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Abstract

The stem-diameter age relationships of salt cedar from 15 study
sites in central Utah were investigated. Age prediction equations
were generated and found significant (p<.001). Within restricted
geographic areas the stem ages of salt cedar could be estimated
with fair reliability, but with substantial geographic separation
results were less accurate. The impact of salt cedar invasion over
prolonged periods of time was also assessed. Results indicated that
the longer the community has been occupied by salt cedar the more
xeric the habitat becomes.

Saltcedar (Tamarix ramosissima) is a vigorous invader of pas-
tures, moist lowlands and stream banks throughout much of the
southwestern United States (Tomanek and Ziegler 1960). 1t is also
found in dense thickets through much of central Utah (Christensen
1962). Saltcedar has the highest transpiration rates of any North
American phreatophyte (Kiegler 1968) and can depress the water
table often by as muchas 1.2to 2.1 m/yr (Horton 1964). Although
studies have been made of the distribution and naturalization of
saltcedar (Christensen 1962, and Horton 1964), and of its ecology
and habitat requirements (Tomanek and Ziegler 1960, Carman
1979), much less is known of its stem diameter: age relationship
and/ or population dynamics.

Studies of the growth rings of trees have been used extensively
for dating (Douglas 1935, Glock 1937) reconstructing past climates
(Fruits 1971, Harper 1979, Schulman 1956, Stockton and Meko
1975) and interpretation of successional dynamics (Burkhardt and
Tisdale 1969, Barney 1972). Data on shrubs are relatively rare
(Ferguson 1958, 1959; Ferguson and Humphrey 1959) but should
be equally valuable.

Brotherson et al. (1980b) included saltcedar in their study of the
size and age relations of 8 major tree species of Navajo National
Monument, Ariz. The present study considers the stem diameter-
age relationship of saltcedar from 15 sites in central Utah and
compares these relationships with the Arizona saltcedar popula-
tion.

Methods

Fifteen study sites were established bordering Utah Lake, Utah
County, Utah, at approximately 40° 10’ N, 19° 50’ W. Site eleva-
tions ranged from 1,365 to 1,408 m above sea level with a mean of
1,377 m. The average annual precipitation in the area (as deter-
mined for Provo, Utah) is 340 mm with 60% of the total falling in
the winter and spring months (Carman 1979).

Sixteen stems each were obtained from 5 of the 15 sites. Stems
were sectioned diagnally, polished with fine sandpaper, and the
annual growth rings counted twice (independently) with the aid of
a binocular microscope (Brotherson et al. 1980a). One ring was
assumed to equal 1 year’s growth. Stem diameters were measured
with a diameter tape.

Linear regressions of age on stem diameter generated stem
diameter-age predictor equations for each of the 5 populations of
saltcedar (Brotherson et al. 1980b). The predictor equations were
then checked by estimating the ages of stems of known age. The
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predictor equations were also used to predict mean ages for the
other 10 populations.

Synthetic Stand Moisture Index Values (SSMI), similar to Plot
Index Values (PIV) described by Dix and Butler (1960), were
constructed for all study sites. This was accomplished by assigning
all species found growing in the study sites (with the exception of
saltcedar and saltgrass) adaptation numbers corresponding to
their general moisture affinities. Xeric species were rated a 1, the
most mesic species were rated a 3, and those species falling in
between were rated a 2. Moisture relationships for each species
were determined according to their general habitat requirements.
The SSMI values were computed by taking all species in the stand
and multiplying their average percent cover by their relative mois-
ture ratings, summing those values and then dividing the total by
the sum total of the percent cover of these same species (Bloss and
Brotherson 1979). This yields an index (SSMI) between 1 and 3.

Results and Discussion

All populations of saltcedar generated regression predictor
equations significant at the .001 level (Table 1). The age predictor

Table 1. Estimator equations and significance levels for stem age of
Tamarix ramosissima as developed through linear regressions of stem
diameter-age data taken from each site and all sites combined. N = 16 for
individual sites, N = 80 for combined sites.

Estimator site Equation r Sig. level
Airport Dike Y =2.061x +4.2874 0.8578 .001
East of Saratoga Y =3.5422x + 0.8129 0.8129 .001
North of Saratoga Y =2.5061x + 4.3349 0.7727 .001
South of Pelican

Point Y =3.6133x + 3.9368 0.7871 .001
West of Goshen Bay Y = 2.1749x + 5.4590 0.8324 .001
All locations

combined Y =2.1861x + 5.6100 0.7358 .001

equation generated by using all the data points (N = 80) was also
significant at .001 level. This indicates a fairly constant relation
between size and age for populations of saltcedar in central Utah.

The site-specific predictor equations were then used to estimate
ages for each site. There were no significant differences between
true age and estimated age (Table 2). Using the combined site

Table 2. Paired T - test findings of true age versus estimated age for each
site and all sites combined. N = 16 for individual sites, N = 80 for
combined sites. s = standard deviation of true age - estimated age values;
CI = confidence interval in years (P = .05); d= mean of the absolute values
for the true age - estimated age values.

Sig. CI _

Site t level s (1.96s) d

Airport Dike -0.10 NS 2.46 x5 1.94
East of Saratoga 0.20 NS 2.47 +5 1.50
North of Saratoga 000 NS 2.99 +6 2.38
South of Pelican Point -049 NS 3.07 +6 2.63
West of Gosehn Bay 000 NS 2.53 x5 2.00
All locations combined 0.00 NS 149 +7 2.81
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Table 3. Predictive value of the combined site estimator equation when used to estimate stems from each site. Statistics are from paried T - test results of
true and estimated ages. 'd = mean of true age - estimated age values. Positive values of d indicate overestimation; s = standard deviation of true age

-estimated age values; C.1. = confidence interval of estimated ages (P = 0.05). u = true age.

= mean of the absolute values for the true age - estimated age

values.
Combined Estimator on: t Sig. Level s ClL d
Airport Dike -3.11 .005 -2.13 2.73 -71.5<u< 3.2 2.63
East of Saratoga -1.43 1 -0.94 262 -6.1<u< 4.2 2.31
North of Saratoga .08 NS 0.06 3.07 -6.0<u< 6.1 2.31
South of Pelican Point 3.08 005 3.13 4.06 —4.8<u<ll1.1 4.50
West of Goshen Bay -0.18 NS 0.13 2.30 -5.4<pu< 5.6 2,13

predictor equation to estimate ages for all sites gave two significant
differences between estimated age and true age (Table 3). These 2
sites, Airport Dike and Pelican Point, had the lowest and highest
regression slopes (Table 1) and it is therefore not surprising that the
intermediate-sloped, combined predictor equation should be least
accurate with the two extreme populations.

There is a fair amount of variability in growth rates between sites
in Utah as indicated by mean diameter/age ratios (Table 4). How-
ever, this in-state variability is less than that between states. If we

Table 4. Stem diameter-age ratios for each site and all sites combined. N =
16 (N = 80 for all sites combined).

Mean diameter Coef.
Site (cm)/ Age Ratio of. var.
Airport Dike .36 15.7
East of Saratoga .24 19.9
North of Saratoga .27 243
South of Pelican Point .21 225
West of Goshen Bay 31 17.8
All sites combined 28 27.1

compare relative growth rates as measured by the number of rings
per cm (Table 5), we find that the average number of rings per cm of
saltcedar in Utah (7.68) is 3.25 times greater that the average
number of rings per cm of saltcedar in Navajo National Monu-
ment, Arizona (2.36 rings per cm, as recalculated from Brotherson

Table 5. Comparison of estimator equations of populations of Tamarix
ramosissima from Central Utah data from all sites combined) and from
populations in Navajo National Monument, Arizona (Brotherson et al.
1980b).

Utah Arizona

Sample 80 72
Predictor equation Age=29x+561 Age=192x+5.56
r .86 .79
R .74 .62
Significance 001 .025
Growth rings/cm 7.68 2.36
Deviation in Age-estimation

(in years) from true age 3.1+24° 47x+19*

*Arizona on to Utah
*Utah on to Arizona.

et al. 1980b, Table 5). The slope of the regression equation is also
steeper for the Utah populations, suggesting a slower annual
growth rate, possibly due to a reduced growing season, less annual
precipitation or differences in water table level.

Our results also indicate that within a relatively restricted geo-
graphic area, stem ages of saltcedar can be estimated with fair
reliability from stem diameters and thus become fairly reliable
gauges of population dynamics within stands. Substantial geogra-
phic separation of stands, on the other hand, may necessitate
recalibrating the regression equation, as environmental factors
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normally affecting growth rates may modify the diameter-age rela-
tionship (Brotherson et al. 1980).

The communities invaded by saltcedar in central Utah vary in
their general floristic composition. Our data showed a range of 5 to
19 species present with a mean of 12 species. Overall 76 species were
encountered. These ranged in habitat preference from marsh to
xeric saline meadows. The most important species in the commun-
ity outside of saltcedar is saltgrass (Distichlis spicata var. stricta).
Several other species were also found to be prominant (Table 6)
and as shown exhibited variations in their distribution patterns
relative to the length of time a site had been occupied by saltcedar.

In an attempt to assess the impact of saltcedar over a prolonged
period of time on the moisture conditions of habitats which it
invades, a Synthetic Stand Moisture Index (SSMI) was developed
for each of the 15 populations (Bloss and Brotherson 1979). The
index (SSMI) has been shown to be of value in understanding
moisture relationships within and between community types (Bloss
and Brotherson 1979, Brotherson and Brotherson 1979) and to
closely approximate actual moisture gradients within the commun-
ity (England 1979).

The SSM1 index values were regressed against the average age of
the 15 stands (Fig. 1). The relationship is highly significant

10+

¥ :22.71- 6.38x
r2-0.66
sig.= 0.001 b

AVERAGE AGE OF STAND
o

1 2 3

SYNTHETIC STAND MOISTURE INDEX

Fig. 1. Relationship of the synthetic stand moisture index and the average
age of the saltcedar community.

(p<.001) and indicates that the longer the community has been
invaded by saitcedar the more xeric in nature are the plant species
which occupy the understory.

Ina second attempt to get at this same relationship the 15 stands
were divided into 5 groups of 3 and the cover values for only xeric
annuals were summed and averaged. These values were then
regressed against the mean ages of the stands in each group (Fig. 2).
Again the relationship is highly significant (p<<.001) indicating that
the longer the site is occupied by saltcedar the more xeric the
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Table 6. Prevalent species list along with average cover values in overall community as well as average cover values in the five age groups. The prevalent
species list represents the average number of species per stand or study plot within the community.

) Average Average Cover by age groups
Species cover 2.0-3.1 6.0-9.6 11.8-12.2 13.6-14.5 14.7-17.4
Tamarix ramosissima 12.7 38.1 738 40.3 73.1 70.6
Distichlis spicata var. stricta 10.8 29.5 62.5 345 519 45.2
Kochia scoparia 3.0 59 12.3 6.4 35.9
Cardaria draba 1.7 24.9
Iva axillaris 1.5 5.3 7.1 9.6
Polypogon monspeliensis 1.2 11.6 8.7 6 29 10.4
Cynodon dactylon 1.1 313
Atriplex patula 1.1 7.0 10.9 A 10.1 3
Bromus tectorum 1.0 .8 3.7
Hordeum jubatum 7 2.3
Poa pratensis 7 18.5
Juncus balticus .6 9.4
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Fig. 2. Relationship between average age of the salt cedar study sites and
the importance of xeric annuals in the understory.

habitat becomes. These data support other studies on saltcedar
invasion which indicate its capacity to lower the water table in the
soil and thus cause an overall drying out of habitat (Kiegler 1968,
Horton 1964).
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