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EXECUTIVE SUMMARY 

Although oil exploration on the North Slope has occurred since the 1920's 
large scale oil development did not begin until the Prudhoe Bay discovery 
in 1968. Since that discovery, oil develop-ent has spread westward into 
the Kuparuk oilfield, and is continuing with the development of the Milne 
Point field. Intensive exploration is occurring in the Colville River 
delta, and in several offshore locations east of Prudhoe Bay. In general 
the majority of the Central Arctic Caribou Herd (CAH) winter range is in 
the foothills and surraner range (including concentrated calving areas) is 
on the coastal plain. Movmnts between these ranges are predhnately 
north-south, whereas movements within the s m e r  range are east-west 
along the coast and are dependent in part on the intensity of mosquito 
harassment. Oil development on the s m e r  ranqe could directly contact 
calving and coastal mosquito relief habitat, as well as affect movements 
to these habitats. Oil developent in the foothills could directly 
cor;tact CAH winter range, as well as affect movements between s m e r  and 
winter range. 

There is ample evidence to demonstrate that the term "herd" can k 
correctly applied to the CAH. Historic data suggested, and current data 
has confirmed, that the vast majority of caribou that are found on the 
CAH s m e r  range belong to the CAH. Calving concentration areas near the 
coast and in proximity to Oliktok and Milne points, and Bullen Point to 
the Canning River delta, have been identified since the early 1970's. 
Although the overall density of calving on the coastal plain has varied 
from year to year, apparently due to weather and snow ablation during 
spring migration and early calving, these two areas have consistently 
been used by more parturient females than have other areas. Data from 
visual- and radio-collared animals indicate that there is strong fidelity 
of CAH cows to the CAH s m e r  range and conversely few animals collared 
in adjacent herds have been re-located on the CAH s m e r  range. 

3 .  Two categories of habitat receive intensive use by CAH caribou--the sedge 
meadows cmprising the calving concentration areas on the coastal plain, 
and coastal beaches, promontories, and river deltas that are used 
intensively as mosquito relief areas. The use of coastal sedge meadow 
habitat by calving caribou is contra-intuitive in that at calving time 
the availability and nutrient content of forage is greater in the 
foothills than on the coastal plain. Several hypotheses for the use of 
the coastal plain during calving have been advanced. These include the 
hypotheses that calving areas are located where predator densities are 
lower, or that calving areas are located in proximity to mosquito relief 
habitat; however, no single explanation for the apparent fidelity of 
parturient caribou to their calving ground appears to be justified. The 
potential significance to CAH caribou of continued access to coastal 



mosquito relief habitat is discussed. These mosquito relief areas do not 
appear to provide adequate forage during msquito harassment bouts, 
however they do provide habitat where caribou can avoid continual 
harassment and reduce the amount of energy expenditure that would be 
likely if such habitat were not available. 

4. Our definition of impact is an effect on the ecosystem of caribou such 
that there has been a reduction in habitat quality, quantity, or the 
animal's ability to utilize that habitat that has been caused by oil or 
gas development. The emphasis on habitat-related effects as opposed to 
desnographic effects (e.g., reduced population numbers, reduced calf 
recruitment) is due to the recognition that the effects of oil and gas 
development on caribou habitat and its utilization by caribou are 
spatially extensive and long-term (essentially irreversible). Impacts on 
CAH caribou that are caused by oil and gas activities on the North Slope 
include direct habitat loss; avoidance of developments; and disruption of 
mvements. Potential impacts include harassment by aircraft and qround 
vehicles, and by pedestrians; and an increase in predation or human 
harvest . 

5. The amount of habitat loss directly due to oil and gas development in the 
Prudhoe Bay, Kuparuk, and Milne Point oil fields was approximately 3,200 
ha (8,000 ac) as of 1983. This is a conservative estimate because it 
includes only habitat covered by gravel or stripped for gravel mining, 
and does not include additional vegetation losses due to fugitive dust or 
ponding along roads and drill pads. However, direct habitat loss is an 
insignificant impact when compared to habitat that becomes unavailable to 
caribou because of their response to facilities and human activity that 
are associated with oil and gas developnt. 

6. Harassment of caribou by aircraft can potentially cause injury or 
mrtality to individuals (especially calves) , disruption of the cow/calf 
social hnd that could affect a young calf ' s ability to survive, and an 
increase in the amount of energy-consuming activities that a caribou 
engages in (e.g., from walking to running) or a decrease in feeding. 
Caribou in some herds appear to be sufficiently habituated to aircraft 
that they do not respond to overflights; caribou in other herds may react 
to a similar overflight with panicked running. Caribou in other herds 
appear to be most reactive to aircraft during calving and mosquito 
season. Overflights of higher than 660 m (2,000 ft) AGL during these 
sensitive periods, and 330 m (1,000 ft) at other times apper to cause 
little or no overt reaction. Harassment of caribou by off-road vehicles 
and pedestrians especially when herds are hunted, appears to cause a 
stronger reaction than most aircraft harassment; however, comparative 
observations in the CAH have not been made. 

7. Caribou can react to linear developments (e.g., roads, pipelines) and 
point developnts (e.g., drill pads) by avoiding areas around these 
developments. Avoidance has been measured by the distribution of caribou 
occupancy. The strength and longevity of the avoidance response by 



caribou appear t o  vary depending on the composition of the caribou group, 
season of the year, type of d e v e l o p n t ,  amount of human ac t iv i ty  
associated w i t h  the d e v e l o p n t ,  species and degree of harassment by 
insect pests present, and the type of topography between the d e v e l o p n t  
and caribou as  they approach a development. 

8. Caribou of the CAH have been observed t o  avoid "point" d e v e l o p n t s  such 
as  an isolated, active d r i l l  r i g  during summer to ta l ly  up t o  1,200 m 
(4,000 f t )  and par t ia l ly  up t o  2 km (1.2 m i )  . Peary caribou have been 
observed t o  avoid an active seismic camp i n  winter by 2 km (1.2 mi) when 
the camp was located i n  f l a t  terrain,  but t o  approach similar camps which 
are located i n  h i l l y  terrain. 

9. Maternal groups of caribou i n  the CAH have been shown t o  avoid the TAPS 
corridor during a l l  seasons, with the possible exception of the f a l l  
ru t t ing  period; the Prudhoe Bay o i l  f i e l d  during summer; the Spine 
Road/Kuparuk Pipeline complex and the Milne Point Road during calving; 
areas of intensive human ac t iv i ty  along the Spine Road during mid-summer; 
and the Milne Point Road during mid-surmner. Maternal groups a m s t  
to ta l ly  avoid the Frudhoe Bay o i l  f ie ld ,  and the area within 4 km (2.4 
mi) of the Spine Road during calving. Maternal groups avoid l inear  
developme-nts during the remainder of the s m r  i n  d i rec t  (but not 
necessarily l inear) proportion t o  the group's distance from the 
developments, up t o  a distance of a few kilometers. 

10.  Caribou s m r  movements through and within the o i l  f ie lds  have been 
reported from the viewpoint of broad scale moverents within a subregion 
(e. g. , within or  around the Prudhoe Bay and Kuparuk o i l  f ie lds)  , or from 
specific investigations of the behavior of caribou as  they attempt t o  
cross l inear developments. Caribou movements in to  the Prudhoe Bay 
o i l f i e l d  during mosquito harassment periods have vir"iua1l.y ceased, 
presumably due t o  the low clearance (often less  than 1 m [3 f t ]  ) of 
feeder l ines and the intensity of human ac t iv i ty  there. Caribou 
movements into and within the Kuparuk o i l  f i e ld  have been disrupted by 
d e v e l o p n t s  and human ac t iv i ty  within the f ield;  however, some of these 
disruptions may be short-term responses t o  localized areas of intensive 
h m  act iv i ty ,  and some return t o  pre-development patterns may be 
occurring. 

11. The success of caribou in  crossing linear d e v e l o p n t s  appears t o  be 
dependent on several factors including s i z e  of t-he crossing group, type 
of development (e.g. , isolated road, isolated pipeline, o r  road and 
pipeline i n  proximity) , season of the year, type anG density of insect 
pests,  amount of human ac t iv i ty  associated with the developnent, and 
presence of special features t o  enhance caribou crossing (e.g., ramps, 
buried sections, elevated pipe). 

1 2 .  The ra te  of success by CAH of crossing l inear  developments varies 
according t o  the type of development. In order of decreasing success of 
crossing by caribou, the following linear d e v e l o p n t s  occur i n  the CAH 



range: buried pipeline, road without traffic, elevated pipeline alone 
(1.5 m, 5 ft, above the ground), road with traffic, pipeline and adjacent 
road without traffic, and pipeline and adjacent road with traffic. 
Traffic levels averaging 15 vehicleslhr have caused a significant decline 
in crossing success of caribou attempting to cross the Spine Road/Kuparuk 
Pipeline cqlex during mosquito season. Traffic levels averaginq 6 
vehicles/hr have not apparently affected crossing success of a 
roadlpipeline ccanplex. These data should not be interpreted as actual 
ranges of traffic frequency that can affect crossing success, but do 
reflect qualitatively the importance of traffic in affecting crossing 
success. The distribution of traffic during the day (and night) is as 
important as the average number--for example, if a high frequency of 
vehicles is concurrent with the approach of mosquito-harassed groups to a 
road/pipeline, these groups will probably be unable to cross the conrplex. 

13. Although almost all quantitative studies of CAH crossing success have 
been conducted between late May and August, there have been changes in 
crossing success over the summer period. These changes in crossing 
success may be in response to changes in season, but it is difficult to 
isolate changes in season from other variables such as type of insect 
pests and intensity of harassment by these pests. The success of 
crossing linear developments is generally lower during periods of little 
or no insect harassment in midsummer and durinq calving. Because most 
calving occurs north of the Kuparuk Pipelinelspine Road and parturient 
females are generally more sedentary, caribou may be less "mtivated" to 
cross the complex then, as opposed to periods of mosquito harassment when 
their motivation to cross and reach insect relief habitat is greater. On 
the other hand, during oestrid fly harassment, group size is smaller and 
the reactivity of caribou to structures and human activity is much 
lower--caribou will approach and even utilize structures such as roads or 
under buildings as fly relief. These changes in reactivity to 
developments and human activity markedly affect crossing success. 

14. Group size also affects the success of CAH caribou in crossing linear 
developments--larger groups have a lower success in crossing developnents 
than do smaller groups. However, often large groups apparently occur in 
response to increased msquito harassment; therefore, the effects of 
mosquito harassment can not be readily isolated from the effects of the 
social dynamics of large groups per - se. 

15. Buried sections of the Kuparuk Pipeline have been preferentially used by 
CAH caribou for crossing the pipeline. Ramps which have been constructed 
specifically to facilitate caribou passage are preferred over adjacent 
sections of elevated pipeline--this preference appears to be especially 
noticeable in areas where there are high levels of traffic along the road 
associated with the pipeline. Ramps may be a very important structure 
for enhancing the success by large, mosquito-harassed groups in crossing 
above-ground pipeline and especially roadlabove-ground pipeline 
complexes. 

xii 



16. It is possible that CAH caribou are adjusting to the oillgas developxent 
in the Kuparuk oil. field. Caribou crossing success of saxe of the 
structures has increased slightly in 1983 and 1984 from that of earlier 
years. During midsumner 1984 maternal group occupancy along the Spine 
Road increased from that of several previous years. Large groups of 
caribou that moved southward from the coast as mosquito harassment 
declined then crossed the Spine RoadIKuparuk Pipeline complex directly 
between the Kuparuk River and Central Processing Facility (CPF-I), rather 
than paralleling the complex westward and "end-running" the developed 
area as they had done the three previous summers. These data reflect 
only one year however, and should not ke considered definitive evidence. 
There are no such indications from data concerning the TAPS corridor or 
the Prudhoe Bay field, or concerning partutient caribou avoidance of the 
Milne Point Road. 



AS Alaska continues to develop its natural resources, human-induced changes 
will continue to affect the availability and use of habitat by fish and 
wildlife species in the state. The caribou (Rangifer tarandus) is one of 
the wildlife species most identified with Alaska, and one of the most 
important for subsistence and recreational hunting, and for viewing. 
Experience in assessing the effects of human-induced changes on Rangifer 
populations elsewhere in the mrld has indicated that man can significantly 
alter the relationship between Fbngifer and its habitat. In the worst 
cases, these alterations have resulted in regional and local extirpations. 
In order to understand these human-induced alterations, and therefore to be 
better prepared to prevent their occurrence in Alaska, Habitat Division has 
prepared a report synthesizing the available literature on the effects of 
man's land use and developnent activities on Rangifer. The report consists 
of two volumes. Volume I is a synthesis of the impacts of human land use 
and developnt types on Rangifer elsewhere in the mrld and includes a 
brief discussion of the prevailing theories about Rangifer population 
dynamics. Volume I1 (this volume) is a discussion of the effects of oil and 
gas developnt on the Central Arctic Herd (CAH) of Alaska's North Slope of 
the Brooks Range. This volume focuses on the type of developwnt that is 
mst intensive in Alaska at this tire, although available information £ran 
other geographic areas and situations is included where appropriate. 

1.1 SCOPE AND ORGANIZATION 

Although the emphasis of each volume is on impacts to Rangifer that are 
caused b17 man's developraent activities, additional information is included 
that is designed to assist the reader in evaluating and understanding the 
impacts information provided. This additional information includes such 
topics as taxonany, herd status, aspects of Rangifer life history and 
habitat utilization, and distribution. The discussion of these topics is 
limited to that information directly relevant to evaluation of the impacts 
information. Readers desiring more exhaustive treatment of these general 
topics should consult Bergerud (1978) , Kelsall (1968) , Miller (1982), 
Pullainen (1983), Rehers et al. (1980) , and Skoog (1968). 

Each volm consists of a narrative text followed by an annotated 
bibliography of selected pertinent references. The references that have 
been annotated have been selected because of their relevance to 
understanding and evaluating impacts discussed in the report. All 
references that discussed impacts have been annotated. In addition, sarrre 
references have been annotated that contain information useful in evaluating 
the impacts literature but do not in themselves contain impacts information. 

In this volunae, an overview of the history of oil and gas developwnt on the 
North Slope, and the historic and current distribution and mvgnents of the 
Central Arctic Herd (CAH) are presented and discussed in section 2.0. This 
section also includes a discussion of habitats that appear to be used 
intensively by the CAH, and a discussion concerning the application of the 



t e r m  "herd" to the group of animals we now call the "Central Arctic Herd." 
In section 3.0 the impacts of oil and gas developments are presented. These 
impacts are discussed in the context of opposing "schools of thought" among 
caribou biologists in regards to the effects of h m m  land use and 
 development.^ cn caribou and their habitat. Conclusions and general 
discussion are presented in section 4.0, and the literature cited and 
annotated bibliography are presented in sections 5.0 and 6.0 respectively. 

1.2 DEFINITION OF IMPACT 

For the purposes of this report, an impact is defined as an alteration of 
Mgifer's environment as a consequence of human land use or development 
activities that results in a deleterious change in the relationship between 
caribou and their habitat or between caribou and other wildlife species 
(such as predators or competing ungulates). Several considerations are 
worth mntioning in regards to this definition. First, hurran development 
activities do not always cause alterations to Rangifer's environment that 
are deleterious; for example, in some situations wildfire can enhance the 
availability of forage for caribou. Second, most biologists would agree 
that, ultimately, the amount of available habitat limits the n&r of 
animals supported by the habitat. Other, proximate, factors (e.g., hunting, 
predation) may be more important in the short term; however, the m u n t  and 
quality of available habitat ultimately limits populations. Third, the 
Alaska De~ar~ent of Fish and Game's (ADF&G) goal is to emure that caribou 
habitat is managed for the long-term benefit to the species. This principle 
is formulated in the ADF&G "Statement of Policy on Mitigation of Fish and 
Game Habitat Disruptions" (memo Skocq to directors, 3/24/82) in which it is 
stated that the goal of the department is to I' . . .maintain or establish an 
ecosystem with the project in place that is as nearly desireable as the 
ecosystem that would have been there in the absence of the project." One 
consequence of this goal is that habitat management, as opposed t.o 
ppulation management (e.g., seasons and bag limits), mist be approached 
from the standpoint of maximurn protection to the habitat because many 
developnt projects are on the scale of tens or hundreds of years. As a 
result, habitat losses or other effects of developent that may accompany 
these developnt projects are for all practical purposes irreversible. For 
example, the Trans-Alaska Pipeline System (TAPS) was originally constructed 
for a 30-year project life based on the perceived (as of the early 1970's) 
size of the Prudhoe Ray oil discovery. Since then new oil and gas 
discoveries in adjacent areas, as well as advancing technology in recovery 
techniques, have extended that project life by several decades. 

In order t.0 understand the interaction between caribou of the CAH and oil 
and gas developnt it is useful to review the history, past growth, and 
likely future growth of oil and gas development on the North Slope; and to 
review salient features of caribou distribution, movements, abundance, and 
utilization of specific areas (e.g. , calving areas) that may affect current 
and future caribou interactions with oil and gas developnt. 

2.1 SUMMARY OF OIL/GAS DEVELOPMENT IN TFIE CAH RANGE 



2.1.1 Historic and Current Exploration and Developtent 

Petroleum exploration and d e v e l o p n t  on the North Slope focussed unt i l  the 
early 1960 ' s on the region m s t l y  t o  the =st of the CAH range (figure 1) . 
An excellent sum~lcy of the history of that deve lopn t  has been provided by 
Hanley e t  a l .  (1981)--unless otherwise noted the following discussion is 
adapted £ram their  report. In 1923, the northern foothills of the Brooks 
Range and the coastal plain west of the Colville River were se t  aside as 
Naval Petroleum Reserve No. 4 (now called National Petroleum Reserve-Alaska, 
or  "NPR-A") . Until the 1 9 4 0 ' ~ ~  petroleum exploration consisted only of 
geologic reconnaissance. However, in the 1940's and 19501s, 36 t e s t  wells 
and extensive seismic and other surface exploration resulted in  the 
discovery of nine o i l  and gas fields, none of which contained camnercial 
reserves. The mst extensive o i l  f ield was found near m a t ,  and has an 
estimated 70 million barrels of recoverable reserves. No f ie ld  developtent 
has occurred there. A s ~ l l  gas f ield was developed near Barrow, and since 
1949 th i s  f ield has been supplying Barrow and nearby naval installations. 
None of these f ields are within the m a i n  portion of the CAH range; however, 
the Umiat f ield is within an area of winter range occasionally shared by CAH 
and Western Arctic Herd (M) caribou. 

Although dri l l ing in the Umiat area continued sporadically unt i l  1965 
(Hanley e t  a l .  1981) intensive large scale deve lopn t  on the North Slope 
did not begin unt i l  the discovery of a large o i l  reservoir a t  Prudhoe Bay in 
1968. A confirmation w e l l ,  dr i l led in 1969, indicated a significant find 
called the Sadlerochit Formation. Developnt in  the Prudhoe Bay area by 
1970 consisted of the Deadhorse Airport (used by scheduled a i r l ines) ,  a 
small system of roads connecting the airport t o  ARCO base camp, and several 
drill pads with associated access roads. A m a l l  m u n t  of additional 
dr i l l ing and fac i l i t i es  d e v e l o p n t  had occurred by 1974 including a road 
toward the West Dock, and the start of the main connector road (called the 
"Spine Road") westward betwen Prudhoe Bay and what is now the Kuparuk field 
(figure 2 ) .  The early "boom" in expansion occurred in  la te  1974-75 with the 
construction of the TAPS, the 48 in diameter pipeline to  carry crude o i l  
frcan P r u d .  t o  Valdez, and the expansion of the drill pad, flowline, and 
access road network t o  TAPS EUnp Station 1. In addition as the Prudhoe Bay 
area continued t o  grow, an infrastructure and support faci l i ty  network also 
grew. Additional construction camps for support contractor personnel, o i l  
f ield service industries (e.g., t i r e  shops, dri l l ing mud contractors, drill 
r i g  repair industries, heavy equipnent parts dealers and repair f ac i l i t i e s ) ,  
and the gravel ramval operations ("material sites") upon which most of 
these fac i l i t i es  depended, a l l  grew rapidly during the 1974-75 period, and 
have continued expanding t o  the present. It is likely that fac i l i t i es  for 
renoving o i l  and gas froan the Sadlerochit Formation are nearly ccsnplete. In  
the Prudhoe Bay U n i t ,  there are saw 50 drill  s i t e  or  o i l  fac i l i ty  (e.g. , 
gathering centers) pads in place (including associated access roads and 
flowlines), 25-30 support fac i l i ty  pads in the Deadhorse area, 4-5 gravel 
p i ts ,  2-3 water reservoirs, and a major road system leading west t o  the 
Kuparuk oi l f ie ld ,  and t o  the East Dock and West Dock barge faci l i t ies .  

In addition t o  the Prudhoe Bay f ie ld  o i l  developmt is occurring in  the 
Kuparuk field situated between the Kuparuk and Colville rivers (figure 3) . 
By 1978, d e v e l o m t  consisted of a handful of drill s i t e s  and the 
continuation of the Spine Road fran the Prudhoe Bay U n i t ,  across the Kuparuk 









River to the Kuparuk field. Growth of the Kuparuk field continued, and in 
1980 construction began on the major 24 in diarwter pipeline connecting the 
Kuparuk field to TAPS Pump Station 1 (figure 3). A major facility, Central 
Processing Facility 1 (CPF-1) was completed in 1980. Construction of the 
Kuparuk Pipeline was completed from CPF-1 to TAPS ?3mp Station 1, a distance 
of 27 m i  (43 km), in 1981. CPF-2 was completed in 1982, and numerous 
additional drill pads, access roads, a jet airport, and flowlines and 
gathering centers were also completed. Currently in the Kuparuk field there 
are 52 drill sites and processing facilities, 5 material sites, and 4 water 
reservoirs. Although mst of the major oilfield support facilities are 
still located in the Prudhoe Ray area, expansion. of the Kuparuk oilfield is 
continuing. In winter 1984-85 alone, construction of an additional 182 mi 
(109 krn) of flow lines occurred; in 1985-86 construction of another 142 r r i  
(85 km) is forecast. Although many of these flow lines are placed on 
support structurzs currently in place, others will be entirely new and will 
be accompanied by new access roads. 

Within the area of the Kuparuk oilfield lies Conoco's Milne Point Unit, 
north of the Spine Road (or "West Sak Road") between the Oliktok Road and 
the Kupadc River (figure 3). Construction of a road 14 m i  (23 km) from the 
West Sak Road to Milne Point, and several drill sites and access roads, was 
completed i.n 1981. A pipeline along the Milne Point Road was constructed 
during winter 1984-85. 

2.1.2 Projected Developent 

Expansion of the oil field network around the Prudhoe Bay and Kuparuk areas 
is already underway. Drill sites in the West Sak shallow oil sands 
formation in the southern Kuparuk field are being constructed. If the 
projections of reservoir capacity are correct, the Kuparuk oilfield 
infrastructure could increase fourfold. Just to the west of the Kuparuk 
oilfield, exploratory wells are being drilled in the Colville River delta 
and inmediately offshore. Should recoverable reserves be discovered there, 
it is likely that the infrastructure for transprting oil from that area, 
and for maintenance and development of the new field, will tie into the 
existing Kuparuk oilfield infrastructure. Imdiately to the south of the 
Kuparuk oilfield, additional fields are being explored in the Hemi Springs 
Unit, and in the Eileen West End area. 

Considerable onshore and offshore exploration has occurred both east and 
west of Prudhcje Bay. Sohio's Endicott project, offshore of the 
Sagavanirktok River delta (figure 3) , is scheduled for development in the 
next few years. Exploratory drilling is being proposed for leases in Fogq~ 
Island Ray off the eastern charnel. of the Saqavanirktok River. ARCO Alaska 
will be developing the Lisburne Formation in Prudhoe Bay; however, its 
onshore facilities will be mostly contained within the existing Prudhoe Bay 
development area. Onshore facilities such as pipelines, gravel sites, and 
access roads would accompany a h s t  any offshore developnt. 

Oil exploration drilling has taken place east of Prudhoe Bay to the Canning 
River, and seismic exploration and exploratory drilling has occurred on the 
Arctic National Wildlife Fkfuge. To the west of Prudhoe Bay, exploratory 
wells have been d~ilie.6 In Harrison Bay and NPR-A. If significant oil 
reservoirs are discovered in any of these coastal areas, an east/west 



pipeline (possibly with an associated road) to connect these reserves to 
TAPS is likely. If a significant reservoir were discovered in southern 
NPR-A, an east/west transportation corridor along the northern Foothills of 
the Brooks Range (in the WAH range) to another TAPS p q  station is likely. 
If all the reservoirs are developed, there could be major transportation 
corridors across the coastal areas from Harrison Bay (in the Teshekpuk Lake 
Herd [TLHI range) to Kaktovik (in the Porcupine Herd [PHI range) . It is 
also likely that the road netmrks associated with these oil fields could 
also be extended to connect the villages of Kaktovik and Nuiqsut with the 
Dalton Highway. 

Northwest Alaska Pipeline Canpany (NWA) has proposed to construct a buried, 
48 in. diameter gasline frm Prudhoe Bay through Canada to the "Lower 48." 
Although preliminary exploration and design have been ccsnpleted, the Alaskan 
portion of the project was temporarily deactivated in 1982 pending a mre 
favorable econcanic climate. The gas pipeline muld parallel the TAPS line 
through that portion within the CAH range. As currently proposed, the gas 
pipeline muld be operated below 32O F and would be buried throughout the 
alignment with the exception of several major river crossings. Although 
cmrcial gas reserves in NPR-A appear to be limited (Hanley et al. 1981) , 
there is the possibility that such reserves could be considered carrmercially 
viable if the NWA pipeline were built (ibid.). 

2.2 CAH DISTRIBUTION AND MOVENENTS 

Barren-ground caribou typically share several characteristics that are 
important in regards to evaluating the impacts of h m  developnents. These 
characteristics include extensive seasonal mements and distribution, the 
tendency of pregnant females to congregate with other pregnant females in 
more or less geographically distinct areas to which they return year after 
year in order to have their calves, and utilization of certain habitat types 
(other than calving areas) mre intensively than others (Bergerud 1978, 
Skoog 1968, Miller 1982). In the following sections these characteristics 
will be discussed with respect to the CAH in order to describe the "nonnal" 
range of variation of rtnvements, distribution, and habitat use by caribou of 
the CAH as a baseline for the evaluation of the impact of oil and gas 
developm~t, to confirm the use of the term "herd" as applied to the CAH, 
and to identify any types of habitat that may be relatively mre important 
to the CAH than other habitats. The latter two points are especially 
important in view of the controversy surrounding the observations of 
apparent displacmnt of CAH frm certain spatial areas of its range, and 
the possible consequences of such displacemnt (reviewed in section 3.0). 

Historic and current CAH distribution, mvanents, and abundance are 
swmarized below. More details are available in the original references, 
and detailed maps will be provided in the department's forthcaning Alaska 
Habitat Managanent Guide-Arctic Region. Z b  qualifications are necessary 
before proceeding: (1) "historic" information is readily available as far 
back as the late 1950'~~ and even information frm the 1950's and early 
1960's is not reliable because of the small number of observations and lack 
of systematic surveys, and (2) wen with the increased use of sophisticated 
technology (e.g., airplanes, helicopters, radioteletry, ccmputers) in the 
recent study of caribou biology, because of the inadequate data base prior 



t o  the developwnt of the Prudhoe Bay o i l  f ield,  pre- and post-developnt 
canparisons are often really educated guesses rather than absolute facts. 

2 .2 .1  Distribution m-d Movements Prior t o  1980 

Prior t o  the discovery of oil a t  Prudhce Bay, knowledge about the CAH 
distribution was based on scattered observations incidental t o  other mrk  i n  
the area. N o  systematic repeated surveys were conduct& before ADF&G began 
intensive studies i n  the area i n  1975. 

Cameron and Whitten (1976) , Carruthers (1983a and b) , Carruthers e t  a l .  
(1984), Child (19731, Gavin (n.d.1, and Skoog (1968) have provided sum~lries 
and discussions of historic caribou distribution, ~mvawnts, and abundance 
in the central North Slope region. Skoq (1968) reviewed the historical 
distribution and abundance information for the PHI WAH, and the "central 
Brooks Range herd" and concluded that  in the 1920's and 1930's there were 
two herds in northeastern Alaska - the PH and the "central Brooks Range 
herd." The "center of habitation" of the "central Brooks Range herd" during 
this time was along the south slope of the Brooks Range between the western 
Phil l ip Smith and eastern Endicott mountains. In  1937 several thousand 
animals wintered in  the foothills of the Kuparuk River and wre likely part 
of a northward sh i f t  in the center of occupancy of the "central Brooks Range 
herd" that  continued into the 1940's. In the 1950's the "central Brooks 
Range herd" increased rapidly and then disappeared, presumably joining the 
M. In 1964 there appeared t o  be only two calving areas, associated with 
the PH and WAH respectively. Skoog's map of caribou herds identified i n  
1968 shows only the PH and WAH, and the boundaries of each herd do not 
overlap - the area between the Canning and Colville rivers is not included 
in any herd ( f iqure 2 ,  ibid . ) . There are few observations referencing the 
area of the central North Slope between 1968 and 1970. Hemning and G ~ M  
(1969, figure 3) mapped calving areas in 1968 that correspond closely t o  the 
current TLH calving area (northeast of Teshekpuk Lake) and t o  the current 
western concentrated calving area of the CAH; however, these w r e  labelled 
as  "Porcupine Herd calving areas." In 1971 Hemning apparently considered 
that the calving area between the Colville and Sagavanirktok rivers was part  
of the WAH because he drew the boundary beheen the range of the PH and WAH 
a t  the Sagavanirktok River, and did not m t i o n  a "central Brooks Range 
herd" o r  a CAH (Haming 1971, figure 1) . Carruthers (1983b) , reviewed Skoog 
(1968) , and suggested that the CAH has been a "remnant" herd a t  leas t  twice 
i n  the past--once during the decline of the W (and possibly also the PH) 
prior t o  their  increase i n  the 1940's and 1 9 5 0 ' ~ ~  and once again in the 
early 1970's when the WAH again declined. Child (1973) mentioned a previous 
report which dccumented 45,000 wintering on the coast near the Sagavanirktok 
River i n  1958. Gavin (n.d.) described influxes of large numbers (tens of 
thousands) of caribou that he assumed were WAH and PH animals into the CAH 
range during the 1969-70 period. In surrmary, prior t o  1969-70, information 
regarding the exact distribution, or  even the presence, of the CAH is 
scanty; however, caribou e r e  consistently observed bethen the Colville and 
Canning rivers f r m  the Brooks Range t o  the coast and calving was documented 
on the coastal plain between the Colville and Sagavanirktok rivers. 

Following the discovery of o i l  a t  Prudhoe Bay in 1968, the petroleum 
industry began investigating the distribution and m m t s  of caribou in  
the Prudhoe Bay region (Gavin n.d. ) . The proposal t o  construct a natural 



gas pipeline from Prudhoe Bay eastward t o  Canada pranpted a number of 
studies of the PH in the early 19701s, with s a w  overlapping coverage of the 
CAH (e.g., Roseneau and Curatolo 1976, Roseneau e t  a l .  1974). Child (1973) 
and White e t  a l .  (1975) reported on caribou movements in 1971-72 near 
Prudhoe Bay. Beginning in 1974, ADF&G began long-term investigations of the 
CAH (Camron and Whitten 1976) . These sources provide an overview for the 
1969-79 period. 

Although Gavin (n .d. ) conducted no winter surveys, he surmised tha t  between 
1969-1977 less  than 100 animals of the CAH wintered on the coastal plain. 
Caribou of the CAH were thought t o  winter south of the Brooks Range in the 
early and mid-1970 ' s i d .  ) , and were found t o  winter mostly in  the 
foothi l l s  on the north side of the Brooks Range i n  the l a t t e r  part of the 
1970's (Cameron and Whitten 1978). Ingress of individuals f r m  the W 
occurred during f a l l  of 1976 (Roby 1978, Gavin, n.d.). In 1977-78, much of 
the CAH appeared t o  winter i n  the northern foothi l l s  and onto the coastal 
plain (Camron and Whitten 1978) . 
Spring migration usually consisted of movements during May of mostly cows 
and yearlings i n  a generally northward direction along the major river 
valleys. Gavin (n.d. ) reported that i n  spring 1971 heavy snow i n  the 
foothi l l s  delayed migration, and tha t  calving took place between the 
foothi l l s  and "elevations" [lati tudes?] equivalent t o  Franklin Bluffs. In 
1972, heavy snows again resulted i n  delayed spring migration toward the 
coastal plain ( ibid.) .  Spring migrations f r m  1973 through 1979 appeared to 
follow a pattern similar t o  tha t  observed i n  l a t e r  years ( ibid.) .  

Calving generally occurred on the coastal plain, and was often concentrated 
in two areas--one between the Ugnuravik and Kuparuk r ivers ,  and the other 
between the mouth of the Canning River and Bullen Point (Gavin n . d. , Child 
1973, Cameron and Whitten 1978) (figure 1) . Although he conducted no 
systematic surveys, Gavin (n.d.) reported tha t  in 1970 most caribou appeared 
t o  calve i n  the vicini ty of the Kadleroshilik River and Bullen Point on the 
eas t ,  and between the Ugnuravik and Putuligayak r ivers  in the west (cf.  
figure 2 ,  ibid. ) . The l a t t e r  area is quite similar t o  the calving area i n  
1968 (cf.  figure 3 ,  H d n g  and Glenn 1969). In 1971, calving occurred 
primarily i n  the foothi l ls  (cf.  figure 5, h i d . )  presumably because of deep 
s n w  on the coastal plain. In 1972, 500 cows and calves were located along 
the coast west of the Kuparuk River, and 1200 caribou, m s t l y  cows and 
calves, betveen Prudhoe Bay and the Canning River ( ibid. ) . Although Gavin 
(n.d. ) reported only 8 cows and 5 calves w i t h i n  the "Prudhoe Bay area, " he 
never described the area he referred to.  Child (1973) stated t h a t  
"recently" [early 19701s?I the Prudhoe Bay developnent area had been used 
for  calving by the 3,000 o r  so caribou t h a t  resided in  the Prudhoe Bay area. 
In 1973, the distribution of calving was similar t o  tha t  of 1972, but 5-6000 
animals were involved ( ibid.) .  Of these 5-6,000, only 42 animals ( a l l  cows, 
calves, and yearlings) were counted i n  the Prudhoe Bay developnent area. In 
1974, calving concentrations were i n  locations similar t o  those of 1972 and 
1973; approximately 10,000 animals were involved. Calving counts in the 
Prudhoe Bay developnent area yielded 51 animals. 1975 calving survey 
resul t s  were reported by Gavin (n .d. ) ; h m v e r  , calving apparently was so 
widely scattered along the coast that concentration areas were not 
discernible. For the same year, Cameron and Whitten (1976) reported only 
t h a t  calving was observed " f r m  the la t i tude  of Happy Valley Camp north to 



the coast. " Gavin (n.d. ) reported that in late May of 1976, larqe numbers 
of caribou had moved into the area between the Ugnuravik and ~u~aruk rivers, 
and between the Shaviovik and Canning rivers. Only a handful of animals 
calved in the Prudhoe Bay area. Cameron and Whitten (1978, 1979) reprted 
that calving in 1977 was distributed fairly uniformly betwen Oliktok Point 
and Bullen Point, and inland to approximately 70' N.L. and that little if 
any calving took place in the Prudhoe Bay developnent area. However, 
Cameron andmitten (1978) flew only as far inland as 70° 05' N.L. (i.e., 
onlv the coastal plain) during the calving period, and did not survey 
farther east than Rullen Point until late June; therefore, calving 
concentrations east of Bullen Point could have been missed. Fixed-wing 
surveys of the White Hills-Franklin Bluffs uplands areas during calving 
yielded no observations of calving concentrations in that area (K. Whitten, 
pers. c m .  1985). In 1978, extensive snow cover and flooding prevailed 
over the coastal calving areas (Whitten and Cameron 1985), and scattered 
calving occurred further inland than in dry years i d . .  Nevertheless the 
density of calving was greater along the coast than further south and a 
calving concentration in the area southeast of Oliktok Point and extending 
ahmst to the Sakonowyak River was observed, and another concentration area 
was suspected to occur between Bullen Point and the Canning River delta 
(Cameron and Whitten 1979) although survey coverage did not extend to there. 
A few hundred animals calved near Franklin Bluffs i d . .  At least 10 
caws, and possibly more, calved within the "Prudhoe Bay oilfield" (Gavin, 
n.d.) . In 1979, when the coastal plain was relatively dry and snaw free, 
almost all calving occurred within 24 Ian of the coast (Cameron and Whitten 
1980a), and there was concentrated calving in the Oliktok Point-Milne Point 
area. As in 1978, howlever, survey coverage did not extend east of Bullen 
point, and a concentration area near the Canning River delta could have been 
missed. 

Given the qualifications which were mentioned previously for Gavin's mrk, 
it appears that with the exception of several years when snaw conditions 
apparently affected the distribution of calving, the general distribution of 
calving remained similar for the period between 1969-79, except that calving 
declined in the Prudhoe Bay area. 

Between 1969-1979, during the post-calving period (approximately June 
10-July I), the portion of the CAH caribou that was involved in calving 
remained near the calving areas, and began to aggregate and to exhibit local 
mvements in response to the onset of the msquito season (approximately 
July l-August 1) (Gavin n.d., Child 1973, White et al. 1975). 

As the mosquito season approached, bulls, yearlings and nonparous cuws 
drifted north, and sane joined maternal groups; others remained on the 
coastal plain but did not join maternal groups. During the msquito season, 
heavy use of coastal deltas, points, and beaches, and unvegetated 
floodplains of the major rivers for relief fran mosquitoes by all sex and 
age classes was well docurrented (Gavin, n.d., Child 1973, White et al. 1975, 
Cameron and Whitten 1976, 1977, 1978; Roseneau et al. 1974). Movements to 
these areas often involved several thousand anhls. Movements involving 
thousands of animals were observed for the portion of the CAH sunmering west 
of the Sagavanirktok River by Child (1973) and Gavin (n.d. ) . Similarly, 
Roseneau et al. (1974) noted that in early July, 1973, 3-4000 animals had 
crossed the Canning River £ram the west, headed eastward for 10-20 miles, 



then reversed course and moved back westward. A similar pattern of movemnt 
had been observed in 1972, and they concluded that these animals were from 
the "Prudhoe Bay" or "Central Arctic Herd. " In the early 1970's moverrents 
through the Prudhoe Ray field were common, occasionally involving thousands 
of animals mving to and along the coast a?d to the nearby points and river 
d.eltas in response to wind direction and mosquito density (Child 1973, White 
et al. 1975). In contrast to information about the calving period, 
information about the mosquito season suggests that historic carbiou use of 
the Prudhoe Bay area as a movement corridor was high. 

Because it is important to understand the effect that msquitoes and oestrid 
flies have on the sumner distribution and m v e ~ n t s  of CAH caribou, a short 
digression here is appropriate. Caribou swnrner movemnts and distribution 
often occur in response to the intensity of mosquito and oestrid fly 
harrasment . &-cause of the predominance of northeasterly winds, caribou 
tend to drift eastward along the coast (into the wind) and form large 
aggreqations as mosquito harassment increases. Minor movements also occur 
in response to less severe mosquito harassment. For example, because 
night-time temperatures are often lower than those during the day mosquito 
activity often declines, and caribou that spnt the day along the coast 
drift back inland to feed. Likewise, caribou utilize short-term and/or 
localized shifts in wind direction in order to avoid mosquitoes. This 
results in short-term movement patterns which occur in response to 
shcrt-term fluctuations in mosquito density. Nevertheless, the general 
movement pattern is toward the coast and eastward, dependent on length =and 
intensity of mosquito harassment. In addition to selection of habitats 
favorable for relief from n~squitoes, caribou on the North Slope also tend 
to avoid habitats where msquitoes are dense (e.g., sedge marshes, lake 
mryins) in spite of the presence of highly nutritious forage in these 
habitats (White et al. 1975). Similar movement patterns occur in the 'YILY 
(Re~ynolds n . d . ) . 
In late July and early August oestrid flies emerge and begin to harass CAH 
caribou (Curatnlo and Kurphy 1983). 'IVo types of oestrid flies occur on the 
North Sl-ope - nose bots (Cephenomyia -- tromp L . ) and warble flies (Oedemagena 
tarandi L. ) . Roby (1978) and Sjenneberg and Slagsvold (1979) have described 
the life cycle. The life cycles of both species consist of an adult which 
follows the caribou to lay its cgqs on them, and which develops into a 
larva which remains in the caribou, pupates during the winter, and falls to 
the grouqd ir! early smmer. The pupa then develops into an adult and the 
cycle ccntlnucs. The adult war-bl? fly lays eggs on the bade aL1d leqs of 
carl*~~. =t: eggs hatch into i u i - v - ~ e  which burrow thruug? the skin, and 
reside and yic:: 5l;;e early the hllswing summer when ti l i3Ti fiTa=~ge 
r?li'c:z-;:i ine skin and fall LG t h ~  ground, eventually 5:: 62%-elop into the 
adult fly. The d32lt ;-use bot fly hover:, in frmt of the caribou's 522 
cmtil it can eject it3 q q s  ~112 the caribou's nusz. egg-larva-pup" 
s-ges occur in the nasal passages, pharynx, and pockets of the soft palate. 
As the larvae Secome ready to be expelled early in the following smer, 
they return to the nasal cavities. The caribou's coughing and sneezing in 
response to this movement causes expulsion of the larvae. In contrast to 
warble flies which are more irritating than debilitating, nose bts can 
result in physical disruption of breathing, secondary infections (including 
pneumonia) , and death from cranial edema (Sjenneberg and Slagsvold 1979) . 
Because the adults are strong fliers and locate caribou by scent, oestrid 



flies are abundant during wind conditions that would result in reduced 
harassment by mosquitoes. During the oestrid fly season caribou tend to 
seek relief by using microhabitats w i t h  a minimum of vegetation and maximum 
wind (e.g. dry ridges, gravel bars, r m d e  objects such as drill pads and 
roads) (Roby 1978, Curatolo and Murphy 1983) ; hever , in contrast to their 
response to mosquito harassment caribou respond to fly harassment by 
dispersing in small groups throughout the sumner range (Cameron et al. 1983, 
Carruthers et al. 1984, Curatolo m d  i m h y  1983, Lawheac! and Curatolo 
1984). 

~ollming the end of the oestrid fly season, approximately the end of July 
to mid-August, caribou are scattered in small groups over the coastal plain. 
As fall approaches, these groups join other groups and begin to drift 
southward, forming the fall migration. In roost years between 1969 and 1979, 
fall migration southward appeared to occur along much the same river 
drainages as spring migration (Gavin n.d.). Cameron and Whitten (1976) 
noted that fall migration appeared to be a little more hurried than the 
gradual northward drift of spring migration, and that during fall migration 
maximum mixing betmen maternal and other groups occurred as rutting 
activity cmnced. Following the rut, caribou again scattered into w l l  
groups on winter range in the foothills (ibid.) although a few animals often 
winter on the coastal plain, and in sane years many animals wintered on the 
coastal plain. 

2.2.2 Distribution and Movmts After 1980 

Since 1979, numerous studies have been conducted on various aspects of the 
CAH. In addition to ongoing road and aerial studies of TAPS and the Prudhce 
Bay area, regional calving surveys, and regional studies of the distribution 
and movanents of radio collared caribou, ADFM; has focused on caribou 
utilization of the Kuparuk Developrent Area (KDA) (e.g., Cameron and Whitten 
1979, 1980a; Cameron et al. 1981; Smith and Cameron 1983, 1985a,b; Whitten 
and Cameron 1983, 1985; Dau and Cameron 1985). Industry has also sponsored 
studies in the Sagavanirktok River delta (Wright and Fancy 1982; Fancy 1980, 
1983; Fancy et al. 1981), the Lisburne Develo-t Area (Woodward-Clyde 
Consultants 19831, the Kuparuk area (e.g., Robus 1983, Robus and Curatolo 
1983, Lawhead and Curatolo 1984, Curatolo and Murphy 1983, Murphy 1984), and 
region-wide (Carruthers et al. 1984). Although the primary purpose of these 
studies may not have been to gather distribution or m v m t s  data, 
information £ram these studies has contributed to our knmledge of this 
topic. 

Although the gross distribution and m a v m t  patterns observed by ADF&G and 
by Gavin in the 1970's have continued to the present, local variations 
(especially during calving and post-calving) have been observed. Between 
1981 and 1983 most of the CAH was distributed throughout the southern and 
northern foothills (e .g. , Franklin Bluffs to White Hills) during fall and 
early winter (Carruthers et al. 1984) . During the rut (October) caribou 
were most c m n  in the northern foothills (cf. figure 24, ibid.) , whereas 
by mid to late winter most were found in the southern foothills and west of 
the Sagavanirktok River (ibid.) . It was especially during the late winter 
period that the distribution of animals frm the CAH, WAH, and TLH 
overlapped, notably in the Itkillik and Anaktuvuk river areas but also in 
the Galbraith Lake area ( ibid. , Valkenburg and Davis in press) . In 1982, 



a m s t  25% of the CAH was found on the coastal plain i n  l a t e  winter 
(mid-April) 1982 (p. 45, ibid.) .  

Local variations i n  calving and post-calving movements and distribution have 
been at t r ibuted t o  the effects  of human developnent ( ref .  section 3) and t o  
environmental conditions such as  snow cover and flooding. Whitten and 
Cameron (1985) noted tha t  during spring of 1979 and 1981, relatively dry  
conditions prevailed on the coastal plain, and almost a l l  calving occurred 
within 24 km (14  mi) of the coast. In 1979, a concentration area was 
located in the Milne Point-Oliktok Point area; howver , no calving surveys 
were flown e a s t  of the Sagavanirktok River (Cameron and Whitten 1980a, 
ib id . ) .  In 1981, when the ent i re  area within 40 km (24  mi) of the coast was 
surveyed during calving, concentrations were located i n  the Milne 
Point-Oliktok Point area and the Canning River del ta  area (Cameron and 
Whitten 1980a, Whitten and Cameron 1985). Carruthers et a l .  (1984) however, 
place the western concentrated calving area i n  1981 and 1983 near the mouth 
of the  Kuparuk River (cf.  figure 13, ibid.) . Carruthers et a l .  did not 
survey the Canning River de l ta  i n  1981 ( ibid.  ) therefore they did not 
observe the eastern calving concentration described by Whitten and Cameron 
(1985). In 1982, Carruthers e t  a l .  (1984) noted tha t  calving was 
distributed far ther  inland than was the case in 1981 and 1983, and tha t  t h i s  
was coincident with a l a t e r  spring. In 1980 and 1982, l a t e  breakup resulted 
in a few caribou calving up t o  160 km (96 m i )  inland although densest 
calving still occurred near the coast (Whitten and Cameron 1985, Carruthers 
et  a1 . 1984) . The Kuparuk and Canning r iver  areas supported the highest 
densi t ies  of calving caribou, and the Prudhoe Bay area had a near absence of 
calving (Whitten and Cameron 1985) . In 1983 the general distribution of 
calving was along the  coast and was densest in the Kuparuk area i n  the west, 
especially i n  the area north of the West Sak Road (Spine Road) and south of 
Milne Point, and between Mikkelsen Bay and the Canning River i n  the eas t  
(Dau and Cameron 1985, Lawhead and Curatolo 1984) . Calving was absent i n  
the Prudhoe Bay area ( figure 1 i n  Lawhead and Curatolo 1984) . Other less 
dense calving areas included Franklin Bluffs/Kadleroshilik River area, the 
White H i l l s ,  the h i l l s  east of the Kavik River, and a zone south of the 
Prudhoe Bay developed area (ibid.) . 
A s  was the case with calving distribution, current post-calving distribution 
and insect-induced movements have renained similar t o  those during the l a t e  
1970's. Seasonal movements t o  favored mosquito re l ie f  areas such as  coastal 
de l tas ,  beaches, and p r m n t o r i e s  have continued, a s  has the generally 
northward sumner "dr i f t"  of many bull  and yearling groups in response to  
increasing mosquito levels inland. Utilization of the Sagavanirktok River 
de l t a  has continued (Fancy 1982, 1983; Wright and Fancy 1982). Minor use i n  
1983 of the coastal edge of the Prudhoe Bay f ie ld  was documented 
(Wocdward-Clyde 1983) . U s e  of the Prudhoe Bay developed area in 1983 was 
primarily by bulls ,  although on 22 July approxkately 4,500 caribou of mixed 
sexes moved i n t o  the W e s t  Dock area frcan the west, then s p l i t  into several 
groups which eventually mved back south and west tha t  evening (text and 
figure 4.5 i n  Wocdward-Clyde 1983). A t  l eas t  sane of the w e m e n t  back west 
was thought t o  be due t o  low clearance on feeder o i l  lines, and t o  
disturbance by t r a f f i c  further eas t  (Lawhead and Curatolo 1984) . Whitten 
and Cameron (1983) had observed no large groups of caribou t o  move through 
the  Prudhoe Bay area be- 1975-78. Although they observed large 
post-calving groups approaching the Prudhoe Bay developlaent area frcm both 



east and west, these had deflected and fragmented except for a few animals. 
La~dhead and Curatolo (1984) reported that in 1983 the oscillatory, 
mosquito-induced movements of caribou west of the Sagavanirktok River (where 
development is most intense) were similar to those of the caribou east of 
the Sagavanirktok River -- i . e . , although movements to and from the coast 
m y  be disrupted by the oilfield development, the gross movement patterns 
still occur. 

The general pattern of caribou movesnentc distribution in response to 
oestrid flies, that was identified prior to 1979, has continued (Cameron et 
al. 1983, Lawhead and Curatolo 1984, Carruthers et al. 1984). In surmner 
1982 caribou remained in two generally nonoverlapping aggregations, one on 
each side of the Sagavanirktok River, during calving and the mosquito season 
(Cameron et al. 1983) . A similar pattern of caribou distribution occurred 
in 1983 (Lawhead and Curatolo 1984). Following the onset of the oestrid fly 
season, and as the mosquito season ended, caribou dispersed widely in small 
groups. During this dispersal period caribou from each of the previously 
nonoverlapping aggregations tended to mix (ibid.) although there appeared to 
be a tendency for caribou from the eastern aggregation to move across the 
Sagavanirktok River and mix with animals from the western aggregation rather 
than vice versa (cf . f iqure 4, ibid. ) . 
2.3 CONCLUSION AND DISCUSSION 

2.3.1 Is There a Central Arctic Herd? 

Skoog (1968) has defined a herd as "A group of caribou which uses one 
calving area repeatedly over a period of years, distinct from the calving 
area of any other group." Despite its obvious emphasis on the female 
portion of the herd--bulls are not generally present m the calving grounds 
of most Arctic herds (Miller 1982, Skoog 1968)--this definition has been 
accepted as a working hypothesis by most North American caribou biologists. 
Skoog recognized that "over a period of years" does not necessarily man 
"every yearw--for example, he noted that in some years heavy snow cover can 
preclude cows from reaching calving areas (ibid., p. 214). Skog also 
recogriized that sporadic and minor interchange of animals between herds 
could also occur, but that the calving area remained generally in the same 
location and that the vast majority of cows associated with that herd. would 
use the same calving area (ibid.) . An additional but not necessary feature 
of the definition of a herd is that the calving ground is included within 
the "center of habitation" --i . e. , that area within a region which is the 
focal point of herd movements, and is the last area to be inhabited by the 
herd as its numbers decrease (ibid.) . 
Significant records for the CAH date back only to the early 1970's. 
Although H&ng and Glenn (1969) found a calving area in 1968 in the same 
area that is now considered the CAH western concentrated calving area 
(figure I) in 1968 they considered this area to be part of the PH. 
Observations and survey data since 1970 (table 1) indicate that during 12 of 
the last 15 years, calving concentrations occurred in the Kuparuk area 
between Oliktok and P.lilne points, and that during at least 10 of the last 15 
years calving concentrations were known to occur in the area between Bullen 
Point and the Canning Ever delta. During two other years calving was 
suspected to occur in the latter location; however, surveys were not 
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Table 1  (con t inued)  

Year Concent ra t ion  Ca l v i ng  Survey Comments Source(s )  

Areas Coverage 

1978 ( 1 )  Between O l i k t o k  P t .  and ( 1 )  H e l i c o p t e r  surveys P e r s i s t e n t  snow cover  and f l o o d -  Cameron and Whi t ten 

Sakonowyak R iver ,  on coas ta l  a t  end of  c a l v i n g  - i n g  d u r i n g  c a l v i n g  (1979) 
p l a i n  ( 2 )  Between B u l l e n  P t .  more i n t e n s i v e  i n  
and Canning R i ve r  d e l t a  Kuparuk area - no coverage 

(suspected o n l y )  eas t  o f  B u l l e n  P t .  

1979 (1  ) Between Ugnuravi k  R i ve r  Same as 1978 

and M i l n e  P o i n t  ( 2 )  Suspect- 

ed, B u l l e n  P t .  t o  Canning 

d e l t a  

R e l a t i v e l y  d r y  and snow f r e e  Cameron and Whi t ten 

d u r i n g  c a l v i n g  1980; Whi t ten  and 

Cameron 1985 

1980 ( 1 )  O l i k t o k  P t .  t o  M i l ne  Pt . ,  Same as 1978, except addi -  La te  snowmelt and ex tens i ve  Cameron e t  a l .  

on coas ta l  p l a i n  ( 2 )  B u l l e n  t i o n  o f  coverage t o  Canning f l o o d i n g  - a l though concentra-  (1981); Wh i t ten  and 

P t .  t o  Canning R i ve r  d e l t a  R i v e r  and C o l v i l l e  R iver  t i o n  areas used most h e a v i l y ,  Cameron (1985) 

d e l t a s  more c a l v i n g  i n l a n d  

1981 Same as 1980 Same as 1980, except  add i -  R e l a t i v e l y  d r y  and snow-free Cameron e t  a l .  

t i o n  o f  coverage t o  eas t  d u r i n g  ca l v i ng ;  r e l a t i v e l y  (1983); Whi t t e n  and 

s i d e  o f  Canning R iver  d e l t a ,  l i t t l e  c a l v i n g  i n l a n d  Cameron (1985) 

and west s i d e  o f  C o l v i l l e  

R i ve r  d e l t a  

Mouth o f  Kuparuk R iver  Systemat ic  survey by f i x e d -  n/c  
wing, C o l v i l l e  R i ve r  eas t  t o  

between B u l l e n  P t .  and west 

s i d e  o f  Canning R i ve r  de l t a ,  

end o f  c a l v i n g  

1982 M i l n e  P t .  t o  O l i k t o k  P t .  ( 1  ) En tens ive  he1 i c o p t e r  L a t e  snowmelt and ex tens i ve  

area surveys i n  Kuparuk o i l f i e l d  f l o o d i n g  - r e l a t i v e l y  more 
( 2 )  Reconnai ssance f i x e d -  c a l  v i  ng i n l  and 

wing t o  Canning R i ve r  d e l t a  

Ca r ru the r s  e t  a l .  
(1984) 

Whi t ten  and Cameron 

(1985); Smith e t  a l .  

(1984)  
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actually conducted there, therefore, calving could not be con£ irmed (table 
1) . Furthermore, in 1971 when mst of the CAH calved in the foothills, 
there was deep snow on the coastai plain--a situation which has been linked 
in subsequent deep snow years (e.g., 1980, 1982) to a greater degree of 
calving inland than is the normal case (Whitten and Cameron 1985) . Further 
evidence that cows which calve in these two concentration areas comprise a 
distinct herd is provided by data from radio-collaring and visual collaring 
studies between 1975 and 1982 (Cameron et al. in press). These studies 
indicate that a minimum of 90% of radio-collared females older than two 
years that were collared in the CAB were relocated there in at least three 
subsequent sur,uners; and that observed rates of relocation there were 98, 91, 
and 79% for one, two, and three years respctively after collaring (ibid.) . 
Additionally, no cows radio-collared in the range of another Arctic herd, 
and which subsequently appeared on the calving ground of that herd, have 
been relocated on the calving ground of the CAH (ibid.) . During intensive 
radio-tracking in 1984, Lawhead and Curatolo (1984) accounted for all 
radio-collared CAH cows within the surmner range of the CAH. These data and 
observations provide sufficient evidence that according to the criteria of 
Skoog (1968) there is a CAH. 

The concept that caribou herds exist as discrete entities characterized by 
traditional movement patterns has recently been challenged ( Carruthers 
1983a, Carruthers et al. 1984). According to Carruthers (1983a) the two key 
camponents of Skoog's (1968) definition--the existence of a recognizable 
calving area, and the fidelity and traditional movmnts of caribou cows to 
the calving area--remain unproven. Furthermore, Carruthers (1983a) and 
Carruthers et al. (1984) argue that because the CAH has been an area of 
overlap between the WAH and PH, it exists only as a "remnant herd" that will 
one day reassert its affinity with the FUW, or possibly "swamped" by large 
numbers of b7AH anirrtals as they re-establish the range occupied by the WAH 
when the latter's n&rs were much higher in the early 1970's. Although an 
extensive discussion of Skoog's (1968) definition of a caribou herd is 
beyond the scope of this report evidence has accumulated that calving areas 
of several Arctic herds have been located in the same area since intensive 
work using modem techniques began in the early 1970's. The WAH core 
calving area has been located in approximately the same area since at least 
the early 1960'~~ and possibly for the past 100 years (Kuropat 1984) . The 
PH core calving area has been in the same area for 10 of the past 12 years 
(K. Whitten, 1985, pers. comrn. ) . The core calving areas of the Beverly, 
Bathurst, and Kaminuriak caribou herds in the Northwest Territories have 
been in the sane area for at least the past 15 years (Fleck and Gunn 1982, 
Gunn and Miller in press) . As was mentioned earlier the CAH concentrated 
calving areas have been located in the same area numerous times over the 
past 15 years. Recent radio-tracking data has confirmed that cows frm the 
CAH return to the calving area for at least 3 years after they had been 
radio-collared and that radio-collared cows frm other herds have not calved 
on the calving areas of the CAH (Cameron et al. in press). 

There are, however, examples of changes in the location of calving areas. 
Some of these changes have been short-term. Weather conditions during 
spring migration and calving can prevent parturient cows fram reaching the 
calving area, or being able to give birth once they have reached the area. 
Snow conditions have been considered responsible for sane herds calving in 
areas other than their traditional calving areas (e.g., the F'H in 1985, 



Valkenburq and Davis in press; the DCH in 1981, Davis and Valkenburg 1984). 
The causes of other short-term changes in calving locations are not easily 
explained. For example in 1984 at least 20% of the radio-collared adult and 
juvenile cows of the DCH apparently calve& ~ 5 t h  the adjacent YH (Davis et 
al. in press). Eetween the 1950's and 1983, aEd again in 1985 (Valkenburg 
pers. c m . ,  1985) the DCH had calved in approximately the same location, 
and their calving area had remained distinct from that of the YH. There is 
also at least one example in which fidelity to a calving area has been 
sporadic over the past 25 years. Until 1963, the FH's core calving area had 
been west of the Steese Highway near Preacher Creek (Davis et al. 1978). In 
the early 1970's the E'H core calving area changed to upper Birch Creek 
( i d .  ) . Between 1976 and 1983, LIe major calving areas changed annually 
althouqh most of them were located in areas that had been used as secondary 
calving areas historically (Valkeixburg and Davis in press). In 1984 the 
core calving area was again located in upper Birch Creek. In 1985, deep 
snow over mst of the area that had previously been primary calving areas 
resulted in the FH calving in a campletely new location (Valkenburg and 
Davis in press) . Some of the annual variation in calving locations can be 
attributed to weather conditions (as in 1985); however, this factor alone 
cannot explain the variation because weather conditions during the period 
when calving areas changed annually ranged iron mild to severe. Of the 
examples presented h v e  only the FH has been inconsistent in returning to 
the same general calving areas, and even the FH had exhibited som tendency 
to use calving areas for several years before changing. Skoog (1968) 
recognized that short-term variations in calving area locations could occur, 
and attributed these variations to the normal plasticity of response by 
caribou to environmental changes. Although not all herds (i.e., FH) meet 
the criterion of traditional use of a recognized calving area, the 
preponderance of evidence confirms the validity of this criterion in its 
application to caribou. 

He.n-aning (1971), Bergem6 et 31. (1984), Carruthers (1983a), Carruthers et 
al. (1984), Child (1973), and Roseneau et al. (1974) have all mentioned that 
the CAH appeared to be an area of overlap between t.he WAH to the west and 
the PH to the east, and that the CAT3 is a "remnant" of the 54AH. Most of 
these conclusions were reached before there had been intensive surveys, 
especially those involving radio-collared animals, in the ranges of the 
herds mentioned. Herfuning (1971) for example relied on Skoog (1968) , and in 
1965 Hermning and Glenn (1969) labelled as PH two calving areas that we now 
consider to helong to the CPX TLH respectively. Roseneau et al. (1974) 
originally considered animals that they had observed in the Canning River 
area to be PHI but after further observation attributed these animals to the 
CAE. It is easy to conceive that as the WAH reached 300,000 animals in the 
late 19601s, and as the PH reached 100,000 animals at the same t k ,  
extensive movements into the winter range of the CXH could mask the presence 
of a smaller, resident herd. Movemnts such as these have cccurred 
frequently in the past 10 years, as has been noted (Cameron and Whitten 
1977, Carruthers et al. 1984, Whitten and Camron 1985). These types of 
mvemnts do not negate the presence of a CAH nor should they be used as 
evidence against the existence of a CAH. In attempting to discount what 
they described as a "myth" that the CAH exists, Bergerud et. al. (1984) and 
Carruthers (1983a) have hypothesized that the CAH is a remrlant herd in an 
area of overlap between two adjacent herds. 



~lthough we believe that the CAH fits the definition of a herd, the 
discussion of this point should not overshadav the fact that regardless of 
whether or not the animals that utilize the calving concentration areas in 
the Oliktok Point./ Milne Point area a?d the Bullen Point/Canning River delta 
are called the "Central Arctic Herd," the habitat in these areas has been 
selected by parturient cows for the majority of years of record; therefore, 
it is highly probable that these areas confer som advantage to these 
parturient cows or to their offspring. Although the characteristics that 
may be involved in this selection will be discussed in more detail in the 
next section, suffice it to say that this is inportant habitat for the herd 
at its current r~umbers, and should the "expansion" of \AH animals into this 
area occur as Carruthers (1983a), Carruthers et al. (1984), and Bergerud et 
al. (1984) predict, this habitat may become even more imprtant as the 
number of animals using it increases. 

2.3.2 Habitats Receiving Intensive Use by the CAH 

Two types of habitats receive intensive use by the CAH--concentrated calving 
areas, and coastal mosquito relief areas. Other types of habitat may be 
utilized intensively but these have yet to be identified, possibly because 
most research on the CAH has been carried out during the smmsr. Research 
beyond the summer period has been primarily aerial surveys (e.g., Cameron et 
al. 1983, Carruthers et al. 1984) at varying intervals throughout the year. 
Results of these surveys have suggested that concentrations of CAH animals 
do not frequently occur at other times of the year except during the rut 
(ibid.) which does not appear to occur at a location consistent from year to 
year. 

We assume that selection of certain types of habitat by proportionately 
large numbers of animals over a period of years indicates that use of these 
habitats confers some advantage to the animals, and that a reduction or loss 
of access to these habitats is likely to be a disadvantage (e.g., Berqerud 
et al. 1984, Cameron 1983, Gunn and Miller in press, Flhitten and Cameron 
1985). The identification of the patterns of use and the features that 
result in the selection of these intensively used habitats by carihou can 
assist us in interpreting the long-term as well as immediate importance of 
these types of habitat to caribu of the CAH. 

The patterns of use of the two ccncentrated calving areas of the CAH have 
been discussed in a previous section and will be only su~tanarized here. 
Parturient caribou move to the calving areas in mid-May, calve between 
approximately May 23/June 10, and then form large aggregations on or near 
the calving area. Imdiately following calving, maternal cows and their 
newborn calves tend to gradually join with other cows and calves and remain 
relatively sedentary on the calving area. This sedentary period may be 
critical in allowing the cow and newborn calf to establish stronq social 
bonds (A. T. Bergerud 1985 pers. carman.; Lent 1966; White et al. 1981). In 
the CAH these "post-calving aggregations" often occur prior to significant 
mosquito activity (Lawhead and Curatolo 1984, Murphy 1984); however, they 
can occur at the same time that mosquito harassmnt increases (Murphy and 
Curatolo 1983) . 
Fleck and Gunn (1982), Gunn and Miller (in press), Kuropat (1984), Kuropat 
and Bryant 1980, Lent (1980), and Whitten and Cameron (1985) have discussed 



a number of attributes of calving areas in several Arctic herds, inclaing 
vegetation, topography, weather, and low predator density. 

Fleck and G m  (1982) reviewed attributes of the Bathurst, Beverly, and 
Kaminuriak herds of northern Canada. Calving caribou have been fomd in the 
same locations during 54 surveys of these herds between 1957 and 1985 (Gun. 
and Miller in press). Vegetation abundance and canposition on these calving 
areas did not overtly differ frm surrounding areas. Vegetation phenology 
appeared to be retarded by a few Flecks carrpared to surrounding areas 
althouqh newly emergent vegetation was usually available within 2-3 weeks 
after calving. Wolves, wolf dens, and bears did not appear to be ccnmon; 
howver, the data were sawhat conflicting. Variety in topographic relief 
characterized the Bathurst and Kaminuriak calving grounds but not that of 
the Beverly herd. In short, no universal factor or set of factors obviously 
distinguished the calving grounds of these herds from surrounding areas in 
the same herd's range. The authors concluded that "the mst obvious 
characteristic of the calving grounds is that cows traditionally return 
there to calve. " 

Kuropat (1984), Kuropat and Bryant (1980), and Lent (1966, 1980) have 
described attributes of the core calving area of the WVI in the Utukok River 
uplands. Caribou have returned to calve in that area since the early 
19601s, and possibly since the late 1800's (Lent 1966) . The interaction of 
topographic and meterolqical features results in earlier snarmelt and 
advanced vegetation phenolcgy on the core calving area canpared to 
surrounding areas in the foothills. As a result of this interaction the 
emergence of cottongrass (Eriophorum vaginaturn), a highly nutritious and 
digestible forage, occurs during and inmediately after calving. Additional 
highly nutritious species also became available shortly after nutrients in 
cottongrass begin to decline. Kuropat (1984) believes that not only does 
the availability of this nutritious and digestible forage provide an early 
source of energy for the lactating cow, but it may also facilitate earlier 
grazing by the calf thus giving them a boost in sumraer growth. Although the 
presence and timing of nutritious forage may explain why maternal cows use 
the Utukok uplands instead of adjacent areas in the North Slope foothills, 
these features alone do not explain why FlAH caribou do not calve on the 
South Slope of the Brooks Range, where forage is available even earlier than 
on the Utukok uplands, and through which cows migrate to reach the core 
calving area. One reason for this puzzling behavior may be that predator 
densities my be higher on the South Slope; therefore, calving areas are 
located on the North Slope where predator densities are assumed to be lower 
(J.L. Davis pers. cm. ,  1984). Wolf densities in the North Slope foothills 
have fluctuated considerably since the 1950 Is, were low in the mid 1970's 
(Stephenson 1979) , and have remained low since then (Barnett 1983) . During 
caribou calving the core calving area has the highest grizzly bear density 
of any area on the North Slope (1/43 lan2 [I117 mi2] ) , and this high bear 
density appears to be a direct result of the proximity of the calving area 
(Reynolds 1979) . Although the presence of this high density of bears 
appears superficially to argue against the hypothesis that calving areas are 
located in areas of relatively low predator density, the absolute density of 
total predators, including bears (Reynolds 1979), may be lower than that on 
the South Slope. Haever, at present there are insufficient data to 
reliably test this hypothesis. 



mby (1978), Whitten and Cameron (1980), and Whitten and Cameron 71985) have 
discussed attributes of the CAH calving concentration areas. The coastal 
areas are not characterized by better forage conditions than are areas 
further inland; haever, these areas are characterized by a generally laver 
density of predators and by proxirmty to coastal mosquito relief areas. 
Vegetation phenology is advanced in the foothills relative to that on the 
coastal plain. Therefore, CAH cows migrating to the coast leave a 
relatively snow-free area with good forage availability to calve in areas 
along the coast that are often at least partially snow-covered and generally 
wetter than are areas in the foothills. Although Whitten and Cameron (1980) 
and White et al. (1975) analyzed the nutrient value of forage in the CAH 
range, the analysis did not include forage frm either of the calving 
concentration areas, and the forage may be of better quality or availability 
in these areas. The coastal plain is generally freer of predators than the 
foothills and the location of the CAH concentrated calving area may be in 
response to that (Roby 1978). It is difficult to test this hypothesis 
because wlves have been essentially eliminated frm the CAH range since 
1977, and bears have never been particularly numrous. One attribute of the 
CAH concentrated calving areas is that they are both located within 24 km 
(14 mi), and often within 8 km (5 mi) of the coastal mosquito relief habitat 
(Whitten and Cameron 1985) . This attribute is shared by the TLH (Reynolds 
n.d., Silva 1985) and the PH (Whitten et al. 1985) although the latter 
leaves the coastal plain during post-calving and mves east into the Yukon 
Territory ( ibid. . 
There appears to be no universal attribute, or set of attributes, that 
characterizes all calving areas that receive what we would consider 
traditional use by caribou. Same herds calve in areas that provide 
high-quality forage (e.g., WAH) but other herds apparently do not (e.g., 
CAH, Beverly, Bathurst, and Kaminuriak herds) . Predator densities are law 
on sane herds' calving areas (e.g., CAH) but are not necessarily low on 
others (e.g., WAH, PH) . Access to coastal mosquito relief habitat is a 
cannon attribute of the CAH, TM, and PH, whereas the W H  moves to upland 
areas in the foothills and! mountains of the Brook Range during mosquito 
season (Davis and Valkenbug 1979; pers. obs.) . Nevertheless our failure to 
understand why caribou continue to use these areas year after year should 
not overshadow the fact that they do, and that this use has continued in 
spite of caribou and predator fluctuations and the vagaries of weather. 

The second type of habitat receiving intensive use by CAH is coastal 
mosquito relief areas. In contrast to the utilization of the concentrated 
calving areas utilization of coastal mosquito relief areas has imnediate and 
observable benefits to the individuals--relief frcxn harasmt by 
msquitoes. lvIovemnts to and utilization of coastal mosquito relief areas 
are fairly predictable because the intensity and duration of mosquito 
harassrent can be predicted reliably if temperature and wind conditions are 
known (cf. section 2.2.1) . In mild stages of harassment by msquitos, 
caribou move in small groups into the wind and toward the coast. As the 
intensity of harassnent by mosquitoes increases from mderate to severe, or 
under conditions such as prolonged mderate harassment, caribou form large 
groups that number several hundreds to thousands of cows, calves, yearlings 
and bulls. These groups mve rapidly into the wind and along the coast 
where they congregate on coastal dunes, beaches, prcarrontories and river 
deltas. Caribou r m i n  on these wind-swept and vegetation free areas until 



harassment by mosquitoes abates. As mosquito harassment abates (for 
example, during the night when temperatures usually drop, or during 
prolonged periods of cool, windy weather) animals drift inland to feed. 
This pattern of movement has been observed for the eastern and western 
portions of the CAH, as well as the TLH (Reynolds n.d., Silva 1985) . This 
drift inland demonstrates that these coastal areas are not optimum foraging 
areas; therefore, their primary function is to provide relief from 
mosquitos. However, the proximity of mosquito relief areas to the 
concentrated calving areas may in itself be a significant feature, 
especially for matemal cows with young calves which have limited mobility 
and endurance. 

The importance of access to coastal mosquito relief habitat can only be 
speculated upon at this time. Presumably, it is important to caribou to 
minimize mosquito harassment by moving to coastal areas where forage is less 
desirable than further inland. Comparisons of body condition have not been 
made between matemal cows and their calves that utilize coastal areas (as 
almost all the CAH cows do) and the comparatively few that remain inland 
during mosquito season. Likewise, comparisons of calf survival have not 
been made between maternal cows in the aforementioned situations. However, 
there is evidence that points to the link between s m e r  nutrition of cows 
and their ability to raise a calf the following year, and to early nutrition 
of the calf and its ability to survive not only the first summer, but also 
the following winter. Although forage nutrient content is an essential 
camponent of the sumner forage cycle the availability of time for foraging 
and the ability to avoid engaging in energy-consuming activities, such as 
running from mosquitoes, is equally important (Dauphine 1976, Reimers 1980, 
Rehers 1983, Thomas 1982, White et al. 1981). 

Dauphine (1976) investigated seasonal fat cycles and reproduction in caribou 
of the Kaminuriak herd in Northwest Territories and concluded that ".. . the 
full recovery of both sexes of all fat deposits in summer appeared to he of 
critical importance to reproduction, growth, and winter survival." Caribou 
are adapted to marginal subsistence during the winter, but must rely on full 
nutritional recovery during the smer. Disturbance on the summer range, 
such as by predators, humans, or insects, which can decrease forage intake 
or provoke energy-consuming activities such as running, may result in 
insufficient nutrition during the smer, and can cause cows to miss 
conception at sane point in order to "catch up" on their nutritional 
reserves (ibid.). Malnutrition in calves may be a direct result of the calf 
not obtaining sufficient forage energy later in the s m e r  when it feeds on 
its own, but can also be affected by its birth weight (Skogland 1985) as 
tell as the cow's ability to provide the calf with energy during lactation. 
Dauphine (1976) believes that malnutrition is rarely a direct cause of death 
in Kaminuriak herd calves; however, it probably renders calves more 
vulnerable to other forms of mortality. 

The link between nutrition and reproduction has been studied in Peary 
caribou inhabiting the High Arctic Islands of northern Canada (Thms 1982). 
Pea- caribou females apparently fail to conceive follov~ing a severe winter 
when fat reserves obtained the previous summer and overutilized the 
following winter cannot be sufficiently compensated for during the following 
s m e r  (bid.). The demands of pregnancy can also catch up with Peary 
caribou cows even in the absence of unusually severe weather. After several 



years of raising a calf, may skip conception for one or more seasons. 
iilthough the situation with Peary caribou is not directly analagous with 
that of the CAH, primarily because the f o m r  live in an extremely harsh 
region where weather-related population die-offs are c m n ,  it does point 
out that caribou nutrition and reproduction are related. 

The link between nutrition and reproduction and calf survival has been 
further confinred by Skogland (1985) studying several wild reindeer herds in 
southern Norway. Skogland (1985) related the condition of the female in 
late winter with the bcdy size of her calf at birth and with the date of 
birth. Apparently, calves must reach a minirmnn size before parturition can 
occur. Calves that did not reach this minimum size until later in the 
calving season often had reduced post-natal survival during the first s u m r  
and winter because they were unable to make up this weight. Young c m  on 
poorer quality range also conceived one or t w o  years later than caws of the 
same age on better quality range, and this failure to conceive also 
correlated with a minimum body size at breeding season. Although Skogland 
(1985) has emphasized winter nutrition, Reimers (1980, 1983) and White et 
al. (1981) believe that s u m r  nutrition is an important determinant of 
individual body size, and hence of conception and calf survival. White et 
al. (1981) also emphasize that there is no a priori reason to disregard 
either s m r  or winter nutrition as important to mainland caribou herds. 
Herds living on Arctic islands, such as Peary caribou and Svalbard 
(Spitzbergen) reindeer, are in a negative energy balance for 10 mnths of 
the year and require an abundance of high quality sumner forage and minimal 
disruption of feeding (Reimers 1980) for survival. Reimers (1980, 1983) 
emphasizes that in regards to mainland reindeer herds disruptions to 
foraging that are caused by disturbance due to insects, predators, or 
humans, can seriously affect herds that are on poor quality sumner or winter 
range. 

The Nomeqian and High Arctic island examples do not directly relate to the 
current condition of the CAH. The densities of wild reindeer herds in 
Norway far exceed those of the CAH, and this type of "grazing syndrome" (cf. 
Skogland 1985) is unlikely to occur at current CAH densities. Likewise, the 
CAH does not inhabit High Arctic islands where weather conditions are severe 
and forage availability unpredictable. These examples do, hmver, serve to 
relate the potential importance of disruptions of foraging in s m  ir! 
terms of changes in conception and survival rates. The Kaminuriak herd 
example is probably more closely analagous to the CAH. The Kaminuriak herd 
at the time of Dauphine (1976) study had a density of 1 caribou/4.5 Ian2 (1 
caribou/l.75 mi2) (calculated frcm Dauphine 1975) as ccsnpared to the current 
density of the CAH of 1 caribou/3.2 Ian2 (1 caribou/l.21 mi2) (calculated 
fran Carruthers et al. 1984; Cameron, pers. c m .  1985). Although densities 
are scntlaJfiat similar between the CAH and Kaminuriak herds, the latter herd 
migrates 640 Ian (380 mi) between forested winter range and the calving area 
whereas the f o m r  remains on the North Slope year-round and a portion 
winters on its sumner range. These characteristics suggest that there is 
greater potential for s m r  foraging reduction to have demographic effects 
on the CAH. Nevertheless, there has been no doamentation to date that 
recruitment is a problem in the CAH, or that disruptions of foraging during 
sumner have led to demgraphic responses. 



The observed intensive use of coastal mosquito relief habitat and the 
importance of s m m r  nutrition (ability to forage effectively as well as 
selection of nutritious forage) in the life cycle of CAH caribou argue for 
maintaining coastal mosquito relief habitat as a viable part of the CAFT 
ecosystem. 

3.0 IMPACTS 

3.1 INTRODUCTION 

As has been discussed earlier (ref. subsection 1.2) our definition of impact 
is an effect on the ecosystem of caribou such that there has been a 
reduction in habitat quality or availability, or the individual animal's 
ability to utilize that habitat, between the ecoystem prior to development 
and the ecoystem during and after the developnt. The emphasis on 
habitat-related effects is a consequence not only of the manag-nt 
authority of Habitat Division but also of the recognition that the long-term 
and spatially extensive characteristic of most activities associated with 
large development projects results in habitat effects that are essentially 
irreversible. Because of this characteristic, management of habitat, as 
oppsed to management of populations (e.g., through controls on human or 
predator harvest), necessitates a more consewati.ve approach. The linkage 
between characteristics of caribou habitat and habitat utilization and 
ppulation demographics have been discussed briefly in subsection 2.3.2; 
this linkage will be further explored in subsection 3.1.1 where the two 
major "schools of thought" about factors that control caribou populations 
are presented. In addition two "case histories" involving effects of human 
development activity on wild reindeer habitat utilization will be discussed 
in subsection 3.1.2. One of these, the Norilsk pipeline in northern Siberia, 
has resulted in loss of winter habitat and migration routes between surnner 
and winter range; however, the net effect on the population has not been 
demonstrated. The second case history, the transportation corridor and 
associated activity across the Dovrefell plateau in southern Norway, has 
shown that interruption of movements and avoidance of developments have 
resulted in demgraphic characteristics of lowered reproduction, as well as 
reductions in individual body size and other features. 

In the following subsections the impacts of direct habitat loss, harassment, 
avoidance of develomnt, disruption of movements, and increase in predators 
or human harvest are addressed. 

3.1.1 "Schools of Thought" 

Our definition of impact in terms of utilizat.ion or availability of habitat 
to caribou is not unanimusly shared in that there are two major "schools of 
thought" concerning the relative importance of factors that may affect 
caribou populations. Although there is considerable overlap between the 
schools, the relative qhasis which each school places on habitat 
relationships is different. One school of thought has already been 
discussed in section 1.2. This school of thought emphasizes the importance 
of habitat relationships such as the quality, quantity, and availability of 
forage, and the animal's ability to utilize it effectively without adverse 
effects on grazing. Although this school of thought recognizes the 
importance of predation and human harvest in controlling caribou populations 



in the short term, it views these factors as less u-nprtant over the long 
term. Proponents of this school of thought are likely to view the impacts 
of a pipeline in terms of access to forage or effects on grazing. 

The second school of thought is most thoroughly articulated by Bergerud 
(1978) and by Berqerud et a1 . (1984) . Proponents of this school of thought 
feel that habitat relationships in terms of forage availability and 
utilization are a relatively insignificant factor in North American caribou 
life history as ccmpared with the effects of predation and human harvest. 
This school of thought views habitat relationships in terms of predator 
avoidance, therefore the foramst ccmponent of habitat is space--space in 
which to avoid predators. Proponents of this school of thought are likely 
to view the impacts of a pipeline in terms of its effects on physically 
restricting caribou mvanents so that caribou becm less able to escape 
£ram predators, or by creating other conditions conducive to increased 
predation, and by the potential for creating increased access by hunters to 
caribou. 

These schools of thought are not mutually exclusive, and most caribou 
biologists are philosophically distributed along a continuum between the two 
schools. 

3.1.2 Case Histories 

There are t m  case histories that denaonstrate the effects of linear 
developllents on Rangifer. The first case is that of the Norilsk gas 
pipeline corridor in the Taintyr region of the Soviet Union (figure 4). In 
this case a gasline corridor disrupted fall and winter migration of wild 
reindeer, and resulted in deflecting these migrations to adjacent areas. 
Soon thereafter the reindeer abandoned a portion of their winter range 
because they were unable to reach it. The second case is that of the 
Snohetta herd in the Dovrefjell region of southern Norway. In this case a 
highway and railroa6 corridor across a wild reindeer range resulted in a 
cessation of migration between sumraer and winter range, and eventually in a 
decline of the population when the animals spent both winter and suner on 
sumner range and overgrazed their range. 

In the 1940's an electric railroad was established betwen the industrial 
(primarily mining) center of Norilsk and the port of Dudinka, which linked 
the Kara Sea to the north with the railroad line ( figure 5) . The Yenisey 
River was kept open into late fall to Dudinka by icebreakers. This 
industrial ccsnplex is located within the range of the Taimyr wild reindeer 
herd. In the early 1960's the general pattern of fall migration in this 
area had been for reindeer to spend the sumner in the north near Lake 
Taimyr, and for the major portion of the herd (several hundred thousand 
animals) to migrate southeastward to winter ranges in the Putorana Mountains 
and for a smaller portion of the herd (a few tens of thousands) to move 
southward across the Yenisey River near Ust'port (figure 5) and generally to 
the south and west onto winter range (Syroechovskii 1984). In fall of 1967, 
movements changed so that the majority of the herd md southward and came 
into contact with the railroad and road corridor between Norilsk and Dudinka 
because they had been unable to get across the Yenisey River farther north 
due to the broken ice and open water caused by ice breakers (Geller and 
Borzhanov 1984). Many animals drowned in the attempted crossing of the 



Fig. 4. Caribou Movements in the 
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Yenisey River, or  were injured or killed in  collisions with trains between 
Norilsk and Dudinka. Most of the herd moved onto winter ranges into Evenkia 
(figure 5) o r  =st across the Yenisey River. In spring 1968 the reverse 
mven-ents occurred, and wild reindeer again came into contact w i t h  the 
railroad corridor where mortality from collisions with t rains occurred, and 
animals wandered through the c i ty  of Norilsk i n  an attgnpt t o  circumvent the 
railroad corridor and the water pipeline between the c i ty  of Norilsk and the 
Norilsk River (ibid.) . In f a l l  1968 a majority of the herd again mved 
through the Norilsk area--mortality of calves due t o  drowning while 
attempting t o  cross the ice-choked Yenisey River was again documented 
(Skrobov 1984) , and animals were again diverted into the Norilsk area, 
eventually mving south t o  the same wintering areas they hat2 used in  1967. 

In 1968-69, construction was canpleted on a 60 cm (24 in) diameter gasline 
connecting Norilsk with the Messoyakha gas f ields located 150 km (90 mi )  t o  
the west (figure 5) . This pipeline was elevated 1 m (3 f t )  above the 
ground, and paralleled the Norilsk-Dudinka railway corridor for part of its 
length. No reindeer crossing structures were provided although occasional 
topographic changes (e.g., ravines) resulted i n  sections of the l ine being 
elevated 2-3 m (6-10 f t )  above the ground. The f i r s t  encounter w i t h  the 
pipeline by reindeer occurred during thei r  spring migration northward i n  
1969, when tens of thousands of cow groups, a f te r  crossing the railroad 
(which also deflected and halted movements sanewhat) encountered the 
pipeline, and "ran back and forth" unt i l  they encountered a ravine or an 
area of drifted snm where they could cross (Skrobov 1984) . Many of the 
groups would not cross the pipeline, and returned t o  the railroad track. 
m y  groups deflected westward between the railroad and pipeline unt i l  they 
encountered the port of Dudinka, or  un t i l  they reached a buried section of 
the gasline where it crossed the Yenisey River. Although t r a in  t ra f f ic  was 
limited in order t o  allow animals t o  cross, sane animals remain stranded 
into the sumner--over 20,000 animals, mostly cows, were still  south of the 
corridor in  l a te  May (Klein 1980; Skrobov 1984) . Zabrodin (1984) reported 
that a higher than normal incidence of warbleflies was reported for a 
portion of the Taimyr herd in  1970, and he attributed th i s  t o  the fact that 
reindeer had been delayed farther south than normal because they were unable 
t o  get across the Norilsk pipeline. 

Harassment because of hunting m y  have contributed t o  the disruption of 
migration. According t o  Skrobov ( 1984) " . . .poaching increases near Norilsk 
a t  the time of reindeer migrations. In 1969 . . . they had kil led 300 
reindeer, undoubtedly a very conservative estimate." 

In f a l l  1969, reindeer diverted around the Norilsk-Dudinka area, and did not 
encounter the pipeline/railroad/highway corridor. Subsequent mvements were 
not as large as  those in 1967-68; however, i n  1970 a second gasline was 
constructed parallel and 1 km (+ m i )  away f r a  the f i r s t .  During the period 
betwen 1967-70 due t o  the widespread public reaction and outcry f r a  the 
Soviet scientif ic  c m i t y ,  the g o v e m t  retrofi t ted the pipeline with 
sections of pipe elevated 3-6 m (10-20 f t )  above the ground, 75-100 m 
(225-300 f t )  wide and a t  intervals of 3-4 km (2-24 m i )  in order t o  provide 
crossing locations for the reindeer (Klein 1980). Many of the reindeer were 
still unable t o  negotiate both pipelines so fences were constructed between 
the t w o  pipelines t o  divert the animals f r m  crossings on one pipeline to  
adjacent crossings on the other. By 1970 the to ta l  number of reindeer using 



the Norilsk-Dudinka area for migration had declined to only several tens of 
thousands. Only one-quarter of those encountering the corridor managed to 
cross it--the rest either remained in the area, or diverted through the 
Norilsk industrial complex. After several years in which many of the 
reindeer apparently failed to acccrmmodate to the crossing structures, a 
large wing fence was constructed (presumably in 1974 or 1975) northwest of 
Norilsk to divert animals completely from the area and into previously 
lightly used winter range in nearby Putorana Mountains (Klein 1980) (figure 
5) . This fence, which also utilizes a large lake as part of the barrier, 
consists of two segments totalling 56 km (34 mi). 

Since the wing fence was constructed, the Taimyr herd wintered primarily in 
the Putorana Mountains and did not migrate across the Yenisey River (Klein 
pers. c m . ,  1984). The Taimyr herd has increased to 800,000 animals as of 
1985, but does not use the historic winter range along the Yenisey River (V. 
Lamakhanin 1985, pers. c m .  ) . Serveral years ago a portion of the herd 
again deflected into Norilsk during spring [ ? I  migration i d .  ) . The 
population total for the Taimyr herd m a y  also include that of two adjacent 
herds; however, the Taimyr herd has increased considerably in the past 10 
years. 

There are several conclusions from the Norilsk case history: (1) the 
txansportation corridor, by virtue of its geoqraphic location, disrupted 
movements and caused local destruction of winter range (primarily lichen 
range) prior to the construction of the first pipeline; (2) the gas pipeline 
initially created a physical barrier to movements, however even after it was 
retrofitted with crossing structures, many reindeer did not cross the 
structures and either deflected around the cqlex entirely, or remained in 
the area later than the usual season of use; (3) although no widespread 
direct population effects were observed, mortality due to collision with 
trains and drowning due to deflections into the Yenisey River, did occur; 
and (4) physical barriers that were erected to deflect wild reindeer away 
from the Norilsk area also disrupted their movements to a portion of their 
historic winter range and this winter range has been abandoned by wild 
reindeer for the past ten years. In spite of these disruptions the Taimyr 
herd has had sufficient alternative range available to allow the herd to 
double in size over the past 10 years. 

Bergerud et al. (1984) , Jakimchuk (1380) , Skogland (1985) , and Skogland and 
Molmen (1980) have smrized the available information about the history of 
the Snohetta herd of mountain caribou in southern Norway (figure 6). Unless 
otherwise stated, the following sumnary is from Skogland and Molmen (1980) . 
Archaeological and biologi.ca1 investigations have indicated that wild 
reindeer have inhabited the Snohetta region at least periodically since 1100 
A.D. Due to the increased use and efficiency of fiream, hunters in the 
late 19th century reduced wild reindeer to the point that in 1920-25 it was 
believed that the Snohetta herd numbered only a few hundred individuals. 
Bergerud et al. (1984) mention that in 1900, the herd nunbered 1,000, and 
that 250 of them were on the Knutsho range and the remainder on the Snohetta 
range (figure 6). Traditional migration patterns were to winter in the 
Rondane and Knutsho areas in the eastern portion of the Dovrefjell region, 
and to migrate westward to the Snohetta area to calving and sumner ranges. 
However, these migrations ceased when the herd was at extremely low nuthrs 
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in the 19201s, and the herd remained year-round on the Snohetta range. The 
literature is unclear about whether or not there were two separate herds, or 
only one herd entirely on the Snohetta range. In 1921, construction of a 
railroad across the Dovrefjell began, and continued to the 1930's. During 
the railroad construction period, no animals crossed from the Snohetta to 
the Knutsho area. The herd gradually increased [in the 19301s, presumably] 
so that a control led hunting program was in place. During World War 11, 
Nazi occupation forces prohibited hunting and the herd increased to 10,000 
animals by the 1950's (figure 6 in Skogland and Molmen 1980). &tween 
1946-53, several large hydroelectric projects flooded much of the calving 
areas in the Snohetta region, and a series of roads and transmission lines 
crossed several of the Snohetta calving areas which had been in use even 
during the early 1900 's when the Snohetta herd was at low nuhers (figure 
6). Reindeer use of s m  of these calving areas ceased when the areas were 
inundated but other areas were abandoned because of the increased 
disturbance to the animals that was caused by activity along roads and by 
other developments such as powerlines (Skogland and Yohen 1980). During 
this period (1950's) a road, paralleling the railroad, was constructed 
across Dovrefjell. By the middle of the 19501s, the Snohetta group nwnbered 
15,000 animals. Marked destruction of lichen range in the Snohetta area was 
documented. The destruction occurred because not only had animals remained 
year-round on what had previously been only swnmer range, but also because 
the herd had outgrown the available forage even if it had used the Snohetta 
area o~ly during summr. 

During the severe winter of 1956, approximately 200-600 animals mved across 
the highway railroad to the eastern (Knutsho) side of Dovrefjell, 
probably as a result of starvation on the western (Snohetta) side (Jakimchuk 
1980). A reduction hunt was initiated in 1960; however, in 1965 winter 
starvation on the Snohetta range was still high in spite of the fact that 
the Snohetta group had been reduced to 1,500 animals (figure 6 in Skogland 
and Molmen 1980), and that approximately one-third of the group had migrated 
to Knutsho in winter. During the 1960's the road was upgraded, and in the 
1970's became a major travel route (E. Gaare 1985, pers. camnl.). In 19'72, 
high water in the Driva River along the roadlrailroad corridor prevented 
parturient cows on the Fnutsho range from migrating to calving areas on the 
Snohetta range (Jakimuchuk 1980). Since then Knutsho animals have remained 
on their range to calve. Apparently, a portion of the Snohetta group also 
now migrates to Knutsho during the winter, crossing the highway at night 
when traffic is less (E. Gaare 1985, pers. corn.). The situation as of the 
early 1980's was that a portion of the Dovrefjell reindeer remained 
year-round in the Snohetta area, a portion surmnered in the Snohetta and 
wintered in the Knutsho region, and a portion remained year-round in the 
Knutsho (Skogland and Molmen 1980). However, for the past 3 winters the 
entire Snohetta herd has remained year-round on the Snohetta side of the 
transportation corridor (E. Gaare 1985, pers. cam. ) . 
Skogland and M o h n  (1980) conclude that: (1) hydroelectric developnt in 
the west and the transportation corridor on the east have acted as 
"semibarriers" to movements between seasonal habitats; (2) reindeer have 
been able to adjust to structures associated with the development (e.g., 
roads, snowfences, and a railroad) , however the associated human activity 
has caused avoidance of many areas as well as disruption of traditional 
migration routes; and (3) overgrazing and destruction of lichen 



winter ranges has been caused by the restriction of migration. Bergerud et 
al. (1984: p. 15) however, argued that "the halt in migration was probably a 
result of a contraction of the range because the herd's nunhers were low." 
Although Bergerud et al. (1984) may be correct that the construction of the 
Dovrefjell railroad may not have been directly responsible for the cessation 
of migration in the 19201s, they do not address the observation that 
migration to Knutsho did not begin aqain until the Snohetta group had 
experienced widespread starvation and a severe winter. Topcgraphic barriers 
to movements are few along the historical migration routes, and it s m s  
likely that reindeer would not remain in the same area until starvation 
forced them to move elsewhere unless sane other feature of their 
environment, such as a transportation corridor, were restricting their 
movements. Furthermore, Bergerud et al. (1984) do not address the fact that 
use of the traditional calving areas in the western portion of Snohetta had 
virtually ceased by all but a few bulls after the road and pawerline 
corridors and the hydro reservoirs had been constructed. The evidence points 
to hunm developments as being responsible for the herd's decline. 

These two cases illustrate that linear transportation systems can disrupt 
movements between seasonal ranges to the point that utilization of portions 
of their habitat is eliminated. In the Norilsk case there have been no 
population effects documented, however this herd is similar to many North 
Americm- Arctic herds in that wild reindeer densities were very low. The 
Snohetta case provides evidence of a demographic effect--the herd would have 
starved because of overgrazing its range if a reduction hunt had not been 
carried out in the 1960 ' s. Since then animals of the Snohetta herd have 
been characterized by small body size and reduced reproduction in comparison 
with the adjacent Knutsho herd, due to the overgrazed condition of the 
Snohetta winter range (Skogland 1985). 

3.2 DIRECT HABITAT LOSS 

One irrunediately visible result of oil field development is the proliferation 
of roads, drill pads, and pipeline work pads that is necessary to provide 
access for vehicles and equipment and a stable, all-weather working surface 
that will support heavy equipment such as drill rigs. On much of the North 
Slope, pads and roads are constructed of gravel that is placed and ccnnpacted 
directly on the qround, thus destroying the underlying vegetation. 
Additional vegetation is destroyed when material sites are excavated in 
order to provide the gravel for roads and pads; however, the greatest amount 
of vegetation damage or destruction in addition to that covered with gravel 
is due to temporary or permanent ponding on the uphill side of roads and 
pipeline workpads when inadequate drainage structures (such as culverts) are 
placed in these roads or workpads. Walker et al. (1984) have determined 
that pending accounts for vegetation loss equivalent to more than one-third 
that of gravel overlay (cf . table 11, ibid. ) . Additional losses or changes 
in vegetation occur when "fuqitive" dust from the road systems covers nearby 
vegetation, or from minor oilspills or unauthorized off-road vehicle travel 
(ibid.) . 
Although not all plant species or vegetation types are of equal value to 
caribou, or are even used by caribou, the current oil fields are located in 
the s m e r  range of the CAH, and m y  forage species and plant camunities 
are utilized by caribou during this period (White et al. 1975). Therefore, 



we assunE tha t  a l l  vegetated areas within the Prudhoe, Kuparuk, and Milne 
Point f ie lds  are potential  caribou forage and tha t  the overlaying of these 
vegetated areas with gravel for  roads, pads, etc. causes a direc t  loss of 
caribou habitat. Walker e t  a l .  (1984) have used remote sensing and 
a ~ ~ t o ~ t e d  rrapping techniques i n  corrbination with f ie ld  verif icat ion i n  order 
t o  calculate the area of the Prudhoe Bay o i l  f i e ld  tha t  has been covered 
with gravel. Similarly, we have estimated the m u n t  of area covered by 
gravel i n  the Kuparuk and Milne Point f ields.  These data are combined i n  
Table 2 and show that  a s  of 1983 approximately 7,901 acres (3,186 ha) have 
been covered with gravel i n  the Prudhoe, Kuparuk, and Nilne Point fields.  
The data for  the Kuparuk and Milne Point f ie lds  are probably conservative i n  
estimating the m u n t  of habitat  l o s t  because they do not include small pads 
tha t  are not apparent from a 1/63,500 scale map, and do not consider losses 
due t o  ponding , fugitive dust,  or o i l  sp i l l s .  However, even i f  the amount 
of d i rec t  habitat  loss ( i .e . ,  vegetation covered by gravel.) w e r e  an order of 
magnitude larger,  it would be of minor significance when compared t o  the 
m u n t  of habitat  tha t  would became unavailable because caribou avoid 
developments, and when compared t o  the t o t a l  sumnary range of the CAH. 

The overt responses of caribou t o  overflying a i rc ra f t  and t o  the approach of 
ground vehicles anit "pedestriar.sW (e. g. , hikers) have ranged from a minor 
change i n  ongoing behavior, such as  a simple orientation toward. the 
direction of the stimulus, t o  strong escape reactions such as  panicked 
running. Conflicting conclusions about the importance of these responses t o  
the animal's habitat  u t i l iza t ion  and survival have been reached. Harassment 
by a i rc ra f t  can cause caribou injury or  death resulting from strong escape 
reactions, especially when animals we in  large, mosquito-harassed groups 
(Calef e t  a l .  1976, Roseneau and Curatolo 1976) , increased energy 
expenditure as  a resul t  of escape responses and disruption of grazing (Calef 
e t  a l .  1976), increased calf abandonment due t o  disruption of the cow-calf 
bonds immediately a f t e r  calving (A.?'. Rergerud, pers. c m . ,  1985; Lent 
1966), and long-term abandonment of range (Calef e t  a l .  1976). Bergerud 
(1978) , Bergerud e t  a l .  (1984) , and Valkenburg and Davis (1985) acknowledge 
tha t  caribou can react strongly t o  harassment by certain types of 
disturbance; however, they maintain tha t  caribou can habituate t o  these 
types of disturbance, and f u r t h e m r e ,  tha t  there is  no empirical evidence 
tha t  lirlks harassment with demographic consequences o r  range abandonr~nt by 
North American caribou. In sp i te  of these seemingly conflicting points of 
view even the l a t t e r  investigators conclude tha t  unnecessary harassmnt, 
especially on the calving grounds, should be avoided (e.g., Bergerud 1978). 

For the purposes of t h i s  report "ha rasmnt"  is  defined a s  a specific human 
ac t iv i ty  tha t  resul t s  i n  an overt change of an animal's behavior such tha t  
the behavior a s  a resul t  of harassment would be considered more 
bioenergetically "expensive" t o  the animal o r  tha t  could resul t  i n  injury t o  
the animal. Such behavioral changes can range from cessation of feeding t o  
increased iccomt.ion (e. g. , from walking t o  running) . The animal probably 
perceives the source of the harassment (for  example, an airplane) a s  a 
potential. predator o r  pest (e.g. , warble f ly)  ; however, it is possible t h a t  
it i s  merely reacting t o  a sudden novel stirriulus. 



Table 2. Area covered by gravel, Prudhoe Bay and Kuparuk o i l  f i e l d s ,  t o  1983 

1 2 
Construct ion pads Roads Ma te r i a l  S i t e s  

3 
Total  

ac (ha) m i  (km) ac(ha) ac (ha) ac (ha) 

Prudhoe 
4 

4182(1693) 209(348) 1193(483) --- 5375(2176) 

5 
Kuparuk 1213 (485) ' 76(122) 461 (184) 652(261) 2326 (930) 

Mi lne  Pt .  U n i t  91 (36) 18 (29) 109 (44) 66 (26) 266 (106) 

Total  5486(2214) 303(499) 1763(711) 718(287) 

GRAND TOTAL 7967(3212) 

1 )  Pad s i z e  i n  Prudhoe f i e l d  measured from a i r  photos ( c f .  Table 11 i n  Walker e t  a l .  
1984); pad s i z e  i n  Kuparuk f i e l d  and Mi lne  Pt .  U n i t  scaled from 1/63,000 maps, o r  

estimated as 1000' x 1000' (330 m x 330 m) 

2) Roads i n  Prudhoe f i e l d  measured from a i r  photos ( c f .  Table 11 i n  Walker e t  a1 . 1984); 
roads i n  Kuparuk f i e l d  and M i l ne  Pt .  U n i t  scaled from 1/63,000 maps, road w id th  assumed t o  

be 50 f t  (16 m) a t  base 

3)  Data provided by J. Nolke, pers. comn., 1985; inc ludes excavated area and area covered 
by s tockp i l ed  overburden; Mi lne  Pt .  U n i t  data scaled from a i rphotos  

4)  I nc l  udes a1 1 o i  1 f i e l d  development between Sagavani r k t o k  and Kuparuk r i v e r s ;  data from 
Walker e t  a l .  1984 

5 )  Includes a l l  o i l f i e l d  development between Kuparuk and C o l v i l l e  r i ve rs ,  exc lud ing t h a t  
w i t h i n  M i l ne  Pt .  U n i t  



Two qualifications should be noted. First, the following discussion will be 
limited to overt behavioral responses as an indication of harassment because 
these responses can be most easily monitored. This does not infer that 
physiological responses (for exqle, elevated heart rate or change in blood 
chemistry) do not occur, nor that these are not significant. Second, the 
indirect effect of hunting e . ,  increasinq the aimal's reactivity to 
disturbance) will not be explicitly discussed. Bergem6 et al. (1984) and 
Va-lkenburg and Davis (1985) have noted that caribou in herds that associate 
a particular type of stimulus with hunting (e.g., an airplane) appear to be 
more reactive to that stimulus than are caribou that do not. Third, caribou 
may react to nonspecific sources of disturbance (e.g., the general level of 
noise and activity associated with a construction camp) using the s m  
behavioral patterns as though they were reacting to a specific source of 
disturbance. Reactions t-o nonspecif ic sources of disturbance will be 
discussed in section 3.4 and 3.5. 

Harassment by fixed-wing aircraft and helicopters is discussed in section 
3.3.1. Harassment by ground vehicles ad pedestrians is discussed in 
section 3.3.2. 

[Note: The discussion that follows is synthesized from Volume I; readers 
desiring further information should consult that volume.] 

3.3.1 Harassment by Aircraft 

Aircraft transportation is an essential component of oil and gas exploration 
and development in the Arctic because of the remote nature of most of the 
region. Increased aerial activity c m  be associated directly with petroleum 
developnt (e.g., seismic surveys, crew shuttles to remote camps, cargo 
slinging, safety and security inspections) as well as indirectly due to the 
attraction of aircraft to areas with facilities such as landing strips from 
which these aircraft can stage flights unrelated to oil development (e.g. , 
sightseeing, hunting, prospecting). Aircraft involved in these activities 
can range from comrcial jets which land at scheduled intervals at 
developed airports, to bush aircraft which can land in r m t e  locations. 

The potential effects of aircraft harassment on caribou include accelerated 
energy elipenditure as a result of increased locomotion which would often 
accompany severe reactions to overflights, decreased energy intake as a 
result of interruptions of grazing or ruminating, and injury or mortality 
resulting from severe escape responses--the latter espcially in regards to 
young calves. Several investigators have questioned the premise that 
aircraft harassment has a significant adverse effect on caribou 
productivity. These investigators consider that caribou in most situations 
can habituate to aircraft as long as the animals do not associate aircraft 
with a negative stimulus (e. g. , hm-ting) (Valkenburg and Davis 1985) , and 
that caribou can withstand periodic severe disturbance without adverse 
effects on their productivity (Fergemd et al. 1984) . These investigators 
do not cond~ne harassment nor do they necessarily believe that harassment is 
unimportant in all cases; however, they provide examples (such as the Delta 
Caribou Herd in Interior Alaska, and several Newfoundland herds) in which 
caribou have been subjected to extreme levels of aircraft harassment and 



this has had no noticeable effect on the herd's productivity. Although 
several studies have monitored the reactions of caribou to flxed-wing 
aircraft only three of these (Calef et al. 1976, Davis and Valkenburg 1979, 
Valkenburg a d  Davis 1385) used equivalent response categories and are 
therefore directly comparable. These studies, all of which were conducted 
in conjunction with other activities (e.g., population censuses, 
radio-tracking) , identified several variables that influence the responses 
of caribou to fixed-wing aircraft. These variables include aircraft height 
above the animals, season of the year, group size, and the caribou's 
previous experience with overflying aircraft. Conclusions from these 
studies are as follows: 

Season: Caribou appear to be most reactive during calving, and during -- 
post-ca-lving, especially when in large, msquito-harassed groups. 
There a"re also some indications that caribou in early winter are very 
reactive to aircraft; however, these data are fran studies that are not 
directly comparable with other studies (e.g., McCourt et al. 1974). In 
general, overflights of greater than 660 m (2,000 ft) above ground 
level caused only minor reactions by caribou, although a few 
observations suggested that when caribou were under severe mosquito 
harassment, overflights of several thousand feet above ground level 
caused the animals to gallop wildly. 

Group size: There is some evidence that larger groups are mre 
reactive than are smaller qroups; however, in the si-tuations for which 
this evidence was described, other factors such as season of the year 
could be more influential than group size per se. 

Previous experience: Anecdotal observations and the results of 
systematic data collection have suggested strongly that animals which 
have had considerable number of aircraft overflights and few chances to 
associate these overflights with negative experiences (such as hunting) 
may be less reactive to aircraft. 

In ahmst all studies, aircraft maintaining flight altitudes of 660 m (2,000 
ft) above ground level caused little or no disturbance to caribou during any 
season, and flight altitudes above 300 nl (1,000 ft.) above ground level 
caused few strong responses by caribou. 

Investigators have reported conflicting results with respect to the 
responses of caribou to helicopter overflights. Calef et al. (1976) feel 
that helicopters are potentially more d'amaging to caribou than are 
fixed-wing aircraft because helicopters could mre easily pursue caribou for 
long distances. Miller and Gunn (1979, 1980) and Gunn et al. (1985) have 
conducted the only systematic studies. The former investigators observed 
the overt responses of Peary caribou, a subspecies inhabiting the High 
Arctic Isls-nds of Canada. The latter investigators obsemed the overt 
responses of Beverly caribou, inhabiting mainland Northwest Territories, to 
helicopter overflights and various types of simulated landings. The 
conclusions of Hiller and Gunn include the following: 

(1) Peary caribou cow/calf groups were the most responsive to helicopters, 
and this was primarily due to the reactions of the calf (i.e., running 
to its mother) which then often stimulated the entire qroup to m e .  
Bulls were the least reactive to the aircraft. 



(2) Caribou in groups of greater than 20 individuals tended to be more 
responsive than caribou in smaller groups. 

(3) Responses of caribou to helicopter landings, or to h ~ m s  ~noving around 
a helicopter on the ground, were stronger than responses to 
overflights. 

Gunn et al. (1985) observed the responses of maternal groups of helicopter 
landi~gs during the post-calving period. l'hey found that a helicopter 
oveq~ass at 300 m (1,000 ft) foliowed by a landing within 300-2,000 m 
(1,000-6,000 f t) of post-calving aggregations resulted in a neasurable 
displacement of these qroups to at least 1-3 ktn (4,-2 mi )  from the 
helicopter. 

3.3.2 Off-road Vehicles and Pedestrians 

Off-road vehicles (as used in this report) include those vehicles that are 
not part of the normal stream of traffic on access roads and workpads 
associated with oil development. Passenger vehicles associated with roads 
or heavy equipnt associated with construction or maintenance are included 
as part of the activity related to roads and other transportation corridors 
and are discussed in sections 3.3 and 3.4. 

3.3.2.1 Heavy Equipment Off-road Vehicles 

The responses of caribou to heavy equipment off-road vehicle use were 
observed during winter seismic exploration in the Northwest Territories of 
Canada (Re& Consultants 1975, Urquhart 1973). Seismic trains consisted of 
drill rigs mounted on large tracked carriers and assorted dozers and trucks 
hauling a mobile camp that supported the operation. The investigators found 
that in general the large vehicles did not disturb overt ongoing caribou 
behavior at distances greater than 1 Ian (0.6 mi)  if people did not leave the 
vehicle (Beak Consultants 1975). The slow speed and relatively predictahle 
direction of travel of these vehicles probably contributed to the low 
reactivity by caribou. No changes in local distribution of caribou could be 
related to heavy equipment use. 

3.3.2.2 Small Off-road Vehicles and Pedestrians 

Only a few reports have presented observations or data concerning the 
responses of Arctic caribou to small off-road vehicles and to pedest-rians. 
Urquhart ( 19 7 3 ) and Beak Consul.tants ( 19 7 5) concluded that car 21011 responded 
much more strongly to snowmobile traffic associated with seismic operations 
than to the heaw equipnt, probably due to the rapid movement and 
unpredictable course of the fomr. Although there have been no experiments 
to evaluate specifically the effects of snowmobiles on Arctic caribou, 
observations over a number of years have led Davis and Valkeriburg (1984) to 
conclude that harasment caused by the use of snownobiles during hunting is 
probably more disturbing to caribou than are aircraft overflights. 

The responses of caribou to humans on foot varies considerably. Wright and 
Fancy (1980) noted that a group of CAH caribou near a drill site was 
frightened off by a worker approaching them within 1,250 m (4,000 ft) . Roby 
(1978) and Cameron et a].. (1979) observed CAH maternal groups fleeing from a 
person on foot within 800 rn (2,500 ft) although most bull groups could be 
approached to within 50 m (200 ft). Bergerud et al. (1984) concluded that 



harassment by "firing lines" of hunters along road systems are far more 
importark sources of disturbance than are behavioral barriers to caribou 
mvements such as roads, pipelines, or other structures. Reimers (1980) 
concluded that disturbance of wild reindeer by hikers and hunters during 
summer and fall can substantially reduce the reindeer's ability to obtain 
sufficient forage, and could eventually reduce the animal's ability to 
survive through winter or to reproduce. 

3.3.3 Conclusions and Discussion 

Potentially deleterious effects on the utilization of habitat by caribou, 
such as interruptions in ongoing activity (e.g. , feeding) and increases in 
energy-consuming escape behavior, have been documented to occur as a result 
of harassmnt; therefore, strictly speaking, aerial and ground harasmnt 
are a type of impact. However, there is considerable disagreement about the 
effects of harassrent on caribou in tern of population productivity, and 
about the relative importance of different sources of harassment (i.eet 
aerial as opposed to ground). Deleterious effects on the utilization of 
habitat by caribou include movemnt of caribou away from sources of 
disturbance (e. g. , temporary abandonment of habitat) , interruptions in 
ongoing behavior (e.g., cessation of feeding) , and increases in 
energy-consuming behavior (e-g., £ram feeding to running). In addition, 
direct effects on caribou, such as injury during panicked running in 
response to aircraft disturbance, are suspected. These effects, by our 
definition, are impacts; however, they are distinct from other impacts that 
we will be discussing in that the source of the harassment is temporary and 
often occurs unpredictably; and the significance of the impact is dependent 
on the season of the year, characteristics of the individual animals (e.g., 
sex, age, presence of otlier caribou, previous experience with the harassment 
stimulus), and source of the stimulus. 

3.4 AVOIDANCE OF OIL/GAS DIWEWPMENT 

One of the impacts of oil/gas development on caribou is the reduction of 
utilization of habitat associated with the avoidance by caribou of areas 
associated with such developtent. The behavioral response by caribou 
results in large areas of habitat beco~niny virtually unuseable by caribou 
even th~ugh the physical characteristics of the habitat may rmain 
unchanged. Additionally, because the areal extent of this avoidance is 
usually much larger than the direct habitat loss (cf. subsection 3.2) 
associated with such development, the resultant reduction in habitat 
availability is correspondingly larger. 

The following section is divided into twc? subsections. In the first 
subsection, the avoidance by caribou of "linear" developnts (e.g., roads, 
pipelines) is discussed. Cows and calves avoid the TAPS corridor during 
most seasons, and the Spine Road in the Kuparuk oil field, the Prudhoe Bay 
oil field, and tlle Yilne Point Road in the Milne Poirt oil field in sunnner. 
H~man activity associated with these developnts appears to be the major 
factor causing such avoidance. Bulls do not appear to avoid these 
developments to any great extent. 

In the second subsection, the avoidance by caribou of "point" developnt 
(e.g., isolated drill pa.ds or other facilities) is discussed. Caribou 
seasonall-y avoid areas around developments that are isolated f ran other 



developments. As is the case with linear developments, human act]-vity 
associated with such developxents appears to be a major factor in causinq 
this avoidance. 

3.4.1 Avoidance of "Linear" Developnts 

Unlike "point" developments, which are relatively isolated from other 
developnts and are often temporary (i.e., are present during a few seasons 
of several years, or present during all seasons for a few years of less), 
"linear" developments often permanently connect facilities within and 
between oil fields and thereby create the network that is characterized by 
the Prudhoe Bay oil field (figure 3) . The effect of linear developments is 
not only to expand the d.istance over which caribou can potentially interact 
with developne~t but also to provide conditions for increased human activity 
such as traffic and road maintenance. 

Avoidance of linear developnents by CAH caribou has been documented along 
TAPS during mst seasons except fall (rut) , at the Prudhoe Bay oil field 
during calving and early surraner, along the Spine Road during calving and 
surmner, and along the Milne Point Road during calving and summer. 

Avoidance of the TAPS corridor (which includes the Dalton Highway--figure 3) 
by maternal groups has been shown by several examples: 

(a) Since June 1975 the percentaqe of calves along the TAPS corridor 
has been significantly lower than the calf przrcentage region-wide, 
except during the rut (Cameron and Whitten 1976, 1977, 1978, 
1980b; Cameron et al. 1983, 1985; Roby 1978). Lower calf 
percentages along the corridor have been attributed to lower 
numbers of groups with calves rather than to a lower proprtion of 
calves within groups--i.e., avoidance appears to be a group 
response (Cameron 2nd Whitten 1980b, Cameron et al. 1983), an 
observation that is consistent with the hypothesis that maternal 
groups are more sensitive to disturbance (e.g., Lent 1966, Miller 
1982). 

(b) In contrast to that of calves, the percentage of bulls along the 
corridor has  bee^ higher than the percentage of bulls region-wide; 
however, as is the case with calves, the difference has not been 
significant during the rut (ibid.). Observations of caribou in 
the corridor have been uniformly lower in the fall than in other 
seasons, suggesting that bulls are leaving the corridor to join 
maternal groups rather than maternal groups entering the corridor 
and thus inflating the calf proportions there (Cameron and Whitten 
1980b). The maternal groups could be away from the corridor 
during the rut because they are attracted to rutting areas which 
do not hzppen to occur in the corridor, or they could k avoiding 
the corridor itself. Carruthers et al. (1984, figure 24) have 
plotted locations where CAH caribou were found during the rut 
between 1981 and 1983. Although the areas were generally located 
in the northern foothills, there were no consistently used 
locations; therefore, it appears that maternal groups are avoiding 
the corridor rather than mving to a rutting area, and that the 
similarity in the percentage of bulls within and away from the 



corridor is due to bulls leaving the corridor to join maternal 
groups. 

(c) Although the general trend of the CAH population has been an 
increase in calf percentages since 1975, the reverse trend has 
occurred along the corridor (Cameron et al. 1983, 1985). Calf 
prcentages in the corridor have declined steadily since 1975 
although the level of human activity in the corridor (mostly 
construction-related traffic on the Dalton Highway) has varied 
considerably (Cameron et al. 1983) . Human activity was high 
during construction of TAPS in 1975-76, declined between 1977 and 
1979, then increased again in 1980 as construction increased in 
the Kuparuk oil field, and has remained high yet below the peak of 
1975-76 (bid.. This declining trend in calf percentages in 
spite of changes in the intensity of human activity suggests 
either that once maternal groups encounter developments with high 
levels of human activity they avoid these areas even after the 
activity subsides, or that even the lower levels of activity 
(compared to the peak) currently occurring are higher than the 
threshold at which maternal groups will avoid developnt. 

(d) Relocations of visual- and radio-collared caribou since 1975 have 
confirmed that cow caribou occupy and cross the corridor 
significantly less than do bull caribou (Cameron et al. 1983, 
Whitten and Cameron 1983) . 

These observations demonstrate that maternal groups avoid the TAPS corridor 
during all seasons except possibly during fall. Furthemre, this avoidance 
appears to have continued in spite of variations in human activity in the 
corridor since the peak of TAPS construction acitivity in 1975. Conversely, 
bulls do not appear to avoid the corridor to any significant degree. It 
appears that during the rut, when calf percentages are not significantly 
different along and away from the corridor, maternal groups remain sensitive 
to disturbance along the corridor and that the bulls leave the corridor to 
join maternal groups rather than maternal groups entering the corridor--this 
point cannot be conclusively shown however. 

Carruthers et al. (1984) have challenged the conclusion of Cameron et al. 
(1983) that maternal groups avoid the TAPS corridor because of the 
developnt that has occurred there. Although Carruthers et al. (1984), 
during their study of the CAH between 1981 and 1983, found that the 
proportion of groups containing calves were under-represented along the TAPS 
corridor when campared with the proportion of groups containing calves 
region-wide, they concluded that this difference is due to the avoidance of 
riparian habitat by maternal groups and not to avoidance of human 
developnts. They assert that most of the TAPS corridor is located in 
riparian areas of the Sagavanirktok River floodplain; therefore, bulls tend 
to prefer this area whereas cows and calves avoid it. If the data 
interpretation of Carruthers et al. (1984) are correct then calf percentages 
in the Sagavanirktok River drainage (i.e., TAPS corridor) should not be 
significantly different than those of riparian areas elsewhere; however, if 
the data intepretation of Cameron et al. (1983) are correct, calf 
percentages in the Sagavanirktok River floodplain should be lower than in 
riparian areas elsewhere. Carruthers et al. (1984) data indicate that calf 



percentages are much lower, and bull percentages ~nuch higher in the corridor 
than in other rip aria^ areas (cf. Table 7, ibid.). Thus the interpretation 
of Cameron et al. (1983) is supported by the data of Carruthers et al. 
(1984) . Furthermore, the ADF&G data from which regional calf percentages 
were derived, were obtained from aerial surveys conducted along major 
drainages (Cameron et al. 1985)--i.e. if any bias existed it would have 
tended toward equalization rather than divergence of the regional and 
corridor calf percentages. The mst realistic interpretation of these data 
is that maternal groups avoid the TWS corridor because of the human 
developments and/or activity associated with it. 

A second example of avoidance of linear developents is the avoidance of the 
Prudhoe Bay oil field by CAH cows during calving and mosquito relief 
movements. As noted in subsection 2.2 some calving and considerable 
mosquito relief mvements occurred in the Prudhoe Bay oil field prior to the 
construction of TAPS in 1975 (e.g., Child 1973, Gavin n.d., White et al. 
1975) . Since 1975, use of the area for calving has declined (e.g. , Cmron 
et al. 1985, Whitten and Cameron 1985) and significant east/west movements 
through the oil field during msquito season have also declined (e.g., 
Cmron et al. 1983; Lawhead and Curatolo 1984; Smith and Caneron 1985a, b) 
although some msquito-induced mvements have penetrated the oil field from 
the west at least as far east as the Putuligayuk River mouth (Woodward-Clyde 
Consultants 1983) . The evidence for avoidance of the Prudhoe Bay area by 
parturient caribou relies not only on the small numbers of maternal groups 
observed in the Prudhoe Bay oil field during aerial and ground surveys 
during calving (summarized in Cameron et al. 1985, Lawhead and Curatolo 
1984, Whitten and Cameron 1985) but also on the comparison between the 
density of calving caribou in Prudhoe Bay and the density of calving caribou 
in other CAH calving areas, and the latitudinal distribution of calving in 
areas adjacent to Prudhoe Bay. 

During aerial and ground surveys in the Prudhoe Bay area between 1975 and 
1977, the percentage of calves within the area was similar to that of 
regional calf percentages; however, beginning in 1978 the percentage dropped 
markedly and has remained low since (Smith and Cameron 1983). Maternal 
groups that did calve in the Prudhoe Bay area did not remain near the 
intensively developed area along the road system (cf. figure 3) (Cameron et 
al. 1979) . The total numbers and percentage of calves in the Prudhoe Bay 
area continued to decline between 1978 and 1981 although the regional calf 
percentages continued to increase (Whitten and Cameron 1985). During this 
period the density of caribou during calving in Prudhoe Bay was less than 
half that of the next lowest-density calving areas (Colville River delta and 
Mikkelsen Bay) i d .  ) . In 1983 no maternal groups were observed in the 
Prudhoe Bay oil field during calving (Lawhead and Curatolo 1984, figure 1). 
During calving in 1981 through 1983 the total number of caribou that were 
observed along aerial transects that passed through the Prudhoe Bay oil 
field fell consistently lowest m n g  totals of all survey transects along 
the coastal plain (figure 15 in Carruthers et al. 1984). In addition to 
aerial and ground survey data, relocations of visual- and radio-collared 
caribou indicated a continued avoidance of the Prudhoe Bay oil field 
(Cameron et al. 1983). These observations indicate that calving has become 
almost nonexistent in the Prudhoe Bay oil field as the structural complexity 
and associated activity in the oil field has increased. 



A second source of evidence for the avoidance of the Prudhoe Bay oil field 
by parturient caribou is the camparison of relative densitv of calving 
animals in the oil field with areas of similar terrain and vegetation where 
the CAH cal-ves. Areas such as Mikkelsen Bay appear to be similar to the 
Prudhoe Bay oil field in regards to vegetation and terrain, but without oil 
developments, yet these areas supported at least twice the density of 
calving caribou between 1978 and 1981 (Whitten and Carneron 1985) and 
continued to support at least same calving caribou in 1983 although Prudhoe 
Bay had none (Lawhead and Curatolo 1984, fiqure 1). 

The final source of evidence for the avoidance of Prudhoe Bay by calving 
caribou is the camparison of the latitudinal distribution of calving caribou 
between Prudhoe Bay and adjacent coastal plain calving areas. With the 
exception of the Colville River delta and Prudhoe Bay, calving on coastal 
plain calving areas between 1978 and 1981 occured primarily within 16 km (10 
m i )  --and more often within 8 km (5  mi) --of the coast (Whitten and Cameron 
1985). The majority of calving in the Colville River delta area took place 
inland, as did the majority of calving in the Prudhoe Bay area (ibid.). The 
coastal portion of the Colvill-e River delta is subject to considerable 
flooding and overflow ice during calving; however, no such natural feature 
accounts for the inland distribution of calving south of the Prudhoe Bay 
area which took place 24-32 km (14-20 mi) inland--i .e., well south of the 
development area. The only unique feature of Prudhoe Baj7 appears to be the 
intensive oil field developnt there. 

These three sources of evidence provide strong support for the conclusion 
that calving has declined markedly in the Prudhoe Bay oil field, and that 
the decline has been in response to the developnent of that oil field. 

Caribou of the CAH avoid the Prudhoe Bay oil field not only during calving 
but also during mosquito-relief movments that generally follow the 
coastline east and west, depending on wind direction (e.g., Child 1973, 
Gavin n.d., White et al. 1975). Prior to 1975 such movements were corronon 
i d . .  However, in the past five years such mvements by large groups 
have not been observed except for brief penetrations into the less-developed 
western portion of the oil field (e.g., Woodward-Clyde Consultants 1983). 
In other instances mosquito-harassed groups have been observed to deflect 
away from the oil field, presumably due to the low ground clearance (often 
less than one meter [3 ftl) on feeder lines and to the intensive traffic 
(e.g., Lawhead and Curatolo 1984, Smith and Cameron 1985a, b). Visual- and 
radio-collared caribou have not been relocated in the Prudhoe Bay oil field 
proper (Whitten and Cameron 1983) . 
The third example of avoidance of linear developnts by caribou consists of 
observations of avoidance of the Spine Road/Kuparuk Pipeline complex by 
calving caribou, and local shifts in total c a r h  occupancy and proportion 
of calves observed along the Spine Road and Oliktok Road in the Kuparuk oil 
field. These changes appear to be in response to construction activity and 
overall developnent in the Kuparuk oil field. Major construction activity 
in the Kuparuk oil field began in 1978 with the extension of the Spine Road 
from the Prudhoe Bay oil field across the Kuparuk River to the west. 
Between 1979 and 1980 work on the Spine Road, drill pads and access roads, 
and construction of CPF-1 was centered in the eastern portion of the Kuparuk 
oil field (cf. figure 3) . In winter 1980-81 the Kuparuk Pipeline was 



completed; this pipeline links CPF-1 w i t h  TAPS Pump Station 1. Vehicle 
traffic along the Spine Road increased from 11 vehicleslday in 1980 to 18 
vehicles/day in 1981 (Cmron et al. 1983). In 1982 there was extensive 
gravel hauling and other construction activity associated with completion of 
CPF-2 in the western portion of the field. In 1983 and 1984 construction 
activity was mst intensive in the western portion of the Kuparuk oil field 
and along the Oliktok Road (Smith et al. 1984). Overall activity in this 
part of the field increased dramatically during this period as indicated by 
the increase in Spine Road traffic levels west of CPF-1 from 31 vehicles/hr 
in 1983 to 55 vehicles/hr in 1984 (Murphy 1984). Even the traffic levels in 
1983, which are lower than those of 1984, indicate a dramatic increase in 
traffic over 1980 and 1981. S m  caution is advisable in interpreting these 
figures; however, because they reflect traffic levels primarily in midsummer 
when construction activity is at its peak. During the first three weeks of 
June (i . e . , during caribou calving and pst-calving) the Kuparuk River 
bridge, across which all traffic from Prudhoe Bay and the Dalton Highway 
must cross, is washed out and only local traffic is possible within the 
Kuparuk oil field. Changes in total caribou occupancy, maternal qroup 
occupany, and local distribution of maternal groups in midsummer in the 
Kuparuk oil field are summarized belm: 

(a) In 1979, the distribution of maternal groups along the Spine Road 
during calving was significantly lower within 4 km (2.4 m i )  of the 
road than elsewhere north or south of the road (Cameron and 
Whitten 1980a) . In 1980 and 1982 there were no calves observed 
within 4 Ian (2.4 m i )  of the road (Cameron et al. 1981, Smith et 
al. 1984) . In 1983 and 1984 there were few calves along the Spine 
Road or Oliktok Road according to Smith et al. (1985). 

(b) The pattern of total caribou and maternal group occupancy along 
the Spine Koad during midsummer changed between 1978 and 1983. 
During mid-s~mr 1978 and 1979 the proportions of caribou 
observed along the road were higher at major drainages (including 
the Kuparuk River) although there was som variation between years 
that appeared to be in response to local construction (mostly 
drainage structure maintenance and replacement) at these "nodes" 
of caribou occupancy (Cameron et al. 1983). Although the 
percentages of calves varied between years, within a year the 
percentages of calves within groups at these "nodes" were not 
significantly different from regional percentages i d .  ) . In 
1980, as overall construction increased in the eastern portion of 
the oil field, the pattern that was observed in 1978-79 was not 
apparent--there was a general shift of occupancy westward toward 
the end of the Spine Road. In 1982 and 1983 there was continued 
higher rate of occupancy in the western portion of the oil field, 
although occupancy in the CPF-1 area declined probably due to 
increased construction traffic between there and CPF-2 (Smith et 
al. 1984) . In 1983 there was also considerable caribou (mstly 
cows and calves) occupancy along the Oliktok Road suggesting that 
maternal groups were "end-running" western part of the oil field 
in order to get to the Oliktok Point area (Smith et al. 1985) . 
'13e Kuparuk River continued to ke a "node" cf occupancy and 
movemnt ; hmever , the proportion of calves declined between 198 1 
and 1983 (Curatolo 1984, Smith et al. 1985). Smith et al. (1985) 



attributed the decline in calf percentage at the Kuparuk River 
"node" to the avoidance of construction in the area by maternal 
groups, whereas Curatolo (1984) attributed the decline to an 
increase in the number of bulls using the Kuparuk River area which 
would have inflated the bull percentage and deflated the calf 
percentage. Because of the variation in the total numbers of 
caribou using the Kuparuk oil field among years--variations that 
could be unrelated to the developnt itself--conclusive 
resolution of these two interpretations is difficult. However, 
the interpretation of Smith et al. (1985) appears to be most 
likely in this case because (a) data collected prior to 
significant human disturbance in the Kuparuk River area (e.g., 
1978 and 1979) indicate that it was a "node" of occupancy by cows 
and calves, and (b) that the pewentage of calves in groups along 
the Kuparuk River did not differ from regional calf percentages 
(Cameron and Whitten 1980). These data suggest that prior t.o 
intensive human activity there maternal groups were not avoiding 
the Kuparuk River area in midsumner, and that the proportion of 
calves in these groups was not abnormal. 

(c )  The percentage of calves in groups observed along the Spine Road 
in midsmer declined between 1981 and 1983 but showed sane signs 
of recovery in 1984. Calf percentages in groups observed along 
the Spine Road were not siqnificantly different than regional calf 
percentages between 1978 and 1980; however, in 1981 and 1982 calf 
percentages were substantially lower than the regional percentage 
(Cruneron et al. 1983, Smith et al. 1984). In 1983 midsumner calf 
percentages along the Spine Road continued to be lower than 
regional calf percentages (Smith et al. 1985). However, in sumner 
1984 calf percentages in midsmmer along the road were - not 
significantly different than regional percentages--the 
investigators suggested that caribou are habituating to local 
activity and man-made structures (Smith et al. 1985). 

The final source of evidence for avoidance of areas of developnt is the 
distribution of calving and sumner occupancy along the Milne Point Road in 
the Milne Point oil field (figure 3) . The Milne Point oil field is located 
just west of the Kupnruk River and along the coast (i . e . , northeast of the 
main Kuparuk oil field) and overlaps the eastern portion of the concentrated 
calving area. The Milne Point Road connects the oil field, which currently 
consists of several drill pads with connecting access roads, a processing 
facility, and 300-person camp, with the Spine Road to the south (figure 3). 
The 29 km (18 mi )  road was constructed in winter 1981-82, and a 35 cm (16 
in) diameter pipeline was constructed along it in winter 1984-85. S u m r  
traffic along the road was considered low (less than 10 vehicleslday) in 
1983 and 1984, moderate in 1982 (10-100 vehicles/day), and high in 1985 
(over 200 vehicles/day) (Dau and Cameron in press). The distribution of 
caribou in response to the road during calving and midsmer provide 
evidence that caribou are avoiding the road system during these two periods. 
These two examples are summarized as follows: 

(a) Aerial surveys of caribou distribution and numbers during calving 
were conducted for four years prior to construction of the road, 
and four years since construction. During the four years 



preceding construction, calving caribou encampassed the entire 
area now covered by the road (Dau and Cameron in press). During 
the four years after construction, there was a positive 
correlation with distance from the road up to 3 Ian (2 mi) and the 
density of parturient caribou, whereas there was no such 
relationship between the density of nonmaternal caribou and 
distance from the road i d . .  The contrast between maternal 
group density prior to construction and after construction is even 
more vivid because prior to construction the area which the road 
encompasses had a higher density of parturient caribou than had 
areas to either side (ibid. ) . 

(b) Since construction of the road in 1982 ground surveys of caribou 
occupancy along the road during s m e r  have indicated that caribou 
occupancy has increased directly with distance from the road up to 
4 lan (2.4 mi) , and that this is mst pronounced during June but 
also occurs in July (Dau and Cameron 1985) . Although the June 
data overlap with data during calving (ref. "a" above) they also 
include the post-calving period and suggest that the maternal 
group avoidance of the road continues into post-calving and 
mosquito season. 

In s m r y ,  results from data gathered in the TAPS corridor, and the Prudhoe 
Bay, Kuparuk and Milne Point oil fields indicate that: 

(a) During s m r  maternal groups are more reactive to linear 
developments than are nonmaternal groups, and will avoid areas of 
high amounts of human activity. This avoidance is most apparent 
during the calving season, when parturient caribou avoid areas 
with even relatively small amounts of human activity, and appears 
to decline sanewhat as s u m r  progresses. 

(b) Although there are no studies that conclusively demonstrate that 
maternal groups avoid linear developnts because of human 
activity occurring there, there is considerable circumstantial 
evidence of this. Maternal qroups have avoided the TAPS corridor 
since TAPS construction, and have shifted their occupancy along 
the Spine Road and Milne Point Road in apparent response to the 
amount of human activity along these roads. However, maternal 
qroup occupancy along linear developments does not appear to be a 
straight relationship with the contemporary amount of human 
activity there--it appears that once maternal groups avoid an area 
because of human activity this tendency persists for several years 
even though the amount of human activity declines. This 
persistence is most noticeable during calving seasons. 

(c) There are limited data on avoidance of linear developments during 
seasons other than smer. The few data gathered along the TAPS 
corridor indicate that since TAPS construction that fall calf and 
bull percentages in the corridor have not been significantly 
different than those region-wide. It appears that bulls may leave 
the corridor in search of maternal groups rather than maternal 
groups beccaning less reactive to the corridor, although lowered 
reactivity of maternal groups during the rut cannot be ruled out. 



(d) Avoidance of the Prudhoe Bay area has been demonstrated from data 
gathered by direct observation and location of radio-collared 
animals, by comparisons of maternal group density in Prudhce Bay 
with other CAH calving areas, and by caparisons of the 
latitudinal distribution of calving in the area surrounding 
Prudhoe Bay. 

(e) There is sane evidence that maternal groups can habituate to human 
activity durinq midsmer; althoush the evidence is based on 
occupan& along the Spine Road and -0liktok Road in only one year 
(1984). 

( f) Analysis of maternal group occupancy along linear developnts 
suggests that "zones of avoidance" of linear developments occur at 
distances of 3-4 km (1.8-2.4 mi) during calving, and from "no 
avoidance" to up to 4 lan (2.4 mi) during midsmer. 

3.4.2 Avoidance of "Point" Development 

"Point development" consists of isolated facilities (e.g., seismic camps, 
drill sites, pump stations, processing facilities) , that are confined to a 
relatively small area. After the exploration phase it is often difficult to 
separate the effects of the "pint" developnt from those of "linear" 
developments. For example, isolated &-ill pads that are supported by air 
transportation are commonly employed for the later stage of exploration. If 
these are to become production wells, roads and feeder lines are constructed 
to them and these linear structures and the human activity associated with 
them add a new dimension to the disturbance. 

Caribou have been observed to avoid fall and winter sei.cnic camps, simulated 
canpressor stations, and drill sites. Durinq fall and winter sei-smic 
ope;ations on Banks Island, Peary caribou (RanGfer tarandus Pearyi) would 
not approach within 3.2 km (2 mi) of camps and staging areas which were 
located in areas of high visibility but would approach much closer in hilly 
terrain (Urquhart 1973) . McCourt et al. (1974) observed PH caribou 
responses to both an inactive seismic camp, and to an active construction 
camp. Caribou encountered the seismic camp while on spring migration; the 
majority of animals skirted it by 200 m (1/8 mi). Caribou passed within 400 
m (% mi) of the active construction camp. 

McCourt et al. (1974) also observed the responses during different seasons 
of the year of PH caribou to the simulated sound of a 20,000 hp. gasline 
compressor. The sounds were at frequencies and decibel levels equivalent to 
those of the air intake, scrubbing, bypass, and exhaust systems of such a 
compressor, and these sounds were broadcast in directions similar to those 
of a real canpressor. In the experimental situation two units, one the 
swlator and the other the gasoline-powered generator to supply the 
simulator, were located 15 m (50 ft) apart. Although the simulation did not 
mimic the odor, visual appearance, and human activity associated with a real 
compressor station, the results do provide insight into the effects of 
noise. Caribou were observed at t m  locations each during spring migration, 
during calving, during late July, and during fall migration. Caribou during 
spring and sumner avoided an area within 200 m (1/8 mi) of the simulation, 



and during fall migration there was a suggestion that caribou avoided the 
area within 800 m (+ mi) (ibid.). 

Two studies located within the CAH range were conducted east of Prudhoe 
Bay-- one at an exploratory drill site near Pt. Gordon (Wright and Fancy 
1980), and the other at Drill Sites (DS) 16 and 17 on the east side of the 
Sagavanirktok River delta (Fancy 1982, 1983) (figure 3) . The former site 
had no connecting road, and access for crew changes and support was by 
helicopter. The latter sites were connected to the Prudhoe Bay complex by a 
road in 1980, and by the road with an adjacent pipeline in 1981. Although a 
portion of caribou were observed to avoid the drill sites (refer to this 
section), many caribou entered the drill sites but were unable to cross the 
road/pipeline cqlex (refer to section 3.5). 

At the Pt. Gordon site, observations of caribou within 2 km (1.2 mi) of the 
drill site were ccanpared with observations of caribou at a control plot 
located 6.5 km (4 m i )  east between 9 June-17 August 1980. Because of late 
June sno~melt and generally cool temperatures in July, fewer caribou than 
normal encountered the drill site. No caribou approached the drill site 
closer than 1,200 m (4 m i ) ,  and few caribou came within 2 Ian (1.2 mi). The 
investigators concluded that the caribou's responses were directly 
attributable to the disturbance caused by the drill site. Sources of 
disturbance included noise from the drill rig and ass~iated machinery 
including generators and ccanpressors, and from support vehicles such as 
dozers and front-end loaders. Additional sources of disturbance were 
visible human activitv such as walking around the drill pad and approaching 
the caribou in order to photograph them, and movement of vehicles on the 
pad 

At DS 16 and 17, observations were made during July-August 1980 and 1981. 
Several major differences between this and the Pt. Gordon study site 
include: (1) the presence of an access road with traffic levels averaging 24 
vehicles/hr connecting DS 16 and 17 to an access road to Prudhoe Bay; (2) 
the presence of feeder lines elevated 1.5 m (5 ft) which ran between DS 16 
and 17 and Prudhoe Bay; and (3) the proximity of DS 16 and 17 to the Prudhoe 
Bay complex (a few km to the west). Caribou movements in the drill site 
area were predominately northeast/southwest as animals moved back and forth 
to the delta mouth to seek relief from mosquitos. Groups which deflected 
away from the drill site experimental area appeared to react at up to 2 Ian 
(1.2 mi). 

The results of these studies indicate that "point" developents can elicit 
avoidance reactions by caribou within 2 km (1.2 mi) of the development, 
depending on season, the visibility of the developnt, and the level of 
human activity associated with it. The influence of structures alone, as 
distinct from the human activity around them, was variable. During most of 
the year caribou often exhibited little reaction to inactive gravel drill 
pads although during oestrid fly harassment periods these structures 
appeared to be preferred. Caribou were observed to avoid an inactive camp 
during spring and s m r ;  however, these observations are not directly 
comparable with those from other studies. It is apparent that pint 
development having human visual and sound disturbance associated with it 
elicits a stronger avoidance response than developent without human 
disturbance. The reactions of caribou to point developnent appear to vary 



seasonally; hwever, studies that are comparable among seasons have not been 
caxried out. 

3.4.3 Conclusions and Discussion 

Investigations of the regional distribution and local occupancy of caribou 
indicate that under certain conditions caribou avoid "linear" and "point" 
developnts. This avoidance can not orly ocacr over several seasons of any 
given year but can persist for several years. Conditions that influence 
avoidance of developments by caribou i~clude sex and age camposition of 
group members, season of the year, the presence of external stimuli such as 
insects or hum17 activity, and previous experience of the group members with 
developnts. Avoidance of linear developments is more significant tlmn 
that of pint developnts, not only because the distances at which 
avoidance may occur appear to be longer in the case of the fomr, but also 
because of the greater area of coverage by linear developments, and the more 
intensive (and extensive) ailounts of human activity that are likely to be 
associated with linear developnents. 

Groups with calves avoid linear developments more than do groups without 
calves. No comparable data are available for sex or age classes that avoid 
point developments. This apparent reactivity that is shown by matemal 
groups to disturbance is higher during the calving season than later in 
midsummer, and appears to be oriented more toward human activity associated 
with developnts than to the develop~nts without human activity unless 
they have previously associated that development with humarl activity. For 
cxilmple, maternal groups avoid the TAPS corridor, Spine Road, and Milne 
Point Road during calving although the relative levels of human activity 
along these developnts have varied over the years. It appears that once a 
threshold level of activity occurs during calving, and the parturient 
females avoid the area, the avoidance of this area persists in succeeding 
years even though human activity may be relatively lower. The persistence 
of avoidance of the TAPS corridor by maternal groups since the construction 
of TAPS is an example. 

Seasonal influences on the reactivity of maternal groups are also evident. 
Although maternal groups avoided local areas of the Spine Road/Kuparuk 
Pipeline complex and shifted occupancy to areas of smaller amounts of human 
activity from year to year, they appeared to habituate to the devel.opnt in 
midsumner 1984 when regional calf percentages and local calf percentages 
were similar. The data are limited and equivocal with respect to seasonal 
influences during other seasons. Data on the avoidance of maternal groups 
to the TAPS corridor in the fall indicate an increase in calf percentage to 
regional calf percentages; however, it appears Likely that this increase in 
calf percentage is more a function of bulls leaving the corridor during the 
rut than of calves entering the corridor. 

The presence of insects and human activity are opposing stimuli in regards 
to affecting caribou occupancy along developments in the Prudhoe Bay and 
Kuparuk oil fields. During mosquito season caribou probably inhabit and 
move through the Kuparuk oil field and elsewhere on the coastal plain 
because of the proximity of these areas to important mosquito relief habitat 
and to sufficient forage supplies. In spite of this general tendency toward 
a coastal distribution, caribou matemal groups also respond to increased 



local levels of human activity by avoiding them. During the midsummer 
period however, when mosquito and oestrid fly activity increases, there 
appears to be a reduction in maternal group reactivity to human activity 
canpared to the calving season. 

3.5 DISRUPTION OF MO-S 

In the precedinq section, the effects of linear and point developments that 
resulted in caribou avoiding localized portions of habitat which are 
associated with development were discussed. In this section the disruption 
of caribou movements through or within an oil field is discussed. Avoidance 
of developent and disruption of movements are somewhat interrelated ar,d 
difficult to empirically isolate from each other because they are both part 
of the dynamic process of caribou movements and distribution. We have 
considered avoidance to be measured by changes in occupancy, whereas 
disruption of movements is considered to be measured by changes in movement 
patterns. Changes in movement patterns include changes in widespread 
caribou movements, which are often difficult to distinguish from avoidance, 
and specific changes in movement patterns that for the most part have been 
determined by studies focussing on the success of caribou in crossing linear 
developments such as roads or pipelines. 

Sane examples of disruption of general movenents have been mentioned in 
subsection 3.4.1 in association with avoidance of portions of the Kuparuk 
oil field where construction activity was intensive. These examples include 
the "end-running" of the western portion of the Spine Road/Kuparuk Pipeline 
complex durinq the smers of 1982 and 1983; and the deflections of large, 
mosquito-harassed groups when they encountered the low feeder lines and 
human activity associated with the Prudhoe Bay oil field. There are 
additional examples of disruption of caribou movents through the Kuparuk 
oil field. In 1982 and 1983 large groups of caribou which were moving 
southward from the coast as the intensity of mosquito harassment declined 
were observed to swing westward as they approached to within 1-2 km (3-1 m i )  
of the Spine Road (Smith and Cameron 1985a). Although other groups of 
caribou were observed to move southward across the Spine Road/Kuparuk 
Pipeline complex with no apparent problem during the same season (e.q., 
Cameron pers. c m . ,  1985; Curatolo and Murphy 1983) the aforementioned 
large groups appeared to be reacting to construction-related disturbance 
along the Spine Road (Smith and Cameron 1985a). In 1984 no such 
"deflections" were observed--caribou mved southward across the complex 
between the Kuparuk River and CPF-1 (Smith et al. 1985). 

General changes in mvements of caribou in response to manmade linear 
"features" (not really "developments" in the sense we use it here) such as 
winter seismic lines and cutlines have been observed by Urquhart (1973) and 
Banfield (1974). The majority of Peary caribou reacted to new winter 
seismic lines by paralleling them several hundred yards then either crossing 
in areas of less snow or turning away; however, maternal groups appeared to 
react mre strongly than other groups. Caribou appeared to be reacting to 
the physical novelty of the line, and reacted very little to lines over 
three weeks old (ibid.) . Banfield (1974) noted that migrating caribou of 
the PH followed cutlines through forested areas as long as the cutline 
generally followed the caribou's original direction of travel. Some 
deflection did occur. Concern was expressed over the effects of such 



deflections i f  they interrupted the northward movement of pregnant cows 
migrating t o  the calving areas; however, there has been no conclusive 
evidence t o  suggest an ef fec t  (ibid. ) . 
The specific responses of caribou attempting t o  cross l inear d e v e l o p n t s  
have been discussed in regards t o  simulated pipelines a t  Prudhoe Bay (Child 
1973) and the Seward Peninsula (Child and Lent 1973); t o  operational 
pipelines a t  d r i l l  sites 16 and 17 (Fancy 1982, 1983; Fancy e t  a l .  1981); 
the Kuparuk Pipeline and Spine Road complex (Curatolo 1984; Curatolo and 
Murphy 1983; Curatolo et a l .  1982; Murphy 1984; Smith and Camron 1985a, b ) ,  
and d r i l l  sites 2X and 2D (Murphy 1984) i n  the Kuparuk o i l  f ie ld;  and t o  
roads such a s  the Dempster Highway i n  northern Yukon Territory (Horejsi 
1981, Miller 1985) and the Spine Road i n  the Kuparuk o i l  f i e ld  (Cameron and 
Whitten 1978, 1979; Camron e t  a l .  1983; Smith e t  a l .  1984). These 
investigations indicate tha t  the success with which caribou cross 
developments is affected by several factors including the type and 
configuration of the structure t o  be crossed ( i .e . ,  a road by i t s e l f ,  a 
pipeline by i t s e l f ,  or  road and a pipel ine) ,  the season, the type and amount 
of insect harassmnt, the s ize of the group, the human act ivi ty accompanyinq 
the developnent, and the presence of structures within the development tha t  
a re  b u i l t  t o  enhance caribou crossing success (e.g., ramps, elevated 
sections of pipeline).  The resul t s  of these investigations are not always 
direct ly comparable because of differences i n  methods used i n  each study, 
c r i t e r i a  for  a crossing attempt and for  crossing success, type of structure 
being investigated, and study location ( i .e . ,  tundra vs. forested location). 
The following discussion is organized by type of structure. 

Roads. Investigations of behavior of caribou encountering a ro,ad without an 
adjacent pipeline have been carried out during l a t e  winter and spring in  
forested areas of the PH's range along the Dempster Highway, and during 
s m r  i n  the Kuparuk o i l  f ie ld.  Conclusions from these studies reveal 
tha t  : 

(1) Roads without t r a f f i c  are not normally physical or  behavioral 
barr iers  t o  caribou movements. Cuts and f i l l s  along roads tha t  m e e t  
normal engineering standards are not usually physical barr iers  unless 
they are placed along c l i f f s  or  r ivers  tha t  are impassable by caribou. 
Caribou apparently regard isolated roads as  natural features of the i r  
e n v i r o m n t  and w i l l  cross or traverse them i f  they follow "paths of 
l eas t  energetic resistance" (cf . Jakimchuk 1980, Bergerud c ? t  a l .  1984) . 
(2 )  In semi-open ter ra in  caribou appear t o  select  s i t e s  which have 
good v i s i b i l i t y  a t  a distance from the road of several hundred yards. 
These sites usually occur i n  upland areas. Caribou w i l l  a lso use 
gravel ramps tha t  are constructed i n  riparian areas. The selection of 
crossing locations with these features appears t o  be an adaptation for  
predator avoidance (Miller 1985) . 
(3 )  CAH caribou approaching roads without t r a f f i c  were ahmst  
completely successful i n  crossing these roads (Curatolcl and Murphy 
1983, Smith w d  Cameron 1985a). 

(4)  Traffic on roads can cause these roads t o  b e c m  "behavioral 
barriers" because approaching caribou w i l l  be deflected or  turned back 



for periods of time ranging from a few minutes to several hours 
(Curatolo and Murphy 1983, Horejsi 1981, Smith and Cameron 1985a, b) . 
Caribou that are turned back or deflected often require several minutes 
to re-group and attempt to cross again. If the inteirval between 
vehicles is not sufficiently long to allow these caribou to re-group 
and cross, even caribou strongly motivated to cross (such as those 
harassed by insects) will be unable to. Traffic levels of only 15 
vehicles/hr disrupted caribou crossing success along the Spine Road 
(Curatolo and Murphy 1983) . 

Pi lines. Investigations of pipelines without accompanying roads include pep 
those of simulated mainline and feeder line pipelines in the Prudhoe Bay oil 
field (Child 1973), a simulated mainline pipe on the Seward Peninsula (Child 
and Lent 1973) , and the K u p a r u k  Pipeline in the Kuparuk oil field (Curatolo 
and Murphy 1983, Curatolo et al. 1982). The methods and study pipelines 
were dissimilar enough to warrant a further description. The Prudhoe Bay 
simulated mainline pipeline consisted of a 105 cm (48 in) strip of burlap 
raised 50 cm (24 in) above the tundra except where sections were elevated as 
"overpasses" to allow caribou to cross underneath, and at gravel ramps that 
crossed over the "pipeline." The feeder line simulation consisted of 
small-diameter pipe elevated 50 m (20 in) above the tundra except at 
"overpasses" elevated 2-3 m (6-8 ft), and at gravel ramps. Child (1973) 
defined group crossing success as 100% of the individuals crossing the 
simulation either under the pipe or across the ramps; he found that 
individual crossing success was 34% at the mainline simulation and 10% at 
the feeder line simulation. Most animals elected to either skirt the 
simulation or to reverse direction. He found group crossing success 
declined as the size of the group increased--i .e. , larger groups had mre 
trouble crossing than smaller groups. Insect density was determined to be 
more important in influencing the success of crossing by caribou than was 
previous eqxrience with the simulation (ibid.) . 
The reactions of semidomesticated herded and unherded reindeer to a mainline 
pipeline simulation were studied during all seasons of the year by Child and 
Lent (1973) on the Seward Peninsula. In this simulation, the pipe was 
elevated 50 cm (20 in) over most of its length except for a 100 m (300 it) 
section that was elevated 4 m (12 ft) , and an adjacent gravel ramp. The 
only successful crossing recorded was during winter when drifted and 
canpacted snow created a "bridge" over the lov~er sections of pipe--i . e . , a 
snow ramp. 

Curatolo (1984), Curatolo and Murphy (1983) and Curatolo et al. (1982) 
studied the crossing success of CAH caribou groups along the Kuparuk 
Pipeline just west of the Kuparuk River where it is separated from the Spine 
Road by 3 km (2 mi) (figure 3) . Alonq this section the pipeline is elevated 
a min- of 1.5 m (5 ft) and contains a short buried section (effectively, 
a ramp). Although there are no overpasses, the height of the pipeline 
varies from 1.5 to 4 m (5-14 ft) . The investigators established a control 
site located 2.5 km (1.5 mi) south of the experimental site ar-d crossing 
success at the "pipe site" was compared with that at the control site. 
Group crossing success in these studies was defined as more than 50% of the 
individuals of a group crossing the pipeline. From their data gathered 
during surroners of 1981 through 1983, they reached the following conclusions: 



(1) During the pre-calving and calving period in 1982 and 1983, the 
success of groups crossing the pipeline was much lower than that during 
the mosquito and oestrid fly season. During the mosquito and oestrid 
fly seasons there was no significant difference in overall crossing 
success (80%) of groups at the "pipe site" than at the control site; 
however, the data included a large number of groups that crossed at the 
buried section (see "2") . 
(2) Caribou strongly preferred the buried section for 
crossing--although the buried section comprises only 1% of the pipeline 
length in this section, the frequency of group crossings was 18 and 16% 
in 1981 and 1982 respectively. 

(3) Within the range of pipe heights available crossings were 
significantly more numerous at pipe heights of 2.5 m (8 ft) and over in 
1981, but were not so in 1982. 

(4) The success of large groups of caribou (i.e., those with more than 
100 individuals) was lower than smaller groups in 1981 (when the large 
group crossing success was 33%), but was not significantly different in 
1982 or 1983. 

Pipelines and Roads with Traffic. The success of CAH caribou in crossing 
roads and adjacent pipelines has been investigated at drill sites 16 and 17 
just east of-~rudh& kay (~ancy 1982, 1983; Fancy et al. 1981) (figure 3), 
and along the Kuparuk Pipelinelspine Road complex (Cameron et al. 1983, 
Curatolo 1984, Curatolo and Murphy 1983, Curatolo et al. 1982, Smith and 
Cameron 1985a, b) and at drill sites 2X and 2D (Murphy 1984) in the Kuparuk 
oil field. In all these cases, the pipeline was elevated a minirmnn of 1.5 m 
15 ft) above the terrain, and a road with variable frequencies of vehicles 
was adjacent (generally within 50 m [I50 ftl ) . Observations of the success 
of crossing by caribou were made from stationary blinds in drill sites 16 
and 17 and 2X and 2D studies, and along the Kuparuk Pipeline/Spine Road 
study by Curatolo (1984) , Curatolo and Murphy (1983) , Curatolo et al. 
(1982). Observations by Cameron et al. (1983) and Smith and Cameron (1985a) 
were made during twice daily trips by pickup along a predetermined route on 
the Spine Road. Smith and Cameron (1985a) have compared the drill site 16 
and 17 and Kuparuk PipelineISpine Road studies. Their conclusions are as 
follows : 

(1) Caribou are less successful in crossing multiple structures when 
traffic is present, althouqh all the quantitative and qualitative 
features of the traffic that cause a reduction in crossing success by 
caribou have yet to be identified. 

(2) Caribou in groups of more than 100 individuals have a much lower 
rate of success in crossing roadlpipeline complexes than do smaller 
groups. Of the 27 large groups which were observed to approach a 
complex in these studies, only 1 was successful in crossing it. 
Several groups numbering in the thousands were unable to successfully 
cross the Kuparuk Pipeline during severe insect harassment periods in 
1981 and 1982, and deflected along the pipeline for distances of up to 
32 km (19 mi) (Smith and Cameron 1985b) . 



(3) Caribou crossing success was greater during periods of oestrid fly 
haras.mnt than during mosquito harassment. 

(4) When the effect of a buried section along a roadlpipeline complex 
was evaluated in regards to facilitating caribou crossing of that 
complex the results were inconsistent. Smith and Cameron (1985a) noted 
that their limited data did not indicate that a buried section along 
the Kuparuk Pipeline/Spine Road was used preferentially, whereas 
Curatolo and Murphy (1983) found that this section canprised only 1% of 
the pipeline length in their study area but was the location of 6% of 
the total successful crossings. The investigators agree that this 
particular buried section was not an ideal design to facilitate caribou 
crossing. 

The investigation of caribou crossing success at drill sites 2X and 2D 
(Murphy 1984) are particularly interesting because they were the first 
attempt to evaluate the effectiveness of ramps in enhancing caribou 
mvements across a roadlpipeline cqlex. The ramps, due to their design 
and siting, were constructed specifically to facilitate caribou movements 
across the drill site 2D feeder line/access road and across the Kuparuk 
Pipeline/Spine Road. The results from these two areas were then compared 
with the results from a nearby drill site (2X) that had no ramp along its 
access road/feeder line complex. Pipeline height along all pipelines was a 
minimum of 1.5 m (5 ft). Factors beyond the investigators' control--such as 
the unusually low number of animals passing through the study area during 
the years of investigation, and the proclivity of road maintenance vehicles 
to use the ramps as unauthorized parking areas--limit the conclusions that 
can be drawn frm the first year of the study; nevertheless, several 
conclusions are noteworthy: 

(1) Caribou group and individual crossing success was much higher 
along both drill site complexes than along the Kuparuk Pipeline/Spine 
Road complex because of the quantitative and qualitative differences in 
traffic along the latter. Traffic on the Spine Road averaged 55 
vehicles/hr in 1984 and 31 vehicles/hr in 1983; whereas traffic on the 
2D road averaged only 6 vehicles/hr. Large vehicles (e.g., gravel 
trucks, graders) appear to be more disturbing to caribou than small 
vehicles (e.g. , pickup trucks) , possibly because of the larger amount 
of noise, dust, and flying gravel associated with the former. 

(2) Caribou crossing success was higher for the 2D cqlex (ramp 
present) than for the 2X complex (no ramp present) . 
(3) During periods when mosquitoes were present in 1984, caribou group 
size remained much lower than is usually the case when mosquitoes are 
present. Group and individual crossing success over the Spine 
Road/Kuparuk Pipeline was extremely high during this period. At other 
times when mosquitoes were present, or when mosquitoes and oestrids 
were both present, crossing success was very low. 

Murphy (1984) could not determine whether ramps actually increase the 
frequency of crossing by caribou which would not otherwise cross a 
road/pipeline complex, or whether ramps merely provide a preferred 
alternative to carihou which would have crossed anyway. However, he did 



point out that "if large groups consistently use ramps [as his data 
suggest], this represents one of the most compelling justifications for the 
use of ramps as a mitigative strategy in areas where pipelines are not 
separated from roads." 

Alaska Biological Research is investigating the camparative effectiveness of 
ramps with sections where above-ground pipelines are separated fran adjacent 
a-ccess roads by several hundreds of meters. The first field season was 
smaner 1985 and results are not yet available. The department began 
investigating the use of ramps along the Milne Point ~oad/~ilne Point 
Pipeline complex in sumner 1985; their results are also not yet available. 

Conclusions and Discussion. Oil and gas development has been shown to 
disrupt summer movements of CAH caribou on two scales--changes in general 
movements in response to localized human activity in the oil field, and the 
ability of caribou to negotiate linear developments within the oil field. 
Changes in general movements have been linked with localized human activity 
on the one hand, and to facilities and human activity in concert with insect 
pests such as mosquitoes on the other hand. However, there is preliminary 
evidence that same accormicdation to development occurred in 1984. 

Specific changes in movement patterns have been studied in the context of 
the ability of caribou to successfully cross linear facilities such as roads 
and pipelines that are associated with oil fields. Several factors have 
been identified that influence the success by which caribou cross linear 
facilities. These factors include the type and configuration of the 
facility (e.g., isolated roads or pipelines, or roads and pipelines adjacent 
to each other), season of the year (especially calving), size of the group, 
and presence of other external stimuli such as harassment by insect pests or 
presence of human activity such as vehicular traffic. These factors do not 
all act independently. Although there have been numerous studies in the CAH 
range, differences in such features as study design, location, and criteria 
for inclusion in the data set cqlicate drawing meaningful conclusions. 
Nevertheless, there appears to be general agreement on several points: 

(1) There is a general ranking of severity of the type of linear 
developnent in terms of its effects on caribou crossing success from 
the least severe--isolated roads--to the most severe--road with a 
pipeline. Isolated roads with no traffic appear to be selected by s m  
caribou during oestrid fly harassment periods for example, and to be 
treated as just another topographic feature in other cases. However, 
the presence and amount of traffic can modify the severity. For 
example, a pipeline by itself is probably less disturbing to caribou 
attempting to cross it than is a road with levels of traffic exceeding 
15 vehicles/hr. However, if the traffic levels dropped considerably, 
and mosquito harassment caused large groups to start moving toward the 
coast, a pipeline by itself could cause more disruption to these groups 
than would low levels of traffic. Speaking generally, however, caribou 
appear to respond to the cmplexity of the structure as well as to the 
associated human activity. Certain structural changes can be made, 
such as ramps and sections where pipes are elevated higher than 
surrounding pipe, that enhance the crossing success of caribou even in 
the face of stimuli that would normally depress their success. 
Evaluation of the effectiveness of these structural changes is 



currently being undertaken; however, at least one change has already 
occurred in all pipelines subsequent to the Prudhoe Bay oil field 
construction. Minimum pipe height in the Prudhoe Bay oil field ranged 
from 0.4-1.1 m (1.3-3.6 ft) (Smith and Cameron 1985a) ; pipelines at 
these heights are virtually a physical barrier to caribou movements. 
Yore recent pipelines are required to have a minimum pipe height of 1.5 
m (5 ft.)--this height allows caribou to physically pass during most 
conditions although it can become a physical barrier in early spring 
due to drifting snow ( ibid . ) . 
(2) Traffic was alluded to in #1 as being a significant factor in 
crossing sucess. Vehicles at intervals averaging only 15/hr have been 
associated with reduced crossing success during midsumner. 

(3) Season appears to be an important considerati-on although its 
effect may be due more to changes in group camposition or other 
variables such as insects. The success of crossing linear facilities 
during the pre-calving and calving season in the Kuparuk oil field is 
lower than the midsummer perj-d. W i n g  the pre-calving and calving 
seasons, mostly ratemal groups are present in this area, whereas by 
midsumner other sex and age classes have joined the maternal groups as 
insect harassment increases. Maternal groups appear to have heightened 
reactivity to human disturbance during calving and early s m r  
especially (refer to section 3.4) , and the reduced crossing success in 
early summer may be due to that. This suggestion would be in line with 
results from studies along the Kuparuk Pipeline where it is isolated 
fron the Spine Road--the increase in overall crossing success between 
1981 and 1983 occurred as the proportion of maternal groups crossing 
the pipeline declined from over 50% to less than 30%. 

(4) The t w  and intensity of insect harassment has a strong influence 
on crossing success. In general, as mosquito harassment increases the 
size of groups also increases and crossing success declines--notable 
exceptions occurred along the Kuparuk Pipeline "pipe site" study area 
near the Kuparuk River; however, this could have been due to the 
increased proportion of bulls in that site. At lower levels of 
mosquito harassment, crossing success increases over that when no 
irLsect.s are present; however, in mst cases, crossing success is 
increased even further as oestrid fly harassment increases. 

The results of these studies, which do show an effect on caribou movements 
in the oil field, can be campared with studies of the effects of TAPS on 
Nelchina Caribou Herd (NCH) movements in the forested terrain of south- 
central Alaska. NCH animals cross TAPS enroute to winter and sumner ranges. 
TAPS bisects the NCH range in a north/south direction, similar to its 
orientation in the CAH range; however, the NCIl caribou encounter TAPS while 
they are moving eastward to winter range in the fall or westward to summer 
range in the spring (Carruthers et al. 1984, Eide et al. In Press) . Two 
special refrigerated buried pipeline sections a-e located in known areas of 
historical NCH migration and these buried sections are used extensively by 
caribou (ibid.). Other special big game crossing structures including short 
(less than 18 m [59 ft]) buried sections and sections of above-ground pipe 
elevated at least 3 m (10 ft) above the ground are available although they 
were often not located in areas of known caribou movement. Results of these 



studies indicated that once caribou made the decision to approach the TAPS 
they would cross wherever they encountered the pad, although Eide et al. 
(In Press) found that caribou appeared to select against elevated sections 
of pipeline that were less than 2.5 m (7 ft) in height above the pad. 
Nevertheless both sets of investigators concluded that TAPS has not 
adversely affected movements of the NCH. There are obvious differences 
between TAPS in the NCH range and the oil development in the CAH range. For 
one thing, TAPS runs only through a migration zone in the Nelchina whereas 
the oil field has been developed on a major seasonal range of the CAH. 
Second, the NCH inhabits a mixture of forested and nonforested areas, and 
their wariness toward structures that are located in areas of limited 
visibility may be much less than that of CAEI caribou which can see and hear 
facilities and human activity at a greater distance. 

One limitation of the data available on the effects of linear developrents 
in disrupting CAH caribou m v e n t s  is that no attempts have been made to 
translate the paralleling and deflecting behavior of CAH caribou along 
pipeline/road complexes into energetic costs to the individual. The effects 
of relatively short-term and short distance deflections probably are minor; 
however, the deflections of large numbers of animals for m y  kilmters 
along the Kuparuk Pipeline could easily represent a significant energetic 
ccst if they occurred often. Jakimchuk (1980) and Bergerud et al. (1984) 
argue that paralleling and deflecting are a normal part of caribou behavior 
when encountering natural obstacles such as mountain ranges, gravel bars, 
and eskers. Banfield (1974) observed that in taiga areas, migrating caribou 
will deflect and follow along cutlines as long as they are in general 
alignment with the direction of travel, but will leave them when the lines 
diverge significantly from the original direction of travel. The effect of 
deflections and delays caused by structures should likely be most apparent 
during mosquito season, and that may be the time to investigate effects 
first . 
3.6 INCREASED PREDATION OR HARVEST 

Rergerud (1983) and Bergerud et al. (1984) have presented evidence that in a 
nmrber of cases the most important impact of increased linear developmnts 
(especially roads) is to increase the susceptibility of caribou to predation 
or overharvest. 

Although there have been a few observations in which wolves were suspected 
to have ambushed caribou along the Dalton Highway (Roby 1978) there has been 
no confirmation or further published reports of this. In fact rather than 
an increase in predation by wolves, construction of the Dalton Highway and 
TAPS has led to an increase in harvest of wolves by man. In 1977 and 1978 
over 60 wolves were taken in the range of the CAH by aerial hunters and 
trappers along the Dalton Highway (Carruthers et al. 1984). Since that t h  
the wolf population has keen kept at very low levels by continued hunting 
and trapping (Bamett 1983) . 
Brawn bears have also been affected by construction of TAPS and the Dalton 
Highway. Follrrmn et al. (1980) reported that between 1975-79 13 brown 
bears were killed in defense of life m-6. property at TAPS construction 
sites. The proportion of these bears taken on the North Slope portion of 
the project was not reported; however, camp bear problems were most acute 



between the Yukon River and Atigun Pass (ibid.). Since construction of TAPS 
a few brown bears have been attracted to the Dalton Highway to "panhandle" 
from passing mtorists and truckers (pers. obs., ADFG files). Between 1978 
and 1981 bears were mst common along the North Slope portion of the Dalton 
Highway in the Atigun Pass to Pump Station 4 area, and around Pump Station 2 
(pers. obs. ) . The effects of remval of problem bears or the potential 
changes in food habits of "panhandlers" to the overall hear density in the 
central Arctic region is unknown; however, mortality of CAH caribou due to 
bear predation is thought to be a relatively insignificant source of 
nortality . 
Hunting is also considered to be a minor source of mortality of the CAH. 
Residents of the Inupiat villages of Anaktuvuk Pass, Nuiqsut, and Kaktovik 
all occasionally hunt CAH caribou, but these villages are on the periphery 
of its range and are thought to take no more than 50-100 caribou a year 
(Barnett 1983). Although the North Slope portior~ of the Dalton Highway is 
technically open only for commercial travel, a number of sport hunters gain 
access in the fall and hunt caribou. However, the closure of all big gam 
hunting within 8 Ian (5 mi) either side of the Dalton Highway prior to 1980, 
and the opening of this corridor to bowhunting only after 1980 has served to 
limit the nunher of sport hunters to less than 200 occasionally, and usually 
to less than 100 (ibid.). The annual sprt harvest has been 50-100 until 
1984, when 170 were taken. Use of the Dalton Highway (as opposed to fly-in 
hunting) increased from 1982, when half the hunters drove the highway, to 
1983 when 2/3 of the hunters drove to the area (ibid.) . Although the Dalton 
Highway does provide physical. access to the central Arctic region its 
continued use primarily as an industrial road and the implementation of 
hunting restrictions along the road have been effective in minimizing 
hzirvest of the CAH. 

3.7 CONCLUSIONS AND DISCUSSION 

The impacts of direct habitat loss, avoidance of developnt, and disruption 
of movements have been documented to affect caribou of the CAH. Potential 
impacts such as harassment by aircraft, off-road vehicles, and pedestrians, 
znd increased predation or harvest may also occur; however, the occurrence 
of these has not been sufficiently demented to provide a basis for a 
conclusion. 

Direct habitat loss as a result of gravel overlay of vegetation during road 
construction is conservatively estimated at 8,000 ac (3,200 ha) . This loss 
is a permanent but proportionally small impact on caribou habitat relative 
to the m u n t  of habitat available to the CAH, and relative to the m u n t  of 
habitat that could become unavailable because caribou maternal groups avoid 
developments. The "zone of avoidance" by matemal groups may be up to 4 km 
(2 mi) from a point or linear developnt (e.9. , the Kuparuk Pipeline/Spine 
Road) during the calving season. In the worst case, this avoidance may 
result in an 8 km (5 mi) wide band of habitat around a developnt that is 
essentially unavailable to matemal groups. 

This "zone of avoidance" during calving appears to be a response by 
parturient caribou primarily to h u m  activity associated with a structure 
rather than to the structure itself. Avoidance of the developnt can 
prsist even after the human activity associated with it has declined. 



Avoidance of the Spine Road and Milne Point Road by matemal groups has 
prsisted in spite of drastic variations in the m u n t  of traffic associated 
with them. Furthermore, even low or moderate levels of traffic (10-100 
vehicleslday in the Milne Point study) can result in maternal groups 
avoiding the development during calving. 

During midsummer, there does not appear to be a continuous "zone of 
avoidance" by maternal groups around facilities, although shifts in maternal 
group occupancy alo~g the Spine R~ad and Oliktok Road were negatively 
correlated with local areas of intensive oil field construction and traffic. 
These data, and the data on avoidance of drill pads east of Prudhoe Bay, 
suggest that human activity continues to in£ luence maternal group occupancy 
in midsummer but that the influence is not as strong then as during calving. 
Furthermore, there is some suggestion from the distribution of maternal 
groups along the Spine Road in midsummer 1984 that matemal groups may be 
adjusting to structures and activity there. Such adjustrrent to developments 
has not been demonstrated in the Prudhne Bay oil field--matema1 groups 
continue to avoid that area even during midsummer. Historical observations 
indicate that movements and occupancy of large numbers of caribou, including 
maternal groups, were c o m n  in Prudhoe Bay prior to the developnent of the 
oil field there. 

Disruption of movements of caribou into and around the Prudhoe Bay and 
Kuparuk oil fields has also been sham to occur as a result of oil and gas 
development. Wvements by significant numbers of caribou into the Prudhoe 
Ray oil field have virtually ceased, probably due to the intensity of human 
activity and the low ground clearance of pipelines there. General patterns 
of rrovements by caribou in the Kuparuk oil field have also been disrupted 
during mosquito season; however, there is some evidence from 1984 that the 
pattern of movements is returning to those prior to intensive development 
there. 

Disruption of movements has also been investigated in terms of caribou 
behavior (especially success of crossing) in response to encounters with 
linear developments. 

The success of caribou crossing linear structures depends on a number of 
factors such as the configuration of the structure, season, size of the 
group attempting to cross, presence of human activity along the structure, 
and typ and intensity of insect harassnent. These factors interact 
considerably and therefore are difficult to isolate empirically. There are 
two factors that influence not only the success by which caribou cross 
linear structures but also avoidance of developments. Traffic and human 
activity are two of these, and insect harassment is a third. Caribou 
maternal groups avoid areas of intensive human activity during calving and 
midsumer. Caribou attempting to cross road/pipeline complexes are 
deflected or turned back by traffLc along roads when the interval between 
vehicles is too sh~rt to allow the animals to re-group and attempt to cross 
again. Other animals nay not even approach closely enough to atternpt to 
cross because of the disturbance from traffic. 

The effects of insects on caribou movements have the opposite effect from 
that of traffic. During periods of increasing mosquito harassmnt caribou 
begin to m e  toward insect relief habitat along the coast. Harassment by 



mosquitoes and oestrid flies appears to overcame the general wariness even 
of maternal groups and enhances success of caribou in small or 
moderately-sized groups in negotiating linear structures as long as these 
structures do not constitute physical barriers (such as pipelines with low 
ground clearance). The enhancement due to mosquito harassment continues 
apparently until group size becmes large. Large groups have had low rates 
of crossing success. The inability (or unwillingness) of these large groups 
to cross structures such as elevated pipelines with or without adjacent 
roads may be due to the dynamics of group behavior rather than to the 
intensity of mosquito harassment. In some instances, large post-calving 
groups have formed prior to mosquito emergence, and these have had lower 
success in crossing linear structures than have the moderately-sized groups 
under moderate mosquito harassment. Conversely, in a few situations 
moderately-sized groups under conditions of severe mosquito harassment have 
had high rates of success in crossing linear structures. Although these 
data are not conclusive they suggest that under certain conditions the 
dynamics of group behavior rather than the absolute level of mosquito 
harassment may affect crossing success. No such differential response has 
been observed when caribou are harassed by oestrid flies--the success by 
caribou of crossing elevated pipelines increases directly in proportion to 
the severity of harassment by oestrid flies. Although the size of caribou 
groups during periods of severe fly harassment is characteristically low, 
there are insufficient data to suggest that the enhanced crossing success 
during this priod is due to anything more than the distracting stimulus of 
fly harassment. 

The configuration of the developnent is an important aspect of the success 
by which caribou cross it. There are no true buried sections in the Prudhw 
Bay or Kuparuk oil field. Because of engineering constraints due to 
permafrost soil conditions on the coastal plain, pipelines must either be 
elevated or placed in short sections of gravel berm. Most of the mainline 
and feeder line pipelines are elevated in the oil fields. Buried sections 
occur in special areas such as road crossings. Although in the Prudhoe Bay 
oil field, pipelines are generally elevated only 0.5-1 m (14-3 ft) , since 
1979 the State of Alaska has required that all pipelines on state land on 
the North Slope be elevated a minimum of 1.5 m (5 ft) above-ground. This 
elevation is sufficient to allow physical passage by caribou during smer, 
although drifting snow under the Kuparuk Pipeline created a barrier during 
spring 1982. There are insufficient data from which to conclude that 
pipelines elevated 1.5 m (5 ft) will not disrupt caribou movements; however, 
the data suggest that this elevation is sufficient under most circumstances. 
There are no studies in which elevated pipelines alone (no traffic and no 
ramps) have been studied during all seasons from pre-calving to August 
dispersal. Investigation of the Kuparuk Pipeline where it is separated fram 
the Spine Road strongly suggest that a pipeline separated from a road by a 
considerable distance may not be a behavioral barrier; however, the data are 
inconclusive because there appears to be selection for the higher pipeline 
heights (2.5 m, 8 ft) by crossing groups, and because a number of successful 
crossings occurred at a "ramp." The data from several sites do suggest that 
the success of caribou in large groups crossing pipelines elevated 1.5 m (5 
ft) is low, and that during the oestrid fly season pipelines elevated at 
such a height do not disrupt movements. Data are currently being gathered 
on the behavior of caribou attempting to cross elevated pipelines in areas 



where the pipelines are separated from the Oliktok Road by up to 300 m 
(1,000 ft) . These data should be available in the next few years. 
Although data are still being gathered on the effectiveness of ramps in 
enhancing crossing success and on design considerations that may increase 
the effectiveness of ramps, there are preliminary data that indicate ramps 
are effective in enhancing the success by which large groups cross elevated 
pipelines and road/pipeline complexes. Combinations of elevated pipeline, 
ramps, and separations of roads and pipelines may be the key for providing 
adequate caribou mements through oil fields in the future. 

4.0 DISCUSSION 

The superimposition of oil and gas development over a portion of the summer 
range of the CAH has provided a unique opportunity to examine the impacts of 
such a develop~t on caribou. The vast majority of available information 
about the interactions between caribou and oil development has been gathered 
in the Prudhoe Bay, Kuparuk, and Milne Point oil fields. Several important 
lessons have been learned during this process. One of the major lessons is 
that some features of oil field development are more responsible for 
deleteriously affecting caribou--habitat relationships than are other 
features. For example, buried pipelines, roads, and in certain situations, 
elevated piplines (if sufficiently elevated above the terrain) do not 
appear to affect caribou mvemnts or distribution unless caribou associate 
them with human activity. Even aboveground pipelines can zpparently be 
modified with ramps or possibly sections of higher elevation pipe to enhance 
caribou passage. These findings are encouraging because they suggest that 
even though engineering restrictions on the coastal plain preclude options 
such as pipeline burial other options may be available to minimize the 
effects of structures on caribou moverrents. 

Another example of a feature that is one of the major influences causing an 
impact to caribou is the human activity associated with development. Again, 
this is an encouraging finding because although some aspects of human 
activity (e.g., general levels of noise, smoke, odors) cannot be effectively 
controlled, one of the major compnents of human activity--traffic along the 
road systems--can be controlled in such a manner that effects on sumner 
movements of caribou can be minimized. 

On the other hand, one lesson is not as encouraging. Maternal group 
sensitivity to developnts, especially during the calving season, has been 
demnstrated to occur at relatively low levels of traffic, and to persist 
beyond the years in which the original avoidance occurred even if human 
activity declines. This reactivity of maternal groups to developments 
appears to be an extension of the natural sensitivity of parturient caribou 
during the calving and early post-calving period. The inferences of this 
sensitivity by matemal caribou are that developments in a major calving 
area can potentially disrupt calving caribou to the point that they will 
avoid the area if the density of developnts reaches a threshold. However, 
once the calving and post-calving season has passed, the reactivity of 
matemal groups declines sorrewhat possibly in response to insects and social 
factors. This decline in sensitivity is not complete--maternal groups avoid 
areas of intensive human activity but appear to be able to adapt to a 
greater level of disturbance during midsummer than during calving. 



The f &a1 lesson is that the current oil and gas developrent on the coast-a1 
plain is a victim of its geography. Several features of oil developnt in 
the Prudhoe Bay and Kuparuk areas - for example, its proximity to a 
concentrated calving area and to coastal mosquito-relief habitat, and its 
location in soil conditions that preclude pipeline burial - have resulted in 
impacts to the CAH that may not be relevant to other North Slope herds when 
these feat-ures do not exist. 

Relevance of CAH Findings to Other Herds 

Although this synthesis focuses on the CAE, some of the findings should lx 
relevant to cther North Slope caribou herds, especially herds such as the 
TIH which occupy similar coastal plain habitat. Responses to linear 
structures are likely to be similar. However, the 'ELI may be subject to 
more hunting, therefore the reactivity to traffic and off-road vehicles may 
be greater for animals of the TLH than that of the CAH. 

Relevance to the PH and WAH is more difficult to evaluate. Roth herds are 
not only mch larger, and with more pronounced seasonal migrations, but both 
are also hunted more heavily than the CAI3 alC1 thus may be more reactive to 
development. The WAH has pronounced northlsouth seasonal movement, and 
would encounter perpendicularly an east/west transportation corridor during 
fall and spring. Reactions of caribou to structures which they encounter 
during spring or fall have not been investigated. However, contact between 
animals of the WAH and oil developnt would most likely occur in the 
foothills, where topographic relief would allow mre options for reducing 
the visibility of structures and for allowing use of long sections of buried 
pipeline because soil conditions may be suitable for pipline burial. The 
PH would most likely encounter an eastlwest transportation system during 
calving and post-calving (i. e. , perhaps the mst sensitive times in their 
annual cycle). The reactions of extremely large (tens of thousands) 
mosquito-harassed groups are unknown. 

Research Recommendations 

(1) The determination of whether a change in habitat utilization of caribou 
has occurred in response to development can only be made in relation to 
data gathered prior to the development, or to data gathered in another 
similar location and under similar conditions. Raseline distribution, 
abundance, and especially mvernents and habitat utilizat-ion information 
should be gathered for other herds which are likely to be affected by 
oil development. Intensive use areas such as calving areas and 
movement areas (migrations as well as pronounced and repeated local 
movements) are especially importarlt and should be identified. 

(2) If oil reservoirs in NPR-A are developed, an east-west pipeline across 
the foothills between NPR-A and TAPS is likely to be constructed. 
There is little information about the response of caribu to pipelines 
during winter. Although the logistics of gathering such data are 
formidable, caribou responses to a simulated pipeline during winter 
should be investigated. Such a sirnulation should include 
state-of-the-art structures for enhancing caribou crossing success 
(such as ramps) and simulated construction traffic. 



(3) The effectiveness of various ramp designs should continue to be 
investigated. In particular, the effectiveness of these designs in 
enhancing the success by large caribou groups in crossing road/pipeline 
complexes should be investigated. 

(4) The effectiveness of deliberately separating roads and pipelines as a 
measure to enhance caribou crossing success should also be evaluated. 
Variations in the distance of separation is a variable that should be 
addressed comprehensively, and separation distance should not be 
limited to 300 m (1,000 ft) as is currently the case. 

(5) To date, research on caribou responses to pipelines or to road/pipeline 
complexes have only investigated situations with single or double 
pipelines. As developent in the Kuparuk field continues, multiple 
feeder ilnes (up to 6) will be placed on the same supports. Caribou 
may view this array as a "tunnel" rather than a pipe. Systematic 
observations should be conducted in order to develop different 
techniques for mitigation if such techniques become necessaq. 

(6) Although the attention of investigators is often focussed on animals 
which avoid or respond strongly to facilities, more effort should be 
addressed at determining why sane animals are able to acconanodate to 
development, and to determine what steps can be taken to increase 
accortunodation. For example, if all ramps in the CAH range were 
identical in size and shape, perhaps caribou would learn to identify 
them as crossing locations. Practical research should focus on the 
mechanisms of accorranodation, and methods which can foster 
accamodation. 

( 7 )  Although we have focused on the importance of maintaining access by the 
CAH to mosquito relief habitat, habitat utilization between periods of 
mosquito harassment may be equally important in the surmr~er nutrition of 
CAH caribou. Observations of the habitat utilization by eastern 
portion of the CAH could be useful in assessing this--they are 
subjected to similar wind conditions and occupy similar habitat; 
however, they do not normally encounter human developnt. 
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6.0 ANNOTATED BIBLIOGRAPHY OF SELECTED REFERENCES 
IMPACTS OF OIL AND GAS DEXEIOPMENT ON THE CENTRAL ARCTIC HERD 

References in the enclosed annotated bibliography have been selected because 
of their relevance to identification and/or mitigation of impacts of oil and 
gas developnent on the Central Arctic Herd. Not all references related to 
the Central Arctic Herd have been included. Those references have been 
included which reflect major research programs (especially multiyear 
programs), historical interest, or other relevant discussion. 

In each annotation, relevant material from the reprt is presented as the 
original author's (authors') conclusions and observations, either 
paraphrased or as a direct quote. Comnts by the reviewer are enclosed in 
brackets [ 1 and if the c m n t s  are more than a few words, are often 
preceded by "Reviewer's note" ([Rev. note: ... I ) .  



Banfield, A.W. 1974. The relationship of carihu migration behavior to 
pipeline construction. Pages 797-804 in V. Geist and F. Idalther, eds. 
The behavior of ungulates and its relaEon to manage~nt. I.U.C.N. New 
Series No. 24. I.U.C.N., Morges, Switzerland. 941 pp. 

The author summarizes field research on the Porcupine Herd by the Arctic Gas 
project and includes information from available literature, as well as his 
personal observations. In addition to briefly smarizing the status of the 
Porcupine Herd (as of 1973), the author presents the following relevant 
conclusions: 

(1) During studies of caribou east of the ,%ckenzie valley, migrating caribou 
utilized frozen lakes in winter and gravel eskers at any season. In 
mountainous terrain, steep mountain slopes are often used, either because 
of the shallow snow areas they provide or to avoid predators. 

(2) Migrating caribou have k e n  observed to follow cleared seismic lines in 
taiga areas, especially when the lines are parallel to the general 
direction of travel; however, when the lines are oriented tangentially to 
the direction of travel, caribou eventually will turn off in the original 
direction. Concern has been expressed about the effects of this deflec- 
tion, especially as regards the delay of pregnant cows in reaching 
calving areas. Concern has also been expressed about the potential risk 
of increased predation on caribou following the lines. The effects of 
buried pipe lines may be similar to those of seismic lines. 

( 3 )  The effects cf noise disturbance caused by compressor stations were being 
studied as part of the Arctic Gas project. 

(4) The effects of aircraft disturbance or caribou were being studied. 

E&ak Consultants. 1975. Seismic activities <and muskoxen and caribou on Banks 
Island, N.W.T. Unpubl. rept. to Panarctic Oil, Ltd. 18 pp. + figs. 

This study summarizes research about the effects of winter seismic operations 
on muskoxen and, to a lesser degree, caribou on Ranks Island. Observations of 
these animals' responses to seismic operations were made by biologists 
accompanying the seismic trains. Although some aerial. surveys were conducted, 
most of the data were gathered while the investigators were riding in tracked 
vehicles with the drill crews or accompanying the trains at a distance on 
snombiles and observing the animals' reactions. Caribou behavior was not 
specifically mnitored. 

Relevant observations and conclusions include the following: 

(1) Observations suggest that seismic operations conducted with Nodwell 
tracked vehicles do not disturb ongoing behavior of muskoxen and caribou 



in winter when the separating distance is greater than one kilr~lneter (0.6 
mi); snowmobiles, hm~ever, appear to alter ongoing activity at greater 
distances. The investigators conclude that the responses by the caribou 
to snowmobiles do not differ significantly from those shown by caribou 
toward wolves. 

( 2 )  No changes in habitat use by either muskoxen or caribou were observed. 

(3) The investigat-ors noted that one limitation of the study was that they 
could not record departures from ongoing activity unless animals were 
within one kilometer of the observer. 

[Rev. note: This report provides information on the reacti-ons to seismic 
activity primarily by muskoxen but also provides some information regarding 
the reactiorls of caribou to seismic activity. The conclusion (#2) regarding 
habitat use should be considered preliminary because the investigators did not 
specifically test for differences in habitat use.] 

Rerge~ud, A.T., R.D. Jakimch-, and D.R. Carruthers. 1984. The buffalo of 
the North: caribou (Rangifer -- tarandus) and human developments. Arctic 
37 (1) : 7-22. 

In this review, the authors discuss the effects of various types of human 
developnents (e.g., roads, pipelines), land use (e.g., logging), and other 
activities (e-g., hunting) on the daqraphics of seven North American caribou 
herds and the Snohetta wild reindeer herd in Norway. The reactions of caribou 
to disturbance from h~man and predator harassment and to linear features 
(natural as well as man-made) are also discussed. The effects of predation in 
sensitizing caribou to disturbance are also discussed. 

Relevant observations and conclusions include the following: 

(1) There is considerable uncertainty in the literature regarding the effects 
of human disturbance on large ungulates. This uncertainty is due to the 
extrapolation fron observations on individuals or small groups to effects 
at the population level, to the great variation in the quality of the 
information avail.able, 'and to the use of correlational reasoning rather 
than hypothesis testing. 

(2) The effects of transportation corridors, primarily roads, on the Forty- 
mile, Nelchina, British Columbia, Central Arctic, Newfoundland and 
Kaminuriak herds were discussed. The authors concluded that the major 
impact of transportation corridors has been to increase access by hunt- 
ers, resulting frequently in overharvest. Ikmgraphic changes were the 
result, and these changes have k e n  incorrectly attributed to the effect 
of the corridor itself rather than to the increase in hunting alorq the 
corridor. In other instances, n-ajor distributional changes have been 
incorrectly attributed tc disturbance associated with transportation 
corridors when in fact the distributional changes were more likely the 



herd's natural response to changing abundance. The authors conclude that 
in none of the herds mentioned above have permanent declines occurred. 

13) The authors discuss the Snohetta Herd case history in some detail. They 
argue that although earlier authors had emphasized the observation that 
the disturbance and facilities associated with construction of a railroad 
was resporisible for the cessation of migration between the Knutsho and 
Snohetta ranges, the actual reason was merely that the herd was naturaly 
responding to lower population levels resulting from overhunting along 
the railroad and road corridor. 

(4 )  The authors present cases in which severe aircraft or vehicle harassment 
occvrred during caribou tagging studies in Newfoundland, Planitoba, and 
Alaska. Tagging operations were conducted durinq the immediate 
postconception period and during calving, yet calf production and 
survival were unaffected. The authors conclude frm these ard several 
okher examples that although harassment is neither unimportant nor 
acceptable, caribou "can withstand periodic severe disturbance without 
adverse effects on productivity and survival." 

(5) Caribou have k e n  observed to parallel and deflect around natural fea- 
tures (e . g . , rivers, lakes, muntains) just as they have been observed to 
climb steep slopes. This behavior is attributed to caribou mviny in 
response to "paths of least energetic resistance." Observations of 
paralleling or def letting from =-made stnlctures such as road be rms  m d  
fences should not be construed as abnormal responses. 

(6) Caribou reactions and sensitiviqr to disturbance should be evaluated in 
the context of Rangifer's co-evolution with wolves. There are several 
examples in which caribou, following habituation to humans, may have 
actually sought human-altered habitat (e-g., around settlements). Con- 
versely, new roads, seismic lines, etc., m a y  provide opprtunities for 
wolves to enter caribou habitat that was previously mavailable to them. 

(7)  The major enviromntal variable that caribou need is space - space that 
will provide habitats where caribou have ari advantage (such as mobility) 
over predators. Much as the buffalo, caribou have the problems of 
sverharvest and need for spzce. Caribou populations must not be dissect- 
ed into small discrete units so that they 1-ose their ultirnate adaptation 
- mobility to escape predators. 

[Rev. ncte: This is &I extremely thought-provoking article and deserves a 
critical review that is beyond the scope of this annotation - a nore detailed 
review r,r i i 1 hl nrovided in the text of the report to which this bibliography 
is appended. Many of the examples the authors cite involve carilmu 
populations that encouiiter linear developments, such as transportation 
corridcrs , during fall or spring migration. One questions whether respnses 
to these corridors would be the same if they were placed in calving grounds or 
winter range, where caribou are relatively sedentary. At least one of the 
authors (Bergerud 1978, p. 100) has recmnded that harassment by humans 
should be prevented near calving grounds.] 



Cameron, R.D., and K.R. 'Whitten. 1976. First interim report of the effects 
of the Trans-Alaska Pipeline on caribou movements. Spec. Rept. No. 2, 
Joint State/Fed. Fish and Wildl. Advis. Team, Anchorage. i+38 pp. + 
appendix. 

The results of aerial and gromd surveys in 1974-75 to determine the effects 
of the Trams-Alaska Pipline System (TAPS) on CAH caribou are surrunarized in 
this report. [Construction of the Haul Road to Prudhoe Bay began in spring 
1974; construction of the pipeline workpad began in s m r  1975.1 Periodic 
aerial surveys were conducted from a Cessna 180 or 185 along the Arctic 
coastline and selected North Slope drainages at 60-120 m (200-400 ft) AGL. 
Classj.fication of individual sex and age classes was made if possible; 
however, often only calves and! adults (i . e . , older than calves) could be 
determined. Direct observation and radiotelemetry were used. The 
latitude/longitude coordinate for each aerial observation was plotted, and 
from the observ~.tior,s from each survey a mean "center of caribou occupancy" 
was determined. The "center of caribou occupanq~" was compared with a 
cal.culated "center of survey coverage" to relate the observed caribou 
distribution with an assumed uniform distribution. 

Ground surveys were conducted from a light truck along the Haul Road, c m n c - -  
ing in September 1974. Surveys were conducted twice durinq each two-week 
perid, covering the area between Pump Station 4 and Prudhoe Bay. Observa- 
tions of caribou in the vicinity of the Haul Road, caribou crossing locations, 
and physical characteristics (e.g. , berm height, snow depth a;?d hardness in 
the vicinity) of the Haul Road at crossing locations were made. The physical 
characteristics of crossing locations were compared with physical characteris- 
tics of the Haul Road at 1.6 km (1 mi) intervals between Pump Station 3 and 
Galbraith Lake, in order to determine if specific characteristics of the Haul 
Road were selected by caribou at crossing locations. 

Relevant observations and conclusions include the following: 

(1) Except for the September (rut) survey period, reqionwide aerial surveys 
indicated that groups with calves occupied higher latitudes (i.e., nearer 
the coast) than other grcups. Movement patterns of the two types of 
groups were similar, but there was approximately a 50 lan difference in 
the centers of occupancy. 

(2) Haul Road surveys indicated that, except during rut, groups with calves 
were observed near the TAPS corridor proportionately less often than they 
were elsewhere during aerial surveys. 

(3) Once above-ground pipe was in place (winter 1975-76), observations of 
crossings indicated that more bulls than cows or calves crossed under the 
pipe, and most observed crossings occurred during the oestrid fly season. 
However, the total number of observed crossings was small. 

(4) Observations during aerial surveys indicated that mst calvincf occurred 
between approximately 70' north latitude and the coast [Rev. note: 
inclement weather precluded an aerial survey during what we now know was 
the peak of calving - early June] . 



[Rev. note: Although this report covered the first year of an ongoing study, 
several conclusions (i.e., nos. 2 and 4) that would have &en considered 
somewhat tentative in 1976 were subsequently confirmed.] 

Cameron, R.D., and K.R. Whitten. 1978. Third interiii report of the effects 
of the Trans-Alaska Pipeline on caribou movements. Spec. Fkpt. So. 22, 
Joint State/Fed. Fish and Wildl. Advis. Tean ,  Anchorage. ii + 29 pp. 

This report summarizes results of the 1977 portion of the ongoing study of the 
effects of the Trans-Alaska Pipline System (TAPS) on CAH caribou distribution 
and movemnts. Methods are identical to those reported in Cameron and Whitten 
( 197 6, 1977) , with the addition of a June 30 f ixed-wing survey over a 45 km 
section of the corridor area beginning at Pump Station 1 and extending 
westward approximately 20 km. Ten eastlwest transects were flown at 5C m 
(150') AGL, anti group size and number of calves were recorded in this 
"avoidance area" survey. 

Re1.evar.t observations and. conclusions include the following: 

(1) Results of aerial surveys indicate that "centers of occupancy" did not 
change greatly for similar survey dates in 1975-77, except that in 
1977-78 the majority of caribou wintered on the coastal plain. Later 
initiation and lower depth of snowfall on the coastal plain in 1978 may 
have resulted in mre caribou wintering there. 

(2) Calving occurred more or less uniformly throughout the coastal region 
between Oliktok and Sullen points, and no regional concentration areas 
were identified. Calving peaked June 6-8. Calving in the Prudhoe Rsy 
development area was extremely scarce (or absent), and no calves were 
observed during aerial surveys. 

(3) S m e r  calf percentages in the TAPS corridor continued to be lower than 
corresponding regional percentages, and the prcentage continued to 
decline relative to that of previous years (cf. Cameron and Whitten 1976, 
1977). Fall calf percentages from the TAPS corridor followed a similar 
trend, except for 1975. 

(4) Caribu latitudinal distribution within the TAPS corridor study area 
(fig. I) indicated that during swnmer, of those caribou in the TAP 
corridor, relatively greater numbers were found in the region just south 
of the Prudhoe Bay development area (survey region 3) than in the region 
encompassing Prudhoe Bay (survey region 4), whereas in areas away from 
the corridor relatively lower n&rs were found in survey region 3 than 
in survey region 4. These data reflected an avoidance of Prudhoe Bay by 
caribou and suggested displacement into survey region 3. 

(5) Of 109 caribou fitted with visual collars, 5% emigrated to the WAH and 1% 
emigrated to PH; 68% of those collared were resighted. [Rev. -- note: J.L. 
Davis (per~. corrrm. 1985) has noted that s o ~  of these caribou were 
collared on winter range and therefore that these movements may not have 



been true emigrations.] By the end of 1977, a total of at least 70 
crossings of the TAPS corridor had been made by at least 29 collcxed 
caribou. Most crossings of the TAPS corridor occurred during northward 
spring migration, the majority between Sagwon and the checkpoint just 
south of Prudhoe Bay (i.e., south of most of the Prudhoe Ray developnent 
area) . 

(6) Of the 30 cows fitted with radiocollars, 90% have been relocated in the 
CAH. Gf the remaining 10 % , known emigratiol? accounted f cr 3 % , and sus- 
pected emigration or transmitter failure acc~unted. for the rest. 
Mortality was at least 10% within two years of collaring. 

Cameron, R.D., and R.R. Whitten. 1979. Distribution and mvements of caribou 
in relation to the Kuparuk Development Area. First interim rept., ADF&G, 
Fairbanks. 32 pp. (mko) . 

Observations of CAH carihou during smmer 1978 are surmnarized, and the rela- 
tionship of CAH caribou moverents with oil development activities and insect 
densities is explored. Guidelines are presented for the mitigation of 
potential impacts to caribou that may k caused by further oil development in 
the Ku]uruk Developcent Area (KDA) . 
Aerial sweys were flown in a Bell 206-R helicopter during calvina (11-14 
June) and, in a separate study, by f ixed-wing aircraft during the postcalving 
aggregation period. Ground surveys along the West Sak mad (also called the 
"Spine Road") were conducted between 18 July-18 August. Direct observation 
and radiotelemetry were used. 

Calving surveys consisted of helicopter flights at 30-50 m (100-200') AGL, 
following northlsouth transects located on section lines and spaced 
approximately 3.2, 4.8, or 9.7 km (2, 3, and 6 mi, respectively) apart, in an 
area between roughly Gliktok Point and Bullen Point and north of 70° north 
latitude. Gromd surveys consisted of observing from a truck all caribou 
within 1.6 km (1 mi) either side of the West Sak Road from the Kuparuk River 
on the east to Well Site 12 on the west. Fixed-wing aerial survey methods are 
reported in Cameron and Whitten (1978) . 
Relevant observations and conclusions include the following: 

(1) Calving densities were highest west of the Kuparuk River (minimum = 38 
caribou/100 km2) =and near Bullen Point on the east, although some calving 
occurred at Franklin Bluffs also. Recause survey coverage ended at 
Bullen Point, where high densities began t,c be encountered, the authors 
suspected that another high-density calving area was located near the 
Canning River delta. The density of calving caribou and the percentage 
of calves was extremely low in the Prudhoe Bay development complex. The 
authors conclude that the underrepresentation of calving caribou in the 
Prudhoe Bay complex was due to avoidance by maternal pairs of the Prudhoe 
Ray area because of oil development activity. 



(2) During July-~ugust, calf percentages along the West Salk Road were similar 
to those obtained in other areas (i.e. , ca. 25%) , except in Prudhoe Bay, 
and there was no difference m n g  calf percentages at intervals of 0-500, 
600-1,000, and greater than 1,000 m from the road. 

(3) Most caribou movements in the West Sak Road area during insect season 
were through three major zones, located 0-4, 8-12, and 28-32 km from the 
Ruparuk River. These zones corresponded to the three major drainages 
crossing the West Sak Road - the Kuparuk, Sakonowyak, and Ugnuravik 
rivers, respectively. The preponderance of movements were northward 
toward the coast during insect harassment periods. ?'he authors felt that 
the absence of southward crossings was e to weather and insect 
conditions during the period, which resulted in caribou remaining near 
the coast. 

(4) l%e authors observed that durirq particularly severe insect harassment 
pricds, caribou tended to aggregate on river deltas, prominent pints, 
and in shallow lagoons; during less severe (but still severe) periods, 
the entire beach zone was used. 

(5) Heavy traffic rates (20 vehicleslhr) along the West Sak Road occurred at 
the same time as severe insect harassment periods; low or medium rates of 
traffic were associated with a wide range of frequency of caribou 
sightings; therefore, the authors were unable to reach any conclusions 
about the effects of traffic. 

(6) The authors present several recomnded gcidelines, including the 
following : 

(a) Seasonal restrictions on aerial and ground traffic in the Kuparuk 
Development Area should be established, including restrictions on 
ground traffic (e .g. , road maintenance) and a ban on construction 
activity during the calving period. 

(b) Nonessential facilities should he located out of major movement 
zones; temporary facilities should be located with permanent ones. 

(c) Feeder lines should be buried, except where other requirawnts 
(e-g., geotechnical constraints) rraniiate i-bve-ground sections. The 
latter should be located only in nonsensitive areas, and appropriate 
crossing facilities should be provided. 

Cameron, R.D., and K.R. Whitten. 1980a. Distribution and movements of 
caribou in relation to the Kuparuk Development Area. Second interim 
rept., ADF&G, Fairbanks. 35 pp. (miwo) . 

This report sunmarizes observations of CAH caribou during s m e r  1979. 
Methods were identical to those reported in Cameron and Whitten (1979) . The 
calving grounds were surveyed by helicopter 11-13 June; the West Sak Road 
("Spine Road") was surveyed from a light truck 26 June-21 August.. 



Relevant observations and conclusions include the following: 

(1) Calving distribution was similar to that of 1978 (cf. Cameron and Whitten 
1979) ; however, the total n m b e r  of caribou more than doubled in 1979. 
Calving percentages and initial production were similar for both years, 
although proportionally mre bulls and fewer yearlings were present on 
the calving ground in 1979 than in 1978. The Prudhoe Bay area continued 
to be avoided by maternal groups during calving. 

(2) There was a slight shift inland of the dense calving area west of the 
Kuparulc River; in 1978, over 70% of all caribou calving west of the 
Kuparuk River were observed within 16 km (10 m i )  of the coast, whereas in 
1979 708 were located between 8 and 24 km (5 and 14 pi) from the coast. 

(3) As was the case in 1978, there was no detectable avoidance of the West 
Sak Faad by maternal pairs during the s m r .  The percentage of calves 
near the road did not differ significantly from that regionwide. 

(4) Although major drainages appeared to be used as mvawnt zones across the 
West Sak Road during the sumner, the pattern in 1979 suggested that 
construction-related disturbance could be affecting movements. In 1978, 
major movement zones across the road appeared to be at 0-4, 8-12, and 
28-32 km from the Kuparuk River. In 1979, mvemnt zones were found at 
0-4, 4-8, arid 16-20 Ian from the Kuparuk River. Heavy construction 
activity along the West Sak Road in 1978 occurred at 16-20 km, and this 
area was used heavily during m\7ements in 1979 when there was little 
h ~ m  activity present. Likewise, the area at the Ugnuravik Iiiver (28-32 
km from the Kuparuk River) was used heavily by caribou in 1978 but not in 
1979, when heavy construction activity was occurring. 

(5) Although the general pattern of mvements (i.e., predaminantly northward) 
across the blest Sc& Road was similar in 1978 and 1979, weather conditions 
and the appearance of large numbers of caribou south of the road in 1979 
suggested that southward "drift" during periods of low or no insect 
harassment occurred at night or at intervals between road surveys. The 
authors conclude that road surveys are useful for determining the loca- 
tions of caribou crossings but should not be used to determine chrono- 
logical patterns or the magnitude of total crossing activity. 

(6) Recomnended guidelines are included. Guidelines are similar to those 
presented in Cameron and Whitten (1979) , although seasonal guidelines are 
expnded . 

Cmeron, K.D., and K.R. Whitten. 1980b. Influence of the Trans-Alaslca 
Pipeline corridor on the local distribution of caribou. Pages 475-484 in 
E. Rekrs, E. Gaare, and S. Skjenneberg, eds. Proceedings of the secoa 
international reinder/caribou symposium, Rdros, Norwav. Direktoratet for 
vilt og ferskvannsfisk, Trondheim. 799 pp. 



The results of the ongoing study of the effects of the Trans-Alaska Pipeline 
System (TAPS) and Prudhoe Bay oil development area on CAT3 caribou are 
summarized for the period 1975 through 1978. Methods were described in 
Cameron and I&itten (1976, 1.977, 1978, 1979) and in Cameron et al. (1979). 
Additional data analysis in this report includes a comparison of quarterly 
changes in human disturbance from 1975 through 1978 (as indicated by air 
operations and employment figures for the Prudhoe Bay field) with caribou 
group composition along TAPS. 

Relevant observations and conclusions include the following: 

(1) Between 1975 and 1978, the mean calf percentage observed in the TAPS 
corridor from the Haul Road was lower than that observed during aerial 
surveys over the entire CRY region. During the same period, the 
percentage of calves observed from the Haul Road declined, whereas 
regionwide calf perceril~yes increased. 

(2) Between 1975 and 1978, the ma.n bull percentage observed in the TAPS 
corridor from the Haul Road was higher than that observed during aerial 
surveys over the CAH region. During the same period, the mean percentage 
of bulls observed from the Haul Road increased. 

( 3 )  The caribou sighting frequency and corridor-crossing rate within the TAPS 
corridor declined in 1976, then increased between 1977 and 1978. These 
indices suggest that caribou density within and movements across the TAPS 
corridor declined during TAPS construction, then partially recovered as 
construction activity decrease$ in 1977-78. The partial recovery in 1978 
was attributed. to an increase in surmner occupancy by nonmaternal group. 

(4) Local avoidance by caribou of the intensive oilfield and support facility 
development in the Prudhoe Bay area was documented. The percentage of 
calves in survey region 4, which encampasses the Prudhoe Bay area, was 
lower than corresponding calf prcentages in that same region away from 
the corridor [cf . Cameron and Whitten 19781 . 

(5) In spite of decreased construction-related activity along the TAPS 
corridor between 1975 and 78, there was no corresponding increase in the 
calf percentage along the corridor. 

(6 )  Because of the influence of traffic and other construction activity alonq 
the TAPS corridor, the relative effectiveness of pipeline crossing facil- 
ities or construction mde (e.g., elevated vs. buried) could not be 
realistically evaluated. 

[Rev. note: This report is one of the primary references for evaluating the 
impact of linear developments (pipeline and road) on caribou movements and 
distribution. Recently, the assertion that maternal groups have avoided the 
TAPS corridor because of construction-related activity has been challenged 
(cf. Carruthers et al. 1984, and text). Although there is still some 
disagrement that the Prudhoe Bay field had been an important calving area, 
continued avoidance of the Prudhoe Bay field by maternal groups has been 
documented (cf. text) . I 



Cmron, R.D., K.R. Whitten, W.T. Smith, and D.D. Roby. 1979. Caribou 
distribution and group camposition associated with construction of the 
Trans-Alaska Pipeline. Can. Field-Nat. 93(2):155-162. 

This report summarizes field research conducted on the CAJ3 during 1975. Same 
of the report overlaps Cmron and Whitten (1976) ; however, additional data 
analysis conclusions are included. 

Relevant observatiens or conclusions additional to Camron and Whitten ( 197 6) 
include the following : 

(1) During summer, the mean latitudinal position of groups with calves 
(maternal groups) was higher than that of nonmatemal groups (nlostly 
bulls) region-wide . In the TAPS corridor, the man latitudinal position 
of all groups (maternal and nonmaternal) was farther south than that of 
all groups regionwide. In addition, during the fall when the calf 
percentage in the corridor w2s sirnilar to that of the regionwide 
percentage (i . e . , when all <mimals are mixed during the rut) , the man 
latitudinal position of cmbined groups in the corridor was farther south 
than the regionwi.de position. These results were interpreted to indicate 
that not only was the corridor influencing local distribution of maternal 
groups (cf. Cameron and Whitten 1976) but also that there were other 
influences in the corridor causing local abnormalities in overall caribou 
distribution. 

(2) The group size of maternal groups regionwide was higher than that of 
nonmaternal groups. The mean group size within the TAPS corridor was 
smaller than the correspnding group size regionwide. Avoidance of the 
corridor by larger groups and/or group fragmentation were suggested as 
possible reasons for this. 

(3) Analysis of the distribution data in four sample regions along the TAPS 
corridor indicated that in sumrner 1975 caribou away from the corridor 
were distributed in a pronounced north/south gradient, with highest 
densities at the north (coastal) end. In contrast, within the corridor 
highest densities were in the region just south of the Prudhoe Bay 
intensive developrent area. From these data as well as from the observa- 
tion that there were no neonatal calves noted from. the Haul Roac? in the 
Prudhoe Bay developed area, the authors concluded that caribou, and 
especially cows and calves, were avoiding the Prudhoe Bay development 
area. 

(4) During fall (i. e. , rut) , the percentage of calves near and away from the 
TAPS corridor was similar, suggesting a decreased sensitization to the 
TAPS corridor by maternal groups or the influence of rutting bulls on 
group activity. [Rev. note: this phenomenon could also be due to bulls 
leaving the imnediate corridor to search for car/calf groups that remain 
distributed away from the corridor - no density data were available to 
test this.] 



[Rev. note: This report i.s the first report in the formal literature about 
maternal group avoidance of the TAPS corridor and general avoidance of the 
Prudhoe Ray development area. It would have been helpful if the authors had 
provided a discussion of aerial survey methods equivalent in detail to that of 
the Haul Road surveys. In addition, the lack of statistical analysis (e.g., 
of group size differences) creates s m  problems in determining the 
significance of the differences in the data the authors discussed. For 
example, a casual inspection of group size differences (fig. 2) does not allow 
one to draw many conclusions, and indeed, this aspect of the analysis wzs not 
discussed in subsequent publications by the authors. In spite of these 
examples, conclusions regarding the avoidance of the TAPS corridor by maternal 
groups and avoidance of the Prudhoe Bay development area were not only 
verified by subsequent research but have b e c m  strengthened by observations 
of mre pronounced differences in subsequent years.] 

Carruthers, D.R. 1983a. The Central Arctic Herd myth. Unpubl. MS. presented 
to first N. MI. caribou workshop, Whitehorse, Y.T. 36 pp. [Received from 
AIiCO Alaska, Inc. I 

In this reprt, the author summarizes som of the literature regarding the 
concepts of "herd," "tradition," and "calving grounds," and discusses these 
concepts in the context of the CAH. Relevant conclusions include the 
£01 lowing : 

(1) Caribou biologists' belief in the concept of a caribou herd borders on 
dogmatism. We have tended to think of herds as spatially and temporally 
discrete units, largely because of our short period of scientific ac- 
quaintance with caribou, relative to the period of time over which 
caribou have evolved. 

(2) Two criteria, use of a spatially unique calving ground and tradition (or 
ficlelity) to tne calving ground, are currently used to describe a caribou 
herd. These concepts were developd in the 1960's and have had insuffi- 
cient testing since. 

(3) As the size of caribou herds has declined, the number of calving areas 
has increased. For example, four "new" herds have been "discovered" in 
the range of the WAH since the herd began to decline in the early 1970's. 
These "new" herds were defined because of the discovery of "new" calving 
areas in the region. A figure was presented that graphically portrays 
that the number of calving areas of the WAH and Fortymile Herd was 
inversely correlated with the total numbers of animals in the herds. 

(4) The CAH has only recently been defined, and this definition occurred 
during a low period in the WAH nLrmbers. Historically, the region of the 
CAH has been an overlap zone between the WAH and PH. 

(5) Because the CAH is not really a herd at all, the effects on the herd 
caused by "fragmentation" [i.e. , by TAPS or Prudhoe Bay] and "displace- 
ment" (i-e., from the Prudhoe Ray developed area or the Kuparuk oilfield 



area) canr~ot be isolated from normal variations in use of the area as an 
overlap between adjacent herds. 

[Rev. note : Although this is a thought-provoking review of one of the shib- 
boleths of caribou biolqy, the author fails to address the fact that our 
understanding of nmrous aspects of caribou biology has increased 
tremendously since the 1960's; therefore, it is not surprising that mre 
calving areas and herds have been discovered. These discoveries have occurred 
during the sam period of time that several Alaskan and Canadian herds have 
declined - a contemporary but not necessarily causal relationship. 
F'urthemre, the subsequent dramatic increase of the WAH has not lead to the 
disappearance of the "new" herds. The author overstates the extent to which 
caribou biologists view "herds" as discrete entities, and he does not address 
the practical benefits for agencies to manag-e caribou herds as discrete 
entities. The author also fails to adequately give credit to the fact that, 
for example, in spite of dramatic population fluctuations, WAH caribou have 
calved in the Foothills in the general area of the upper Utukok River since at 
least the 1960's. WAH calving has not been scattered over other portions of 
its range (e.g. , Kobuk Valley, Anaktuvuk/Chandler River foothills) , which may 
have been equally accessible; therefore, the concept that calving occurs where 
caribou pause in their seasonal use of range (p. 7) does not appear to be a 
sufficient explanation for why caribou have returned to the same area for at 
least 20 years. I 

Carruthers, D.R. 1983b. Overlap of central and western arctic caribou within 
the current range of the Central Arctic Herd. Rept. to ARCO, Alaska, 
Inc. by Renewable Resources Consulting Services, Ltd., Sidney, B.C. vi + 
20 PP. 

In this report, a literature summary of the historic winter distribution of 
the CAH and the results of aerial surveys over the CAH. range in late winter/- 
spring of 1983 are presented. Aerial surveys were conducted using fixed-wing 
aircraft (EIeliocourier) flying at 120 rn AGL along north/south flight lines 
spaced 20 km apart. An observer on each side of the aircraft counted all 
caribou within 1 km. The data from the trmsects were extraplated to the 
remainder of the ranqe. 

The author's relevant observations and conclusions include the following: 

(1) Caribou (mstly females) in late winter 1983 were concentrated primarily 
in the southwestern quarter of the CAH range, especially between the 
Colville and Itkillik rivers; a much smaller concentration was located 
within 30 Ian (20 m i )  of the coast between the Colville and Fupanik 
rivers. 

(2) Densities averaged 110 caribou/100 km2 in the southwestern portion, 
whereas within 40 Im (24 m i )  of the coast densities averaged only 14 
caribou/lOO km2; 



(1) Male and cow/calf groups had distinctive seasonal habitat preferences 
that affected their distribution over the CAH range. Cow/calf groups 
were found farther from riparian habitat than were bull groups during 
most seasons of the year. During the mosquito season, both types of 
groups used similar habitat types, including riparian areas. This 
practice was apparently due to utilization of mosquito relief habitat 
associated with riparian areas. River deltas and coastal beach areas 
were used extensively by female groups, whereas male groups made more use 
of river valley gravel bars. During the rut, differences in habitat use 
were reduced. 

(2) The CAH distribution and moverrents were similar between 1981-1983 and 
were similar to those described by earlier TAPS studies (e.g., Gavin 
n.d.) . 

(3) Although discrete calving grounds were not evident, higher densities of 
female caribou were found near Oliktok and Bullen Points. 

(4 )  Influxes of up to 20,000 WAH caribou were found in the range of the CAH 
in fall and late winter, and influxes appear to be increasing in size and 
regularity in recent years. Influxes from the PH and WAF! are anticipated 
a.s these adjacent herds continue to increase. 

(5) No major changes in activity pattern (e.g., lying, feeding, walking, 
running) were found between caribou adjacent to and away from TAPS. 

( 6 )  Along the northern section of TAPS where it is separated from the Dalton 
Highway and the Sagavanirktok River, ". . . the percent calves in the 
surveyed population was similar to regional estimates." 

(7) The low representation of cows and calves adjacent to the TAPS corridor 
was a result primarily of their natural avoidance of riparian habitat. 
In contrast, bulls preferred riparian habitat and were c m n  in the 
Sagavanirktok River valley and adjacent to TAPS. Thus the differences in 
calf percentage attributed to the TAP corridor by other authors was due 
to habitat selection differences between bull groups and cow/calf groups 
and not to the effects of the TAPS corridor itself. 

[Rev. note: This report provides a considerable amount of information about 
habitat use, distribution, and behavior of CAH groups over a 2%-year period. 
The results section is very detailed and extensive and deserves a much mre 
expansive review than can k covered here. Several of the conclusions reached 
by the authors (especially their conclusion that the distribution of caribou 
was independent of the presence of TAPS) are in direct contrzidiction to 
conclusions of other researchers (e .g. , Caneron and Whitten 1980, Cameron et 
al. 1979, Smith and Carrieron 1983, Whitten and Caneron 1985) and to data 
presented in this report. For example, table 7 presents data that indicate 
that calf percentages in and near to riparia? habitat in the TAPS corridor are 
lower than calf percentages in riparian habitat regionwide. These data appear 
to conflict with the authors' statement on p. 127 that "during the present 
study it was found that normal patterns of sexual segregation, seasonal 
movements, and habitat preferences account for the differences in the 
distribution and density of cow-calf groups adjacent to TAPS." 



(3) In late May 1983, caribou concentration areas were between the White 
Hills and the coast but farther inland than in the late winter and within 
40 Ian (24 m i )  of the coast between the Shaviovik and Canning rivers. 
Both of these concentration areas had 95% females and short yearlings; 
densities were lower than those in late winter. 

(4) The author concludes that the southwestern prtion of the CAH range is a 
likely area where WAH and CAIl caribou herds overlap in winter because (a) 
very high densities cf caribou were present there in late winter, and i.n 
late May there were few caribou there but 110 comparably high densities 
elsewhere in the CAE range; and (b) estimates as well as actual counts 
over the entire study area decreased by 67% between late winter and 
spring - this amounts to a loss of 9,750 caribou from the area. 

(5) The CAT3 and WaVI are both increasing and therefore may again [emphasis 
added] coalesce to form one subpopulation. 

[Rev. note: Although the author's conclusions may be correct, the substan- 
tiation of these conclusions from the 1983 surveys is questionable because of 
the methodoloqy used. The author did not discuss key assumptions in the 
Methods section. The validity cf age/sex camposition counts (e.g., cows, 
calves, bulls, yearlings) from fixed-wing aircraft is questioned by 
knowledgeable caribou biologists. The statistical validity of extrapolating 
from 10 km2 survey strips to 100 km2 blocks, without prior stratification of 
the survey area, was not discussed, yet this extrapolation is a key argument 
for the author's conclusion.] 

Carruthers, D.R., R.D. Jakimchuk, and S.H. Ferguson. 1984. The relationship 
between the Central Arctic Caribou Herd and the Tran~-~laska Pi.pline. 
Rept. to Alyeska Pipeline Sew. Co. by Renewable Resources Consulting 
Services, Ltd., Sidney, B.C. xvii + 207 pp. 

This reprt smrizes research on caribou of the CAH conducted between June 
1981 and October 1983. Transect aerial surveys were flown with fixed-wing 
aircraft along north/south flight lines at intervals of 6.7 km and 20 km 
apart, depending on the level of coverage desired. Block surveys were flown 
by fixed-wing aircraft over 182-850 km2 blocks located along the strip 
surveys. The strip surveys were designed to provide a 10% sampling intensity, 
which was then extrapolated to cover 100% of the region in order to determine 
caribu distribution and population trends. Greater survey coverage (30%) was 
flown in late winter 1982 and during calving in 1981-83. The block surveys 
were flown at 100% coverage in order to compare distribution and habitat 
selection of caribou within the Trans-Alaska Pipline System (TAPS) corridor 
to that of caribou away from the corridor (i.e., control areas). Composition 
( i . ,  male, female, yearling, calf, unidentified), group activity, and 
habitat use of caribou groups were also noted. Ground observations of caribou 
behavior were made June-October 1981 and July-August 1982 along the TAFS 
corridor and in control areas away from the corridor. 

Relevant observations and conclusions include the following: 



Additionally, the analysis of data by group types obscures the actual 
relationship between habitat utilization by individuals - e.g., a small number 
of large groups would underestimate utilization of a particular habitat type, 
and vice versa. Analysis based on indivi2uals (e.g., table 7) shows that calf 
percentages were similar in both riparian and nonriparian areas. 

As another example of the conclusions not following from the results, conclu- 
sion St10 (p. 14) states that "no major differences were found between the 
activity pattems of caribou adjacent to and away fram TAPS. " However, on p. 
101 (and in fig. 39) the authors present results indicating that during two 
e postcalving and August dispersal) of three periods during which 
activity pattems were masured, there were substantial differences between 
caribou in the TAPS area and the "cor~trol" areas in pattems of feeding (32% 
vs. 47% during pstcalving; 32% vs. 54% during August) , moving (26% vs. 15% 
during postcalving), and standing (29% vs. 11%, during August dispersal). 

A potentially more important consideration, however, is that mst caribou 
biologists believe that it is not possible to accurately determine sex/age 
composition data e . ,  calves, yearlings, cows, bulls) from a fixed-wing 
aircraft. Because data gathered in this manner form the basis for the 
authors' conclusions regarding habitat utilization, distribution, and 
population trends, it must be recognized that the confidence limits on the 
data an6 ccnclusions are very broad. 

In summary, although a considerable amount of data are presented, it i.s diffi- 
cult to arrive at the same conclusions as the authors from an analysis of the 
results presenteil. The saw results (but not conclusions) can be used to 
support other researcher's conclusion that caribou cms and calves avoid the 
TAPS corridor.] 

Carruthers, D.R., R.D. Jakimchuk, and C. Linkswiler. 1984. Spring and fall 
movemnts of Nelchina caribou in relation to the Trans-Alaska Pipeline. 
Rept. to Alyeska Pipeline Serv. Co. by Renewable Resources Consult. Serv. 
Ltd, Sidney, B.C. xi + 101 pp. 

This report summarizes field research conducted on the Nelchina Caribou Herd 
(NCH) in Southcentral Alaska between April 1981 m d  Noverher 1983. The study 
area wzs along the Trans-Alaska Pipeline System (TAPS) between Paxson and 
Glennallen. [Rev. note: see also Eide et al. 1985.1 Within the study area, 
TAPS is less than 2 krn (I mi) from the Richardson Highway [a major all-weather 
highway] over 88% of its length and less than 400 m (0.25 mi) fran the highway 
over 25% of its length. Objectives of the study were to (a) document caribou 
crossings of TAPS, (b) determine characteristics of the crossing areas, and 
(c) describe behavior of caribou when they encountered the pipeline. A 
combination of observation of anirrals and track interpretation was used. 
Regional surveys were conducted by small aircraft; corridor surveys were 
conducted by truck or snowmachine. 

Relevant results m d  observations include the following: 



(1) Nelchina caribou encountered TAPS primarily durinq two periods of the 
year: in fall (peaking in November), when animals were migrating eastward 
to winter ranges, and again in spring (peaking in April) , when animals 
moved westward from winter range to s m e r  range. Movements eastward of 
the area now including the TAPS corridor and including the Richardson 
Highway began sowtime between 1960 an6 1965 during maximum populatiorl 
levels. Regional surveys indicated that such mvements have continued to 
the present, even during periods of low population in the 1970' s. Areas 
of intensive movement have also remained similar since 1960-65. Most 
movements through the study area were between Paxson and Sourdough. 
During fall migration, mst caribou crossed over a 20 km (12 mi )  section 
north of and including Hogan Hill in areas consisting of upland and 
sloped topgrafiy. During spring migration, most caribou crossed over a 
20 km (12 mi) sectiorl south of Hogan Hill in lowland areas that were 
contiguous on either side of TAPS aRd that included a high density of 
mall lakes. 

(2) TAPS is above ground for 61% of the study area, with 92% of the 
above-ground portion higher than 1.8 m (6.0 ft) from the bottm of the 
pipe to the top of the pad ("BOP-TOP"). TAPS is buried for 39% of the 
study area; mst of the buried portion is located near Sourdough. Two 
buried sections were specifically constructed as crossing sites for 
caribou in known areas of migration. Additional buried sections, 
including short (18 m, 60 ft) "sag bends," and sections buried because of 
geotechnical reasons, comprise the remainder. Spring crossing sites were 
located in areas with a high proportion (76%) of above-ground mode, 
whereas fall mvements were where TAPS was mostly (65%) buried mode. No 
selection by caribou for either mode was apparent, even in the 32 Ian (20 
mi) section where both d e s  were available to caribou. 

3) The use of special big g m  crossing structures was also evaluated. The 
two special refrigerated burial sections, each 2.9 krn (1.8 mi) long, were 
designed to specifically provide caribou passage and were located in 
areas of known historical movements at the north end of the southern 
third of the study area. Of the 29% of the estimated caribou that 
crossed TAPS at any big g m  crossing structure, 93% did so at the 
refrigerated burial sections. Two additional types of crossing 
structures, "sag bends" (18 m [60 ft] buried sections) and Designated Big 
Game Crossings ("DGBC's," or 18 m [60 ft] sections elevated to at least 3 
m [lo ft] above the pad) , were used very little because most of them were 
located outside of major caribou crossing zones. All structures were 
used less in fall than in spring. 

(4) The angle of caribou trails approaching within 20 m (64 ft) of the edge 
of the 46 m (150 ft) cleared TAPS right-of-way and the subsequent angle 
leaviny the opposite side were rneasured in order to indicate 
"deflections" by caribou encounterir~g TAPS. Additional foot surveys 500 
m (1,650 ft) away from TAPS were used as controls in order to determine 
if deflections were occurring farther than 20 m (64 ft) from the edge of 
the cleared right-of-way. Results of these surveys indicated that TAPS 
is seldom visible to h m  observers more than 125 m (410 ft) from the 
right-of-way and that caribou did not appear to significantly deflect 
within 500 m (1,650 ft) of TAPS. 



(5) Although wolves and wolf sign was observed throughout the study area, 
there were no i~dications that wolves were using TAPS to ambush prey or 
that wolves were concentrating in the vicinity of TAPS. 

( 6 )  Based on the above, it appears that popul-ation size an6 sea-sonal distri- 
bution of the NCH are independent of the presence of TAPS. Virtually all 
caribou that encountered TAPS crossed successfully, without significantly 
changing their direction of travel. 

[Rev. note: The results and conclusions of this report are in general 
agreement with those of Eide et al. (1985) , with the exception that Eide et 
al. (1985) found that caribou tended to avoid crossing above-ground pipe at 
BOP-TOP'S of less than 2.1 m (7 ft). Carruthers et a].. (1984) concluded from 
their own data that there was no such selection and, further, that. Eide et al. 
(1985) used a less appropriate analysis technique. Although a statistical 
camparison between the two reports is beyond the scope of this review, at 
least two factors should be considered. First, Eide et al. (1985) conducted 
their study in 1977, immediately postconstruction. In the intervening period 
between 1977 and 1981, there is the possibility that caribou could have 
accmmodated to elevated pipe. Second, Carruthers et al. (1984) analyzed 
their data as cne set for the total length of TAPS within the study area, 
whereas Eide et al. (1985) divided the study area into three segmnts and 
analyzed each cf these seqments independently (as well as analyzing the total 
length) . 
Carruthers et al. (1984) provided several recomnendations for future 
construction projects similar to TAPS. Two of these are noteworthy: (a) 
human hunting activity in proximity to pipelines should not be permitted, and 
(b) DGBC' s and sag bends are not necessary as design features to facilitate 
caribou passage across pipelines.] 

Child, K .N. 1973. The reactions of barren-grouqd caribou (Rangifer tarandus 
granti) to simulated pipeline and pipeline crossing st=tures at Prudhoe 
Bay, Alaska. Corrpletion rept. to Alyeska Pipeline Service Company by 
Alaska Cooperative Wildlife Research Unit., Univ. Alaska. 50 pp. 

The reactions of free-ranging caribou to various types of simulated pipelines 
and crossing structures in the Prudhoe Bay area were studied in a field 
experiment during the sumwrs of 1971 and 1972. The author summarizes 
historic and current (as of 1973) distribution and movements of caribou in the 
Prudhoe Bay area and extensively discusses summer mvemnts, especially as 
related to insect densities. The author dye-marked caribou in three areas 
adjacent to Prudhoe Bay in order to determine movements into the area. 

The experimental pipelines were intended to simulate a 48" diarrieter pipeline 
(e.g., the Trans-Alaska Pipeline) and smaller diameter pipelines (e.g., feeder 
lines within the oil field) and proposed big g m  crossing structures such as 
"underpasses" (sections of pipe elevated above ground higher than adjacent 
pipe) and ramps. Modifications (e .g. , diverter "wings") to discourage caribou 
from going around the simulations or to test different characteristics of the 



pipeline desiqn (e.g., chmges in ramp design) were made between the 1971 and 
1972 study periods. The TAPS pipe simulation consisted of 2 m i  of 4-ft-high 
burlap and snowfence "pipeline" elevated 20" above terrain and included four 
underpasses and two ramps. The 1971 "feeder line" simulation consisted of ca. 
3,600 ft of 24" CMP on oil drums, with underpasses of 24" CMP on 6-8 ft 
pilings. In 1972, an additional "feeder line" of 3,600 ft of 10" diameter 
"pipe" on drums, and with a gravel ramp, was added. The TAPS simulation was 
located adjacent to the Sagavanirktok River floodplain in an area where 
caribou m v a n t s  were predominately eastlwest during the mosquito season. 
The author did not specify the location of the feeder line simulation. 

The reactions of free-ranging caribou were ol2served as they encountered the 
e:cperiment. Most encounters occurred as caribou were moving east-west during 
alternating periods of msquito harassment and relaxation from harassment. 

Child's relevant conclusions are as follows: 

(1) Animals marked west of Deadhorse, between the Kuparuk River and Put 
River, were later observed in Prudhoe Bay more frequently than those 
marked south and southeast of Prudhoe. 

(2) Individual crossing success (defined as the nuniber of animals crossing 
under the pipe or using the crossing structures, regardless of the tk 
required to cross) was low ( 25% for both years and both simulations). 
Of those that failed to cross, 34% and 10% at the TAPS and feeder-line 
simulations, respectively, reversed direction; the remainder of the 
animals skirted the simulation. 

(3) Of those individuals that crossed successfully, a greater proportion used 
the ramps than the underpasses or adjacent pipe. 

(4) Generally, as the size of the group increased, group crossing success 
(defined as all members of a group crossing under the pipe or using the 
crossing structures, regardless of the tine required to cross) of the 
TAPS experiment decreased; individuals e group size = 1) had 
crossing success of 62%, whereas the average crossing success of groups 
of size 2-1,500 was 25%; none of the 15 groups of size greater than 50 
successfully crossed the TAPS line. 

(5) Group crossing success was also related to sex of the group leader: 
crossing success of groups led by bulls was less than that of groups led 
by cows; bulls tended to detour widely around the simulation, whereas 
groups led by cows tended to remain near the crossing facilities, and 
even if they did not cross, they did i-nvestigate the facilities. 

( 6 )  Crossing success was greater during periods of insect harasmnt; insect 
harassrent was a mre imprtant influence on crossing success than were 
the advancing season or experience with the simulation. 

[Rev. note: Together with White et al. (1975) , this study provides background 
information on prepipeline summer distribution and habitat utilization of the 
Central Arctic Herd. The study also provides important insight into the 
reactions of relatively "naive" caribou encountering pipelines and crossing 
facilities during the sutruner. In retrospect, interpretation of the data could 



have been more rrieanir~gful if the analysis had accounted for differences in 
caribou reactions during periods of varying harassment by msquitos and by 
oestrid flies, respectively, such as has been done by Curatolo and m h y  
(1983) . I  

Child, K.N., and P.C. Lent. 1973. The reactions of reindeer to a pipeline 
simulation at Penny River, Alaska. Interim rept., Alaska Cooperative 
Wildlife Research Unit, Univ. Alaska. 29 pp. 

The reactions of free-ranging and herded semidomestic reindeer to a simulated 
pipeline were observed between March 1972 and May 1973 on the Seward 
Peninsula. The simulation consisted of ca. 7,000 ft of 32" dianeter dredge 
pipe placed on prone oil drums (24" ground clearance) running east and west 
from the floodplain of the Penny fiver. Hogwire fence diverter "wings" ran an 
additional 2,000 ft from each end of the pipe. A 320 ft long overpass (ground 
clearance of up to 12 ft in center) was placed adjacent to a gravel ramp over 
the pipe. These crossing structures were just uphill from riparian willow 
stands along the river. 

Although the intent was originally to isolate a group of reindeer from the 
herd in order to test the effects of repeated seasonal encounters with the 
simulation, the investigators were prevented from meeting this objective. 

Responses of reindeer were observed in 1972 during March (late winter), May 
(postcalving) , July (insect season) , September (prerut) , November (early 
winter postrut), and May 21-23, 1973. 

The authors conclude: 

(1) Reindeer, even when herded, reversed direction or diverted around the 
simulation in almost all instances. Crossings were observed under two 
sets of conditions: (a) during late winter when stretches of drifted and 
ccrrpacted snm formed bridges over the pipe, and (b) in Yay 1973 (but not 
in May 1972), animals harassed by insects were observed to use the ramp. 

(2) Animals wou1.d approach the pipe to within SO m but r a i n  at least 
125-150 m from the overpass. Because the overpass was supported by 
numerous angle braces, the avoidance of this structure by the reindeer 
was thought to be due partially to its optical cqlexity. 

( 3 )  The reindeers1 initial experience with the simulation was not dified by 
short-term experience. In same cases, reindeer bedded and were held for 
up to several days near the simulation but showed no inclination to 
cross. 

(4 )  Leadership of mixed as well as segregated groups avoiding or escaping the 
simulation was often by adult bulls. 

(5) The responses of reindeer to this simulation were similar to those of 
caribou at the Prudhoe Bay simulations. 



[Rev. note: Several studies noted elsewhere in the present review have dealt 
with caribou or reindeer responses to structures during sumner; this report 
provides essentially the only information on responses during other seasons. 
Unfortunately, the experimental facility itself, especially the underpass and 
the proximity of the crossing structures to a riparian area, likely biased the 
results somewhat, as the investigators note. Another potential source of 
bias, the extent of which is unknown, is the effect of herding the anima1.s to 
the facility, as opposed to allowing free-ranging animals to encounter the 
facility as part of their normal mvements.1 

Curatolo, J.A. 1984. A study of caribou response to pipelines in and near 
the Eileen West End, 1983. Final rept. to Prudhoe Bay owners for SOHIO 
Alaska Petroleum Co. by Alaska Biological Research, Fairbanks. vi + 32 
PP 

This report presents results from the smner 1983 continuation of the 1981 and 
1982 studies (cf. Curatolo et al. 1982 and Curatolo and Murphy 1983) . Methods 
were similar to those of 1982, except that in i983 observations were made at 
the SOHIO "S Pad" pipeline which runs on the north side of the West S a k  mad 
(WSR) , also called the "Spine Road," across the Kuparuk River to the Prudhoe 
Bay oil field. The S Pad pipeline is located 2.5 m i  north of the pipe site. 
The S Pad pipeline is elevated higher than 6 m (20 ft) in the study area, so 
pipe height at each crossing location was not noted. The pipelroad site, used 
in 1981-82, was not evaluated. 

Field work was conducted between 25 June-29 July 1983. 

Relevant observations and conclusions include the following: 

(1) Composition of the caribou in the study sites changed between 1981-1983; 
calf percentage declined from 20% in 1981 to 11% in 1983. The decline in 
calf percentage was due to an increase in the proportion of bulls in the 
study sites (from 36% in 1981 to 64% in 1983) rather than a decline in 
cow/calf numbers. The authors attributed the proportional increase in 
bulls to the preference by bulls for riparian habitat. 

(2) Mosquito harassment in 1983 was less intensive than in 1981 or 1982. 

(3) During the period of the when insects were absent, caribou group cross- 
ing success in 1983 was 30% at the pipe site and 23% at the S Pad site. 
[Rev. note: The results for the control were not reported. Crossing 
success at the pipe site presumably includes that at the buried section.] 

(4) During the period when both oestrids and msquitos were present, group 
crossing success in 1983 was 63% at the pipe site and 65% at the S Pad 
site. [Rev. note: The results from the control site were not reported. 
~rossing~uccess at the pipe site presumably includes that at the buried 
section. Because crossing success has been generally higher during 
oestrid season than during mosquito season - Curatolo and Lilurphy (1983) - 



the 1983 values may be higher than that of "normal" crossing success 
during the mosquito season.] 

(5) The frequency of pipeline crossings by caribou was similar for all group 
types and group sizes investigated. [Rev. note: I~spection of table 5 
reveals that this conclusion appears to be supported by the data. 
Although crossing success differences of up to 15% existed between 
differently sized groups, there were no apparent trends, except that 
individuals (qroup size = 1) had very low success and constituted a small 
sanple size at both sites.] 

(6) There was no apparent decline in crossing frequency associated with 
caribou having to cross the two pipelines. [Rev. note: The relevance of 
this conclusion is difficult to evaluate because of the lack of serial 
observations - i . e . , the investigators could not determine if the same 
animals that encountered the first pipeline also encountered the second.] 

(7) At the pipe site, there was no significant difference between the pipe 
height at the crossing location selected by caribou groups and the 
distribution of pipe heights within 1/8 m i  of the group before crossing. 

[Rev. note: Although this report contained a large m u n t  of useful data, it 
did not provide the detail and data analysis at the level of the two previous 
reports (i-e. , Curatolo et al. 1982, Curatolo and Murphy 1983) . Particularly 
problematic was the lack of the pipe site control in 1983, for comparison with 
data from previous years and within the pipe site.] 

Curatolo, A .  and S.M. Murphy. 1983. Caribou responses to the 
pipeline/road complex in the Kuparuk oil field, Alaska, 1982. Final 
rept. to ARCO Alaska, Inc. by Alaska Biological Research, Fairbanks. x + 
81 PP. 

Results from the 1982 continuation of the 1981 study (cf. Curatolo et al. 
1982) are presented. in this report. Data were collected between 4 June and 1 
August. Pethods were identical to the 1981 study, with the adGiticin of a 
fifth study site, called the "river-road site" along the West Sak Road (WR)  , 
also called the "Spine Road, " at the Kuparuk River. 

Relevant observations and conclusions include the following: 

(1) In 1982, fewer caribou were observed to enter the study area than in 
1981, in spite of the longer field season in 1982. The proportion of 
calves overall in the study areas was 23%, although there were fewer 
cow/calf groups in 1982 than in 1981, especially at the Kuparuk River 
sites. [Rev. note: Considerina that the 1982 field season started ., 
during calving season, one would have expected a larger proprtion of 
cow/calf groups in the sites in 1982 than in 1981.1 

(2) During the msquito season, caribou group crossing success was signifi- 
cantly lower at the pipe-road site (35%) than at the pipe site (80%), 



river-road site (89%), or the control sites (82% and 84%). [Rev. note: 
Data from the two pipeline sites include crossings at buried sections.] 

(3) During the 1982 oestrid fly season, there was no significant difference 
in crossing frequency between sites. 

(4) m i n g  the calving/postcalving season, caribou group crossing success was 
lower in the pipe site (33%) than in its respective control (60%) but 
identical bet.ween the pipe-road site (25%) and its control. [Rev. note: 
Similar data were not gathered in 1981. Again, these data presumably 
include crossings at buried sections.] 

( 5) Crossing frequency overall was lowest during the calving-postcalving 
season; this observation could have been due to the fact that caribou 
were relatively sedentary during this period. 

(6) Proportions of cow/cal.f groups that crossed the pipelines were similar 
between sites for both 1981 and 1982. 

(7) Crossing success for differently sized groups was similar within each 
site. [Rev. note: conclusion is supported by data for the pipe 
site; however, no groups larger than 100 were successful at the pipe-road 
site (table 4) . Conversely (and in contrast to 1981 data) , at the pipe- 
road site groups of 41-100 individuals were completely successful in 
crossing the pipeline (vs. 0% success in 1981) .I 

(8) Caribou showed a strong selection for crossing at buried sections of the 
pipeline. Crossing success at buried sections in the pipe site and 
pipe-road site were 16% and 6%, respectively, although these sections 
camprise less than 1% of the total length. [Rev. note: Note that the 
buried section in the pipe-roa~ site has several features that were 
anticipated to make it less desirable as a crossing location - see 
Curatolo et al. 1982.1 

(9) Caribou selected higher pipe heights (i.e., over 100") at the pipe site 
when insects were not present. This selection did not occur when insects 
were present at the pipe site nor at anytime at the pipe/road site. The 
authors conclude that I' . . . pipe height (in the range examined) was not a 
factor that affected caribou in selecting pipeline crossing sites" (p. 
viii). [Rev. note: This conclusion is in apparent contradiction with 
results of the statistical tests provided in Appendix R ,  in which, at the 
pipe site, crossing success was significantly related to pipe height at 
the p=.05 and p=.01 levels. However, the authors (pers. cm.) believe 
that this apparent relationship is an artifact of the distribution of 
higher pipe heights nearest to the area of greatest caribou movement 
(i.e., the Kuparuk River). Dialog on this topic is continuing.] 

(10) Recmendations for mitigation included the following: 

(a) Initiation of a regionwide analysis of caribou mvements, distribu- 
tion, and habitat use in order to determine the mst effective 
locations and methods by which to facilitate caribou novenents 
through the oil field. 



(b) Facilitate caribou movements through the pipelinelroad complex by 
separation of pipelines from heavily travelled roads, and construc- 
tion of r~mps at strategic locations over elevated pipelines. 

[Rev. note: This is a thorough, well-docmented study that is the best source 
of information detailing caribou responses to the pipelinelroad complex in the 
Kuparuk oil field. Although there are some differences of opinion over 
interpretation of the results, this report is a c j d  source of information. 
It should be noted that only the most important results and/or conclusions 
have been presented here. The study approach of intensive, systematic 
research conducted at selected locations complements well the mre 
geographically extensive research conducted by the ADF&G (e.g., see Smith and 
Caneron 1985a) and vice versa. 

There are, however, several areas in which caution should be exercised in 
accepting the conclusions. For example, analysis of crossing success based on 
groups rather than individuals can obscure the potential effects or! the entire 
ppulation. These effects would be more directly influenced by individual 
rather than group success. 1 

Curatolo, J.A., S.M. Murphj, and M.A. Robus. 1982. Caribou responses to the 
pipelinelroad complex in the Kuparuk oil field, Alaska, 1981. Final 
rept. to ARC0 Alaska, Inc. by Alaska Biological Research, Fairbanks. x + 
64 PP. 

This report presents results of field research on CAH caribou conducted in the 
Kuparuk oilfield between July 1 and August 5, 1981. The behavior of caribou 
was examined at the Kuparuk Pipeline (KP) , both isolated from and near to the 
West Sak Road (WSR - also called the "Spine Road"), and in nearby control 
areas. Observations of caribou behavior were made from 3 rn high towers 
located in four study sites - the "pipe site" and the "pipe/road site" and 
their corresponding controls. The pipe-site was a 1.7 km2 (0.6 mi2) area 
along the KP near the west bank of the Kuparuk River, where the KP is 
separated from the WSR by 3.3 km (2 mi) . The 1.1 km2 (0.4 m2) pipe control 
site was located 3.7 km (2.25 mi) south. The 2.5 km2 (0.9 mi2) pipelroad site 
was located approximately 6 krn (3.6 mi) west of the pipe site along the 
Sakonowyak River in an area where the KP and PJSR are separated generally by 
less than 30 m (100 ft) . A 1.7 Ian2 (0.6 mi2) control was established 2.5 km 
(1.5 mi) to the south. 

Data gathered included caribou movement and activity patterns, responses to 
structures and group size. Insect levels, traffic patterns, and weather 
information were also noted. The data were separated into mosquito season (2 
July-19 July) and oestrid fly season (20 July-5 August). 

Relevant observations and conclusions include the following: 

(1) Group composition was relatively similar among all four study sites; 
calves averaged 22% for all four sites (range = 20-24%). 



(2) During mosquito season, the proportions of groups crossing the pipe site 
and pipelroad site were 60 and 298, respectively; the proportions cross- 
ing the respective controls were 68 and 75%. [Rev. note: These data 
presumably include crossings at buried sections.] 

(3) During oestrid fly season, the proportions of groups crossing the pipe 
site and pipelroad site were 69 and 46% respectively; the proportions 
crossing the respective controls were 67 and 66%. [Rev. note: These 
data presumably include crossings at buried sections.] 

(4) The variable responsible for reduced crossing success at the pipelroad 
site appeared to be traffic on the road. 

(5) There was r~o apparent selection by caribou groups for crossing at 
specific pipe heights at the pipelroad site; however, at the pipe site a 
significantly greater percentage than expected crossed at pipe heights 
between 3.3 and 4.3 m (130-170"). 

(6) There was a strong selection for buried sections of the KP, especially at 
the pipe site (which had a buried road crossing over the pipe). 

(7) Group speed and east-west travel [i-e., paralleling the KP] were signifi- 
cantly greater at the pipe site and pipe/road site than at the controls. 

(8) Repeated, or multiple, crossings of the KP occurred, especially during 
oestrid fly harassment. This was at least partially attributable to 
caribou selecting the road, pipeline, ar~d pipeline ~0rkpztd for shade and 
fly relief habitat. 

(9) The proportion of successful crossings by all group types (cow/calf and 
bull) was similar within each site. [Rev. note: According to the 
authors' criteria, "bull groups" consisted of more than 50% bulls, or, 
conversely, up to 49% cows/calves; and "cowlcalf groups" consisted of 
more than 50% cows/cal.ves, or up to 49% bulls.] 

(10) The proportion of caribou groups crossing the KP was similar by group 
sizes within each site, although success was different between sites. 
[Rev. note : This conclusion does not appear to be supported by data in 
table 4. At the pipe site, success of groups larger than 100 was 338, 
compared to the next lowest success rate of 63% (size 2-10). At the 
pipe-road site, success of groups of size 41-100 was O%, compared to the 
next lowest success of 33% (for individuals - i.e., group size = 1 - and 
groups larger than 100)l. 

(11) Caribou reactions to roads without traffic varied from no observable 
reaction to selection for fly relief habitat during the oestrid fly 
season. 

(12) Among the mitigation recommendations provided by the authors are the 
following : 

(a) Vehicular traffic, especially during the mosquito season, should be 
restricted, although alternatives to blanket restrictions could be 
more effective. These alternatives include (aa) limiting the n m k r  



of vehicles on a road to allow for lulls in traffic, (bb) 
restricting heavy traffic to nighttime hours when msquito levels 
are low, and (cc) consolidating work in local areas. 

(b) Pipeline and road systems should be routed so that they are 
separated by at least 1 mi. [Rev. note: Areas of separation of 
flowlines from roads by 300-1,000 ft will be evaluated for caribou 
crossing success beginning in surmner 1985. The North Slope Borough 
has placed restrictions on separation distances, allowing flowlines 
to be placed no farther than 1,000 ft from a road - for oil spill 
observation considerations.] 

[Rev. note: This report provides a large amount of well-quantified data, 
qathered in a systematic manner, regarding the reactions of caribou to roads 
and pipelines and is a significant source from which to develop mitigative 
guidelines. Aside from a few minor discrepancies, the conclusions are 
supported by the results. For further discussion, see annotations for 
Curatolo and Piurphy 1983 and Curatolo 1984.1 

Dau, J.R., and R.D. Cmron. 1985a. Effects of a road systan on caribou 
Zistribution during calving. Address at fourth internat-ional reindeer /- 
caribou symposium, Whitehorse, YT. August 22-25, 1985. 18 pp. 

This report summarizes research conducted in the Milne Point area near the 
Kupaw, oilfield, west of Prudhoe Bay, Alaska. Research focussed on the 
effects of the 29-km Milne Point road on calving distribution (this report) 
and on distribution and use of the area during the remainder of the s m r  
(Dau and Cameron 198533). The road was constructed during winter 1981-82. 
Calving distribution was determined by flying strip censuses at elevations of 
100-175 m with a helicopter. Data were analyzed according to calf and total 
caribou distribution within each of 40 quadrats of 1036 ha each and also 
within six 1-km-wide intervals from the road. Data for the four-year period 
(1978-81) prior to road construction were compared with the four-year period 
(1982-85) after road construction. 

Relevant observations and conclusions include the following: 

(1) Human activity and traffic levels in the Milne Point area were low (less 
than 10 vehicleslday) in 1983 a d  1984, nioderate (10-100 vehicles/day) in 
1982, and high (more than 200 vehicles/day; 3 active drillirlg riqs; 35-cm 
diameter above-ground pipeline constructed along the road in winter 
1984-85; 300 person housing unit) in 1985. 

(2) Prior to construction of the road, the seven quadrats surrounding the 
road system contained 18% of total caribou and 17% of calves observed 
during calving. After the road was in place, these same quadrats 
contained only 2% of all caribou and 0.2% of calves observed during 
calving. 



(3) Analysis of the density of matemal (greater than 25% calves) and nonma- 
temal (less than 25% calves) groups in comparison to the road location 
(i.e., 1982-85) indicated that there was not a significant correlatiorl 
between nonmaternal group density (i.e., groups/km2) and distance frm 
the road, whereas there was a significant positive correlation between 
maternal group density and distance from the road. A comparison between 
nonmatemal and maternal group density in 1978-81 and the future location 
of the road superimposed over the sample area indicated that there was no 
significant correlation between group density and the future road 
location. Although correlations were not significant, inspection of the 
observed and expected values for caribou distribution in comparison to 
the road location indicates that prior to road construction nlore caribou 
than expected were located 1-3 krn from the future road location and thzt 
fewer than expected were located 4-6 km. After road construction the 
reverse occurred - fewer caribou than expected were located within 3 km 
of the road. 

(4)  Comparison of the density of total individual caribou and of calves (as 
opposed to groups as in #3) with the road location produced results 
similar to #3 - i.e., a significant correlation between distance from the 
road and caribou density only for the period after road construction. 
However, in the case of canalysis of density of individuals, not only calf 
but also total caribou density demonstrated such a correlation. The 
authors point out that because of the preponderance of female caribou 
accampanied by calves in the area, a comparison of distance from the road 
with density based on individuals rather than groups would yield results 
more similar between calves and total caribou than would a comparison 
based on maternal vs nomtemal groups. 

(5) A synthesis of results discussed in nos. 2-4 above indicates that prior 
to road construction matemal cmd calf caribou selected the area influ- 
enced by the current road. After the road was present, however, matemal 
and calf caribou have avoided the area within 3 km of the road. The 
authors speculate that a dense network of roads in important calving 
areas could cause widespread displacemnt of parturient caribou unless 
calving caribou develop a tolerance to human activity and structures - a 
tolerance that so far has not been demonstrated. 

[Rev. note: This report is especially important for two reasons. First, this 
is the first caribou calving study incorporating data gathered prior to 
development with data gzthered after developnt. Second, the apparent 
sensitivity of maternal caribou to moderate levels of human activity (e. g. , 
10-100 vehicles/day immediately after construction) and the apparent 
continuation of this sensitivity into years of law levels of human activity is 
striking.] 

Dau, J . R . ,  and R.D. Carneron. 1985b. Responses of barren ground caribou to 
petroleum development near Milne Point, Alaska. Interim rept. to CONOCO 
- Alaska Operations, Anchorage. 11 pp. 



This report smrizes research on s m r  1984 caribou distribution in the 
Milne Point area, near the Kuparuk cilfield west of Prudhoe Bay, Alaska. 
Research focussed on the effects of the 29-km Milne Point road (constructed in 
winter 1981-82) and associated facilities on caribou s m r  distribution (see 
Dau and Cameron 1985a for further discussion). Aerial surveys were conducted 
by helicopter during calving. During the remainder of the summer, ground 
surveys were conducted from a pickup truck along the road system. Wsults 
from summer 1984 were campared with those of smmwrs 1982 and 1983. 

Relevant observations and conclusions include the following: 

(1) Two areas of relatively high use during calving were discernible in 1982, 
1983, and 1984. These areas were located on either side of the Milne 
Point road system. In 1978-81 (prior to road construction), the high-use 
areas during calving encampassed the area currently affected by the road. 
Prior to road construction, the proportions of total caribou and calves 
during calving within the area through which the road was built were 18 
and 17%, respectively; in 1982-1984, the proportions were 6 and 5%, 
respectively. 

(2) Data from road surveys indicate that during smers of 1982, 1983, and 
1984, the distribution of total caribc~u m d  of calves increased with 
their distance from the road, up to 4,000 m, which was the outside 
boundary of the survey area. This pattern was not apparent in the 
camparison of summer distribution and the superimposed road location 
prior to construction (1978-81). [Rev. note: The observed difference in 
summer distribution can be attributed to the effects of the road and not 
to some natural feature such as vegetation or topography.] 

[Rev. note: Although this report is a spartan treatment and discussion of 
very relevant data, a final report (summarizing eight years of data) is being 
prepared and wi.11 be available in late fall 1985 (Dau, pers. cam. ) . This 
report provides support for the authors' conclusions that the road system and 
hwnarl activity associated with it are responsible for avoidance not only 
during calving (cf. Dau and Cameron 1985b) but also during the remainder of 
the s m r  and furthemre that this trend has continued since summer 1982 
(the first s m r  after road construction) . I  

Davis, Z.L., and P. Valkenburg. 1979. Caribou distribution, population 
characteristics, mortality, and responses to disturbance in northwest 
Alaska. Pages 13-52 in P. I~nt, ed. Studies of selected wildlife and 
fish and their use of habitats on and adjacent to NPR-A 1977-1978. 
National Petroleum Reserve-Alaska Work Group 3, Field Study 3. USDI, 
NPR-A 105(c) Land Use Study, Anchorage. xxxiii + 226 pp. 

This report smrizes the distribution, movements, population estimates, and 
reactions to aircraft disturbance of Western Arctic Herd (WAH) and Teshekpuk 
Lake Herd (TLH) caribou in 1977-1978. Distribution, mvemnts, and some 
population data were gathered during fixed-wing and rotorcraft aerial surveys, 
and sex/age composition from grounc? surveys. Population estimates for the WAH 



were derived by the Air Photo Direct Count atraplation technique. Although 
the primary study area was National Petroleum Reserve-Alaska (WR--A) , data 
from the remainder of the WAH range were also included. During aerial surveys 
in spring 1978, responses of caribou to fixed-wing and rotor-wing aircraft 
were evaluated, using the techniques and disturbance criteria of Calef et al. 
(1976) (see Calef et al. 1976, this review, for details). 

Relevant observations and conclusions include the following: 

(1) Although the peak of calving for the WAH in 1978 (June 6-8) was a few 
days earlier than that of 1977 (June lo), the patterns of use of the 
Utukok calvii~g grounds were identical. In 1978, the "core" calving area, 
with densities of approximately 19/km2, was surrounded by a "peripheral" 
calving area. 

(2) The TUI calving area in 1978 appeared to be east of Teshukpuk Lake, 
between Harrison Elay and Cape Halkett. [Rev. note: prior to 1978, the 
TLH had not been surveyed separately and was considered to be a portion 
of the WAH.] 

(3) Overwintering calf survival was lower for that portion of the WAH 
wintering near Pt. Lay than for other portions of the herd wintering 
elsewhere. Predation did not appear to be a factor, but several dezd cr 
moribund animals with extremely high infestations of warble and/or nose 
bot larvae were found, suggesting that an unusually heavy insect 
infestation could be at least partially respnsible. 

(4) Although there were no clear-cut differences between the responses of 
caribou to fixed-wing and rotor-wing aircraft in April 1978, there was a 
direct correlation between the altitude of the aircraft and the severity 
of the caribou's reaction. Differential responses amng different group 
sizes could not be clearly determined from the data, although the data 
suggest. that the larger groups reacted more strongly [especially south of 
the Brooks Range; see fig. 2-8 sad table 2-51 . 

(5) From literature review and analysis of their own data the authors suggest 
several guidelines, including (but not limited to) the following: 

(a) Until more is known about the effects of development on caribou 
during calving or on the calving habitat, increased human activity 
and developnt should be prohibited on or adjacent to calving 
areas. 

(b) Aircraft flights at altitudes of less than 160 m (500 ft) over 
caribou should be minimized; during May to August, minimal flying 
height should be 660 m (2,000 ft). 

(c) Because caribou ray respond more to people on the ground, ground 
crews and/or vehicles should not. approach caribou to within 1,000 rn 
(3,000 ft) during calving. 



Eide, S.H., S.D. Miller, and M.A. Chihuly. 1985. Oil pipeline crossing sites 
utilized in winter by m s e  and caribou in southcentral Alaska. Can. 
Field-Nat. (in press) . 

This field research study, which was conducted during the period October 1977 
through April 1978, investigated the crossing sites selected by m s e  and 
caribou along a 145 km seqmnt of the Trans-Alaska Oil Pipeline in 
southcentral Alaska. Specifically, the study was desiqned to (a) evaluate the 
use of crossing structures specifically designed to pemut the free passage of 
nmse and caribou across the pipeline corridor and (b) to evaluate where 
anima1.s chose to cross the pipeline at sites that were not specifically 
designed to facilitate crossings. This segment of the pipeline between Meiers 
Lake and Squirrel Creek is crossed by the Nelchina caribou herd (numbering 
approximately 14,000 animals in 1977) in early winter on its way to wintering 
areas and again in late winter-early spring while on its way to the calving 
grounds. Within this geographic reach, both elevated and buried segments of 
pipeline are crossed by this herd. 

The terrain in the study area is gently sloping except where watercourses have 
cut steep banks through rolling hills. Vegetation within the study area was a 
mixture of white and black spruce, birch, willow, aspen, and balsam poplar 
interspersed with sedge meadows, shallow lakes, and riparian habitats. The 
presence of caribou tracks after fresh snowfalls was used to determine cross- 
ing site locations and crossing success. Physical parameters of the crossing 
sites were also measured (see also Carruthers et al. 1984). 

Relevant observations and conclusions for caribou include the followirig: 

(1) Seventy prcent of caribou encounters (n=4,383) with the pipeline 
recorded during this study were of caribou movirig eastward during fall 
migration. The majority of the caribou moving west in the spring appar- 
ently crossed the pipeline in late April when snow conditions were 
inadequate to record tracks. The near unidirectional orientation of 
tracks, except during December, suggested that the majority of encounters 
were by migratory caribou. 

(2) Caribou selected buried sections of pipeline as crossing sites from 2.2 
to 4 times greater than expected values would have predicted. [Rev. 
note: Approxbately 17 percent of the pipeline within the study area, 
excluding road and stream crossings, was buried. The 10 buried seqn~nts 
averaged 2.2 km in length.] Because these buried sections were not 
randamly located along the pipeline, selection per se cf these buried 
segmnts as crossing sites is not necessarily indicated. Except for 
buried river and highway crossings, buried pipeline was placed at 
locations where caribou traditionally crossed the pipeline corridor. The 
observed selection by caribou for crossing buried pipeline instead of 
above-ground sections may indicate continued use of traditional mvemnt 
corridors rather than active selection; at the very least sections of 
pipeline that were buried to facilibate c a r k u  crossings were buried in 
the c~rrect location. 

(3) Data indicated that at elevated sections of pipeline caribou selected 
against crossing sites with pipe-to-ground clearances of less than 7 ft 
(2.1 m) . There appeared to be a tendency hy caribou to select for 



pipe-to-ground clearances greater than 8 ft (2.4 m) . Analysis of 
subsections of above-ground pipeline, where crossings were most 
concentrated, indicated that caribou showed a negative selection for the 
lowest pipe-to-ground clearance categories occurring in that subsection 
and a generally positive selection for the higher pipe-to-ground 
clearance categories. 

(4 )  Caribou crossed elevated sections of pipeline under VSM cross members on 
30 occasions (1.4% of total crossings of elevated pipeline), 13 of which 
were at masured vertical clearances of less than 4.0 ft. The lowest 
caribou crossing measured had a vertical clearance of 3.2 ft. 

(5) Caribou showed no selection for specially design~d short elevated cross- 
ing sites ("DRGCs") and specially designed short buried crossing sites 
("sagbends") . [Rev. note: DBGCs exceeded 10 feet in clearance from the 
bottom of the pipe to the top of the pipeline pad throughout each segment 
(generally 60  feet) . Sagbends were effectively quite short; the buried 
portion was typically less than 60 feet. Both types of special crossings 
were located in areas known to be regularly used by big g m  species and 
in areas thought to have a high probability of use based on traditional 
movenents or habitat characteristics.] The authors suspected caribou 
might select for sagbend crossings if sagbends were more frequent in 
occurrence and were longer in extent. 

(6) Deflections (tracks that did not cross the pipeline) were recorded for 
2.7% of the caribou encounters with the pipeline. h'inety-nine percent of 
the deflections occurred at elevated sections of pipeline. Deflections 
were observed for all pipe-to-ground clearance categories except for 
those less than 5 ft or greater than 12 ft, mst likely due to the 
infrequent occurrence of these categories. 

(7) The authors, during an October aerial survey, observed an eastward-moving 
group of 300-1,000 caribou tracks that deflected about 30 m from the 
pipeline, paralleled the pipeline for 1-2 miles, and then turned away 
from the pipeline without crossing. [Rev. note: Because of the forested 
terrain, observations of deflecti~ns farther away from the pipeline than 
the cleared right-of-way could not be made. Therefore, caribou that 
deflected at greater distances would not have been included in the 
analysis. ] 

(8) Since the construction of the Trans Alaska Pipeline, the pattern of the 
spring and fall migration of the Nelchina caribou herd has not changed 
from preconstruction patterns and herd size has grown from approximately 
14,000 in fall 1977 to approximately 25,000 in fall 1983. 

[Rev. note: As mentioned in this paper, snow depth in the study area during 
the winter of 1977-78 was in the lower third of winters from 1960-1982. A 
year c f high snow accumulation could produce substantially d i  f ferent results 
in terms of caribou crossing-site selection and the ratio of successful 
crossings to deflections. For a comparison between results of this study and 
that of Carruthers et al. 1984, see Carruthers et al. 1984.1 



Fancy, S. 1982. Movements and ac t iv i t i e s  of caribou a t  D r i l l  Si tes  16 and 
1 7 ,  Prudhoe Bay, Alaska: the second year. Final rept.  by IGL Alaska 
Research Associates t o  Prudhoe Bay Unit Owners. i x  + 48 pp. 

report surmnarized data gathered a t  D r i l l  S i tes  (DS) 16 and 17 between 1 
July an6 10  August 1981 and compared these resul ts  with those obtained i n  the 
1.980 f ie ld  season [cf.  Fancy e t  a l .  19811. Pkthods were similar between 
years, except tha t  i n  1981, a 9 krn2 control site was established approximately 
4 km south of DS 17. Vegetation and other features were similar between the 
control and drill s i t e s ,  except for  the d r i l l  r igs ,  pads, roads, flowlines, 
and human ac t iv i ty  a t  the l a t t e r .  Traffic levels averaged 24 vehicleslhour 
during randomly selected one-hour periods between 15 July and 6 August. An 
active d r i l l  r i g  was located a t  DS 17 throughout the study, whereas a drill 
r i g  was active a t  DS 16 only between 1 and 15 July (af ter  which it was r m 7 e d  
by 18 July) . Flowlines (elevateu 2 m above the tundra) connected the d r i l l  
sites t o  the Prudhoe Rzy o i l  neh~ork. 

During the 1980 study, oestrid f ly  intensity was not isolated; however, i n  
1981 oestr id f l y  intensity was determined by observation of caribou f l y  escape 
behavior. The 1981 behavioral data were than analyzed according t o  the 
intensity of msquito and oestr id f l y  harassment, respectively. 

Relevant observations and conclusions include the following: 

(1) Rates of caribou mvemnt across each s i t e  were not significantly differ- 
ent  except during periods of severe mosquito harassment, when groups 
moved faster  across the e x p e r h n t a l  site than across the control s i t e .  

(2 )  During p e r i d s  of low and mderate/severe mosquito harassment, but not 
oestr id harassment, groups on the experimental s i t e  spent significantly 
less  tirne lying and feeding than those on the control site. However, 
there was no significant relationship between distance t o  a structure and 
time spent i n  lying or  feeding. 

( 3 )  Of the 105 groups tha t  approached within 500 m of a structure,  56% of the 
groups with calves and 31% of the groups without calves detoured around 
the structure or  reversed direction. 

( 4 )  Small groups (i.e., less  than 1 0  individuals) did not cross structures 
different ly than large groups. [Rev. note: see Smith and Cameron 1985a 
and b and Curatolo and Murphy 1983 for  a review of the effects  of group 
s ize  on crossing success.] 

(5) The relationship between the crossing pattern of the groups within 500 m 
and the level of insect harassment was not s t a t i s t i c a l l y  significant. 
During periods of high oestrid f ly  harassment, 71% of the groups crossed 
the structures directly.  During periods of low insect harassmnt, 56% of 
the groups crossed a structure directly.  

(6) Although localized avoidance of the drill pads was  observed, many of the 
groups tha t  reversed direction upon encountering the structures (roads 
and pipelines a s  w e l l  a s  drill pads) w e r e  l a t e r  cbserved t o  detour around 
the structures, i n  or outside of the study area. 



[Rev. note: Because this study was a continuation of the 1980 study (cf. 
Fancy et al. 1980) the same comments with regard to the study area configura- 
tion are applicable. In addition, the author never stipulated whether the 
"crossing pattern" referred to crossing more than one structure (i.e., road 
and flow line) or just to the first structure the group encountered. - 

Eecause of t,!e individual variability in response to the structures it would 
be useful to know the proportion of groups during hth years that entered the 
experhntal site and then did not approach within 500 m of a structure. 
"Crossing pattern" is based on those groups that at s w  earlier point had 
already decided to approach within 500 m; other groups apparently decided not 
to approach. 

Given the apparent difference in crossing success between large, 
mosquito-harassed groups (cf. Srnith and Cameron 1985a and b) and smaller 
groups, an explanation of the number of groups in different size categories, 
as was given in Fancy et al. (1980), would be useful.] 

Fancy, S.G. 1983. Moverrents and activity budgets of caribou near oil 
drilling sites in the Sagavanirktok River floodplain, Alaska. Arctic 
36 (2) : 193-197. 

Plovements and activity patterns of CAH caribou were studied near two active 
drilling sites in the Sagavanirktok River floodplain east of Prudhoe Bay 
during July-August 1981. Two 9 Ian2 study sites, one surrounding the area of 
the two drill sites and one a control, were established. Grids were set up 
around the sites and observations made from 12 ft high towers every t m  
ncinutes ktween 0700-1700 hours. The time that caribou spent lying and 
feeding aRd the proportion of calves in each group were especially emphasized 
in the analysis. (See Fancy 1982 and Fancy et al. 1981 for additional 
details. ) 

Relevant observations and conclusions include the following: 

(1) On both sites, groups harassed by insects (msquitos and/or oestrid 
flies) moved significantly faster than groups not harassed; caribou spent 
only 34% of the time lying and feeding during high insect levels as 
opposed to 72% during low insect levels. 

( 2 )  The proportion of time spent lying and feeding at the drill site was not 
significantly different from that at the control site. [Rev. note: this 
contradicts Fancy 1982, table 5, in which the author concludes that 
caribou spend significantly less t h  lying and feeding at the drill site 
during mosquito harassment but not during oestrid harassment.] 

(3) During oestrid fly season, caribou were attracted to pads and other 
structures for fly relief and possibly for relief from the heat, even 
though fly-relief habitat is widespread in the delta. 



(4) Observations of caribou that were within 500 m of a road, pipeline, or 
drill pad indicated that approximately 29% of the groups that encountered 
one of these structures either reversed direction or deflected around the 
structure. Several of the groups that detoured around DS 16 appeared to 
alter their direction of movement up to 2,000 m away. 

(5) Calf percentages of groups encountering the study site in 1980 (when 
there was no control site) were similar to regional calf percentages 
(23.9 and 21%, respectively). In 1981, however, calf percentages were 
10.5 and 12.5% for the control and drill sites, respectively, as cmpared 
to regional calf percentages of 28%. There was more construction 
activity in 1980 (a year when regional. and local calf percentages were 
equivalent) than in 1981. Although the author did. not dismiss the 
possibility that cows that had encountered the area in 1980 had learned 
to avoid the construction activity and therefore did not enter the study 
area in 1981, he klieved that the lowered 1981 calf percentage was mre 
likely due to natural variation in use of the area. 

[Rev. note: see comments in annotation for Fancy 1982.1 

Fancy, S.G., R.J. Douglass, and J.M. Wright. 1981. Pkxmnents and activities 
of caribou at Drill Sites 16 and 17, Prudhoe Bay, Alaska. Final rept. by 
LGL Alaska Ecological Research Associates to Prudhoe Bay Unit owners, 
Contract No. AR64048. ix + 48 pp. 

The mvmrits. actit7i.t.y @of CAH caribou near two drill sites in the Saga- 
vanirktok River floodplain were studied between 1 July and 15 August 1980. 
The 9 Ian2 study area included Drill Sites (DS) 16 and 17. Direct observations 
of caribou group responses (e.g., direction and rate of movmnt, activity 
t p ,  and crossing frequency) to structures (e.g., drill rig, roads, work 
pads) were made by observers in two towers, primarily between 0700-1700 ADT. 
Although the original intent of the research had been to study the responses 
of caribou to structures without associated human activit-y, this intent was 
frustrated because intensive construction of flowlines, operation of an active 
drill rig at DS 17, and traffic levels averaging 340 vehicles/day occurred 
during the study period. ~Wsquito levels were subjectively assigned to one of 
four categories. Experimental attempts to assess cestrid fly levels were 
unsuccessful. 

Relevant observations and conclusions include the following: 

(1) The composition of the caribou that entered the study site was as 
follows: 12.7% bulls, 22.7% cows, 18.6% calves, 2.6% yearlings, and 39.7% 
unknown. 

(2) Eighty groups entered the study area, of which 35 approached withi-n. 500 m 
of a structure. Of these 35 groups, 43% crossed at least one structure 
directly, 26% crossed after turning at least 90° from their original path 
of travel, 20% detoured completely around the structure, and 11% reversed 
direction. 



( 3 )  Analysis of the data for those groups that approached within 500 m of a 
structure revealed that there was no statistically significant 
relationship between the crossing pattern (e.g., reversal, detour, direct 
crossing) and sex/age camposition or size of the group and that there was 
a m s t  a statistically significant relationship (p.05) between crossing 
pattern and the group's location of entry onto the study area. Groups 
entering the study area from the south [which is a typical pattern during 
mosquito harassment periods] had a greater proportion of direct crossing 
than groups entering from the north (52% of former vs. 20% of latter) , 
and groups entering from the south had a greater proportion of reversals 
than groups entering from the north (30% of former vs 4% of latter). 

(4) Human activity may be as inqprtant as structures in affecting caribou 
mvements and behavior. Because caribcu groups were often closer to 
areas of human activity than to structures, the comparison between 
distance to a structure m d  caribou movements or behavior was of 
questionable value. An additional confounding factor is that the authors 
observed that some groups entered the study area moving rapidly but 
slowed as they approached within 400-800 m of a structure and then 
speeded up again as they approached the structure. This "nonlinear" 
moverrent pattern was attributed to "displacement behavior," an 
ethological term that applies when animals exhibit an unrelated behavior 
(such as feeding or lying down) in response to competing mtivational 
stimuli (e.g., flight vs. approach) . Many groups also hesitated and 
moved laterally at distances of 400-800 m from DS 16 when construction 
activity was high there. 

(5) The rate and direction of moverrent of caribou on the study area was 
directly and significantly related to the level of mosquito harassment. 

(6) Unlike other studies, this study found no relationship between group size 
and level of msquito harassmnt. 

(7)  Caribou mements were concentrated near DS 16, which had no active drill 
rig in place. 

(8) Weather during this study was colder and windier than normal. 

[Rev. note: Although this study has provided a considerable amount of useful 
data with respect to caribou responses to structures, the a~thors acknowledge 
that same of the results are difficult to interpret because of the unplanned 
m u n t  of human activity associated with the structures. An additional source 
of confusion could have been the inability to isolate data gathered during 
periods of high mosquito density vs. high oestrid fly density - the authors 
did not clearly explain whether data from the two situations were cmbined or 
whether the oestrid data were not included in the analysis (see p. 9) . 
Two factors (the study area location and the time of observation) render the 
study more valuable for characterizing behavior of caribou during northward 
movements as opposed to southward movements. Because of the location. of the 
northeastern study area boundary, caribou did not enter the study from the 
north until they were within ca. 200 m of a structure; however, caribou enter- 
ing the study area from the south (usually under conditions of mosquito 
harassment) could remain up to 2,000 m from the nearest structure. In 



addition, most observations were conducted during the day, when 
mosquito-harassed groups would be more likely to encounter the study area frm. 
the south, while errroute to the coast. The study area configuration would not 
affect the analysis of "crossing pattern," however, because that analysis 
considered only those animals already within 500 m of a structure. 
Comparisons between results from this year's (1980) study and the 1981 study 
are discussed in the annotations for Fancy 1982, 1983.1 

Fleck, E.S., and A. Gunn. 1982. Characteristics of three barren-ground 
caribou calving grounds in the Northwest Territories. Progress rept. No. 
7, N.W.T. Wildlife Service, Yellowknife. x + 158 pp. 

This report summarizes the literature review and field study of the use of 
calving grounds of three caribou herds: the Bathurst, Beverly, and Kaminuriak 
herds. This is the first report of an ongoing study. Historic utilization of 
the calving grounds (defined as ". . . the area where pregnant cows concentrate 
during calving" ) , topographic and surf icial geologic factors, snowmelt 
patterns, and predator abundance/distribution were surranarized from literature, 
remte sensing data, and mapped information. Vegetation, snowmelt patterns, 
and topqraphic/geologic features were also observed on reconnaissance flights 
and grcund inspection. 

Relevant observations and conclusions include the following: 

(1) Recent studies of the three herds confirm that parturient caribou. i.n all 
three herds have returned to the same general calving grounds over the 
past 15 years of record, and evidence from the archaeological record 
suggests that these calving grounds may have been used since prehistoric 
times as well. The authors also point out that not all calving occurs in 
these areas and that the exact boundaries of calving grounds have not 
been consistently defined by investigators (see figs. 2, 4, and 6). 

(2) The authors examined the hypothesis that calving grounds are selected by 
parturient cows because of the variety of topographic relief, which in 
turn results in a microhabitat offering shelter for neonatal calves as 
well as phenological variation in vegetation. All three calving grounds 
are characterized by varied topography; hmever, it is most pronounced on 
the Bathurst and Kaminuriak calving grounds. On the Beverly calving 
grounds, not only is topographic relief less pronounced than that of the 
other two calving grounds, but it is also not unique from scxne other 
areas in the Beverly herd's range. 

( 3 )  All three calving g r ~ ~ d s  are in areas that appear to be in the coolest 
sector of the region m d  hence among the latest to develop newly green 
vegetation. The vegetation camposition is not unique, compared t~ 
surrounding areas. Presence of greening vegetation during the peak of 
calving is not characteristic of, at least, the Rathurst and Beverly 
calving grounds; however, within two to three weeks of calving, newly 
ergent vegetation does b e c m  available. 



(4) Snomlt patterns are different for each of the calving grounds. From 
inspection of LANDSAT imagery and snow records, the authors found that 
the Kamirluriak and southern Beverly calving grounds were consistently 
snow-free earlier than the Bathurst and northern Beverly calving grounds. 

(5) Although no predator surveys were flown over the calving grounds, examin- 
ation of records and literature yielded conflicting results concerning 
the densities of predators on calving grounds and on the remainder of 
caribou winter and surmner range. Wolves, wolf dens, and bears appear to 
be uncommon on calving grounds; however, the authors caution that this 
conclusion is based on limited evidence. 

( 6 )  The authors conclude that "the most obvious characteristic of the calving 
grounds is that cows traditionally return there to calve." No other 
single characteristic of the three calving grounds appears to be univer- 
sal, nor do any appear to be unique as campared to surrounding areas; 
however, the available data are inadequate. The authors suggest nmrous 
areas that should be explored more thoroughly during further hypothesis 
testing about the selection and utilization of calving grounds by 
parturient caribou. 

[Rev. note: It would have been helpful if the authors had discussed the 
"primary calving areas" identified in several of the maps of calving areas - 
e.g., figs. 12 and 16 - and discussed characteristics of these areas in 
greater detail. Presumably, these "prhry calving areas" are roughly 
equivalent to "core calving areas" (cf. Davis and Valkenburg 1979 for the h i )  
and therefore may share some characteristics that are different not only from 
areas not in the calving grounds but also from other areas of the calving 
grounds. Nevertheless, considering the limited data available from which to 
describe biotic and abiotic characteristics of these calving grounds, and our 
poor understanding of how and why caribou use these areas, the authors have 
admirably summarized the situation.] 

Gavin, A. N.d. [1978?]. Caribou migrations and patterns, Prudhoe Bay regicn, 
Alaska's North Slope (1969-1977). Unpubl. rept. to ARC0 Alaska, Inc. 57 
PP 

This report smarizes observations of caribou distribution, movements, and 
abundance between 1969 and 1977. The geographic area generally covered was 
between the Colville and Canning rivers and between the coast and the Brooks 
Range. Incidental observations and survey results are included. North-to- 
south surveys were generally conducted along the main drainages. East-to-west 
surveys were conducted up to 20-30 mi inland between the Colville and Kupa1uk 
rivers, and up to 10 m i  inland between the Sagavanirktok and Canning rivers. 

Relevmt observations and conclusions include the following: 

(1) During the earlier (ca. 1970) portion of the report period, there was 
geographic and temporal overlap of range between the Central Arctic, 
Western Arctic, and Porcupine herds. 



(2) The coastal area now included within the Prudhoe Bay complex (i.e. , 
between the Kuparuk and Sagavanirktok rivers) was utilized year-round by 
only a small n-r of caribou (less than 100) . Seasonal in£ luxes, 
especially during the s m r ,  of up to thousands of animals were 
reported. 

(3) The immediate Prudhoe Bay area was not a major calving area; major 
calvi.ng areas were between the Kuparuk and Colville rivers in the west 
and between the Canning and Kadleroshilik rivers in the east. 

(4) Calving in 1971, and probably in 1972, occurred in the foothills rather 
than along the coast, because of heavy snow along the coast. 

(5) Coastal areas and especially the Colville, Kuparuk, Sagavanirktok, and 
Canning river deltas were utilized heavily as insect relief habitat. 

[Rev. note: Although the coverage was spotty and survey lines and techniques 
not well defined, this report has historical value, especially for the early 
half of the report ~eriod. Gavin's observations of movement areas aidd general 
distribution ir, the Prudhoe Bay area are likely fairly accurate. His 
abundance figures, however, especially for large groups, have been questioned 
by knowledgeable biologists, and his interpretation of seasonal movements 
outside of the sumner season are not based on sufficient survey information to 
justify his conclusions.] 

Klein, D.R. 1980. Reactions of caribou and reindeer to obstructions - a 
reassessment. Pages 519-527 in E. Reimers, E. Gaare, and S. Skjenneberg, 
eds . Proceedings of t h e  Second International I?eindeer/Caribu 
Symposium., Rdros, Xorway. Direktoratet for vilt og ferskannsfisk, 
Trondheim. 799 pp. 

This overview of reactions of Rangifer to obstructions (e.g., roads, 
pipelines, and winter trails) surtanarizes reports and studies from the Soviet 
Union, Fennoscandia, and North America. The author also provides an update 
(as of 1979) about the effects on wild reindeer in T a w r  of a 
railroad/gaslines/road complex near Norilsk. This complex resulted in delay, 
deflection, and in some cases an absolute block to mvemnts along a 
traditional migration route used by 100,000 reindeer. Mortality from 
collision with trains, separation of cows from their calves, and localized 
destruction of range was also attributed to the complex. 

The author identifies several patterns of reaction by Rangifer to obstruc- 
tions. These patterns include the following: (1) structures such as roads, 
pipelines, or altered watercourses can block, delay, or effect mvements 
independent of other human activities; (2) the level and type of traffic and 
other human activities also affects cariboulreindeer reactions; (3) seasonal 
influences on the reactions of cariboulreindeer are apparent; (4) age, sex, 
2nd size of caribou groups influence react-ions; (5) responsiveness varies, 
depending on whether the animals are resident in the area or seasonally 
encounter the structure; and (6) habituation to disturbances (structures as 



well as activity) occurs more readily in unhunted than in hunted populations 
and in populations free from predators. 

[Rev. note: the significance and interpretation of observations in this 
report have recently been challenged - see Bergerud et al. 1984.1 

Kuropat, P., and J.P. Bryant. 1980. Foraging patterns of cow caribou on the 
Utukok calving grounds in Northwestern Alaska. Pages 64-70 in E. 
Reimers, E. Gaare, and S. Skjenneber-g, eds. Proceedings of the Second 
International KeindeerICaribou Symposium, Rdros, Norway. Direktoratat 
for vilt og ferskvannsfisk, Trondheim. 799 pp. 

The results of field research in 1977-78 on WAH maternal cow caribou on the 
Utukok calving grounds are reported. Caribou were observed directly while 
feeding on the calving grounds and in nearby areas kdiately following 
calving. Observations of feeding groups as well as detailed observations of 
individmls feeding were made, and forage samples were collected and analyzed. 

Relevant observations and conc1usicn.s include the following: 

(1) Geologic factors and meteorologic conditions resulted in earlier snow 
ablation in this area than in other parts of the North Slope. This 
situation in combination with the phenolqical developrent and the unique 
growth form of Eriophorum vaginat& (cotton grass) tussock tundra res;lt 
in an early and highly nutritious source of forage for calving and 
lactating female caribou. In addition to Eriophorum vaginaturn flowering 
heads, parturient cows also selected fluvial shrub areas to feed on newly 
emergent willow catkins. 

(2) Following the antheses of Eriophorum, approximately two weeks following 
snow ablation, caribou changed to feeding OR nearby dry- upland areas 
where Lupinus arcticus (arctic lupine) is abundant. 

(3) During the remainder of the postcalving period, maternal cows follow 
local variations in microhabitat and select forage species =and plant 
parts that provide the mst nutritious forage. 

[Rev. note: This research provides an important link in our understanding of 
why same areas may be selected for calving; however, no such relationship has 
been found in other caribou herds' calving areas (cf . Fl-eck and (;unn 1982) . 
The observation that maternal caribou. fed in riparian areas soon after 
parturition indicates that maternal caribou do not necessarily avoid riparian 
areas, as has been suggested by same authors (cf. Carruthers et al. 1984.)] 

Lent, P.C. 1980. Synoptic snomlt patterns in Arctic Alaska in relation to 
caribou habitat use. Pages 71-77 - in E. Reimers, E. Gaare, and S. 



Sk j enneberg, eds . Proceedings of the Second International Reindeer/ 
Caribou Symposium, R$ros, Norway. Direktoratet for vilt og 
ferskvannsfisk, Trondheim. 799 pp. 

Mapping of gross features of snow accumulatioll and progressive snown-elt over 
Arctic Alaska frat1 1975 through 1978 by the use of IAFDSA?' imagery is 
reported. Inspectior1 of LANDSAT imagery revealed that suspected areas of 
early snow ablation corresponded to the Foothills/tussock tundra zone typical 
of calving areas of the WAH and PHI and to routes regularly used by caribou 
migrating to the calving areas. Annual variations in the extent of early snow 
ablation were also determined, and these generally correlated to caribou 
calving use. The author does not conclude that snowmelt alone is responsible 
for the location of calving areas; however, other related factors such as 
vegetation phenology may be. 

T'he area of early snow ablation in the CAH range was far south of the CAH 
calving area, although a small area near Prudhoe Bay was snow-free in 1976, 
when the remainder of the area was still under snow. 

PIurphy, S.M. 1984. Caribou use of ramps for crossing pipelroad complexes, 
Kuparuk oil field, Alaska, 1984. Final report to AFCO Alaska by Alaska 
Biological Research, Fairbanks. 61 pp. 

This report presents results of a field evaluation of the effectiveness of 
caribou ramps in providing passage for caribou through pipelinelroad complexes 
in the Kuparuk oil field during July 1984. The study area was located in the 
Uyruravik Piver drainage in the southwest portion of the field. The study 
area contained three ramps--one on a drill site roadlpipeline complex (the "2D 
complex") and two on the main Spine RoadIKuparuk Pipeline complex ("Spine Road 
complex") linking CPF-2 to the Prudhoe Bay area. Another portion of the study 
area--the drill site 2X roadlpipeline ("2X complex") had no ramps. The Spine 
Road complex is oriented approximately northeast/southwest, while the 2D 
complex is oriented approximately northlsouth for 113 of its length and 
eastlwest for 213 of its length (cf. figure 2). The 2X complex is oriented 
approximately northlsouth. Ramps in the study area consisted of 30 m x 30 IT 
(100 ft x 100 ft) gravel pads that extended fratt the road across the adjacent 
above-ground pipeline and were sloped at 20:l from the pipeline to the ground. 
The ramps covered approximately 30 m (100 ft) of pipeline. 

Caribou were considered to have attempted to cross the Spine Road complex if 
they approached within 0.8 Ian ($  mi) of it, and to have attempted to cross the 
2D canplex if they approached within 0.4 km (% mi) of it. A successful group 
crossir~g was defined as over 50% of t-he group crossing both the pipeline and 
road. 

Results from 1984 are compared with those of 1982, wher! only the Spine Road 
wzs present, and of 1983, the first year after construction of the Kuparuk 
Pipline. The study area in 1984 was increased to four ti..ms that of 1983 in 
order to increase the number of observations. 



Relevant observations and conclusions include the following: 

(1) The pattern of caribou movements through the study area was similar in 
1984 to that of 1982 and 1983. Caribou moved generally northward and 
eastward through the study area when msquitoes were present and 
sout-hwarrd when msqui'cws were absent. 

( 2 )  The frequency and type of traffic on the Spine Road was different in 1984 
frm what they were in 1983. In 1984, there wa.s a vehicle every 1.1 
minutes (55 vehicleslhr) , whereas in 1983 there was a vehicle every 1.9 
minutes (31 vehicleslhr). In spite of the larger m u n t  of traffic in 
1984, the intensity of disturbance may have been less than in 1983 
because the proportion of large vehicles (e. g. , gravel trucks, tankers, 
graders) was greater in 1983 than in 1984, and the frequency of such 
vehicles parking near or on the ramps was also greater in 1983. [Rev. 
Note: Inspection of table 6 reveals that the n&r of large vehicleslhr -- 
wa.s very similar between years--16lhr in 1983 vs. 181hr in 1984; however, 
the proportion of time in which vehicles were parked on the ramps was 
very different between years--16% in 1983 vs. 1% in 1984.1 Large 
vehicles appear to disturb caribou at greater distances and frequently 
elicit a more severe reaction fran the caribou that encounter them than 
do small vehicles (i. e. , pickup trucks) . Traffic on the 2D road was one 
vehicle every 10 minutes (6 vehicleslhr) . 

(3) Over 50% of the reactions of caribou crossing elevated pipelines were 
classified as Tnoderate or severe. Over 90% of the severe reactions 
occurred within 100 m (300 ft) of the rc)zd /pipeline camplex. Caribou 
showed few rnoderate or severe reactions to ramps. 

(4) The proportion of total successful crossings of the Spine Road camplex 
by individual caribou was significantly higher in 1984 (34%) as compared 
to 1983 (5%) and was not significantly different frm that of the Spine 
Road in 1982 (24%). 

(5) In 1984, the rate of success of individuals crossing the Spine Road 
complex when msquitoes (and no oestrid flies) were present was 93%. 
This crossing rate was higher than for any insect or insect-free 
conditior! in 1984 or any other year. The average group size when 
mosquitoes were present in 1984 was lower than when mosquitoes (only) 
were present in other years, and it was relatively low when carpared with 
group size in other years even when mosquitoes were not present. In 
contrast, when mosquitoes - and oestrid flies were present in 1984 group 
size was large and individual crossing success was extremely low (4%) . 
These data confirm the tendency for smaller groups to have increased 
success over large groups in crossing roadlpipeline camplexes. [Rev. 
note: Previous studies--e.g., Child 1973, Curatolo and Murphy 1983, Fancy 
1983--did not distinguish between group size and the intensity of 
mosquito harassment when evaluating the ability of large grclups to 
negotiate pipelines or pipelinelroad cmplexes. The data reported here 
suggest that group size per se influences crossing success because even 
though msquitoes were present in 1984, group size remained small and the 
proportion of individuals successfully crossing the Spine Road cqlex 
was notably high.] 



(6) Group and individual success in crossing the 2X and 2D complexes combined 
was much higher than success in crossing the Spine Road. Seventy-six per 
cent of groups and 98% of individuals encountering these cqlexes 
crossed t h e ~ r ~ ;  however, crossing success of the 2X complex (no ramp) was 
lower than that of the 2D complex (ramp present). The author attributes 
the gieater success by caribou in crossing these two complexes as opposed 
to the lower success in crcssing the Spine Road complex to the more 
frequent traffic on the latter. The author notes that differences in 
ramp design and siting could also have affected the rate of successful 
crossings. 

(7) Comparisons of crossing frequencies between sections of the Spine Road 
complex with and without ramps indicated that total group crossing 
success in the section with ramps (47%) was not significantly different 
from that of the section witho~t ramps ( 2 5 % ) ,  but individual crossing 
success w ~ s  significantly higher (37%) in the section with ramps than in 
the section without ramps (29%). [Rev. note: Although there was 
statistically no significant difference in group crossing success, the 
test statistic and critical value (at p . 0 5 )  were extremely close, 
suggesting that there may be a real difference in group success between 
the two test situations.] 

(8) The author concludes that "the question of whether ramps actually 
increase crossing frequency or merely provide caribou that are intent on 
crossing with a preferred alternative remains unresolved." He mentions 
several factors that preclude drawing fim conclusions. These include 
small sample size, less than optimal ramp design and siting, unauthorized 
parking of maintenance vehicles on the ramps, and the potential 
contribution of habituation by caribou to the road/pipeline complexes. 
He also concludes that "if large groups consistently use ramps [as the 
data suggest], this represents one of the most compelling justifications 
for the use of ramps as a mitigative strategy in areas where pipelines 
are not separated by roads." 

[Rev. note: This study is one of the few that specifically evaluate the 
effectiveness of ramps in providing passage through a road/pipeline complex. 
The conclusion concerning the effectiveness of ramps in passing large groups 
over these complexes is especially relevant to the CAH and to other arctic 
herds where industrial development is planned near important msquito relief 
habitat, because large groups often occur in response to severe mosquito 
harassment (although not always, as this report nentions) . It is unfortunate 
that the ramp design and siting and unauthorized use of the ramps as parking 
areas (over which the author had no control) was not optimal because these two 
factors, as the author mentions, can alter the m u n t  of ramp usage and 
interfere with an accurate evaluation. Ongoing research on the effectivness 
of ramps adjacent to and away from the Oliktok Road in the Kuparuk oil field 
and along the Milne Point Wad in the Milne Point field will hopefull-y resolve 
these questions.] 



Reynolds, P. N.d. [1981?]. Preliminary report on the status of the Teshekpuk 
Lake Caribou Herd. Unpubl. rept., USDI,  BIX, Fairbanks. 20 pp. 

This report surmnarizes present and historic distribution and current abundance 
of the Teshekpuk Lake Caribou Herd (TLH). Current data were obtained frorr, 
visual ob~e~atior~s a d  from relocations of radio-collared individuals during 
aerial surveys in 1981. 

Relevant observatic3ns and conclusions include the following: 

(1) The TLH was estimated to consist of approximately 3,000 animals, 835 of 
which were calves. 

(2) In June, females moved to the calving area mostly between Teshekpuk Lake 
and Harrison Bay. This area has been used as a calving area since at 
least 1977. 

(3) During the insect season, caribou of the TLH (bulls as well as cow/calf 
pairs) rroved to -the coast on warm, calm days and drifted inland on cool, 
windy days. 

(4) Several radio-collared Western Arctic Herd (WAH) [presumably] caribou 
were present on the Teshekpuk Lake study area in August and October 1981. 
No CAH radio-collared caribou were located in the study area in 1981, but 
several have been observed there in the past. [Rev. note: R. Carneron 
(pers. c m .  1955) noted tk~at all these animals were collared on the 
winter range and that the herd membership of these animals was 
equivocal. 1 

(5) Seasonal distribution is mapped. 

[Rev. note: This report provides a good sumnary of seasonal distribution in 
1981. The calving composition data, which were gathered from a fixed-wing 
aircraft, should be treated with caution.] 

Robus, M.A. 1983. Caribou movements in the CPF' 2 - Cliktok Region, Kuparuk 
oil field, Alaska, 1982. Final rept. to ARC0 Alaska, Inc., by Alaska 
Biological Research. v + 74 pp. 

This study summarizes field research on CAH s m e r  distribution, movements, 
and age/sex camposition in the Kuparuk oil field between May 31 and August 4, 
1982. Caribou distribution and movements were determined by observation from 
three blinds located in a study area along the Central Processing Facility 2 
road and one along the Oliktok Point road., by daily road surveys, and from 
miscellaneous observations from other investigators. Insect densities were 
also estimated. [Rev. note: although the method of estimatiorl was not given 
in this report, one can assume that it is the same as that used by Curatolo et 
a1 19821. The investigators identified major caribou movement zones and 
recomnded locations along the CPF-2 and Oliktok roads where adequate 
provision for caribou passage across pipelines should be located. Detailed 



mnaps of caribou movements during periods of insect-free and insect-harassment 
conditions are provided. The report discusses the relationship between the 
detailed movemnts i n  the study area and those of the CAH i n  the r e s t  of i ts  
s m r  range. 

[Rev. note: see also Robus and Curatolo 1983.1 

Robus, N.A., and J.A. Curatolo. 1983. Caribou movemnts along the Oliktok 
Road and i n  the Kalubik Creek region, Kuparuk o i l f i e l d ,  Alaska, 1983. 
Final rept. t o  ARC0 Alaska, Inc., by Alaska Biological Research, 
Fairbanks. v i i  + 61 pp. 

This study was a continuation of tha t  r e p r t e d  i n  Kobus 1983, except tha t  t m  
areas were added t o  the 1982 study area (see Robus 1983) . In 1983, caribou 
crossing areas along the Oliktok Road w e r e  sirnilax t o  those reported for  1982. 
However, general caribou movements i n  the area were different  i n  tha t  the 
greater number of days w i t h  mderate/severe insect  harassment resulted i n  
animals remaining near the coast during more of July. Caribou generally did 
not move south of the Spine Road i n  1983, a s  compared t o  1982, and t h i s  was 
at t r ibuted t o  the i r  response t o  insect harassment rather than response t o  
industr ial  development in the Kuparuk area. Caribou i n  1983 also tended t o  
move eastlwest along the coast more often than had been the case in 1982, and 
this was also attributed t o  insect densities. 

A s  was the case i n  Robus 1983, specific caribou movemnts were mapped, and 
several suggestions for  mitigation are provided. These suggestions include 
the following: 

(1) Placement of feeder pipelines on the west side of the Oliktok Road would 
increase the likelihood tha t  caribou moving northeastward under insect 
harassment would encounter the pipeline before they would encounter 
t r a f f i c  on the road. 

( 2 )  Separation of feeder l ines should be placed a t  leas t  1,000 f t  £ram the 
road, i n  order t o  f a c i l i t a t e  caribou crossing of both fac i l i t i e s .  

(3) Traffic should be restr icted along the Oliktok Fmad during periods of 
mzjor caribou summer movements. 

(4 )  Crossing ramps should be placed where sepa.ration of road and pipelines is 
not feasible. 

[Rev. note: A s  is  the case w i t h  Robus 1983, t h i s  report is  an excellent 
source for detailed movements information in  the western par t  of the Kuparuk 
o i l £  ield.  1 



Skogland, T. 1985. The effects of density-dependent resource limitation on 
the demography of wild reindeer. J. An. Ecol. 54:359-374. 

The author compares population characteristics of eight Norwegian wild rein- 
deer herds that live on winter ranges of varying quality. Seven of these 
herds consist of wild mountain reindeer (Rangifer tarandus -- tarandus) living on 
alpine or subalpine tundra in southern Norway. One herd consists of 
Spitsbergen reindeer (K. t. platyrynchos) on arctic tundra on the island of 
Svalbard. No wolves 02 oaer large marranalian predators (other than man) are 
present on these herds' ranges. 

Data were gathered between 1979 and 1981, although comparisons between the 
recent data and that gathered as early as 1969 are also made. Population 
characteristics that are compared among herds of different densities include 
fecundity, calf and adult survival, and recruitment. 

Relevant observations and conclusions include the following: 

(1) Herd densities varied from 0.5 to 5.0 reindeer/km2 of total vegetated 
habitat available. Ratios of wi.nter:smmer grazing area varied from 0.15 
to 2.35. 

(2) Comparisori of adult reindeer fecundity and survival m n g  herds of 
different densities indicated no significant relationship between these 
parameters and herd density. 

(3) Comparisons of recruitxent among herds indicated a significant inverse 
relationship between this parameter and density. This relationship was 
most significant when campared to density on late winter range; winter 
food limitation was considered to be the mst important contributor to 
changes in recruitrent. The difference in recruitment between the least 
and mst productive herds was almost fourfold. 

(4) Two aspects of recruitment, calf survival and age-specific fecundity, 
were examined. Although there was no significant relationship between 
density and adult fecundity, there was a significant inverse relationship 
between density and subadult (cows less than 2.5 years old) fecundity. 

(5) The major contributor to the decline of recruitment as population density 
increased was calf mortality, and primarily neonate1 calf mortality. 
Again, population density on the late winter range was highly and 
inversely correlated with neonatal calf mortality. Furthemre, 
mortality of older calves during their first sumrner and the following 
winter was only recorded in those herds having significant neonatal 
mortality - i.e. , cows on limited late winter food supplies not only had 
higher neonatal calf losses but also apparently had older calf losses due 
to adverse summer or winter weather conditions. Herds that had 
sufficient late-winter range had high neonatal and later calf survival. 

( 6) The author concludes that clensity-dependent effects , such as lowered 
recruitsent due to lower availability or quality of winter forage, can 
control wild reindeer ppulations but only at population densities near 
or above one-half the ecological carrying capacity of the habitat in 
question. 



[Rev. note: 
relationship 

This study is an important link in the substantiation of the 
between resource limitation and lowered productivity of Rangifer 
However, it is irrq?ortant to note that even the lower-density 

k&ds (0.5 reindeer/km2) discussed here are higher than many mainland North 
Arnerican caribou herds and that therefore density-dependent effects similar to 
those discussed in this report are unlikely to occur at many current North 
mrican caribou population densities.] 

Smith, W.T., and R.D. Careron. 1985a. Factors affecting pipeline crossing 
success of caribou. Pages 40-46 in A.M. Martell and D.E. Fwssell, eds. 
Proceedings of the First North Grican Carihou Workshop, Whitehorse. 
Canadian Wildlife Service Special Publication, Ottawa. 68 pp. 

The results of data on the reaction of CAH caribou to the West Sak Road (WSR) 
("Spine Road" ) =d Kuparuk Pipeline (KP) complex in the Kuparuk oilfield were 
presented and compared with data gathered by Child (1973), Curatolo and Murphy 
(1983) ad E'zrcy (1982, 1983). The survey period covered the smnmrs of 1981 
and 1982. The original observations discussed in this report were made during 
daily road surveys along the WSR, and additional observations were made 
outside of the specific road survey periods. Observations from Child (1973) , 
Curatolo and Murphy (1983) , and Fancy (1982, 1983) were made from fixed 
observation tmers. Variables that could influence caribou crossing success 
and were discussed in this report included group size/cmposition, topography, 
insect activity, human activity (e.g. , traffic levels, construction) , and 
pipelroad ccnfiguration. The difference between crossing success when 
analyzed in terms of groups of caribou, as opposed to individual animals, was 
discussed. 

[Rev. note: Although the survey period for original data presented here was 
not nentioned in this report, it was given in Smith and Carneron (1985b) as 15 
June-7 August 1981, and 1 July-5 August 1982.1 

Relevant observations and conclusions include the following: 

(1) The mjority of caribou observed were in large groups (greater than 40 
inGividuals) . This was because most groups were seen during periods of 
expected mvement (i . e . , movements affected by msqito harassment) , and 
therefore these observations contributed disproportionately to the 
results. [Rev. note: A related factor is that the survey periods for 
both years occurred primarily during the mosquito season - vs. precalving 
or oestrid fly season. 1 Likewise, large groups contributed 
disproportionately to the number of attempted crossings of the KP, WSR, 
or both. It was noted also that during precalving and calving in 1982, 
parturient cows apparently moved into the calving area from the west, 
bypassing the WSR. [Rev. note: This could also have been because, as 
the authors stated earlier in the report, " . . .In late spring, 1982 . . . 
drifting snow accumulated beneath the Kuparuk Pipeline (KP) for much of 
its length, creating an impassable barrier."] 



(2) A comparison between group and individual crossing success was made, 
using original data as well as data from the investigators mentioned 
above, after all the data had been standardized. Trends were samewhat 
obscure, but one conclusion was consistent among all four studies: 
caribou in large groups (greater than 100 individuals) have low success 
in crossing elevated pipelines. Group success was extremely low - only 
one of 27 groups was successful. Individual success was higher, ranging 
from 23 to 49.9% for the other studies, whereas the authors found 20 and 
0% for 1981 and 1982, respecti-vely. The authors discuss biases in their 
data that explain the lower individual success they noted. 

(3) When one group was deleted from the calculations (because it was deterred 
by unusually heavy local traffic) success in crossing the WSR was greater 
than 90% for caribou individuals and groups, based on data from the 
authors and Cwatolo and Murphy (1983) . 

(4) In all situations in which there were buried pipeline crossings not 
associated with road traffic, caribou crossed the pipeline at these sites 
preferentially. However, the authors found that two buried sections 
(road crossings) of the KP where it was next to the WSR were - not prefer- 
entially selected as crossing sites. Therefore, design of the crossing 
structure could not be separated from associated traffic in isolating 
factors affecting caribou use of buried sections. 

(5) During oestrid fly season, the ability of caribou to cross the KP and WSR 
increased markedly. 

[Rev. note: Although this report provides a valuable comparison among 
studies, it would have been helpful to provide additional discussion 
concerning their standardization of data from other studies. For example, 
Fancy (1981, 1982, 1983) analyzed crossing success for only those animals that 
approached within 500 m of a structure - the authors provided nc comparable 
criteria from their awn or the additional studies, nor a discussion of why 
they did not. Nevertheless, this report, together with those of Fancy (1982, 
1983) , Watolo (1984) , and Curato1.0 and bbrphy (1983) provide an imprtant 
contributi.on to understanding caribou respor,ses to a pipline complex.] 

Smith, W.T., and F..D. Cameron. 1985b. Reactions of large groups of caribou 
to a pipeline corridor on the Arctic Coastal Plain of Alaska. Arctic 
38 (1) : 53-57. 

The reactions of two large groups of caribou that encountered the Kuparuk 
Pipeline corridor in sunaner 1981 and 1982 are described in detail. In both 
cases, groups approached the Kuparuk Pipeline/West Sak Road ("Spine Road") 
corridor from the south, and portions of the initial group crossed under the 
pipeline and over the road, def iecteli eastward (toward Prudhoe Bay) , or 
reversed direction. The Kuparuk Pipeline is elevated a minimum of 1.5 m (5') 
above the tundra, and runs east-west. 44 Ian between Central Processing Facil- 
ity-1 (CPF-1) in the Kuparuk oilfield to TAPS Pump Station No. 1 in the 
Prudhoe Ray oilfield. The West Sak Road (WSR) parallels the pipeline for ca. 



30 km. l'here are three short (ca. 21-32 m) buried sections where the pipeline 
arcs toward the ground surface and is covered with a gravel berm (road 
crossing). Traffic on the WSR averaged 20 vehicles/hr during the 1981 
ebservation and 21 vehicles/hr during the 1982 observation. 

Relevant observations and conclusions include the following: 

(1) On July 18, 1981, a group of 917 caribou approached the pipeline fram the 
sc~th near CPF-I. During 12 hours of observation, of the original 917 
caribou, 46% crossed elevated sections without recrossing, 13% crossed at 
buried sections, 22% trotted or ran parallel to the pipe for 32 km 
without crossing, and 19% split from the main group and could not be 
accounted for. Overall, less than 60% of the original group were known 
to have crossed the pipeline/road complex. 

(2) On July 13, 1982, a group of 515 caribou was observed milling on the 
south side within 20 m of the pipeline, 5 km east of CPF-1. After four 
unsuccessful crossing attempts, and the addition of more caribou as the 
original group mved eastward, a group of 655 caribou continued eastward. 
During eight hours of observation, 64% of the group crossed the pipeline 
- 26% under the elevated portion and 38% at a buried section. Thirty-six 
percent separated from the main group, and their fate was not determined. 

(3) The authors concluded that large, mosquito-harassed groups do not readily 
cross beneath elevated pipelines. Deflections of up to 32 km, during 
which the caribou trotted or ran, were observed. 

(4) Caribou were mre successful in crossing buried sections, especially the 
widest buried section, than the elevated portion. For both years cm- 
bined, 24% c.f the caribou crossed at buried sections, which comprise less 
than 1% of the pipeline. 

(5) Well-designed buried crossings, especially those isolated from human 
activity, enhance caribou crossing success. 

[Rev. note: Although this report documents a combination of circumstances 
(e.g., severe mosquito harassment when the animals are in contact with a 
road/pipeline conplex) that occurs during a limited  tin^ relative to the 
annual life cycle of the entire CAH, the importance of the effect with respect 
to the large numbers of animals involved during the season when caribou need 
to maximize nutritional intake suggests that repeated occurrences could have 
severe consequences. For discussion of the effects of structures on crossing 
success of smaller groups, see Curatolo 1984, Curatolo and Murphy 1983, Fancy 
1982, 1983 and Smith and Cameron 1985a.l 

Urquhart, D. 1973. The effects of oil exploration activi-ties on the caribou, 
muskoxen, and arctic foxes on Banks Island, N.W.T. Appendix I1 in 
N. S k n s  and T. Barqr, preparers. Oil Exploration and t G  
Bankslanders . Canad. Wild1 . Sew. [no further information 
available] . 



This field study of the effects of winter seismic exploration on Banks Islarid 
consisted of observations on the ground and from the air of caribou reactions 
as they encountered seismic lines, camps, and "cat trains", and the distribu- 
tion and density of caribou in response to seismic activity. Caribou dis- 
tribution/density in relation to seismic activity was investigated by 
replicate surveys over a predetermined survey course. The study was conducted 
during fall and winter 1970 and fall (until November) 1971. 

Relevant obsewations and conclusions include the following: 

(1) Reaction to seismic camps: (a) When camps were located in areas easily 
visible for several miles, caribou in fall seldom approached within less 
than 2 mi, although they would graze within sight. This reaction was 
also observed with respect to staging areas and drill sites. Visibility, 
audibility, and odor of the source are important variables; however, 
these could not be evaluated independently. (b) Reactivity of caribou 
groups, as measured by response to snowmachines, varied. In October, 
mixed and bull groups could be approached closely, but in Novenkr all 
groups fled. 

(2) Reactions to seismic lines: (a) The majority of caribou bands that 
encountered recent seismic lines in the winter paralleled for distances 
of several hundred yards to a mile or more, then turned away. (b) Groups 
that crossed the seismic lines did so in areas of noticeably less snow. 
(c) The author made some obsewations during November (period of normal 
migrations), in which caribou crossed without hesitation a sei,mic line 
three weeks old. (d) Cow/calf groups were observed to be more reactive 
to seismic lines than bull or mixed groups. (e) Although seismic lines 
affect caribou movements in the winter, the effects last only two to 
three weeks, depending on snow and. wind cc~nditions. (f) The disturbing 
factor of seismic lines appears to be the physical novelty (e .g. , snm 
ridge with clumps of sod attached). 

(3) Caribou distribution in relation to seismic grid: Although the results 
had not been subjected to a statistical analysis, the author's prelimi- 
nary conclusion was that the effects of a seismic line grid with lines 
spaced at over 6 mi apart did not seriously affect caribou distribution. 

(4) The auther proposes several guidelines, including seasonal restrictions 
(i.e., during calving and fall and spring migration) and reduction of 
snow drift height created along the edge of the line by driving a tracked 
vehicle over it. 

White, R.G. , B.R. Thmson, T. Skqland, S. J. Person, D.E. Russell, D.F. 
Hollernan and J.R. Luick. 1975. Ecology of caribou at Prudhoe Bay, 
Alaska. Pages 102-113 in J. Brown, ed. Ecological investigations of the 
Tundra Biome in the Pru-oe Bay region, Alaska. Univ. Ak. Biol . Pap. , 
Spc. Rept. No. 2. 



S m r  feeding ecology of caribou of the Central Arctic Herd (CAH) was studied 
during 1972 and 1973 or1 the arctic coastal plain between the Kuparuk and 
Sayavanirktok rivers. Field research consisted of systematic observations of 
free-raging caribou; observations of forage selection by tethered, tame 
reindeer; collection of esophageal ingesta of fistulated reindeer and rumen 
contents of fistulated caribou; and collection of plant-canpsition data in 
the study sites. Field data were used to develop a preliminary Rangifer 
grazing model for the Tundra B i m  portion of the International Biological 
Program. Together with that of Child (1973), these studies provide the rnajor 
references about the ecology of Central Arctic Herd caribu prior to major oil 
developmnt at Prudhoe Bay. Although mst of the conclusio~ls are tentative or 
are too esoteric to be used directly in impact appraisal or mitigation, the 
following conclusions are relevant: 

(1) In the early 1970 'sf the Prudhoe Bay region supported a resident ppu- 
lation of approximately 300 animals, although influxes of up to 3,000 
have been recorded, primarily during the mosquito-relief season. 

(2) Although the Prudhoe Bay region appears to be of minimal importance to 
the CAH as winter range, it is highly utilized during swomer, especially 
when caribou mve into the coastal area for relief from mosquitos. 

(3) From data generated during conputer simulations, it appears that 
nutrients in Prudhoe Bay forage are sufficient to provide growth and 
fattening to resident caribou only in the month of July, and because 
caribou are likely to spend at least one week of July avoiding msquitos, 
only three weeks are actually available. The importcvlce of this perid 
to calves is such that "any restriction in nutrition during this stage of 
rapid growth m y  1-ower the likelihood of surviving the winter." 

(4) Lactating cows graze more intensively than other age/sex classes and 
consume an amount of forage equivalent to that of adult bulls (which are 
much larger in body size). Values for adult bulls were estimated because 
of the small sample size. 

(5) Insect densities (hence intensity of harassment) can be predicted by 
comparing ambient temperature and wind speed (see fig. 4 in report) . 
Mosquito harassment not only increased the energy requirement by increas- 
ing locormtion, with a consequent decrease in grazing and resting time, 
but also caused avoidance of habitats associated with higher mosquito 
densities. Carex marshes and lake margins and Dupontia meadows, e. g. , 
although nutritionally superior to other habitats, were avoided in July 
because of their increased mosquito densities. [Rev. note: Unfortunately 
the authors did not always state the distinction between mosquito and fly 
effects; therefore, some of the discussion was confusing.] 

( 6 )  Estimates from the mdel suggest that less than 2% of the prhry produc- 
tion in the area is utilized annually. Therefore, although the area is 
only "moderately productive," there is a11 adequate biomass buffer to 
accomodate short-term influxes of large numbers of animals during 
insect-harassment periods. During exter~aed (i . e. , several days) periods 
of insect relief, caribou that entered the area drifted southward and out 
of the area (but not out of CAH smmer range) until the next insect- 
harassment period. 



(7) Caribou forage species preferences were influenced by the phenologic~l 
stage of vegetation (i.e. the Dryas/snowbed cmunity in early smmer 
contains a mixture of calciphilic species), avoidance by caribou of 
high-density insect habitat (e.g., Carex marsh), and widespread 
availability of less-preferred cormmnities (e.g., Eriophom meadow). 

Whitten, K.R., and R.D. Camron. 1983. Novements of collared caribou, 
Rangifer tarandus, in relation to petroleum development on the 
slope of Alaska. Can. Field-FJat. 97 (2) : 143--146. 

The results of relocating radio- and/or visual-collared caribou of the CAH are 
presented. Between April 1975 and May 1978, 160 caribou were collared 
generally within 20 Ian of the TAP corridor. All caribou were located 
incidentally to other road and aerial surveys (see Cameron and Whitten 1976, 
1977, 1978 for details); however, flights specifically for locating radio- 
collared animals were also made. 

Relevant observations and conclusions include the following: 

(1) At least 59% of 124 visual-collared caribou were resighted in the CAH 
range during the following four to five years. At least six 
visually-collared cows emigrated to either the W I  or PH. Only 61% of 36 
radio collared caribou were seen without the aid of tracking equipment, 
which is similar to the resighting rate for visual collars; however, at 
least 92% actually remained in the study area, based on tracking results. 

(2) The rate of resighting of bulls from the Haul Road in the TAP corridor 
wzs significantly greater than that of cows, although away frm the TAP 
corridor, differences between the respective rates of resighting during 
aerial surveys were not significant. 

(3) A significantly higher number of TAP corridor crossings by hu1l.s than 
cows was found; however, some of this difference was due to repeated 
recrossings by groups of bulls that remained near the corridor. 
Therefore no real conclusions regarding bull and cow crossings could ke 
made. 

(4) Although caribou mements through the Prudhoe Ray field had been docu- 
mented, especially during insect. relief season, as recently as the early 
1970's (i.e., prior to intensive oil field development), no collared 
caribou have been ebserved to move through the oil field in mid sumtier 
since 1975. In several instances, large postcalving grcjups co~taining 
collared animals approached the Prudhoe Ray oilfield camplex from the 
east or west but fragmented and dispersed. Only a few individuals 
(mostly bulls) actually entered the field. 

(5) In general, the results frm studying movements of collared caribou 
support previous evidence of maternal group avoidance of the TAP corridor 
and the Prudhoe Bay oilfield complex. 



Wright, J.M., and S.G. Fancy. 1980. The response of birds and caribou t o  the 
1980 dr i l l ing  operation a t  the Pt. Thornson #4 W e l l .  Final rept. by LGL 
Ecological Research Associates, Inc., to EXXON Company USA. v i i  + 62 pp. 

The responses of birds and CAH caribou tha t  encountered an exploratory 
dr i l l ing  operation a t  EXXON's Point Thamson #4 w e l l  were studied during sunm?r 
1980. The experimental s i t e  was an exploratory w e l l  eas t  of the Canning 
River, 75 km (45 mi) eas t  of Prudhoe Bay and 1 km SSE of Pt. Gordon on the 
Beaufort Sea coast. A control site was located 6.5 km (4 mi) eas t  of the 
d r i l l  s i t e .  Both sites, primarily w e t  sedge madow, were similar, although 
lakes and ponds were  m r e  numerous i n  the control site. Observations were 
made during three t r i p s  on 18 June-1 July, 14-21 July, and 12-17 August. 

Observations of caribou locations and activi ty,  env i romnta l  conditions, and 
vegetation types used were made a t  2- t o  10-minute intervals for a l l  caribou 
within 2 km (1.2 m i )  of the s i tes .  Group m v m n t  rates were measured for 
groups that remained i n  the study area a t  leas t  20 minutes. Decibel levels of 
d r i l l ing  operations and support helicopter ( B e l l  212) f l ights  were measured a t  
the drill site and control. 

Relevant observations and conclusions include the following: 

(1) Late snowmelt i n  June and cool temperatures in July resulted in CAH 
caribou calving further inland and ut i l iz ing coastal insect re l ief  
habitat less than in other years. 

(2)  Fewer groups of caribou can-e w i t h i n  2 km of the dr i l l ing  site than the 
control site; no caribou cam closer t o  the d r i l l  s i t e  than 1,200 rn. 
These observation were attributed t o  disturbance associated with the 
d r i l l  site. 

(3)  Although sound pressure levels measured a t  1,500 and 2,000 m from the 
d r i l l  site were low, the noises produced by the r i g  operation and heli- 
copter support were clearly audible t o  humans 6.5 km away. In addition, 
odors associated with engine exhaust, steam £ran m d  preparation, and 
kitchen and incinerator m k e  w e r e  obvious. 

(4)  Every group entering the dr i l l ing  area was approached by personnel intent  
on photographing or viewing them. One group of ca. 700 was frightened 
away from the d r i l l  site a t  1,250 m distance when a worker f r m  the r i g  
approached them. 

(5) On June 27, the Bel l  212 disturbed one group of 97 caws and calves that 
were lying d m  when it flew aver a t  300 m AGL. The group rose and 
walked off. Two other groups of 17 and 9 each responded the sane way. 

(6) Although avoidance of the s i t e  was likely only during operation of the 
r ig ,  impacts during exploration would be limited t o  one season and are 
probably not significant over the long term. The cumulative effects  of 
numerous exploratory d r i l l  s i t e s  i n  one area should be considered, 
however. 


