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Abstract

We compared dict compaosition and diet quality of elk using the Mount 8L Helens “blust zone™ in 1985 to elk populations in more
forested areas in the Pacific Northwest, Fecal analysis indicated that elk at Mount 3. Helens consumed more forbs during summer
(46-65% density of fecal fragmenis), more grasses during fall (38-62%), less ferns (< 3%, und n some cases less browse (20-42%),
than has heen reporled for most west coast elk populations. Early sucecssional forbs such as fireweed (Epilobium angustifolium).
pearly everlusling (Anaphitls margaritacea), catsear (Hypochaeris radicata), mesic communily species such as horsetail equisetum
i Equisedaum spp.) and willow (Salix spp.). and pasture grasses such as red fescue (Festuea rubra) and rvegrasses (Lafium spp.} that
were seeded alter the cruption were dominate in the feces of Mount St. Helen clk. Levels of in ritro dry matter digestibility in
the diets of Mount St. Helen ¢lk were higher and crude prolein equal or lower than in diets of elk inhabiting managed and old-
growth forests elsewhere in the Pacific Northwest. We hypothesize that becanse of nutritional differences in diets, elk inhabiting
primarily old-growth forests will have a lower mean fecundity and higher mortality rale than elk inhabiting managed forests at the
sume elk densities, However, because structural characteristics of old-growih forests buffer elk from high travel costs and reduced
forage availability during periodic heavy, wet snows, we hypothesize that vital rates will he less variable.

Introduction 1984). Further south, where snow is less persist-
enl, a wider array of silvicultural options may ex-

Large-scale conversion of old-growth forests to . S . . .
: ist for maintaining or enhancing cervid populations.

even-aged. regenerating forests has caused concern
over the loss of old-growth forests to west coast cer-
vid populations (Smithey et al. 1985, Raedeke and
Lemkuhl 1985). Benefits of old-growth forests to
deer (Odocotleus hemionus) and elk have been at-
tributed 10 3 forest characteristies: (1) overstory
structure that intercepts a subslantial amount of
stow, yel has sufficient openings te let sunlight
rcach the forest floor and promote understory de-
velopment (Bunnell and Jones 1984, Hanley and
Rose 1987). (2) abundance of arboreal lichens as
a source of {orage (Stevenson and Rochelle 1984),
and (3) value as thermal cover (Schoen et al. 1984,
Zahn 1985). The importance of old-growth forest

Understanding constraints on elk foraging be-
havior (Merrill 1994), and the nutriional adequacy
of diets obtained from diffcrent forest types and
seral slages are important prerequisites for evalu-
ating management options lor cervids. Elk in west
coast forests show a high degree of dietary plastic-
ity {Jenkinsg and Starkey 1991). which may aflect
nutrition and population dynatnies. Diet composi-
tion and quality of elk populations have been ex-
amined in old-growth forests (Leslie et al. 1984,
Leslie et al. 1987) and managed forests where
several seral stages existed in proximity (Hanley
1984, Janz 1983). In this paper, we describe
summer-fall composition and quality of diets of clk
which inhabited the early successional forests that
developed after the eruplion of Mount St. Helens,
and compare them to similar dietary studics on elk
inhabiting later stages of forest succession in the

characteristies to cervid species varies seasonally
and across geographic arcas depending on climatic
regimes and characteristics of other habitats (Han-
lev et al. 1984). Where snow accumulates in win-

ter, as in southcast Alaska, deer may require
old-growth forests for energy conservation and
[oraging areas (Bunnell and Jones 1984, Hanley
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In 1985, we studied diel composition of clk in-
habiting the northwestern portion of the Mount 5t,
Helens “blast zonc” in seuthwestern Washinglon
within the Green River and North Fork of the Tou-
tle River drainages. Elk reinvaded this area shorily
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alter the eruplion in 1980 and by 1985 helicop-
ter surveys indicated summer elk densities were

1.8 £ 0.20/ km? (x £ s.e.) (Merrill 1987).
I

The Mount St. Helens area is included in the
western hemlock {Tsuga heterophylla) zone (Frank-
lin and Dyrness 1973), although tree plantations
prior to the eruption and adjacent to the blast zene
were predominantly Douglas-fir (Pseudotsuga men-
ziesit). Vegetative response in the 60.000 ha blast
zone varied across the landscape depending on
type of disturbance (e.g. pyroclastic low, mudflow,
blow-down, scorched), pre-cruption stand age. the
presence of snow at the time of eruption, depth
ol tephra deposition, and pest-cruption treatments
(e.z. seeding, lree salvage operations, burning,
bulldezing) {(Mcans et al. 1982, papers in Bilder-
back 1987, Halpern et al. 1990). Because ash ac-
cumulation was relatively low. and salvage logging
and site preparation mixed ash and soils, vegeta-
tion recovery in the northwestern portion of Lhe
blast zonc was rapid.

Five early successional plant communities were
identified based on species canopy coverage (Mer-
rill 1987). The fireweed/pearly everlasting com-
munity made up the largesl part of the study area
{45%) and was dominated by catsear, groundsel
{Senecio sylvaticus, S. jacobaea), thistle {Cirstum
arvense), velvel grass (Holcus lanatus), blackber-
ries (Rubus wrsinus, R. spectabilis), and mahonia
{Berberts nervosa}. The lireweed/ glacier lily
(Erythronim grandiflorum) community (4%} oc-
curred al high elevations where ash accumulation
was generally =12 em. Many of the same specics
occurred in this community as in the fire-
weed/pearly everlasting community, but canopy
coverage was not as great, and several mesic-site
species such as huckleberry, (Vaccinium mem-
branaceumy}. dogwood (Cornus eanadensis), and gla-
cier lily were relatively abundant. The fireweed/red
fescue community (20%) dominated sites that were
young clearcuts { < 2 yrs) prior to the eruption and
were aerially seeded aller the eruption with 4 grass-
clover mixture (e.g. Lofium perenne, L. multiflo-
rum, Festuca rubra, Trifolium pratense, T. repens).
The red fescue/clover (Trifolivm spp.} communily
{14%) occurred only on the western portion of the
debris avalanche of the North Fork Toutle River.
Wet seep areas (<< 1%) were dominated by horse-
tail equisetum, rushes (Jurcus spp.). montia (Mon-
tia siherica), and willow and were scattered
throughout the study area. Forests adjacent to the
blast zone (16%) were owned primarily by the

Weyerhacuser Company. Douglas-fir was the pri-
mary tree species grown and site productivity was
moderately high (Stevens et al. 1987)

Topography of the area is mountainous with ele-
vations ranging from 240 m 1o about 1200 m. The
climate 1s Pacific maritime with wet, mild winters
and cool, dry summers. Annual precipitation is 225
cm/yr, occurring predominantly from November
to April. Mean daily temperatures averaged 23°C
in July.

Methods

Food habits of elk were determined using micra-
histological identification of plant fragments in the
feces of clk. Fresh fecal pellets were collected at
elk feeding siles across the study area in June
through November 1985, Five pellets from each
of 50 groups were composited by month except
for Navember when only 34 pellet groups were col-
lected, Pellets were dried at 50°C for 48 hours.
Each composite sample was ground and mixed in
a Wiley mill to pass through a 0.1 mm screen.

Twenty slides of fecal plant fragments were pre-
pared for each monthly fecal sample and 20 lelds
of view were read per slide. The amount ecach lood
ilem contributed to a sample (slide) was quantified
using the frequency of occurrence of the species
(Sparks and Malechek 1968). Frequencies were
then converted to density estimates {Fracker and
Brischle 1944).

Herbaceous plants comprising > 1 percent of
the feces were collected and analyzed for percent
nitrogen and in vitro digestibility when plants were
in three phenological growth slages. Forbs werc
collected when they were vegetative, late vegelative-
early Mlowering, and fruiting/mature. Grasscs were
collected when they were vegetalive, flower
ing/fruiting, and senescent/cured. Species collec-
tiens were made from at least 5 different plants
at 5 sites and plant material combined. Only up
ter the terminal 10 em of a plant was collected and
plant parts were collecled in the proportion they
occurred on the lerminal portion of a plant.

To approximale the nutritive value of herbaceous
species eaten by elk each month, we used the value
of the modal phenological stage of each specics
monitored at 10 sites. Two of the sites were at high
clevation { =900 m) and 8 at low elevation (=< 900
m), which corresponded 1o the approximate distri-
bution of chservations of radio-collared elk (82%
<900 m. n = 15 ¢lk) during the summer of 1984
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(Merrll 1987). Predominate phenelogical stage at
each site was delermined by visually inspecting up
to 50 arbitrarily chosen plants of each species,
When we did not collect species eaten by elk at the
modal phenology for nutritive analysis (b = 15 dur-
ing the 6 months), and for unknown species within
a forage calegory, we used the average nulrient
value of all specices in a forage class for the month.

Browse species were collected in early July 1o
represent nutritive values of browse species in June
and July. and in late August-early September to rep-
resent nutritive values in August and Seplember.
Composited ghrub collections consisted of up to 10
cm of the terminal new growth of at least 20 diller-
cnt individuals of the major shrub species from 4
different sites. Leaves and stems were collected in
proportion to their occurrence. In contrast, only new
growth of twigs was coliected in late October 1o rep-
resent nulritive values of browse in October and
November becanse leaf drop was almost complete
by mid-October.

All plants were dricd at 50°C for 48 hours. For-
age species were analyzed for nitrogen (N} using
nacro-kjeldahl techniques and for in vitro dry mat-
ter digestibility (IVDMD} following methods of Til-
ley and Terry (1963). A ruminally fistulated elk
maintained on an alfalfa dict was used as the sourec
of inoculum for IVDMD delerminations.

The quality of a monthly diet was simulated fol-
lowing the procedure presented by Westoby (1974}
and used by Teslic et al. (1984) and Janz {1983).
Diet quality was the average monthly nutrient con-
tent of forages weighted by the proportion a {orage
oceurred in the feces.

Differences in monthly fecal composition were
compared by forage class using Tukeys HSD mul-
tiple comparison test. Percentage values were trans-
formed using an arcsine-square root transformation
prior to analysis (Sokal and Rohlf 1987). Seasonal
trends in diet quality were examined using a Spear-
man rank correlation (r) (Siegel 1956}, Diflerences
in nitrogen and 1¥DMD between phenoclogical stages
were lesled using paired I-ests by species within
a forage class.

Results

Fecal Analysis

Forbs were dominate in the feces of elk from
June through August, but declined in importance
from September through November (Table 1). Five

forb species, including horsetail equiselum, caisear,
pearly everlasting, fireweed, and clover, comprised
47-75 pereent of the forh component of feces dur-
ing summer. Graminoids in the feces comprised
> 60 percent in November. Grass species thal were
acrially secded afier the eruptien to prevent ash ero-
gion and to control dust, including red fescue, tall
fescue (Festica arundinacea). and annual rye
grasses, were the dominant grass speeies in the fall
fecal samples. Shrub use peaked in September. but
comprised =20 percent of feces during all months.
Willows, elderberry  (Sambucus  racemosa, S.
cerulea), salmonberry (Rubus spectabilis), and huck-
leberry (Vaecinium spp.) consistently made up the
greatest propottion of the shrubs found in the fe-
ces each month. Ferns comprised a consistenily low
proportion of the fecal samples.

Forage and Diet Quality

Quality of simulated elk diels was highest early in
the growing season and declined as the scason
progressed (. = 1.0, n = 6, P = 0.01) (Table 2).
By June, many grasses were already in lowering
stage and had declined in forage quality. In con-
trast, most forbs consumed by elk i June were still
in early slages of plant growth. IVDMD declined
significantly in forbs and grasses with planl matu-
rity {Table 3). Nitrogen declined rapidly in grasses
and forbs between the vegetative stage and flower-
ing stage (Table 3), but, thercafter, N decline in
forbs was not significant (f = 2,39, df = 4, P =
0.08). Fern and conifer species were generally lower
in IVDMD and N than other forage classes (Table
4). Nutritive values of shrubs declined significantly
from summer Lo fall, but were high in N in fall com-
pared to cured grasses.

Discussion

Mount St. Helens elk consumed maore forbs during
summer, more grasses during fall, less ferns, and
in some cases less browse, than has been reported
for most west coast elk populations (see Jenkins and
Starkey 1991 for review), Differences in food habits
among elk populations are probably due o broad-
scale differences in the availability of different for-
age classes, since availability of forage classes
{herbs, ferns. shrubs, conifers) s a predictable fune-
flon of forest succession {Issac 1940, Long and
Turner 1975, Harcstad 1979, Witmer e al. 1985).
Diets of elk at Mount 5t. Helens were dominated
by forbs in summer and grasses in fall. Grealer
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TABLE 1. Meun percent density of plant fragments identiffed in elk feces collected in the northwestern portion of the Mount St. Helens
blast zone during summer and fall of 1985,

June July Aug Sepl Oct Nov

GRAMINOIDS
Agrostis spp. 2.4 0.5 0.3 0.6 22 2.2
Bromus spp. 0.1 0.0 0.1 0.2 04 2.1
Carex spp. 2.2 1.6 0.4 0.5 0.7 1.6
Dactvlis giomerata 0.1 0.5 0.3 0.3 2.4 4.3
Deschampsia elongata 0.7 0.0 0.3 .6 1.3 11
Ebvinus glavcus 1.3 0.7 1.6 2.0 3.5 3.0
Festuea arundinacen 0.5 0.3 0.8 2.2 3.4 8.0
Festuea rubra 2.2 0.9 2.1 3.9 5.8 18.4
Holeus lanatus 2.0 1.2 2.0 2.2 3.8 5.1
Juricus spp. 0.8 0.8 0.1 0.2 0.5 0.4
Lotium spp. 1.5 0.2 0.2 1.8 6.0 6.7
Luzula divaricata 0.1 0.2 0.3 1.5 0.8 0.4
Phleum pratense ¢.2 0.3 0.4 0.9 1.4 3.4
Poa spp. 0.1 0.1 0.8 0.8 1.5 .4
Lnidentifiable grasses 3.3 1.7 2.8 0.1 4.0 5.2
Total graminoids 17.5b 8.8a 12.8ab 25.8¢ 38.3d 62.3e

FERNS
Blechnum spicant 1.2 0.2 0.2 0.0 0.2 0.0
Lycopodium sp. 0.1 0.1 0.1 0.0 0.3 0.1
FPolystichum mumitum 0.0 0.4 0.2 0.2 0.1 1.0
Preridium aquilinum 1.3 0.8 0.0 0.2 0.3 0.6
Tolal ferng 2.6b 1.5ab 0.5a 0.4a 0.9 2.3ub

FORBS
Achillea millefolia 0.8 0.2 0.1 0.0 0.1 0.0
Anaphalis margaritaceae 1.5 5.0 3.1 1.1 0.1 0.2
Aruncus sylvester .1 0.0 0.0 0.0 0.0 0.0
Dhicenira formosa 0.2 34 0.3 0.2 0.1 0.0
Fpilobium angostifolivm 0.2 8.2 28.5 4.2 4.5 1.2
Epilotium glaberrimum Lo 2.7 0.5 0.0 0.0+ 0.0
Equisetiem spp. 1.5 10.7 8.2 5.0 3.0 2.3
Galium boreale 0.1 0.0 0.0 0.0 0.0 0.0
Hieracium albiflora 0.1 0.1 0.0 [1X0] 0.0 0.0
Hypochaeny radicata 8.3 13.1 3.6 1.8 2.4 0.9
Lotus corniculatus 0.0 0.7 (.4 0.5 0.1 0.3
Lasichitum amerieana 0.2 0.0 0.1 0.0 0.0 0.0
Lupinus spp. 1.0 n.2 0.1 1.3 1.5 1.3
Maranthemum dilaiatum 0.0 0.0 0.0 0.0 0.0 0.0
Mimudus gettatus 0.8 0.1 0.5 0.1 0.0 0.0
Montia sberica 0.0 0.8 0.1 0.1 0.1 0.0
Uralis oregana 0.3 G.1 0.0 0.0 L6 0.6
Pluntago lanceolatn 0.3 0.2 0.0 G.0 0.0 0.1

continued, next poge
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Tabie 1, continued

June July Aug Sepl Ot Nov
Petasites frigidus 0.0 0.0 0.0 0.2 0.0 0.0
Ranunculus radicata 0.5 0.1 0.0 0.0 0.0 0.0
Stachys coolevae 0.0 1.1 0.3 0.0 0.0 0.1
Trfolium spp. 4.6 2.5 3.3 7.1 4.0 2.5
Tipha latifolia t.1 1.3 0.7 0.5 0.0 0.0
Veronica officionale 0.2 0.1 0.0 0.0 0.0 0.2
thiidentiliable Torbs 15.4 11.6 12.2 9.6 6.1 5.3
Total torbs 16.2¢ 65.5d 62.1d 31.7h 23.6b 15.0u

SHRUBS AND TREES
Acer circinatum 1.9 0.0 .3 0.7 0.2 0.8
Acer macrophyllum 0.9 0.4 0.7 0.6 0.2 0.3
Alnus rubra 0.7 0.2 0.1 0.9 0.6 0.1
Berberis nervosa 0.3 0.1 0.0 0.2 0.l 0.1
Gaultheria shaifon 0.1 0.2 0.5 0.9 1.0 0.2
Fopulus trichocarpa 0.1 0.6 0.6 0.6 1.2 0.9
Piendotsuga menziesii 2.0 0.0 0.1 0.2 01 0.1
Ribes bractoesum 0.0 0.1 0.0 0.0 0.0 0.0
Rosa nutkana 0.5 0.3 0.2 0.9 0.9 .1
Rubus ideaus 0.9 0.3 0.1 0.6 0.1 0.0
Richus parsiflorus 0.1 0.1 0.4 0.2 1.2 0.8
Rubus spectabilis 3.1 1.2 1.3 34 2.3 0.9
Rubus ursinus 0.5 0.0 0.0 0.5 0.6 0.1
Salix spp. 15.6 15.1 14.0 21.5 18.1 5.8
Samburiss racemosa 1.5 2.1 1.4 2.1 2.2 1.8
Tiuga heterophnile 0.2 0.1 0.1 0.0 0.1 0.0
Vaccinum spp. 0.8 [1X4] 0.4 1.7 1.4 0.7
Unidentifiable shrubs 4.5 34 44 7.1 6.9 7.4
Total shrubs and trees 33.7be 24.24b 24.6ab 42.1c 37.2bc 2014a
TOTAL 100 100 100 100 100 100

TABLE 2. Dietary levels of in wiiro dry matier digestibility (%)
and crude protein (% nitrogen x 6.25) for elk in the
Mount 5. Helens blast zone during the summer and
fall of 1985.

Vonth Digestibilily Crude Protein
June nl.8 15.6
July 57.8 14.7
August 52.2 12.3
September 47.2 9.8
October 45.5 8.9
November 4.2 7.1

than 85 percent of the composite home range of
elk at Mount Si. Helens was in early seral stages
of forest sucecsgion. Standing herbaceous biomass
averaged 1145 kg/ha in July in the early succes-
sional communities with forbs, grasses, and ferns
comprising 63 percent, 26 percent, and 11 per-
cent of the standing biomass. respectively (Merrill
1987). Grasses sceded after the eruption were con-
spicuous in about 34 percent of the composite home
range of elk {20% on the debris avalanche which
elk used only in fall and winter), while the remain-
g early successional communities (45%) could not
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TABLE 3. Pereent in vitre dry matler digestibility (IVIDMID and pereent nitrogen (N of major herbaceous forages collected hy pheno-
logical stage from seral communities in the northwestern portion of the Mount St Helens blast zone during the summer

and fall of 1985.

Vegetalive Flowering Malure

[VDMD N IVIMD N IVDMD N
GRAMINOIDS
Agrostis spp. 38.3 1.34 359 0.54
Cirrex spp. 7hA 2.00 63.3 1.94, 30.7 0.75
Daciylis glomeraty 713 337 41.6 L.1Y
Deschampsia elongala 58.8 36.1
Elymus glawcus 711 3.75 64.8 1.40 16.9 0.81
Festuea aundinaceae 75.2 1.46 55.2 1.60 12.3 0.61
Festtuen rubra 63.5 2.33 51.5 1.17 28.0 1.05
Holews fanatas 80.8 2.56 64,9 2.18 53.7 1.65
Lolium perenne 62.3 1.09 30.9 0.76
Luzula divaricata 39.0 1.15 iog 1.03
Phicum pratense 4.5 1.85
Pog sp. 55.7 1.75 23.2 1.09
Mean? 2.8 2,03 57.5% 1.527 40.7¢ 0.92¢
FORBS
Anaphalls margantacen 68.5 2.57 57.3 2,32 43.3 1.79
Dicentra formesa 66.8 2.08
Epitobivum angustifolium. 60.0 4,10 57.5 2,48 43.4 1.13
Epilobium glaberrimum 624 3.74 14.8 242 31.4 1.68
Equisetum spp. 05.5 2.28 0.7 1.13
Hypochaeris radicata V5.0 1.77 69.4 1.63 63.9 L.30
Lupinus spp. g81.1 3.30 73.8 2.86 58.3 2.32
Maianthemum dilaratum 71.0
Mimulus guttans 73.6
Oxalis oregana 86.9 2.06
Plantago lanceolata 61.2 a2.4 1.51
Ranancalus radicala 66.8 2,75
Stachys cooleyae 66.6 63.9 1.66
Trifolium spp. 86.4 4.16 70.1 3.07 68.0 3.7
Typha lutifolia h2.0 2.95 0.2 2.93
Veranice officionele 02.1 1.78
Meun 70.0° 3100 61.1° 2.20% 51.8° 1.92°

! Different superscripts indicate significant dilferences in IVDOMD or N between phenological stages (vegetalive ws. lowering, lowering

ve. mature) within a forage class. paired est. P = 0.05.

be distinguished floristically lrom adjacent clear cuts
autside the blast zone (Merrill 1987).

In contrast, analyses of clk feces colleeted in the
Hoh Valley on the Olympic Peninsula of Washing-
ton (Leslic er al. 1984) indicated that elk diets were
higher in ferns and conifers (23%) and lower in

forbs (37%) in summer, and lower in grasscs in fall
(17-26%} than elk feces at Mount 5t. Helens. Sixty-
five percent of the composite home range used by
clk in the Hoh Valley consisted of old-growth forests
with understories dominated by swordfern, huck-
leberries, and mosses (Leslic et al. 1984). Early
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TABLE 4. Percent in vitro dry matter digestibility (IVDMD), and percent nitrogen content {N) of up to the terminal 10 cm ol new
twigs and leaves of ferns and shrubs collected in early July and late August—early September, and of new twigs collected
in lule October in 1985 in the northwestern portion of the Mount St, Helens hlast zone.

July September October

IvbMD N IVDMD N IV N
FERNS
Blechnum spicant ALs 1.20 244 1.50 209 1.43
Polystichum munitum 26.2 3.38 20.7 2,22 20.0 1.55
Preridinm aquilinum 42.3 3.27 21.6 1.72 l16.1 1.3
Mean 334 2.62 22.2 1.83 22.0 1.60
SHRURBS
Acer cirvinaium 037 1.56 49.5 1.33 265" 1.21
Acer macrophyllum 50.1 1.78 40.8
Alnus ribra 49.6 2.70 37.2
Berberis nervosa 64.7 1.83 38.9 110
Gaulthenia shatlon 218 0.90 22.4 0.78
Populis ichocarpa 60.2 3.19 56.1 1.68
Rubus ideaus 44.8 2.24 46.9 1.72
Rubus parviflorus 51.2 1.60 49.4 1.45 41.0 1.31
Rubus spectabilis 18.5 3.03 21.8 1.63 20.5 1.23
Rubus ursinus 54.0 1.78 40.2 1.53
Salix spp. 16.5 2.83 31.1 1.60 27.7 1.61
Sambucus raccmosa 68.3 3.01 38.6 1.92 48.0 1.20
Vaceinium spp. 8.7 2.90 A8.7 1.80 39.9 1.38
Mean 527 225" 41.9% 1.500 33.9¢ 1.34°
CONIFERS
Pseudotsuga menziesit 342 .60 325 1.50 31.3 1.51
Tsuga heterolntla 30.3 1.30 27.0 1.36 23.7 1.33
Mean 32.3 1.45 29.8 1.43 28.5 1.40

! Different superseripts inclicate significant differences in IVDMD or N between collection dates (July vs. September, September vs.

Qctober) within a forage class. paired ttest. P < 0.05.

successional forests were comparatively rare and
grasses and forbs were primarily restricted 1o decid-
uous communitics {e.g. big leaf maple, cottonwood,
and alder communities} and areas along floodplains
(Leslie et al. 1987). Both shrub abundance (4-47
ke/ha, Leslie 1983:Table 9} and the occurrence of
shrubs (99%) in elk feces (Leslie et af. 1984} were
low in the Hoh Valley. Heavy hrowsing by a high
density, unhunted elk  population have been
reported for this area (Schwartz and Mitchell 1945,
Jenking and Starkev 1980, Leslie et al. 1987).
In managed forests of Vancouver Is., B.C. and
western Oregon and Washington, where early and
late successional stages were interspersed, fecal
analysis indicated that dicts of elk were also lower

in forbs (2-38%) in summer and grasses {4-38%)
it fall than in elk diets at Mount St. Helens, but
higher in shrubs (25-60%) (Janz 1983, Hanley
1984).

Fecal analysis presented here represent food
consumed during only one summer and annual var-
iation in diets is likely 1o occur. However, prelimi-
narv analysis of elk feces collected in the same area
in May {grasses: 25%;: forhs: 53%; shrubs; 15%;
ferns: 4%; conifers: 3%) and November (grasses:
73%; forbs: 16%; shrubs: 6%:; ferns: 4%; conifers:
1%} of 1982 (Merrill, unpublished dala) indicated
that the patlerns we observed in 1985 were con-
sistent among vears. Snow was ephemeral in the 3
vears following the eruption at the elevations where
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elk spent fall and winter at Mount St. Helens and
was not considered important in habilat selection
iMerrill 1987) or probably diet selection (Merrill
1994).

Determination of diets from plant fragments in
feces, also can be biased by differential digestibil-
ity of ingested plant species (Dearden et af. 1975,
Vavra and Holechek 1980, Holechek et al. 1982,
Gill et af. 1983, Alipayo et al. 1992). Analyses of
feees from elk inhabiting Mount S1. Helens were not
corrected for these potential biases, but hased on
correclions for common west coast species (Leslic
et al. 1983) the high proportion of forbs and low
proporiion of ferns and conifers in the feces of
Mount St. Helens clk are likely to reflect conserva-
tive trends in the diel.

Differences in food habits mayv have important
implications for the quality of diets of west coast elk
populations. Dryv matter digestibility of simulated
diets of elk at Mount St. Helens were ahout 30 per-
cent higher in summer, and 25 percent higher in
fall than has been reported for elk inhabiting old-
growth forests in Olympic National Park, Washing-
ton (summer 41%, [all 37-40%: Leslie et al. 1984)
and elk inhabiting managed lorests on Vancouver
Island, B.C. (summer 42%. fall 35%: Janz 1983).
Differences were largely due to the high proportion
of forbs consumed by elk at Mount St. Helens.
Forbs, relative 10 evergreen ferns and conifers are
high in IVDMD (Rochelle 1980. Leslic et al. 1984,
Janz 1983, this study}. Additionally, because cell
walls of forbs are thin, they can be broken down
and passed rapidly {Spalinger et al. 1986), thus per-
miiting high total intake.

In contrast to IVDMD, crude protein levels of
simulated elk diets at Mount St. Helens appeared
to be equal or below those reported for other west
coast areas {Leslie et al. 1984: summer 15.9%. [all
13.4%:; Janz 1983: summer 15.3%, fall 9.9%).
Particularly low levels of erude protein in simulated
fall diets of Mount St. Helens elk were duc to a high
consumption of grasses (26 1o 62%). Nonetheless,
dietary crude protein in all studies exceeded the
generally accepted 5-7 percent needed lor meet-
ing metabolic fecal losses (Mould and Robbins
1981), but were lower than the 20 percent needed
for maximum weight gain by white-tailed deer fawns

(Urey et al. 1967).

Because secondary plant compounds, such as
tannins, reduce protein availability and digestibil-
ity of cell solubles, their concentrations may alter

the relative value of diet quality among areas. Only
a few studies have quantified concentrations of tan-
nins in wesl coast forages (Hanley et al. 1987,
Happe et al. 1990, Hanley et af. 1992} 1f tannin
levels are higher in forbs than other forage classes
{Robbins et af. 1987a, Robbins et af. 1987h, Han-
ley et al. 1992}, particularly when growing in the
open (Hanley e al. 1987), the potential energy and
protein in the diets of Mount St. Helens elk mayv
be much lower than our data indicate. However,
salivary proteins of elk may be similar to deer and
reduce the effects of 1annins by forming soluble
complexes which are stable throughoul the diges-
tive tract (McArthur e af. 1991).

The above comparizons of food habits and die-
tary quality are tentative because of the short-term
nature of the studies (=2 vears) and hecause of
differences in sampling procedures and other
characleristics of the study areas. For example. al-
though the Mount St. Helens, Hoh Valley, and Van-
couver lsland study sites fall primarily within the
western hemlock bioclimatic zone, differences in
soils and total rainfall (Hoh Valley > Vancouver
Island = Mount 5t. Helens) are likely to influence
the relative abundance of specific habitat types,
which difler in species composition and potential
forage value (Nvberg and Junz 1990). Nonetheless,
we helieve the data are sufficient to hyvpothesize that
summer-fall nutrition of elk varies with the domi-
nani pattern of forest succession in a landscape. In
landscapes of primarily early successional stages,
forbs and deciduous hrowse species are abundant
and provide high energy intake because they are
high in cell solubles, and have rapid passage rates.
In contrast. areas dominated by ferns, cvergreen
shrubs, and conifers, as found in old-growth forests,
may provide low energy intake, but adequate
protein.

In fall. and in winter (Jenkins and Starkev
1993), availability of grasses to west coast elk can
provide an important source of energy. Graminoids
are typically more abundant m carly seral commu-
nilies than in closed canopied and old-growth forests
(Harestad 1979, Hanlev 1984, Leslic 1983, Mer-
rll 1987}, High standing crops of grasses, however,
are limited primarily to disturbed sites, such as flood
plains (Jenkins and Starkey 1980, Leslie et al.
1984}, lowland wet meadows (Paige 1990), and
seeded elearcuts (Becker 1989), since most natu-
ral grasslands in the west coast have been en-
croached by human settlement {Raedeke and Taber

1982).

lé Merrill, Callahan-Olson, Raedeke, Taber, and Anderson




Our arguments do net negate the importance of
old-growth lorests to elk in west coast environments.
Instead, we hypothesize that elk populations living
within landscapes dominated by different forest
stages may have different population responses to
environmental conditions as a result of distinclive
nutritional regimes, Tt elk populations inhabiting
primarily old-growth lorests are more energy-limited
relative 1o elk populations in naturally diverse or
managed forests, particularly where grass seeding
is a common practice. we hypothesize that they will
have lower mean fecundity and higher mortality
rales at the same elk densities. However., we
hvpothesize that these rates will be less variable than
in managcd forests because structural characteris-
tics of old-growth forests buffer elk from high costs
of travel and from reduced forage availability dur-
g periodic heavy, wet snows in winter. The limited
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