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Abstract
We explored rhe fcasib i l i ry  of  censusing Roosevel i  e l l  l rom a hel icoprer in tbe dense old growth foresls of  Ol lnpic Nat ional

Park.  WA. I lean observed densi t ies ranqed f rom 8.0 1I  6 e lL iknr,  h i rb coef f ic icnts o l  !ar iar ion a 'e.aging 19 9 percenr '  A provi '

s ional  s ightabi l i ty  facror  of?.1 pcrccnt  suggesled that  actual  mean densi t ies ranged f rom 10.8.16.0 elk ikm' .  Xe.onclude that

esl inates of  e lk densir l  probably cor ld be ref ined,  but  not  { i thoul  a cost  and level  of  d isturbance in the park rhnt  secm un{ar

ranred at  prescnl .  The ef forr  requircd ro .onducr the l8 counts nade dur ing l9{}5 86 {as substant ia l .  For a lmosl  evf f }  suc '

.essful  count  an unsu.cesful  atrempt {as made. These included abort ing f iyc f l igbls when count ing condir ions turned sour.

Acrual  counr ins l ime for  rhe successful  f l igbrs was 15.? and t6.2 hcurs in 1985 and 1986, respect i !e l l .  Addir ional  f l ight  t ime

for t ravel ins to and t .om the census zones,  refuel ing,  a.d aborted arrempts added 12.2 and 10.8 hours fo.  the respect ive )ears.

Introduction

The Roosevelt elk (CerTrus elaphus rooseoelti) of
0l,vmpic National Park rcpresent the last large
populations of this subspecies that are relative'
ly undisturbed in their natural habitat. Recent
studies have added considerably to knowledge of
elk-habitat relationships, social organization, and
nutrit ion (Jenkins and Starkey 1982, l9B4; Leslie
el al l9B4). Techniques have not been developed
to determine densities and population trends,
primarily because elk occupy dense, old-growth
coniferous forests. Moreover, there seemed to be
no pressing need to do so; studies indicated that
populations occurred at ecological carr-ving
capacity with stable elk-vegetation relationships
(C. Newman pers. comm.i Jenkins l9?9, l98l;
Leslie er al. 1984).

This laisscz-faire management changed
dramaticall-v in 1984. A preliminary legal opinion
(Weinberg 1984)indicated that Indian tribes re-
tained hunting privileges within Olympic Na'
tional Park stemming from the Treaty of Olym-
pia, signed in 1856. Park managers directed that
studies be undertaken to develop techniques to
measure elk densities since the possibil i ty now
arose that these populations would be harvested

Litt le empirical information has been pub-
lished on either the density of Roosevelt elk or
techniques suitablc to measure density. Reported
densities often are cducated guesses or are calcu-
lated from estimates of hcrd composition and
harvest for exploited populations (R. D. Taber
pers. comm.). The usual indices of relative abun-
dance appear to be of l imited practical value in

the Olympics: e.g., pellet group surveys present
formidable sampling problems becausc the
pellets decompose so rapidly (Fairbanks 1978).

The Olympic elk were kno{n to undergo a
major shift in habitat use with spring growth of
herbaceous vegetation (Jenkins and Starkey
1982)-this apparently occurring just before
leafout and subsequent canopY closure of
deciduous trees, We took advantage of these
earlier f indings to explore the seemingly re-
mote feasibil i t) of aerial census. Preliminary
helicopter counts conducted in l9B4 sr,rggested
that substantial numbers of elk could indeed be
observed during this brief,2"3 wcek, period
(Houston, unpublished). We report here the
rcsults from aerial census of Rooscvelt elk car-
ried out between 1984 and 1986. The primarl
n b j e c t i r e .  x . r e r  ( l )  t o  c r a l u a l e  t h p  p r r r i e i o n
(srabil ity) of the index counts, and (2) to calibrate
the counts to improve accuracy b-t using obser-
vations of radio-collared elk (Floyd et al. 1979,
Samuel l9B4).

Study Area and Methods

The census zones establ ished on the Hoh, South

Fork (SF) Hoh, and Queets River drainages

covered the val ley f loors, and were bounded
lateral ly by the steep val lcy walls (Figure l) .  Two

small  census units establ ished in l9B4 (Areas
"A") for prel iminary surveys were expanded as

shown. The U-shaped val leys are l-3 km $ide,

and contain at least four r ivct tettaces of suc-

cessiveh greater age (Fonda 197 4, McKee et al.
1982 .  Tabo r  and  Cad r  l 97B) .  E leva t i on "  r ange
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Iigure L Elk census zones, Olynpic Narional Park, 1985 and 1986. Areas "A" on nainsten Hoh and Queets Rivers were also
censused dur ing 1984. Queets Lni t  A=11.0 kn' ;  Total  19.4 km'.  Hoh Uni t  A=11.5 kn' t  Total  23.4 kn' : .  S.F.
Hoh= l  l . l  kn ' : .

from 135 to 335 m. Precipitation ranges from 300
to 460 cm, with about 75 percent fall ing (mostly
as rain) from November-April.

Forests of the census zones have been de-
scribed as a sere from pioneer red ak)er (ALnus
r&6rd) on active floodplains, through black cot
tonwood (Populus trichocarpa)-Sitka sprtce

(Picea sitchensis\ on the younger terraces, to
stands of $estern hemlock (Iszga heterophylla\
and Sitka spruce on older terraces. Croves of big
leaf maple (Acer macrophyllum) occur through-
out on shallow rocky soils. The coniferous forests
are characterized by massive trees up to 90 m
tall at densities of about 60-2?0 treesiha (Fonda
1974, McKee et al. 1982).
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The distr ibution and composit ion of the her-
baceous understorr vegetation within the forest
communit ies on lhe ccnsus zones are part icular,
ly relevant to elk diets and sightabi l i tv. Crasses
and forbs dominate thc herb layer on f loodplains
and the f irst r iver tcrraces. Crasses are largelv
absent from the older lerraccs; mosses and ferns
predominate (Fonda l9?4, McKee et al.  l9B2).
The combined biomass of grasses and forbs is
much greater in stands of deciduous trees and
in forest clearings than in the malurc ctrnifer
forest on the older ierraces (Lesl ie l9B3:?7).

Forests of the adjacent val ley walls are similar
to those of the montane zone. Stands are
dominated by massive rcd cedar (Thuja pl icata\,
Douglas-fir (Pseudotsuga menziesii), silver lir
(Abies amabil i ,s\,  and western hemlock. Densit ies
are greater than on the val ley bottom census
zones, ranging from 400-600 trees/ha. The herb
layer is sparse (Fonda and Bliss 1969, Fonda
1974). Wall  forests are layered and canopy cover
is virtual l ,v complete. Consequentl),  the forest
f loor was essential ly invisible during heJicopter
census, and the walls wcre excluded from the cen-
sus zones.

Elk shorv two dif ferent l i fe history pancrns
in the census zones: ( l)  lear-round residence, and
(2 )  ' ea ' ona l  m ig ra t i on .  t o  h i gh  r l o ra t i on  summer
ranges (Schwartz and Mitchel l  1945, C. Newman,
personal comm., Jenkins 1979, Jenkins and
Starkey 1982, Houston, Moorhead and Olson un.
publ.).  Resident corv-calf  groups on the Hoh show
high group constancr and have home ranges
averaging about l l  krn'z. Elk use shif ts primari
ly to the val le_'. '  f loor during March. Red alder
and cottonwood-spruce forests receive peak use
in late winter as greenup begins, and grasses and
forbs becorne increasingl l  important in elk diets
(Jenkins and Starkev 1982, 198.1, Lesl ie et al
1984). This documented shif t  in elk distr ibution
to more open forest types on the val)ey f loor is
crucial to lhe ccnsus.

0bservations suggest that resident and
migratory elk showed similar patterns of habitat
use during the census periods. High elevation
areas were st i l l  snow-covered and unavailable to
migrants. Also, a radio-col lared female elk, known
to mrgrate to summer ran€les, was alwavs ptesent
during the counts.

Preliminary counts in l9B,X suggested that the
censuses should be conducted earlv in the morn-
i ng .  r , n  o r ' . f " a . t  da \ : .  and  $ i t h  sea r r "h  i n t "ns i t i es
of at least 4 min/km'? (Houston, unpublished).

Census design consisted oI repeti t ivc surveys of
t he  zones  a t  t r ee top  l eve l  ( - 100  m)  us ing  a
Hugh"s  500D he l i r " op te r .  A  p i l o t .  a  nav iga to r .
observer, and two obscrvcrs made up the census
team. The search pattern consisted of slow (25-30
knot) zigzag coverage across the axis of the r iver.
Condit ions recorded during each f l ight included:
cioudcover, snowcover, temperature, !r indspeed,
extent of greenup of the herb layer, and phenol-
ogr of hardwoods. The location of each elk group
was plotted on l :62,500 scale maps and, for l9B5
and  l aB6 .  nn  l : 12 .000  ae r i a l  pho tu " .

Elk were immobil ized $ith capture darts con-
taining either Mu, or carfentani l  (Hebert c, ol.
1982, Meuleman el al.  l9B4) and f iued with radio
col iars (Telonics Model 5 or 6B). The census was
i ' ond  uc ted  * i t h  t h "  t ' l "me t r r  : cannc r - r ccc i t e r
(Telonics Model TR2-TSl) turned off.  When a col-
lared elk was obse ed, the receiver was turned
on for a few seconds to identi fy the animal and
then switched ofl The remaining, unobscned, col-
lared elk were located by telemetr-v after the
census.

The observabi l i ty of radio-col lared elk was
used to develop correction factors to improve cen-
sus accuracy, following Floyd et al. (1979) and
Samuel (1984). A sightability factor developed for
elk gro&ps on the Queets census area was applied
to  a l l  zone . .  Co r rec ted  p l k  den . i t i es  we re
calculated by estimating the number of groups ac-
tual ly prescnt and then mult iplying these values
br the mean group sizc observed in each zone.

Results and Oiscussion

Counts were variable, but numbers did not dif fer
significantly (Wilcoxon Tvo Sample tesrs P>0.10)
betwecn l9B5 and 1986 for any zone (Table l) .
The l9B4 counts were obtained under condit ions
generally comparable to l9B5 and 1986, but count,
ing t imc was less than in later years (4.48 t 0.50
vs. 5.99+0.62 min/km') and there were minor dif-
ferences in the lateral boundarics of Units A.
Although the l9B4 counts also do not dif fcr from
more recent countsj the l9B5.86 counts represent
our best efforts as the census team gained ex-
perience. Coeff icients of variat ion (CV) averaged
19.9 perccnt over the three zones during l985-86.
Precision of the counts on the larger zones ofthe
Hoh and Queets was greater (CV's - l5%) than
on smallcr units ( - 30-33% for SF Hoh and Units
"A"). Improved precision on the larger units mav
have resulted from including the entire val ley
bottom home ranges of more elk. Several t imes
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T,{BLE L Elk counred on rhe Hoh and Queets R;vc6,  1981-1986.

Elk Nudbers Elllkn'

Dare U n i t  A Tota l Unit  A Total

Hoh

Qu,:cts

SF Hoh

83
t89
122
131.3:r 30.95

95
58

170
107.6i 32.95

t28
t 2 l
104
I  l ? .61? .13

I18 .8113 .64
33.4

l2 t
103
t2l
115.0 i  6.00

t03
49
55
69.0 i  17.08

85
60
62
69.018.0:

84.3a9.56
33.0

78.6i  17.53

261
163
250
224.6 !31.00

262
215
224
233.6i 14.40
229.2!15.42
15.6

I1 .6
I  t . 0
9.5

10.710.62

10 .811 .24

10.5
9.0

10.5
10.0:r0.50

9.0
4_J
4.8
6.0 a t. ,19

7.4
5.2
5.4
6 .0 r0 .?0

7.3r0.93

1 3 . 5
1 t . 1
l t . 5
l2.O lO.14

1 1 . 8 1 0 . 8 0

19u4
3 i13
3 i l 9
3 2',1

\ a S t '

1985
3i20
329
.l i13

i l  SE

1986
3i22
:1i29
4/3

i r  SE

Overal l  i tSE
CV'

1981
3 i  l 3
3 i  19
3t2i

i : i  SE
1985

3 i l 9
3125
.li.l

r r S D

1986
3117
3i25
4t2

x a S E

0ve.a11 i l  SE
CV

1985
3i2t
4 i l
4 i t 2

r , r  SE
tgil6

3i20
3i23
3i3l

r,r  Sti
O!era l l  i l  SE

CV

t'.6
t7.2
1 t . 1
12.0 !2.80

8.6 r3.5
5.3 8.4

15.5 12.9
9 .8a3 .00  l t . 61 t . 6 l

t74
l,l4
186
168.0,r t2_49

2tl
222
t85
206.01 10.9?
187 .01  I 1 .29
1,1.0

90
tz:l
130
114.3:! 12.33

104
,15
87
? .1a  1 .57

96.5t 17.61
30.1

7.4
6.2"
8.0
7 .2 !0 .53

9.0
9.5
7.9
8.8i 0.4?
U.0t 0.48

8 . l ,
1 l . t
l l . 7
10 .31 t .

9.4
4 .1
7.8

8 .7a  L12

t .
2.

tr{ean + slanda.d error.
Coei l ic ient  of  var iat ion as %, correcred for  sanple s izc (Solal  and Rohl l  1981:59).  CV for  e lk ikn,  s inr i lar  ro Lhose for  e lk

3 20 cn new sno{ oD Hoh pr io.  ro count i  3.5 rm on SF Hoh.
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during l9B4 (and SF Hoh in l986) one or more
groups of elk were observed alternately inside
and  then  j us t  ou t s i de  es teb l i . hed  census  un i l s .
indicating that boundaries bisected home ranges.

Two low counts on the SF and mainstem Hoh
occurred immediately af ier snowstorms (Table 1),
suggesting that elk moved off the zones. This was
also indicated by the locations of elk that uere
observed; many occurred at the bases of val ley
walls. Elk are kno$n to leave f loodplains and
move onto val ley walls during winter snows
(Jenkins and Starkey l98,l) .  We could f ind no en-
vironmental explanation for several other low
coun ts .  - o  i nc l ud ing  t h "  . no * fa l l  eoun ts  i n
calculat ions made l i t t le dif ference to precision.

Mean observed elk densit ies ranged from
8.0' l1.6/krn']  for l985-86 and were highest
(Wilcoxon Two sample, P < .05) on the Queets.
Maximum observed densit ies ranged from
9.5-13.5/km'. Mean observed group size ranged
from 11.6.13.3 elk and did not dif fer among years
or areas (Table 2). Mean group size was smaller
than the spring mean of 27 reported earl ier from
the Hoh (Jenkins and Starkey l9B2) because our
sample included small  groups of bul l  elk in ad-
dit ion to the cow-calf groups.

TABLE2 .  OL . " r f J  " l l  [ ' ou r  . i / r  " r 81 .86 .

The precision of the index counts en'
countered during the clk census (CV's l5-33%)
is apparently in the range expccted for many wild
populat ions (Le Resche and Rausch 1974, Eber-
hardt l9?8, Beasom 19?9, Beasom el al 1986,
Harris 1986), part icularl ,v under dif f icult  survey
condit ions. Approximate 95 percent confidence
limits (Sokal and Rohlf l98l: l48) for the mean
coun ts  o f  l 9B5 '86  we re  229+40 ,  l 87 t29  and
96t45 elk for the Queets, Hoh, and SF Hoh,
respectively. These l imits mav give a prel iminary
indication of the amount of change necessary to
detect rcal populat ion trends.

lnterpretat ion of thc counts requires caution
because the entire home ranges of the elk could
not be included in the zones. Even though elk
use was concentraled on the val ley f loors, part
of the variat ion among counts surely resulted
from elk moving to the val lev walls where they
could not be observed. However, earl icr studics
of habitat use and diet, plus 45 March-April radio
locations of l0 col lared elk during the present
study ( including 5 elk doi lnstream from the zone)
suggest that a very high proport ion of the com-
bined resident and seasonally migrator,v popula-
t ions occupy the val ley f loor during the census
period. Circumstances of the census did not per-
mit complete sex and age composit ion tal l ies, but
adult males appeared to be well  represented in
the counts.

Despite the recognized l imitat ions of the
coun ts ,  l he  nhse r red  e l l  dens i t i es  a re  i ns t rue l i r " ,
and apparently represent the only empir ical data
on Roosevelt elk densit ies. These estimates begin
to provide a quantitative perspective for Raedeke
and Taber's (1982) speculat ion that high
Roosevclt elk densit ies occurred historical l t
along f loodplains.
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Croup Size

XtStd Dev (Range)

Queels
H o h
S.f .  Hoh

1 3 . 3 1 1 1 . 9  ( l  6 1 )
11.9 a 10.0 (r.43)
11 .6a  14  (1  46 )

1981-86
198.186
i985.86

133
t23
50

A provisional sightabil it) factor of 74 percent
was derived from l9 encounters with groups con-
taining radio-collared elk (14 groups observed,
5 missed). lHigh mortality damaged efforts to
determine sightabil ir j. Seven elk fitted with
transmitters in the Queets census zone in l9B5
had been reduced to tuo by thc middle of the
1986 census period, mainlv by cougar (Felis coz
color) predarion.] The provisional adjustment
returned actual mean densities of about 16.0,
l0 .B  and l l .7  e lk /km'on  the  Queets ,  Hoh and
SF Hoh, rcspcctivcly. We recognize that group
size influences elk sightabil ity (Sarnuel 1984), but
s ize  d id  no t  d i f le r  be t rneen s ighr .d  tX=23.7
10.79  e lk )  and uns igh ted  groups  (13 .6+14.17 ,
P > .05, Wilcoxon Two sample) for these few
observations.
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