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Abstract

This study__investigated whethet adoual gro-wth rings of big s^gebr:osh (Artemiia tiiektdta)
bordering Wanapum Reservoir in eastern Washingion teflected a.hange associared wirh the
lormauon ol rhe relervoir in 1q61. There is evidence rhar the growrh of big sagebrush qiLhin 2 m
elevarion above the higlwarer level of rhe reservoir was mod-ified.

Introduction

The effect of reservoirs on surrounding vegetation has not been well str_rdied. In the
Iast 20 years, large irrigation, hydroelectric, and holding reservoirs have been built in the
arid regioru of eastern \Tashington, providing a seemingly excellent opportunity for such
research.

The native vegetation of this area is largely a shrub steppe; big sagebrush (Artemisia
*identata Nutt.) is the main compooeor of this association ( Daubenmire, 1970). Re-
cent dendrochronological invesrigatioos have indicated that big sagebrush reflects changes
in moisture status by variations in the width of the xylem layers in the stem. Ferguson
(1964) found a core.latioo berween rhe xylem layers of big sagebrush and winter pre-
cipitation. Daubenmire (197)) reported that xylem layer growth in big sagebrush is
closely related to Novernber through June precipitation aod to soil moisture in May.
Fowler and Helvey (1974) detected a growth response of big sagebrush to irrigatiiro,
as well as a- correlation between variation in xylem layer growrh aod Augusr through
July precipitation.

The o'b.jective of the present study was to determine any changes in rhe annual
glowth rings of big sagebrush thar mighr be associated with the 1961 establishment of
Wanapum Reservoft in Grant Counry, \Tashington. The hypothesis was that the forma-
tion of the reservoir resulted in an improved water regime for big sagebnrsh in rhe
immediate vicinity of the reservoir which vrould be reflected in the anm:al growth rings.

Methods and Matedals

The reservoir site was selected accolding ro three criteria. These vrere that big sagebrush
extend to the highwater level, rhat d.rere be a gradual elevational gradient away frorn
the reservoir, and thar there be no visible fire, construction, or recreational disturbance.
Four plots (I-4) adjacett ro rhe reservoir were established at this sire.

A control site (plot 5) was established approximately 100 m above rhe leservoir
on a plateau about 2 km away from the reservoir sice. Another site (plot 6) that had
burned in l y 1961 was established about 11 km west of Quincy, \fashington. It was
anticipated that this plot would provide information on the response of big sagebrush
to fire, a common range practice in shrub steppe areas (Pechanec, 1!44).
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Selection of big sagebrush specimeos was based on the conditior of the stem and
the elevatiotr and distance of the plant from the reservoir highwater level. Many speci-
mens were too decayed or too young to be used for analysis. Approximately 30 years of
gromrth rings were required so as to avoid using the poteotially anomalous rings near the
pith (Duff and Nolao, 1953) and yet allow 10 years pre- and post-1963 for the statistical
tesls.

Big sagebrush specimens from all six plots were prepared and crossdated by standard
dendrochronological techniques as clescribed by Ferguson (1964) and Stokes and Smiley
( 1968). Ring widths were measured to .01 mm on an inctemental measuring apP@rarus.
A Fortran program developed by Harold Blair of the College o{ Forest Resouces, Uni-
versity of !fiashington, was utilized m check the crossdating. Crossdating facilirated the
assigoment of a year date ro each ring.

Results and Discussion

Fifry-two (of 78) big sagebrush plaots colleced were appropriate for analysis. The
riog widths of each specimen were graphed against yezr of formation. Plot composites
werc prepared by averaging the ring widths for each yea-t (Fig. 1). An analysis of

variance was run on the data for each plot. It indiczted that the vafiation due to years
was significandy (P:.02) greater than the variation due to individuals for all plots
except plot 2. lVith rhe exception of plor 2, the conr,lnsite graphs therefore indicate ring
wid*r variations are due to years; they a-re not unduly influeoced by unusually erratic
specimens.

Plot 1 exhibits a dtarrmtic increase in ring width in 1p61; ploa I and 4 exhibit
a similar increase in 1956. These iocreases teoded to be swtained in plots 2 and 5. Plots
1-5 exhibit a dectease in ring width in 1955, followed by a Iarge increase in 1956. Tbe
ring width fluctuations of plot 6 ( fite site ) do not correspond widr any of the dramatic
fluctuatioos exhibited on the oth€r plots. Plots 2 and 3 exhibit a large riog width fluctu-
ation in 1964, the first growing season after reservoir formatio,n

Since the main purpose of ,this study was to determine if there is a relatiooship

between the formation of lVanapum Reservoir aod a growlh response in big sagebrush,

the next step was to test if the mean ring width for the 10 aonual growth rings Plevious
to reservoir formation (1953-1962) was significandy different from rbat for the 10
yezrs (1964-1973) after reservoir formation. T-tests ( Carnpbel! 1974) were run to

cornpare these pre- and post-10 year segments fot each individual plant. If the posr-

1963 segment was significantly grcatet at the P-.05 level than the pre-1961 segment,

a fS was assigned that segment; if it was significantly less, a -S was assigned (Table l).

When the reservoir site (plots 1-4) is com4mred with dre control and fire sites,

approximarely 20 percent o,f the individual plants within each site exhibit a significant

TABIE 1. Results of t'tests (in percent) for radial segments for 10 years pre' and post-1961
(P=.05 )  .

length Differences
Significance
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Figu-te 1. Composite site gaphs o{ yearly riug width fluctuations.

increase iq the radial segment length after reservoir formation. However, only 6 percent
of the plants on the reservoir plots exhibited a significant decrease in the radial segnrent
length after reservoir forsmtion, while on the control and fire sites 20 yntcert aod 22
pelcenr respectively exhibited a decrease ( Fig. 2).

These data (Fig. 2) seem to indicate a mirigating influence of the reservoir for plants
whose growrh is marginal or decreasing relarive to the growth of &e other plants. It
also seems to indicate that the 1,967 fire at plot 6 did not retard o! ealnnce the growth
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Years Yea rs
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of tbe surviving plants based on the similarity of the dranges in the radial segmeot
leng*r of the control and fire sites.

The postulated mitigating irfluence o{ the tesewoir and the extent of the hypothe-
sized reservoir effect were futther investigated. Meredith ( 1965 ) developed a graph to
indicate the extent of reservoir influeoce oo adjacent ponderosa pine. Figure 3 shows
similar data for big sagebrush. The length of the 10 yeat pre-1963 segment is subtracted
from the length of the 10 year posrl!63 segmert. This differeoce is graphed against
elevation. Individual specimens are labeled with their identification numbers. Figure 1
shows a dramatic drop in the growth diffelences at 2 to 2.i m in el,"vation abo,ve the

reservoir highwater level. This elevation could be interpreted as dre extent of reservoir
influence on big sagebrush.

To substantiate further the extent of reservoir inJluence on big sagebrush. elevational
groups were delineated. The results of dre t-tests for each specimeo wete placed within

each group; bowever, the tesu-lts wete incooclusive.
Meredith (1965) found tbat the differences in annual growth ring va.riance for pre-

and post-reservoir segmedts wele more distinctive than the differences in the length of
the pre- and post-teservoir segments. The aomal grow h dng variance of the 10 year

pre- and post-1963 segments of big sagebrush was analyzed using an F-test (Carnpbell,

1914). Table 2 contaios the results of the t-tests and the F-tests at 0-2 m and >2 m

elevation. It also has a summary of the F-tests at all three sites.

Aldrough the t-tests indicate no difference in 10 year segment length with pror<i"rnity

to the feservoir, the F-tests indicate drat plants less thao 2 m in elevation above the
reservoir significantly inctease their aonual growth ring variation, while thooe )2 m
in elevation significantly decrease their amual growth ring variation. Meredith ( 1965 )
found the same trend in variance with ponderosa pine. A conr,parison of the three sites
without the elevational gradient masks this difference.

Conclusions

T-tests performed on the lengdr of big sagebrush radial segments for the 10 years Pre-
and post-reservoir formation indicated a mitigating influence of the reservoir on the
plaos on the reservoir plots. The medun,ism for the observed difference in the p)ants
exhibiting a significant decrease in radial growth was unclear, as elevation groupings at

the reselvoir plots did not correlate with rhis decrease. Howwer, only 6 prcent of the
plants at the reservoir site exhibited a decrease io radial growth wh.ile 20 percenr o{
the plants ar the conffol sire exhibited this decrease.

TABLE 2. Results of statistical tests (in percent) for tadial segments for 10 years pre' and post_
196 i  (P=.o t ) .

Sigoificance
n  % f S  % - S

Eievatioo
i n m

F-test

F-test
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Reseffoir
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F-tests performed on the same big sagebrush segments indicated that all the sig-
nificant iocreases in annual growth ring vatiatiot (22 percent) occurred 0-2 m in
elevadon above the reservoir highwater level while all the significaot decreases in amual
growrh rirrg variation (20 percent) occurred at )2 m iri elevation This difference in
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exhibiting a significant increae oi declease in radial segment length
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variance due to elevational gradieot was masked when the reservoir site ( wirhout elwa-
tional groupiogs) was conpared with the contol site.

A graph representing the increase or decrease of the l0 year segment leogth poot-

reserv'oir over that of the pre-reservoir segrnent ind,icated rhat the extent of reservoi,t
influence vras 2 to 2.5 m,
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