
Performance 
by Genera 
Firs (Abies) 

Age in 1985---Last remeasurement age. Age is exact for plants grown at Wind River. 
Ages are best estimates for wildlings. 

Number planted; number alive (1986)--Number planted does not include 1st-year 
replacements of trees that probably died from transplanting. Replacements were not 
made in many instances. For a few early lots, the ratio of trees alive to trees planted 
is not a good measure of the suitability of a species because some were moved when 
the trees were too large for successful transplanting. Some other lots were also me- 
chanically injured or were killed by rodents. 

Average height in 1986--Average height in feet of all living trees in each group at 
the end of the 1986 growing season. 

Tallest tree in 1986---Height of tallest tree at the end of the 1986 growing season. 

Growth index--Ratio of height of the tallest tree in each lot to the height of average 
dominant Douglas-firs of local seed source on the same site at the same age. 

Condition/comment--Taken from field records to indicate the general condition and 
comments of each lot with regard to cone production, vigor, damage by insects, dis- 
ease, weather, or other factor. Coded abbreviations in this column are listed at the 
end of table 1. 

Because the most severe damage to the Arboretum lots occurred in November 1955 
from a severe, early, regionwide freeze, information is repeated from past reports. 
After unusually mild weather, temperatures dropped rapidly to -1 °F, and remained 
below 32 °F for 6 days. Several lots were completely killed; in many lots, trees contin- 
ued to die from cambial injury over a period of several decades. Usually, the injured 
species had previously or subsequently shown susceptibility to damage by freezing, 
as noted in the "Condition" column. Damage is listed in parenthesis as light (L), 
medium (M), or severe (S). 

In all, 28 species or subspecies of Abies have been tried at Wind River, one of the 
world's outstanding Abies collections. Of these, 24 are living, but the only species that 
have done well enough to maintain closed-canopy groups are those native to western 
North America north of 42 ° N. latitude (fig. 5). Seven of the 28 species, 6 from Asia 
and 1 from California, have been listed as unsuited for the Arboretum environment 
because of early mortality or very poor condition. 

The graph (fig. 6) suggests that, other than starting more slowly, grand fir and noble fir 
gro~h rates are roughly comparable to that of Douglas-fir. In general, Eastern United 
States species grew at less than one-half the rate of Douglas-fir; Asiatic and European 
species grew at about one-third of that rate. 

Many exotic fir species appeared promising and dominated their sites for several 
decades. Interest in them grew as balsam woolly aphid began to decimate some 
native Northwest fir species. Their slow growth, poor crown closure, and poor health 
leaves no exotic of forestry interest now. 

Balsam woolly aphid became a serious threat among Arboretum firs after 1946. The 
periodic measurement that year makes no mention of it. Conclusive evidence shows 
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Figure 5---Noble (left) and grand fir (right), both native to the area, are among the tallest Arboretum plantings, 
some approaching 120 feet in height. The true firs (Abies) illustrate the Arboretum pattern of worldwide growth 
rates common also to the pines, spruces, hemlocks, cedars, and larches. These firs from western North 
Amedca tower above firs from Europe, eastern North America, and eastern Asia. In each genus, the height 
ranking is usually in that same order by world region. 

that it appeared shortly before 1949 in Fraser fir because tops of Fraser firs that died 
in 1949 are heavily gouted from the aphid attack (fig. 7). At the time, balsam woolly 
aphid was not known to be a serious problem in the Northwest, and extreme frost was 
thought to be the agent responsible for damage (Steele 1954). 

The large number of fir species and varieties long established in the Arboretum 
provide a good opportunity for observing relative resistance to balsam woolly aphid 
attack, as had been done with blister rust among the pines two decades earlier. 
Fraser fir, alpine fir, and European silver fir, were heavily infested; balsam fir and 
corkbark fir were initially listed as having had moderate infestation; Spanish fir showed 
light infestation. After four decades, early indications proved unreliable. Corkbark fir is 
now completely eliminated, and alpine fir has been nearly eliminated by aphid attack. 
Surprisingly, European silver fir, though heavily aphid-infested, showed neither damage 
nor any apparent reduction in growth rate. Although grand fir is seriously attacked at 
sites of lower elevation in the region, no apparent injury occurred to the three lots in 
the Arboretum. Other species than those listed showed no observed infestation. All 
North American true firs, however, were shown to display the gouting reaction when 
deliberately infested with aphids by research entomologists working with the Arbore- 
tum specimens, or have been observed to be infested elsewhere (Mitchell and others 
1990). Susceptibility of American and resistance of Eurasian species have added to 
the evidence that the aphid was introduced. 

The true firs are of public interest because of their beauty. Noble, alpine, Shasta, red, 
Fraser, and Spanish firs are notably beautiful at some stage, often having blue or glau- 
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Figure 6--Height-age curves for true-fir (Abies) species selected to illustrate typical 
growth of representatives from western a n d  e a s t e r n  North America, Europe, and Asia. 
The curve for average Douglas-fir in the Arboretum is shown for comparison. Com- 
pare pattern with figures 8, 10, 11,15, and 17. 

Araucarias (Araucaria) 

Incense-cedars 
(Calocedrus) 

Cedars (Cedrus) 

cous foliage. How time has altered the appearance of individual lots at the Arboretum 
is interesting. Fraser and alpine fir became heavily infested and gouted by the woolly 
aphid. For the first 30 years, Shasta and red fir were among the most beautiful of the 
Arboretum lots, but have since faded and lost much of their foliage. Of remaining lots, 
noble fir retains much of its original beauty, even at its present 70- to 80-foot heights. 

After more than seven decades, the two specimens of A. araucana from Chile have 
attained a height of 11 feet. They have been frozen back numerous times. 

Incense-cedar, a species native to drier sites in western Oregon and California, has 
shown good vigor, although its growth is about half the Douglas-fir index. Survival of 
one of the two lots has also been excellent, but the other has lost all but one of its 
original 13 members. 

Only two of the three Cedrus species still survive, growing at rates about three-tenths 
that of Douglas-fir. Atlas cedar, from Morocco, is in fair condition; the cedar of Lebanon 
is fading; and the Deodar cedar from the Himalayas lost its last survivor at age 60. 
Although some of the cedars grew quite vigorously in early years to attain heights of 
50 feet, they were obviously unadapted to the Arboretum and faded in the last decades. 
All three species sustained repeated sapsucker and snow damage. 
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White-cedars 
(Chamaecyparis) 

Cypresses (Cupressus) 

Junipers (Juniperus) 

Figure 7--When balsam woolly aphid reached the Arboretum in the late 1940s, the 24 true-fir species or 
varieties provided a place to quickly judge their relative susceptibility. Twig gouting (left) by the aphid was 
initially most severe on the pictured Fraser fire (right), but most specimens are still alive. The aphid gradually 
killed every specimen of corkbark fir over the 40 years since its introduction, however. 

The western American representatives, Port-Orford-cedar and Alaska-cedar, are the 
only two of the five representatives of the genus that are thrifty. They are growing at 
six-tenths and five-tenths the rate of Douglas-fir, respectively. Of the two representa- 
tives from Japan, Hinoki cypress lived for only 17 years, and Sawara cypress has low 
vigor with a growth index of 0.11. Atlantic white-cedar from the Eastern United States 
is also of poor vigor. The last three species have repeatedly frozen and resprouted. 

Of the eight species and subspecies of cypress tried, all but one have faded or died. 
Mediterranean cypress, and its close relative from the Himalayas, C. duclouxiana, as 
well as Mexican cypress, each were completely winter killed at ages 2, 3, and 4, 
respectively. Of the lots that grew to appreciable size, Gowen and Monterey cypress 
from California, and Arizona cypress survived for almost two decades before being 
killed by frost or winter damage. One of a lot of two McNab cypress from California 
hung on for nearly 60 years to become a 15-foot-tall specimen before fading. 

The surviving species in the Arboretum, Modoc cypress from northern California, is a 
respectable group now more than 60 feet tall at age 60, with fair survival and growing 
at about six-tenths the rate of Douglas-fir. It, too, has had some past frost damage. 

The four living juniper species of the eight tried (western, eastern, Rocky Mountain, 
and Chinese juniper) are all now in poor condition. None produced trees exceeding 
15 feet in height after surviving five to seven decades. Four junipers (J. ashei, 
J. excelsa, J. monosperma, and J. semiglobosa) livedonly 17 to 21 years at Wind 
River. All were subject to breakage by the heavy wet snow typical of the site, and frost 
kill is listed as the unsuitable climatic element of the site for the failed junipers. 
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Larches (Larix) 

Spruces (Picea) 

Introduced larches have had an interesting Arboretum history. For the first quarter 
century, several larches had markedly superior height growth over native species and 
all other trees in the Arboretum. Their good survival and vigor suggested them as 
potential candidates to occupy the replacement role for native species that exotic 
plantings were then beginning to play in other lands. But as the graph of height over 
age (fig. 8) shows, the last half century added little height to most European or Asiatic 
larches. European and Polish larch attained a Growth Index greater than 1.00 through 
nearly three decades, but their growth curves flattened after the fourth decade. Sibe- 
rian larch (fig. 9), a most promising candidate, suffered severe snow breakage at 
about 35 years; few members still survive from the group. At age 70, the height of 
Douglas-fir averages 128 feet; the tallest larch is only 64 feet. Fortunately for the 
Northwest, little planting was being done before World War II when these exotic 
larches looked so commercially promising. Region-scale plantation failures might well 
have been the result. 

Seven larch species, some with several varieties, plus one hybrid were tried. One 
species, mountain larch from a high-elevation Cascade Range source in western 
Washington, failed within the first 10 years. Of the remaining six, three are Asiatic, 
two European, and one from North America. Of the 19 lots planted in the larch block 
of the Arboretum, all before 1939, 18 still have one or more surviving member despite 
their poor adaptation. Two varieties of European, and three of Kurile larch, plus the 
hybrid Dunkeld larch are among them. This hybrid is also failing, as is the nearby 
Japanese larch lot, one of the parent species of the hybrid. Each lot now has only a 
single, remaining, snowbent tree. 

In relative terms, the European larches are now doing better than Asiatic species. 
Arboretum representatives of American species have also done poorly. Tamarack, 
though slow growing, has suffered less snow damage than the other larch lots. Both 
lots of western larch are doing poorly. Early snow and frost damage, along with 
needle blight, has weakened the trees. Although this is a native western American 
species, seed for both Arboretum groups came from east of the Cascade Range, 
where climate is more continental and humidities are lower. Western larch native to 
the Wind River Valley is a large tree with growth rates comparable to Douglas-fir, but 
no lot of this race was planted in the Arboretum for comparison. 

Most of the 16 species and one variety of spruces tried at Wind River Arboretum have 
been relatively successful. Although most are slow growing, they form dense stands 
that have remained relatively free of competing native conifers. One has displayed 
good growth, eight are doing fairly well, and another eight are fair to poor. One 
species from China (P. likiangensis) died after a few years. 

Only Norway Spruce has done well enough to attract attention as a promising intro- 
duction. The best individual in the best of the two lots of the species has maintained a 
growth rate about 90 percent of the average Douglas-fir on the Arboretum site and is 
thus the Arboretum's fastest growing tree from another continent. That particular lot 
has displayed excellent growth, although it shows evidence of sapsucker injury and 
light frost damage. In a 26-year study on the Oregon and Washington coast to ob- 
serve relative resistance of 10 species of American and Eurasian species to spruce 
weevil, Norway spruce again grew to heights comparable with Sitka spruce, but trees 
were smaller in diameter, hence had only about half the volume of Sitka spruce 
(Mitchell and others 1990). 
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Figure 8---Height-age curves for selected larch species. 

Asiatic spruces have grown less than half the Douglas-fir index rate, and western 
American spruces up to three-quarters the rate (fig. 10). No spruces are native to the 
Arboretum environment. Thus the three Northwest species in the Arboretum--Sitka, 
Engelmann, and Brewer spruce---each are elevationally or latitudinally outside their 
native range. In their own localities, each grows at rates comparable to the local 
Douglas-fir. 

Gall aphids (Family Adelgidae), sapsuckers, and snowbending or breakage have been 
the main damaging agents. Engelmann, Sitka, and white spruce are attacked by gall 
aphids, and Engelmann, as well as Norway spruce, were damaged by sapsuckers. All 
of the species that are now failing are from the continent of Asia or from Japan. 
Chinese, Himalayan, and Koyamai spruce gradually died out. Tigertail and Alcock 
spruce have been repeatedly broken by snow. 

Forty-nine species plus eleven varieties of pines have been tried at Wind River Arbo- 
retum. Of this number, only 37 are living, 16 are doing comparatively well, and 21 are 
declining in vigor or doing very poorly. None of the pines have canopies dense enough 
to keep out faster growing volunteer native conifers. The tallest is sugar pine, a native 
Northwest species, with a Growth Index of 0.87. The overall best-performing species 
of introduced pines are Corsican, Austrian, and Crimean pine, all races of the same 
pine species, with Growth Indexes of 0.73 to 0.82. This growth is better than for 
Arboretum lots of western white or ponderosa pine, both local species but from 
nonlocal seed sources. Races of these two species growing in the Wind River Valley 
at the same elevation have growth rates equal to Douglas-fir. 
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Figure 9--Siberian larch, a promising exotic for 35 years when it was 
one of the tallest and fastest growing, has faded in the last 35 years. 
Only a few specimens are still alive, The 120-foot-tall Douglas-firs in the 
background are about the same age. 

Growth curves for best individual trees of selected examples of pine species from 
major world regions are shown in figure 11. Several (Iodgepole, ponderosa, and 
Himalayan) grew faster than Douglas-fir in early years. But after the initial spurt, 
growth rate slowed for nearly all but the native pines. After 50 years, all growth curves 
were flattening, particularly for introduced pines. Even Iodgepole pine from western 
Montana was taller than Douglas-fir at 20 years, but, at 73 years, its Growth Index is 
only 0.38. In contrast, native western white and sugar pine lots had basically steep 
curves for long periods, but the Arboretum lots are now so decimated by white pine 
blister rust that they no longer represent the growth potential for these species. 

For pines, the five-needled group has been of particular interest because white pine 
blister rust was introduced into the region soon after establishment of the Arboretum. 
The interest, initially for growth, changed to relative rust susceptibility or resistance as 
the native species were threatened, and to find possible alternatives for threatened 
native species. The Arboretum was the earliest place that relative resistance could be 
assessed by species. By the mid-1930s, Asiatic members--Himalayan, Korean, and 
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Figure 1 O--Height-age curves for selected spruce species. 
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Douglas-Firs 
(Pseudotsuga) 

Balkan pines--were found to be virtually immune to blister rust. Of the American 
pines, Mexican white, foxtail, limber, and eastern white pine had shown some suscep- 
tibility. Of native species, western white pine was very susceptible, sugar pine was 
extremely susceptible, and whitebark pine was the most susceptible of all the white 
pines in the Arboretum. Only 4 specimens of 41 sugar and western white pine origi- 
nally planted still survive, all with rust. This pattern of species resistance to blister rust 
was substantiated later for the West by Childs and Bedwell (1948). 

None among the hard pines except ponderosa and Iodgepole, both native species, 
are doing well enough to consider for planting as a timber tree in this climate. Although 
Growth Index ratings seldom exceed six-tenths of Douglas-fir, several exotic lots still 
appear healthy. Examples are Austrian, Crimean, and Swiss mountain pine, each 
having at least one planting with high survival. The plantings of Swiss mountain pine 
display unusual variability, ranging from some upright trees to prostrate forms, and 
with large variations in stem and foliage. 

Among pines, Asiatic and European species were distinctly more susceptible to sap- 
sucker attack than were North American species. Scotch (fig. 3) and Chinese pine 
were so severely and repeatedly attacked that most trees of original lots eventually 
died. The holes possibly served as entry courts for fungi because most trees ulti- 
mately became rotten at the point of attack and broke. 

Heavy wet snows, typical of the Arboretum climate, have broken or borne down many 
of the pine trees. Frost has damaged or killed others so that survival of most cold-sus- 
ceptible lots is usually low. 

Of the 31 pine lots representing 18 species that have failed, most are from more 
southerly latitudes than the Arboretum. Eleven are native to the Orient, nine are from 
eastern, and eight from western North America below the 42d parallel. Three are from 
the Mediterranean climate of Europe or Turkey. But Corsican and Crimean pine from 
such a climate have survived well. Where the cause of failure has been recorded, low 
temperature was listed as the cause for species that lasted only a decade or two. 
Some species had done relatively well for 30 to 40 years before being killed by severe 
cold (fig. 12). Drought is not listed, but its annual debilitating effect likely contributed to 
mortality. 

Only the two American species, Douglas-fir and bigcone Douglas-fir, have been tested 
at Wind River (fig. 13). Seed lots of the three Asiatic species have either failed to ger- 
minate or died in the nursery. Bigcone Douglas-fir from southern California, planted in 
1927, had only one survivor after the low temperatures of 1955, and it died at about 
30 years of age. 

AS mentioned earlier, no lot of Douglas-fir native to the Arboretum was deliberately 
planted. But tens of thousands of the species seeded the 11 acres during the seven 
decades and had to be removed from competition with the planted lots. Without such 
cleanings, the site would be densely covered with 120-foot-tall Douglas-fir. In 1956, 
after the decision to rate introduced trees by average growth of Douglas-fir, a group 
of 11 dominant trees that had seeded into an unused corner since Arboretum estab- 
lishment were tagged and measured for height. This group, the tallest in the Arbore- 
tum, has been regularly measured since. 
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Figure 12--After growing well for 43 years, this group of knobcone pine was 
killed by low temperatures in November 1955, along with similarly aged groups 
of Coulter, Apache, and shortleaf pine. Decline of several other species followed 
this event as mortality from cambial damage continued for at least two decades. 
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Figure 13---Height-age curves for two American species of the 
Douglas-firs. Coastal and interior Douglas-fir are shown here. 
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Bigtree 
(Sequoiadendron) 

Coast Redwood 
(Sequoia) 

Yews (Taxus) 

Thujas (Thuja) 

Thujopsis (-i'hujopsis) 

Hemlocks ('rsuga) 

A contrast of high genetic interest is provided by a 20-tree lot of Douglas-fir from a 
Colorado seed source planted in 1914. By the 1950s when tree improvement began in 
the Northwest, the lot had grown slowly to nearly 30 feet in height, then began to 
suffer mortality from needle diseases. As the trees died in the following decade, the 
contrast became spectacular between this off-site seed source of Douglas-fir and the 
nearby similar-aged native Douglas-firs that by then formed a 60- to 80-foot-tall border 
on three sides of the Arboretum (fig. 14). By age 50, the entire Colorado-source group 
had died. 

Ten lots of Douglas-fir, sown in 1948, were added to the Arboretum in 1952. These 
lots are from various locations throughout the West and now demonstrate racial 
growth variation within the species. 

Of all the introduced species, the Sierra redwood has provided the most striking growth 
performance. Of the 31 trees planted in three lots, 25 survive to form a tall, densely 
stocked group with the tallest member 121 feet tall at 73 years. This is 95 percent of 
Douglas-fir growth on the site at the same age (fig. 15). Plot volume would probably be 
similar to a fully stocked Douglas-fir stand (fig. 16A and 16B). Six of the eight fast- 
growing lawn trees of the same lots have frozen tops from the 1955 freeze, but all 12 
of the hardened Arboretum trees escaped injury, and have otherwise suffered in no 
other observable way. 

Coast redwood has had a completely contrasting record. Its scientific name meaning 
"always green" is appropriate. After 57 years in which all specimens have been 
repeatedly frozen, 20 of the original 37 members are alive. What is unusual is that 
most specimens have remained shorter than the bracken fern that covers the plot. The 
largest specimen is only 15 feet tall. 

Both Pacific yew and English yew have barely grown at the site, the tallest specimen 
measuring 3 feet. Yet they continue to survive after a half century on the site. Deer 
browsing and freezing are reported in the early record as well as through later exami- 
nations as the cause of their poor perfomance. 

Four species of redcedars have been tried at Wind River, two of which failed to germi- 
nate. Of the four that did germinate, two are now living. The native western redcedar 
is thrifty and growing at about half the index rate of Douglas-fir. One of the group has 
suffered freezeback. Northern white-cedar from eastern North America has suffered 
light frost damage but is healthy. Japanese redcedar and Chinese arborvitae from 
northwest China survived only 13 and 20 years in the Arboretum. 

This single-species genus is represented at Wind River now by two healthy, but slow- 
growing specimens of Hiba arborvitae growing on a watered lawn near the headquar- 
ters building. 

All five of the hemlock species in the Arboretum have had distinctive records. Western 
hemlock from a local collection grew slowly in the first two decades, but the present 
slope of the height-age graph indicates that its growth rate is now comparable to 
Douglas-fir (fig. 17). The record of mountain hemlock, from a nearby mountain source, 
is unusual. It grew thriftily at a moderate rate about four-tenths of Douglas-fir for 
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Figure 14---Strains of native species introduced from more 
continental climates have performed peorly at Wind River. 
Douglas-fir from a Rocky Mountain seed source was planted in 
1914. The trees grew reasonably well in the first decades, but 
by 30 years they began to fade from repeated attack by needle 
diseases. The last tree of the lot survived nearly 50 years and is 
shown with the dead specimens in this 1959 photograph. The 
native Douglas-fir bordering the Arboretum on three sides is 
seen in the back ground at nearly twice the height. Similar poor 
performance has been seen for strains of ponderosa pine, 
western larch, and Iodgepele pine from east of the Cascade 
Range. 

nearly 60 years. In the 1956 Arboretum report, it was described as the "handsomest 
and hardiest" of the hemlocks. Both mountain hemlock lots suddenly began to die at 
about age 60 from an unknown cause, and all were dead in a 10-year period. 

Eastern hemlock has survived well with a growth rate almost half of Douglas-fir, but 
with some snow injury, with thinning foliage, and a strong tendency to produce double 
stems. Carolina hemlock has performed similarly, but its foliage appears more vigor- 
ous. The only Asian representative, Siebold hemlock from Japan, is very slow growing 
and has suffered frost damage. All the hemlocks, except Siebold hemlock, are heavy 
cone producers. 
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Figure 15--Height-age curves for coastal and Sierra redwoods. 

Figure 16--(A) Bigtree in 1991, with Roy Silen providing scale. 
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Photo courtesy of the National Agricultural Library, Forest Service Photo Collection. 

Figure 16~(B) The bigtree (Sequoiadendron) plot, planted in 1912, at age 19 has produced a living volume 
comparable to Douglas-fir. Leo Isaac, research pioneer, provides scale. 
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Figure 17--Height-age curves for selected hemlock species. 

After many earlier failures, no attempt has been made to establish hardwoods in the 
Arboretum since 1928. By then, 26 lots representing 12 species had been tried. Of 
these, 17 lots representing 10 species have surviving trees (appendix, table 2). Early 
reports attribute the poor success to the long rainless period during July and August, 
to low humidity, and to the porous, gravelly soil. Some species that failed in the 
Arboretum have done well on watered lawns at Wind River. Some freezeback has been 
noted from the freeze of November 1955. 

Introduced eastern hardwoods grew very poorly; only northern red oak and basswood 
approached size and form in early years expected in their native habitat. After six or 
more decades, the height of the tallest oak is now 43 feet and the tallest basswood is 
32 feet. In contrast, a lawn specimen of Norway maple is 53 feet. Other maple species 
no longer survive. 

Of the various hardwood introductions listed (appendix, table 3), some are of special 
interest. The American chestnut has five of the original six surviving. They bear fruit 
regularly and have good vigor, although only 45 feet tall at 61 years. The isolation of 
this tree group from sources of chestnut blight suggests that this refuge may be secure 
for a long time if needed as breeding material to preserve the species. 

Of the hardwoods introduced from the Pacific Northwest, golden chinquapin was 
unusually vigorous for the first half century. The trees are tall, straight, and regularly 
bear fruit. The trees have produced a large number of natural seedlings throughout the 
Arboretum. The group has shown loss of vigor in the last decade and appears to be 
fading after 72 years; however, this age may be approaching the pathological rotation 
of the species. 
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