf groups, -
strongly suggests an avoidance of that area by calving caribou. The
known sensitivity of parturient and postpartum cows to disturbance -and
the scarcity of new calf observations during road surveys (Cameron and
Whitten«1977,'and below), support this conclusion. In our opinion the
structures and human activity associated with oil development have
resulted in a local displacement of calving activity of the CAH.

.Group Composition albng the Pipeline Corridor

] A detailed breakdown of caribou counts and group composition obtained
from 1977 surveys along the TAP haul road is given in Table 3, and a
summary comparison of composition data based on the results of aerial
and road surveys is shown in Table 4 for 1975-1977. 1In all 3 years the
“overall mean percentages of calves determined from haul road surveys in
spring (where appropriate), summer and fall were lower than the corresponding
percentages obtained from the results of comparable aerial surveys, In .
1975, 1976 and 1977 mean calf percentages obtained from haul road surveys
in summer were, respectively, 38, 65:and 87 percent lower than those

from comparable aerial surveys of the general study area; fall values
did not differ in 1975 but were 41 percent lower in 1976 and 50 percent
lower in 1977. 1In contrast, bull percentages derived from the results.

of ‘haul road surveys were often substantially higher than those determined
by air,. ;
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Cameron and Whitten (1977) reported previously that low ca!
ages noted along the haul road during summer 1975 were due pri
‘the presence of fewer groups with calves, rather than to a low
of calves in such groups. This suggests that the presence within
. corridor of a representative proportion of calves during that: fal y
occurred because the relative abundance of group types reflected .that of
caribou in the study area as a whole. This indeed appears to be the: -
case. Figure 3 is an updated summary of the seasonal percentages of
total caribou observed in groups with calves during both aerial and r
surveys. In summer 1975 total caribou sighted along the haul road in
groups with calves was only about half of that determined by air. <
corresponds to the corridor avoidance phenomenon described previousl
for that year (Cameron and Whitten 1976 1977). However, cariboud

3), as were calf proportions (Table 4), confirming an abatement of ; T
‘avoidance (Cameron and Whitten 19?6 1977). After 1975 the disparity S
between relative "expected" and ' observe&" numbers of caribou in- calf.
groups increased. Summer ratios (calculated from Fig. 3) declined from >

_sive divergence of calf percentages noted above,
from 0.95 in 1975 (i.e. no detectable: avoidance) to 0.42 in 1976 :
increased slightly to 0.49 in 1977. In. 1976 the lower calf percenta

by groups with calves, Whereas a continued decline in the calf. pef‘
in 1977 (Table 4) is associated with a slight increase in the efor'
ratio. This inconsistency is difficult to explain and may be an arti
resulting from the particularly small sample size obtained from the
road in fall 19?6 (N=42; Table 2, Cameron and Whitten 1977).

Latitudinal Distribution of Caribou along the Pipeline Corridor o

. ' The relative distribution of caribou amoug four regions centere
the Pipeline corridor (Fig. 1) 1s shown in Figure 4 for comparable -
results of aerial and road surveys. In general, shifts in regional
occupancy determined by aerial survey reflect the north~south movements
described .earlier in this report (Fig. 2). Thus, in 1975 some additional
northern movement occurred between June and August, but southward migration
was in progress by September and continued into November. During summer - -
1976 caribou redistributed between Regions 3 and 4 (Fig. &) such that a
slight southward relocation occurred (Fig. 2). Fall migration 1n 197
was atypical. By October most caribou had abandoned Region 3"so‘
returned to coastal areas while others moved southward into the lo
half of the study area (Fig. 4). As of May 1977 little redistribution.
"~ was detectable, suggesting that caribou remained on the same rang
throughout the winter. By August 1977 virtually all caribou were 1o
within the northern two regions, while in October relative numbers
higher in Region 4. Apparently the latter shift was rather 1ocali
it was not reflected in the net movement ‘of  caribou in the study: are
a whole (Fig. 2). Additional observations in winter 1977-1978 sug;
that little southward migration occurred and that most of the CAH 7i
‘on the coastal plain. i :
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Regional distribution (see Fig. 1) of caribou determined from
corresponding aerial and haul road surveys, 1975-1977.



A comparison of regional cariboy ﬁﬁgtribution determ d
corresponding aerial and haul road sui s demonstrates some ab
in occupancy along the Pipeline corridor, During summer, in al
relatively fewer caribou were present '4lbng the corridor in Regig
than were observed during comparable sufweys by air; relatively’
numbers were present along the corridqr 1n Region 3. This displa
of peak percentages does not indicate a preference for the corrid
within Region '3, but rather reflects perturbed distribution result
from avoidance of the development area near Prudhoe Bay. Camctog"
Whitten (1977), in presenting these data for 1975, discussed tle
for, and nature of, this response. Briefly, groups with calves gﬂn(
predominate in the coastal region during gummer, and tend to avoi‘
Prudhoe Bay area. Thus, the more southerly distribution of caribeu’
along the haul road is due primarily to the absence of these grodﬁg /
along northern segments of the corridegy en interpretation supportgd by
differences in group composition (see" ous section). Sensitivl;
cows and young calves to established st¥@ctures and/or human activity
thought to stimulate and sustain this, ig&}dance response. In geneta’
then, it appears that the summer pattqgg described for 1975 alao
to 1976 and 1977.

In November 1975 avoldance of the:Prudhoe Bay area appears to
continued. However, aerial surveys established that relatively few

~ caribou along the northern half of the eorridor may be inconsequeq ¥
Further, data on group composition indteite that a more representative

Fig. 3) and, therefore, that no differ*gtigl avoidance by groups H&
calves had occurred. W%

The sample obtained from haul road surveys in October 1976 wi
extremely small (Cameron and Whitten 1977). However, distributic
those few caribou observed along the corridor resembled  that(dete
by aerial survey (Fig. 4), and no specific avoidance of the Prudho
area was apparent. On the other hand, data on group composition *n
that calves were underrepresented in the Wwicinity of the corridoy
(Table 4, Fig. 3). Thus, from the limited data available it appe
that a local reshuffling of group typef @g¢curred in fall such tha
"expected" latitudinal distribution of*ﬁg;ibou was maintlined loch
|

Comparable data for fall 1977 suggesf a general avoidance by’ c
in the northern two regions (Fig. 4), Qlthough the skewed distribq
may be a function of the unexpected, ang possibly fortuitous, appeg
of numerous caribou in Region 1 of the Kgul road (ca. 40% of tota
sightings). As in 1976, fall calf per&.ﬁtages along the corridor ‘wei
abnormally low (Table 4), indicating a eoatinuation of the avoidancez
response described previously.

To summarize, summer data for all 3 years demonstrate a disting; 5?;.
local avoidance of the Pipeline corrider near Prudhoe Bay, . particul&t
by cows and young calves. During fall 1975 some lessening of thisg . ;;
tendency may have occurred; group composftion and latitudinal distr, 1 '



along the haul road were similar to comparable results obtained by
aerial survey. In 1976 and 1977, however, avoidance may have continued.'
. into October, although conclusions as to abnormalities of distribution
‘ or group composition are equivocal because of small sample sizes (Table
4; Table 2 Cameron and Whitten 1977)

Seasonal and Annual Changes in Caribou Occupancy
~and Crossings of the Pipeline Corridor

In previous reports the frequency of caribou sightings along the :
haul road has been used as a general index of local occupancy. This ,
approach permits comparison of relative abundance of caribou within the
corridor for each season and comparison of annual trends. Since caribou
distribution is often skewed toward the north or south limit of the.
study area (Fig. 4), the sighting frequency for a given season was
calculated using aggregate observations obtained from road surveys
completed on a single day and from paired north/south survey segments
(Cameron and Whitten 1977). Seasonal changes in caribou sighting frequency
are shown in Figure 5 for 1975, 1976 and 1977.

In 1975 sightlng frequency increased between spring and summer, but -

- declined to an intermediate value during fall. 1In spring 1976 sighting
frequency was higher than the corresponding 1975 value, but decreased in

- summer to well below the comparable rate in 1975, and declined further
in fall when lowest values were obtained (ca. 5 sightings/100 km coverage).
Sighting frequencles were consistently higher in 1977 than in 1976, but

~ the seasonal trends were similar; however, 1976 and 1977 rates for both
summer and fall remained substantially lower than the initial 1975
values. The relatively low sighting frequency for spring 1975 may -
reflect initially greater sensitivity of caribou to disturbance during.
‘the early stages of Pipeline construction, with a moderation of the
avoidance response later the same year and during the subsequent spring -
periods.; :

o Crossing frequencies (Fig, 5) indicate the proportlon of all caribou
~sighted that were observed crossing either the road or the Pipeline :
‘(i.e. it was assumed that caribou crossing one structure would cross--or

had crossed-~the other). All values obtained in 1976 were lower than

those for 1975. 'In 1977 the spring crossing frequency continued a

decline to near Zero, . while that for summer changed little relative. to
'1976. However, crossing frequency in fall increased above the value
“obtained for either previous year. :

The post ~-1975 changes in sighting and crossing frequencies during
surmer and fall may be behaviorally significant. Following an initial
decline in 1976, these levels increased, narticularly during fall 1977
‘when sighting frequency was approximately four-fold higher than in 1976

~ and crossing frequency increased above that recorded for either previous
year (Fig. 5). These observations and some data on group composition
shown for fall 1977 (Fig. 3) suggest a slight reversal of the previous
downward trend in caribou occupancy and crossings. It is noteworthy
that this apparent decrease in caribou sensitivity corresponds to a



No. Crossings/I00 Sightings

) - 8Or | - [ei975
AN f | — —8]976
s | - | | ----a1977
8
€

o 40f

o

~ »

w

(@

Lo o

£

2

¥)) -

Z 0 ] | J ,

- Spring Summer Fall Spring Summer Fall

Fig. 5. - Seasonal changes in caribou sighting frequency and corridor
‘ crossing rate, 1975~1977.



transition from considerableuconstruction/restoratidn efforts along the ;
corridor to the greatly reduced level of activity associated with Pipeline
startup and operation. Although the sample base for these results may
be insufficient for definitive conclusions, it is interesting that  two
independent calculations show the same. general trend.

We suspect that vehicular and human activities represent a relatively
greater source of disturbance to caribou than road and pipe structures
per se. Seasonal and annual records of road traffic are presently being
compiled and analyzed as a means of calculating indices of human activity
within the corridor. These will hopefully assist in establishing a
causal relationship between human activity and the observed abnormalities
1n caribou occupancy and group composition. : :

Distance of Caribou from the Pipeliné Corridor
in Relation to Group Composition.

, - Survey results from lateral transects flown west of the Pipeline
and/or haul road (Fig. 1) are presented as a frequency distribution in
.Figure 6., Numbers of caribou in each of three separate categories (i.e.

total sightings, groups with calves, groups without calves) are shown
for three distance intervals. Within 5.9 km of the corridor more than
twice as many caribou were observed in groups without calves than in
groups with calves. At intermediate distances of between 6.0 and 11.9
‘km, nearly all caribou were observed in calf groups, with those in groups
without calves representing only 10 percent of the total. More than 60
percent of all caribou sightings were within the farthest distance .
interval (i.e. 12.0-17.9 km), of which approximately 90 percent were in
groups with calves. Overall mean distances for caribou in groups with

' and w1thout calves were, respectively, 11.3 and 6.9 km.

These data;support separate observations of abnormal‘group composition
. along the corridor. Within 5.9 km of the corridor calves constituted 11
percent of the total, well within the range of calf percentages recorded
from the haul road in summer during 1975 through 1977 (Table 4). This
comparison is particularly relevant, as caribou sighted from the haul

road are at distances which seldom exceed 1 km, Further, there is no
sampling bias due to low relative abundance of calves which, on the
_contrary, were twice as numerous as in counts made during general surveys

in August 1977 (Table 4).

The results demonstrate a local redistribution of caribou in relation
to group composition. Caribou in groups with calves are present in low
numbers near the corridor, but become progressively more numerous with o
distance. It is possible that calf groups, in undergoing outward displacement, .
become more dense at a certain minimum distance, but the present data
are insufficient to examine this possibility. 1In contrast, bull groups -
exhibit the opposite tendency and actually appear to be attracted to the
vcorridor, although, again, samples sizes are too small and the range of
distances surveyed is too limited for a more detailled analysis. Nevertheless,
the data trend clearly supports other observations of local changes in
: ~caribou dlstribution and group composition,
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Movements of Collared Caribbu'

Since 1975, 109 caribou have been equipped with numbered collars on
‘the North Slope. Sixty-eight of those caribou, nearly two-~thirds of all
those tagged, have been resighted a total of 228 times. Most sightings
were either from the haul road or during sex and age classification of
post-calving aggregations. Between the summer of 1975 and the end of
1977, 29 collared caribou are known to have crossed the Pipeline corridor
a total of 70 times.

fRadioftransmitters have been placed on 30 adult female caribou to
date. The first nine radio collars were color coded and the remainder
were attached to numbered collars. One of the latter transmitters '
failed shortly after installation, but several collar resightings have -
been made and movements are included in the data compiled for caribou
with numbered collars. Three of the radio-collared caribou have
never been resighted; transmitter malfunction is suspect, although one
is now known to have emigrated to the Western Arctie Herd. The remaining
26 radio-collared cows have been successfully tracked. However, since
- frequency of relocation is not random and largely a function of the
effort expended in tracking, the number of resightings is rather meaning-
less and will not be discussed here. Of the 26 animals tracked, nine
'crossed the Pipeline corridor a total of 14 times (aggregate)

Ninety percent of the radio-collared caribou have been relocated
within the study area. Known emigration accounts for 3 percent, and the
remaining loss likely can be attributed to emigration or transmitter
malfunctlon. ‘Mortality of radio-collared caribou has been at least 10
‘percent within 2 years after tagging. An additiomal 7 percent mortality
is suspected, although carcasses were never located, and the collars may
have been shed. No mortality estimate for number-collared animals is-
available, but two probable instances of tagging-induced mortality (dead-
within 10 days of capture) have been recorded. There is one known
instance of collar shedding and two others are suspect (collars found
"~ but no carcass nearby). ,

AlthoughVG percent of the caribou with numbered collars are known
to have emigrated to other herds (5% to the Western Arctic Herd, 1% to
the Porcupine Herd), 62 percent have been relocated within the study
area, and many have been sighted repeatedly over 2 years or more.
Considering the known mortality and shedding losses, resighting rates of
both numbered and radio-collared animals appear sufficlent to substantiate
the integrity of the CAH. The few cases of known relocation of CAH
caribou to another herd support Skoog's (1968) contention that, while -
Alaskan caribou occur in discrete herds, interchange is frequent enough
to consider all caribou in the. state as constituting a single breeding
population. To our knowledge, our's is the first documented case of
inter—herd movement in Alaska.

Movement patterns of both numbered and radio-collaféd caribou,
- based on successive relocations, are in general agreement with CAH
movements described through systematilc surveys of the study area (Cameron



and Whitten 1976, 1977). The time interval between collar
was often too long to determine precise movement schedules, buf
appears that most crossings of the Pipeline corridor .occurred
~and late summer. Many of the crossings occurred during north
migration along the Sagavanirktok River/Pipeline corridor and re
the multiple recrossings which often accompanied such parallel
The location of most corridor crossings was between Sagwon and 't
Security checkpoint just south of Deadhorse. This is based both’
actual crossing observations and on crossing locations projected
seasonal changes in position of the center of caribou occupancy (se
Cameron and Whitten 1976, 1977; above). Little if any movement
the Prudhoe oilfield can be inferred from any of the collared

' data.f

Earlier indications of avoidance of the Pipeline corridor/Pr
area by cows and calves (Cameron and Whitten 1976, 1977; above) a
supported by data on collared caribou. A breakdown of numberreco
resightings by sex shows that proportionately more bulls were ob
after collaring and were resighted more freguently than collared co
Twenty-one of 30 bulls were resighted a mean of 5. 0 times eac
46 of 78 cows with a mean resighting rate of 2.7. These differe
even more striking when sightings from the haul road are compared»w
those some distance from the corridor. ' Twenty of the 21 bulls resi
~ were observed from the haul road at least once, and 77 percent
- sightings of collared bulls were from the road. In contrast, onl
the 46 collared cows resighted were .seen from the road, and on}
percent of all collared cow sightings were from the road, ‘Many of
cows were non~maternal and most others were seen between fall and
spring. This further substantiates earlier findings of heighten
sensitivity of cows and young calves to traffic and/or comstruction
activity (Cameron and Whitten 1977). Finally, 15 of the 21 numbew L
collared bulls resighted (71%) accounted for 61 percent of all known .
crossings of the corridor by collared caribou (X = 2.9 crossings) of
the 46 collared cows resighted, 14 (30%) crossed the corridor, re
only 39 percent of the crossings (X = 1.9 crossings). Crossing
ra&io-collared cows are similar: nine of 26 (35%) crossed a
times. .

Crossings of Elevated Pipe by Caribou

~ Known crossings of elevated pipe in.1977 are listed in Appen
_as a continuation of similar appendices to previous reports {Camero
Whitten 1976, 1977. Only one crossing was recorded south of Happ
Valley during late spring/early summer 1977, although several were
during the same period in 1976. However, bull caribou again graz‘
snow-free areas in that vicinity, and pipe crossings by these
groups may have occurred more frequently in 1977 than indicated,by R
- observations. - In general, during 1977 little additional time was s ent :
in search of crossings, while in previous years extra surveys over e
certain segments of the haul road were quite common. In late sum
early fall a group of bulls crossed the elevated pipe near Galbru
Lake and a mixed group crossed just south of Pump Station 1. In ]
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1977, numerous crossings were recorded near Toolik Camp (‘ pen
All were inferred from tracks, and many of the caribou remainéd
Multiple crossings by the same animals seem probable, as.
cratering on the pipe work pad and few fresh tracks into er out
immediate area. The only confirmed (i.e. through tracks) cross
sagbend was also noted at thlS time.,

Infrequent contact of caribou with the corridor continves to
an evaluation of the behavioral responses associated with direct e
with the Pipeline and, to date, has precluded any assessment of t
effectiveness of special crossing structures. Adult bulls conat
the large majority of caribou sighted from the haul road (Ta
- recorded crossings of elevated pipe (Appendix I; Cameron and Wh
1976, 1977), and there is some evidence for habituation to t
males, or even attraction of males to the corridor (Fig. 6).
maternal cows and calves are present in relatively low numbera 10
and contact with elevated plpe is correspondingly infrequent. Sin
reproductive performance of cows and recruitment of calves to the he
are the principal factors influencing the status of caribou. populations," -
~ the behavioral responses of these sex/age classes to disturban o
receive priority attention. There is little direct evidence (1
the results of haul road surveys or from sightings of collared ca
for unrestricted movements of maternal cows either across the pipel:
or through the oilfield near Prudhoe Bay, and it is. the effects of
continued restriction of these caribou to portions of their traéi ion
range that may be potentially detrimental. ' :

Herd Status

A summary of the sex and age composition of the CAH. betwaan
1976 and May 1978 is presented in Table 5. To permit calculati
overwinter calf survival and to provide a meaningful estima
bull numbers, calf and bull ratios have been adjusted to a common
‘base., That is, yearling counts made in summer and fall were apps
between the bull and cow categories, and new ratios were calcular
adJustment of spring data is necessary since "long yearlings" W
: classified as either adult bulls or cows. o

The adjusted calf:cow ratio increased slightly between* uly
October in both years. This artifact probably resulted from
young bulls as cows during July, thereby decreasing the relativa o
of calves. Fall counts are probably more representative, since t
approaches homogenelty during the rut, and because sex identific
adults at that time 1s seldom in question. Sampling 1naccuracies
standing, it appears that summer mortality of calves was extremel
in both years, In addition, calf:cow ratios obtained in sﬁr
that overwinter survival of both 1976 and 1977 cohorts was approx ma
75 percent. ‘ :

Bull:cow ratios varied seasonally in both years. Consistentl
bulls were observed during the rut than during post~ca1ving aggreg
or spring counts. Previous surveys indicate that bulls remain Su
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Table 5. Summary of sex/age cbmpdsition of the Céntral‘Arétié herd; 1976-1977.

‘Observed Ratios i - _Adjusted Ratiosl
Cohort ~ Season - ca/l00C  Y/100C B/100C ca/l00C  B/100C
1976  Post-calv. (July) 43 13 8 40 87
Rut (Oct.) . 46 9 - 125 7 44 124
Spring (May) 32 - 75 32 : 75;
1977 Post-calv, (July) 56 4 72 52 - 74
: Rut (Oct.) 64 ; 32 121 - 54 115

Spring (May) 40 - .37 40 "37‘

1 Yearlings classified as bulls or cows; when not determined directly, a sex
ratio of 1 ‘was assumed.

 Note: B = bulls, ca = calves, C = cows, Y = yearlings.‘



farther south in summer, scattered in small groups throughout the foothills

 (Cameron and Whitten 1976, 1977), and are more difficult to locate and count

than the dense aggregations on or near the coast. Sexual segregation in
early spring tends to be similarly polarized, but may vary widely from
year to year. Nevertheless, fall ratios indicate that bulls are unusually
- pumerous, representing more than half of the adults in the CAH.

Our highest and most accurate total count of the CAH was made
during postwcalving aggregation in July 1977 when a minimum of 4,300
caribou were observed, of which 1,760 (41%) were cows. Applying the
October figure of 37 percent cows (includes one-half of the yearlings
counted) gives a July estimate of 4,756 total caribou or 3,805 adults in
the herd. 1In April 1978 a ratio of 40 calves:100 surviving cows was
obtained (Table 5). Assuming a minimum 7 percent overwinter mortality
of adults (Bergerud 1978), we estimate that 655 calves were recruited as
yearlings in 1978. However, overwinter adult mortality (again estimated
at 7%) would theoretically reduce the number of surviving adults by 266,
yielding a projected net increase of only 389 (approximately 10%) for a
herd total of 4,239. Of course, at higher rates of adult mortality the
annual,increment would be correspondingly lower. These calculations are
admittedly speculative, but are in general agreement with our recent.
impressions of steady herd growth. Unfortunately, the detection of
minor, short-term changes is not possible using standard surveillance
methods, and confirmation of herd trends must await quantitative changes
of a greater magnitude. The above projections -are based on a minimum
population size for July 1977. At the present time we are not prepared
to calculate the actual size of the CAH, but it is doubtful that it -
exceeded 6,000 head prior to calving in 1978.

GENERAL COMMENTS AND REcommmATIoNs

Analysis of the behavioral responses of caribou to the TAP.
and, more specifically, their success in crossing sections of elevated
pipe has been complicated by an overriding avoidance of the corridor
area. This general reaction has not only reduced the frequency of
'Pipellne contact but has also altered the local sex and age composition
of groups which actually encounter pipe structures. Even these caribou
~often eXhibit difficulty in negotiating elevated pipe, while properly.
buried pipe would probably have no influence on free movements in the .
absence of local disturbance. The haul road itself represents a signifi-
cant hindrance to movements through the corridor, due principally to '
high levels of traffic and human activity, but also to excessive berm.
_ heights in some areas. Heavy construction activity and the attendant
noise, concentrations of workers and equipment operations occurred
during the first 3 years of this study, and additional cleanup/
~ restoration work during the fourth year resulted in traffic levels well
- above those anticipated for long-term op.iation and management of the
TAP. However, our data suggest a decrease in caribou avoidance during
fall 1977, p0551bly in response to the recent reduction in traffic and
construction activity. Such a recovery, if sustained, would permit a
more meaningful assessment of overall crossing success as well as an



evaluatlon of the effectiveness of special’ crossing structuresx(

. Slope ‘were not available prior to road and pipeline construction.
© Purther, there was no relevant information on the: anticipated responSes
of caribou to the general disturbance which would undoubtedly -accol

‘more prudent planning could have eliminated a great deal of unneoew

‘of seasonal movement. To our knowledge no oil industry scenarios for -
- development of the Prudhoe Bay area exist in sufficient detail to lloW*‘HT'

sagbends and special elevated sections). Gasline construotion a
won't occur for several years and this delay could provide an opp
for continued study in the absence of massive local disturbance.

. Baseline data on caribou distribution and movements on the A

the TAP project. Some preliminary research on pipeline crossing s ruct
represents the only planned effort to accommodate caribou——clearly an ‘
inadequate basis for designing a pipeline that would permit unrest:
movements. Other considerations such as road traffic, and the size,
location and scheduling of work crews were largely ignored and, in
hindsight, should have been among the principal concerns.. For ex

road traffic.,

0ilfield development near Prudhoe Bay is of special concern.jj?hli'(

‘activities have now expanded further into the CAH calving Erounde‘weﬁ_f~7 o
~ of Prudhoe Bay, and exploration is in progress in coastal areas to

east. Feeder (production) lines from wells in these areas will no oni_
traverse existing calving grounds but will also bisect important T

proper planning of baseline research programs, much less to permit E

: 1mp1ementation of studies related to specific concerns., It is imper tive e

that local expansion be considered in the context of overall field

o development and that plans be generated in a timely manner. Future

_has now. ended (1 July 1978), despite the fact that compliance with

studies of the effects of oilfield operations on caribou Will be more
closely integrated with ongoing pipeline research. ;

i
B

‘To date, the displacement of caribou from some units of range
the partial disruption of movements have had no measurable’ effect
herd productivity, Future research must address such questions as:
much disruption/displacement can caribou tolerate before productivity :
and recruitment are affected? Will the CAH continue to exist as a .

‘distinct unit within its present range or will it be displaced to an Jegn,

adjacent range and replaced by fragmented subgroups? Can .caribou evep&ually
accommodate to. human activity and artificial barriers within their :
range? Can freer movements be encouraged by minimizing local disturbance
and by providing, where necessary, more effective crossing structures? oo
These unknowns reflect the required direction and depth of future resea ch,
which will hopefully contribute to the formulation of improved wil er
management practices and encourage cooperation from a better informe e
more responsive oil industry. .

Alyeska's offic131 responsibility to support caribou/TAP research

stipulations for free passage and movement cannot be demonstrated,
the State of Alaska is currently sponsoring continued studies. Legal
questions as to the allowable time frame for compliance with stipulat



http:wi14li.fe

mitlgatlve measures and penaltles for non~c ompliance have not yet been
'addressed

LITERATURE CITED

Bergerud, A. T. 1978. Abstract. Proc. 29th Conf. of NorthWesf Sectibn,,
The Wildlife Society, Annual Meeting and Symposium on the Natural
Regulation of Wildlife Numbers, March 810, Vancouver, BC.

Cameron, R. D. and K. R, Whitten. 19?6. "First interim report on the
effects of the TransAlaska Pipeline on caribou movements. . Joint
State/Federal Fish and Wildlife Advisory Team Spec. Rep. No. 2.

and - . 1977. Second interim report on the'efféets‘
of the TransAlaska Pipeline on caribou movements. Joint State/
Federal Fish and Wildlife Advisory Team Spec. Rep. No. 8.

: Curatolo,/J A. 1975. Factors influencing local mdvements‘and
behavior of barrenground caribou. M.S. Thesis, Univ. of Alaska,
Fairbanks. : ' -

GaVin, A. 1973. 1972 wildlife survey, Prudhoe Bay area of Alaska.
Rep. publ., by Atlantic Richfield Co. ,

Roby, D. D. 19?8 Behav1oral patterns of barreﬁgrdund caribou of
the Central Arctic Herd adjacent to the TransAlaska Pipeline.
M.S. The31s, Univ. of Alaska, Fairbanks (in press)

: Skoog, R. 0. 1968. Ecology of caribou (Rangtfér tarandus grantt)

‘in Alaska. Ph D. Thesis, Univ. of California, Berkaley.

'PREPARED BY:. . ~ APPROVED BY:

Raymond D. Cameron & Kenneth R Whitten :

Game Blologists « : ; - Acting Director, Division of Game

SUBMITTED BY:

John Coadz‘ | 7 S | - (Q“"‘M C/WCAWM\/\’

Regional Research Coordinator Research Chief, Division’ of Game



*ad1d oy nummnwn Burssed STTym powIEBIE
peowses B2 9yl pue ‘Burssoad syl Suranp
Ju9lxad dWOS 03 PpI3joal [TV °H Yl 03

SUFT 19ped3 Iopun yoeq dnoa8 pal BO YITM

7 -proa £gqaBsu uo DIIFeI]1 03 PSWOISNIDE
powoos TIV °3uTzeaB 2I19m SI9YJ10 2I9ym
031 SUTT JI9p33F E umvﬁ: 3 pP9s8s0I0 ) Uy

*peO1 2yl Ssoide

Is9M ﬁmssﬂuﬁou pue =dtd a2yl I9pun pas8SOId
voayyl TIV °DP9q mous PO UB YIEouaq
~uo9a8 pue ysny TTI1S sem uoTiIElIs8oa
fourTedrd syl saoqe isnf SPISTITY

dooas ® uo Burpueis omj pue Surpesl auy

*pBOI 9Y3l SSOIDE.

ﬁcm 031 MOBq Po3130a]1 puBR ‘SIINUIW MIT

® 103 pooas ‘ped adid sy3 ojuo pavTem
puER pEOl1 9Y3 13IS9T L9yl ‘peO1 TneY °YI
uo BuryTeEM POAISSqO ISITI *UOTIODTI=Q

2173 o18urs ‘A1yoTnb pomorroF

saaylo oyl -=2drd oy zepun Zuriiem

~ B103J9q SDWT] TBIDADS PIqqoq-pesy puwe
ped adrd 8yl paemol pa3laels uayil [Inq
JaTTRUS ¥V * (M Idylaey w Q1) odrd 23
Suryoeocadde alozsq ATI9Taq podF pue ‘IInq
981vT ®B A9 POT ‘prOoa JY3 pessoldd T TIV

S6'T M

®) T ‘Dz ‘4T

21

g€

g%

A

N 9°€ST

S 77001

S 8°¢0T

S 76T

6/6

01/8

vI/L

- 2/9

LS

9¢

15

%S

syieway

(w) QE

Iystey

odig

;m¢0ﬂuﬂmomaoo

Z°
*AI98qQ

mthv

HzOHuwuoq‘

a1e(

- 'O
*A19SqQ

*(LL6T) mﬂoauumﬁwmv\mwzﬂmmouu maﬂm poIBAlTdH

I

xtpuaddy



*[/6T USIITYM pue uoidue) ur aeadde gg-g9¢ pue

umouyun =

‘9/6T

n ‘arnpe = v ‘Surtaeed =

PIOOa1 W}OB1) WOIJ BIBP =
.%mﬁﬁmb m@amm Jo Amv yinos 1o sz ﬂuuoa wl g

X ,Mamu.n B)

+BUTSS0ID ou = )
‘MOD =
1 ‘uorieAresqo Tensia

o

Tinq

N
4
A

N(“‘)@

us3131TYM pue uozewey ur ieedde CE-T SUOTIBAILSQQ :9ION

*peo1 mau;wwmmouomu suo pue }oeq
‘peuani auwog ‘Burssoxad Inoyirs ped adid
ayz SuoTe WY T 3INOGE UERI PUB pEOI TNEBY OY3

g 1T

0e/1T

passoxd X T pue g 8T Fo dnoid e woiy g TT - ON A § 8°9L %9
-2d1d oy3 19pUN PassOId SHDIBIL - - Nt L S 0°69  %T/IT €9
-puaqfeg m‘ummn adtd oﬂu wmmmouu mxowuw —— - nt 1 g onN ¥T1/1T 79
; ; .vmm qaom mmu uo
- uo 8UTISIBRID m&ﬁm 9yl I2pUN PISSOID SYDBIL —— — a1 me3 I S 0°08 YI/TI 19
‘ *q 9yl o3 uﬂmmmum 9I9M
‘d10mW @ pue auryadrd ayi jyo M 1sn[ poaxesqgo
- 91om ‘s2ATRD 3uIpnIouT ‘noqIiARd CT ATojew ;
Wﬁxo~@@¢ *puaq8eg e ySnoiyi passoId sydeil 0 - a1z L S 088 HI/IT 09
. *3ad1d ayy xopun
pesso1d noqried jo dnoid TTEUS B JO SHIBIL - -— 1 #s3 1 S0'16 HI/1T 6%
. , ) *371981T pusqldeg eyl ur .
pealesqo 219m Juou Ing pudqses 29Ul jo N
w'goz Inoqe a2did ay3 pesSSOID SYOBI] IOYID
*pessoad ATTenioe auou ing ‘adid oz
yiesuaq jussaad aI9m SYOBAJ 2WO0S {pusaqldeyg
B Jo § w QO 3Inoqe ped adid pejeiadonsi ‘ ;
o131 uo punojy aieMm SUTISIBID pUEB SHIBIL e - 0 ¢T~0T1 1 S 0°%6  HI/TI Q¢
S} IBUDY () "1Tq  guoT3Tsodwo) N@&%H HﬁOﬁumuoq a3eq ‘oN
Jy8TaH * AI38qQ *ATBSQQ
adrg
s pONUTIUOY rH xtpuaddy

29



	Third Interim Report of the Effects of the Trans-Alaska Pipeline on Caribou Movements
	Summary

	Contents
	BACKGROUND
	OBJECTIVES
	PROCEDURES
	FINDINGS AND DISCUSSION
	Seasonal Movements and Group Composition Determined by Aerial Survey
	Calving
	Group Composition along the Pipeline Corridor
	Latitudinal Distribution of Caribou along the Pipeline Corridor
	Seasonal and Annual Changes in Caribou Occupancy and Crossings of the Pipeline Corridor
	Distance of Caribou from the Pipeline Corridor in Relation to Group Composition
	Movements of Collared Caribou
	Crossings of Elevated Pipe by Caribou
	Herd Status

	GENERAL COMMENTS AND RECOMMENDATIONS
	LITERATURE CITED
	Appendix I.




