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Abstract Altered hydrology of southwestern United
States rivers has led to a decline in native cottonwood
(Populus deltoides). Areas historically dominated by
cottonwood have been replaced by invasive saltcedar
(Tamarix chinensis). Restoration of historic hydrology
through periodic flooding of riparian areas has been a
means of restoring native species. However, due to
similarity in germination requirements of cottonwoods
and saltcedars, flooding may create an unwanted
increase in the number of saltcedar seedlings. There-
fore, we evaluated competitive aspects of these co-
occurring species in an extant riparian habitat in the
arid southwestern US. We measured effects of com-
petition between cottonwood and saltcedar seedlings

and among cottonwood seedlings during the first
growing season following seedling establishment in
360, 0.5 9 0.5-m plots at the Bosque del Apache
National Wildlife Refuge, New Mexico. We used five
interspecific density treatments and five intraspecific
density treatments. Cottonwood seedling biomass
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Table 1 Models tested for varying seedling densities (X) of cottonwood (i) and saltcedar (j), with the response variable (Y, density or
height of either species) in the Bosque del Apache National Wildlife Refuge, New Mexico, 2002

Model Cottonwood Saltcedar References
D AIC DAIC  DAIC D AIC
(Biomass)  (Height)  (Biomass) (Height)
Linear

1 Yi_ by 7b‘1\ Xi s 7b‘2 Xi 15.7 17.9 17.6 125  Sher et al. (2000)
2 Vi by bl X bl X1 2 7.1 6.3 6.5 6.0  This study

3 Yi_ _bys bl Xj s o X1 ! 7.5 7.3 6.3 5.6  This study

4 Yo by bl X BY X1 % 75 6.8 6.4 59  Sher et al. (2000)
5 v bbby bl x 22.7 24.3 79 65  Sher et al. (2000)
6 Yii _bgs _b‘1~ Xj 1 'b$ X 8.8 9.4 75 6.6  This study

7 Yii _bys ‘b‘l Xj 1 'b'z Xi 2 8.6 8.7 404 15.3  This study

8 v bbby sbbxo 1 2elx, 1t 1s 14 2.6 15 This study

9 v by blx b x 1 #2, e X, 1 04 0.4 14 04  This study

10 Y bbb x bl x, 1 2, el x 18.2 181 48 38  Sher et al. (2000)
11 v b blx e xo 1 el xo 1 = 00 0.0 11 0.1  This study

12 v bblx b xo 1 e xio t 177 176 31 20  This study

13 v, by by bl X1t el 17 17 1.2 0.0  Sher et al. (2000)
14 v, by bl x bl X1 =, el x ! 18.0 18.0 42 31 This study

15 Yi b/ 7b‘1\ Xj 7b'2 Xi / 7b‘3 X 2 12.4 12.4 0.0 18.7  This study

Non-linear
16 Yi W=l “d X A X 108.0° 9,070.5*  1,717.2*  Shinozaki and
‘ 240.8° Kira (1956)
17 Yii XiWi=1, d X TAGX 179.5% 10,077.9°  1,723.8°  Sher et al. (2000)
‘ 249.2

Note: by b, and bs are density coefficients and C, A, and W are competition coefficients
2 Model D AIC values were high and models were considered as bad fit

Table 2 Average model (based on the four selected models)
for predicting biomass (g) and height (cm) of cottonwood (cw)




biomass of saltcedar; reducing saltcedar biomass at
higher densities.

Response surface analysis

Increases in saltcedar density from 0 to 25 plants/
0.25 m? had no negative impact on biomass of
cottonwood seedlings (Fig. 1a). Even at a cotton-
wood-saltcedar ratio of 3:5, biomass of cottonwood
seedlings was not affected by competing saltcedar
seedlings. Height of cottonwood seedlings, on the
other hand was greatest at moderate densities of
cottonwood and saltcedar (a mixed density of about
9-12 cottonwood seedlings and 10-15 saltcedar
seedlings) (Fig. 1b).

Increases in cottonwood density beyond 7-8
seedlings/0.25 m? had a negative influence on bio-
mass of saltcedar seedlings (Fig. 2a). Saltcedar
biomass reached a maximum at about equal densities
of cottonwood and saltcedar seedlings. From the
response surface plane (Fig. 2a), when the density of
cottonwood seedlings reached 15-20 plants/0.25 m?,
there was a sharp decline in biomass of saltcedar
seedlings. However, a flat response surface plane
(Fig. 2b) for predicting the height of saltcedar
seedlings suggests that, at higher densities, neither
cottonwood nor saltcedar seedling densities had any
affect on saltcedar seedling height.






SE = 1.14) at 4 plants/0.25 m? (Fig. 4). Overall,
seedling survival differed (vﬁ__28:41, P\.0.001)
among treatments (Fig. 5). Survival of seedlings
did not differ between densities of 4 plants and 10
plants/0.25 m?. However, seedling survival at density
of 20 plants/0.25 m?* was the lowest among all
treatments.

Discussion

In restored riparian areas, cottonwood seedlings can
outcompete saltcedar seedlings in terms of biomass
and height when natural hydrologic conditions are
returned to a floodplain. The present state of saltcedar
infestation in most river floodplains in the southwest



US is not due to superior competitive ability of
saltcedars, but, altered floodplain hydrology, leading
to unfavorable recruitment conditions for native
cottonwoods. Cottonwoods evolved with the annual
flooding cycles of the rivers and the absence of such
events has led to altered riparian dominance. Because
cottonwood seeds are liberated for only a few weeks
each year, absence of annual floods in the recent past
have resulted in little to no regeneration of cotton-
wood. Saltcedar liberates seeds for about 6 months
and their seeds are viable for longer than that of
cottonwood. Thus, saltcedar seeds may germinate
following any precipitation event occurring during the
growing season (Horton et al. 1960).

Competitive ability of native cottonwoods
against invasive saltcedars

Overall, height and biomass of cottonwoods and
saltcedars decreased as total stem density increased.
Taylor et al. (2006) also reported height of saltcedar
and cottonwood to be negatively associated with
higher combined stem densities. Increased numbers
of cottonwood seedlings resulted in lower saltcedar
biomass (Fig. 3). Also, a higher ratio of cottonwood to
saltcedar (15:25) in the treatments, reduced height of
saltcedar seedlings. The predictive models for biomass
and height suggests a greater influence of cottonwood
seedling densities than saltcedar. Therefore, if histor-
ical riparian hydrological patterns are restored,
cottonwood seedlings, being the superior competitor,
will reclaim areas where cottonwoods once were the
dominant canopy species (Taylor et al. 2006).
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