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Abstract

Annual erowth and dieback of redstem .eanothus was influenced by weather. .aspect, elevation.

; ;J ; : " : ; ; . .  ihe length of  anoual  rwis growth was stronglv correlated.wrtb ihe amounr o l

i'*riiiili.i" a"'i''g ,'r,i ?'i.i 
-"i 

v^v tfrro"ush August ,(t =:,,.90) , flb-:'*;" dieback oc-
rurred qhen mrnrmum darlv *rnr., t.mpe,uru,es dropped rapidJy to.le-ss than 0"F Dieback
;;;;";;; on oid redrte--plants, especi-ally those thii wete weallened from the stresses associ-
ated with advanced forest succession.

lnlroduction

Redstem ceanothus (Ceanorhus sanguineut) constitutes about one-third of the winter

diet of elk (Cenus conad'entis) in the Lochsa River drainage (Trout and Leege'

1971). Undoubtedly, it is a very important winter brosrse {or elk throughout notth-

ern Idaho and adjacent areas of Vashington and Montana'

Twig growth on many shrub species varies significantly from year to year' Re-

,.-.h"r, hu,n" found a strong relationship between annual twig length and precipita-

tion (Garrison, 1953; Shepherd, 1971; Halls and Alcaniz, 1972, ar,d others)' but the

important period of precipitation has vatied lqith the shrub species and lseather gat-

t"r-ns in th" stody aren. No information about the growth-precipitation relationshilx

for redstem has been reported.

The woody tissue of shrubs sometimes withets and dies, frequently in response to

rapid fluctuations in air temperature. The twig growth that is lost in this manner is

r"-f.rred to as dieback and is commonly found on many species of Ceanotbus' Yanr'g

and Payne (1948) repolted that about 15 prcent of the new redstem growth in

,rorther., Iduho was killed by a severe frost in late May, 1942' Stickney (1%5)

documented a large dieback of snovrbrush (Ceanotbws aelutinu) during the winter

of 1962-63 in the Missoula, Montana, alea and suggested that it vras caused by a

severe drop in temperature following a mild period. Williams ( 1963) rePorted

substantial redstem dieback in northern Idaho during the same winter' but he did not

suSgest a cause.

In this papelwe relate the annual Srowth and dieback of redstem to weather,

site characteristics, and plant age. The word "significant," when used in reference to

specific findings, indicates statistical probability at the 0.05 level.
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Melhods and Sludy Area

In the fall oI 1965 and during the next four years, we tagged and measured redstem
annual growth on east, soudl aod west aspects at 2000 ft, 3000 ft, and 4000 ft
(610 m, 915 m and, 122O n! respectively ) and on a north asPect at 4000 ft in the

Pete King Creek drainage, a tributary of the Lochsa River in northern Idaho. At
each site we selected 20 plants in a systematically random maoner and measured the
annual growth on one branch of each plant. Each branch q/as selected on the basis
of having three to six unbrowsed twigs that did not exhibit any dieback and wete
less than 7 ft (2.1 m) above the ground, an arbitrary height related to browse availa-
biliry. We returned to these transects each spring, usually in April, and measured the
amounr of the past year's stem growth on browsed and unbrowsed twigs that had
died since the fall measurement. Ve measured to the nearest 0.) in ( 1.27 cm) the
growth and dieback of about one thousand twigs annually, for five yeats and four
years fespectively.

A1l study sites occurred within the Ab'iet grand'is-Pachitinu or Tbwja plicata-

Pachisti,nu habitat types as described by Daubenmire and Daubenmire (1968). Soils
'were of a granitic origin aod slopes ranged from 4o-90 percent. Annual precipitation
averaged 38 in (96 cm) at 2000 ft and increased to about 45 in (114 cm) at 4000
ft. Nine of the study sites were burned by wildfite in I9)4, and vegetation ranged
from relatively open shrub stands on the xeric exposures to advanced cooifer re-
generarion on moister aspects. Four other sites, all at 4000 ft, were clearcut-logged
iq 1961 and broadcast-burned in the fall of 1962. Since fire is the ptimary ageor
which stimulates germination of redstem seeds, we assumed that the plants we
measured on the 1934 burn sites ranged ftom 32 to 35 years old during the five
yeat study. Likewise, plants in the clearcuts ranged frorn four to eight years old.
Throughout this paper vre refer to these redstem as old and young plants, lesPectively.
Whenever young and old plants are compared, we are referring only to the plants at
4000 fg as all of the young plants occurred at that elevation in the clearcuts.

Results and Discussion

Annual Groutb

The length of the average culrent anlual growth twig for five growing seasons on
old redstem plants varied from a low of 9.3 it (21.6 cm) in 1970 to a high of 12.0
in (10.5 cm) in 1968 (Fig. 1). \[e calculated correlation coefficients for precipita-
tion and grovrth for a1l combinations of months, including those of the previous
growing season, and found the May-through-August period to have the highest relation-
ship (r - .90) with annual growth. A regression equation of: 5.77 I 0.633 (tcxal
in ppt. for May through August) estimated average annual leader length in inches.
May and June are typically wet months, whereas July and August are very dry. An-
nual growth began in May and usually terminated in July, unless adequate precipita-
tion fell during July and August to prolong the growing period. This was the case in
1968 when both July and August precipitation was above average. The sample size
was much smaller for young plaots, so a correlation beween twig length and precipi-
tation was not computed.

On young plants, length of annual growth did not differ significantly among all
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Figure 1. Relationship of tedstem annual growth (old plants) to precipitation during tbe May-
through-August period.

four aspects during the five year period. However, the length of the annual growth

twigs on old plaats was significantly greater on the south aspects (Table 1).

There was no apparent relationship between elevation and growth. Twigs were

longest at 2000 ft for two yeafs, at 3000 ft for one yeat, and at 4000 ft for two years.

Dieback was divided into two tylt€s-that which occurred on a twig after it vvas

browsed upon (browsed dieback), and that which occured with no apparent twig
injury (unbrowsed dieback). Browsed dieback on both young and old tedstem plants

averaged 3.5 perceot of the linear annual growth and ranged from 2.)-4.6 petcett

TABLE 1. Mean annual twig length in inches for old plants (12-36 years old), on thtee aspects.r
'!test

Average

1966
1967
1968
1969
1970

L1.9
10.4

10.3
9.9

12.0

10.6
9.5

11.9
8.2
8 .7

10.9
11.5
12.2
9.8

12.6

Average 11.42 9.4 to.29.8

l Each measurement is an average from 3 transects, 1 ea(h at 2000 ft, 3000 ft, and 4000 ft.
2 Significantly dilferent ltom east and west aspects at 0,05 level.
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during the four years. About 38 percent of the annual growrh twigs were browsed
upon during this period. N7e noted rhat as rhe perceorage of browsed twigs in,
creased, the percentage of brovrsed dieback also increased. Unbrowsed dieback av-
eraged 5.9 percenr aonually, and deviated significandy from this mean during only
one winter, 1968 to 1959, when almost two and one-half times as much unbrowsed
dieback (12.9 percent) occurred as during the next highest year (5.2 p€rcenr).

Stickney (1965) suggested that a warm period of five to ten days with maximum
tempelatules 5-10o F above freezing and mioimum temperamres nor more than 5o F
below freezing may change the winter hardiness of Ceanoth*s aelutinu.r. He specv
lated that if such a period is followed by a sudden drop in temperature to 20-35" F
below freezing i.n 24 to 48 hours, frost damage may occur. During the four years
of our study, a temperatule fluctuation similar to this occurred only during late De-
cember, 1968, the winter of greatest redstem dieback. The average maximum daily
tempelaftrre for December 15 to December 28 was 36.6o F (2.5"C) and the daily
minimum was 24.9" F (-1.9"C) at Fenn Ranger Station, about 1600 ft in elevation
and eight air-miles (12.! km) from the study plots. On December 2!, the tempera-
ture dropped sharply, and for the following three days the average maximum tem-
perature was 15" F (-9.4'C) and the average minimum was -4 F' (-20"C). The
lowest temperature was -12o F (-24"C7 on December 31.

\Tilliams (1963) reported a large dieback for redstem during the winter of
L962 to 1963 on study areas within 25 mi (40 km) of ours. \freather records for
that period from Fenn Ranger Station (U.S. Dept. of Commerce, 1962) iodicate
that a rapid decrease in temperature occured in late December wheo the minimum
daily temperature dropped from 28'F (-2"C) to -10'F (-23"C) in two days. Six
days later it warmed to a minimum temperarure of 31" F (-6'C) and then cooled
to -4" F (-20"C) in the following two days. Therefore, similar temperature fluctua-
tions in both 1962 and 1968 resulted in larger than normal amounts of diebacl.
During both years, when the cold temperatures occurred, there was less than one foot
(30 cm) of snow on the ground below 4000 ft elevation. Additional quantities o{
soow may have reduced dieback by insulatiog portions of the plant from rhe sevele
tempeiatule f lucruations.

It would seem that dieback caused by remperarufe fluctuations should have been
more severe on south aspects because of gteater insolation, and thus higher tempera
tures during the daytime, with nighr remperatures equally low as those on other
aspects. In addition, snow depths were less on south exposufes, and more of each
plant was exposed to temperaftlre extremes. This pattern of dieback did occut on
the young plants as they had significantly more unbrowsed dieback on rhe south ex-
posuie than the other aspects. However, the unbrowsed dieback on old planrs was
significantly gfeater oo the east aspect (Fig. 2).

There was significantly more unbrowsed dieback on old plants rhan on young
plants during each winter (Fig. 3). Unbrowsed dieback on old redstem was usually
greater (but not significantly so) at low elevations than ar high elevations. However,
\Tilliams (1963) found the opposite to be true as dieback increased from about
27 petcent ̂ t 2OO0 ft to 56 percent at 4000 ft during the vtinter of 1962 to 796j.

Although we recorded information regarding dieback only on annual growth twigs,
we noted that in some instances branches and even entire plants were kjlled at
ground level. Sometimes, the plant responded by sprouting from the root crown.
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Figure 2. Relationship of unbiowsed dieback of annual gtowth (old plants) to asp€ct'

Elt'ects of Plaat Succetsion

Shading of the undefftory incteases as plant succession advances towatd the conifer cli-

max. The rate of succession is affected by available moisture, which in turn is influ-

enced greatly by exposure to the sun, especially where slopes are steeP. Consequendy,

north aspects are the wettest and plant succession there is the most rapid (Fig.4).

Conversely, south asPects are the driest and their succession the slowest. East aspects

ate somewhat wefte! than q/est asPects.

On out study area, redstem (young) germinated and grew very well on all four

aspects at 4000 ft elevation after matute stands oI Abiet gtand'it a.,d associated conifers

were clearcut-logged and the slash broadcast-burned. However, at the same elevation

on an adjacent atea whete matule timht was burned by wildfite in 1934, live ted-

stem (old) plants were absent on north asPects, scattered on east and west aspects,

and numerous on south asp€cts. Dead plant crowns indicated that redstem had been

\
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Figure 3. Relationship of unbrowsed dieback of annual growth to plant age, at an elevatioo of

4000 fr.

A small tributary of the lochsa River that was burned by wildfire in 1919 and 1934,
and photographed in f969. Plant succession toward the conifer clima-\ is occurring
at a much fastet rate on the northeily exposuie.

Figure 4.
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more abundant at one time on all aspects, especially the northern, eastetn, and western.

It appears, then, that the density of the old redstem plants is closely related to shad-

diog. This is further indicated by our data which suggest that plant vigor is dimin-

ished as shade increases. The young plants wele still completely exposed to sunlight

on all four aspects as succession was aot fa! enough along for other plants to overtoP

them. Average twig lengths wete about the same on all aspects. However, on the

old plants, twig lengths were longest on the south aspect, plobably indicating that

the increased shade had reduced vigor of plants on the other aspects.

Differences in amounts of unbrowsed dieback also suPPolt this hypothesis. The

young plaots showed the expected lmttern of dieback when plants on all aspects were

of equal vigor. However, the old plants showed greater dieback on ea$ and west

aspects, mther than south, during every yeat of the study. If there had been any

old plants alive on north aspects, they probably would have suffered the greatest

dieback. It appears, then, that dieback associated with exreme temperatue fluctua-

tions acts as a mechanism for removing redstem from the plaot conrnunity, especially

where plant vigor has been reduced by the shading associated with advanced succes-

slon.
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