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. INTRODUCTION Il. ASSESSMENT OF SITE VULNERABILITY (METHODS) lll. RESULTS AND DISCUSSION
S | The LRS has been the focus of extensive research on stream-aquifer interactions, so
Replgcgment of native riparian-zone phreat.ophytes by non-native considerable data have been collected on the shallow groundwater flow system
SpeCies 18 becomlpg increasingly common in many semi-arid an.d arid underlying the area. On-site instrumentation at the LRS (Figure 5) includes: 48 = FIG\}J REt_10. - water tab tion at well LWPH3 dur v June 2003 and 2004
regions of the United States (Glenn and Nagler, 2005). Non-native 9. variations In Waiet 1aie posiion at Wetl LIV Hring earty JUne 2L an '
species (Figure 1) that are particularly prevalent include the salt o . . . B i Despite much higher potential evapotranspiration (ET,) during this period in 2004,
p sur particlially prevalchit INCIUde 1he satt - -18 water-level monitoring wells with sensors taking water-level readings every 15 £ £ diurnal fluctuations are significantly dampened compared to early June 2003. In
cedar (Zamarix spp.) and the Russian olive (Elaeagnus angustifolia minutes S . S June 2004, water-table elevation was at a near historical low. The absence of diurnal
L.). % 2.094 Average ETg = 4.6 mm/d 12.39 % fluctuations in 2004, despite higher ET, likely indicates that the water table was out
, , , , - - of reach of vegetation in the riparian zone. Field notes (Butler, 6/4/04) report yellow
The fact that tribute to th tablish t of i . -eight neutron-probe access tubes for observation of soil moisture 7 - i = leaves and premature leaf fall on many of the cottonwoods. Analysis of water-table
¢ factors that contribute to the cstablishment obinvasive o Sfutlowvells o b & o fluctuations with the White method from August 2002 to August 2005 showed a
FIGURE 1: phreatophytes are under investigation at a site in south-central _a weather station N - g % sizable decrease in water use over these three years.
Like many riparian corridors in the western U.S, the Kansas that may be susceptible to invasion by non-native o 2 6/9-6/13/2004 - right axis |24 °
vegetation along the Cimarron River in southwestern hreatonhvtes. FIGURE 5: _ Average ETp =6.8 mm/d |
Kansas has become dominated by salt cedar (left) P Py -a USGS stream g4gt Locations of shallow monitoring wells and neutron pr— A porls N o S e .
and Russian olive (right). access tubes across the riparian zone at the LRS. 0 1 2 3 4 5 6/9-6/12/2003 - Trees 318 and 321 _ _ _
The following data are being used to assess the site's vulnerability to replacement Time {days - major fick mark atmidnight) g0 2 PIO-0/12/2004 - Trees 95 and 219 b. Soil moisture profiles from neutron
I by i i . — 0.12 - access tubes at the center of the —
Yy 1Invasive Species. ' VJ\F riparian zone support the
. - 0.0 1 0. 11+ _ ] ]
The StUdy Area: The Larned Research Site . . interpretation that vegetation was
A. Water-level Data C. Sap Flow Measurements " > g o under severe water-stress in early
: : : S : N ol | > June 2004. Volumetric water content
The Larned Research Site (LRS) 1s located 1n a narrow riparian corridor along the / - Dt~ | FIGURE 8: S 06 ] e ererzons S 008 | \ was near permanent wilting point
. . . . . A LWPH2 - center of riparian zon - . i - © 1
Arkansas River in south-central Kansas (Figure 2). The site overlies an / | mE . e b o Ah{ﬂ“fs Sap flow data, using the g oo e > 007 over most of the vadose zone.
unconfined coarse-sand and gravel aquifer, which 1s 1n direct hydraulic connection /h20W BioW RIBW RI7W RIGW RISW R1AW RTSW RIZW-RIIW = z | ET.. =S, (24rs) heat-pulse velocity e 0 s (000 \
. . T ’ [Chieyen u_ | 2 & . : : P o GW ~ VY = = 12 3 il
Wlth the Arkansas River. 2 E i e Bottort 73 L -*é LEA1 - in clearing on east side of riparian zone < method, were collected = p ﬁ 0.05 _ -
T T i S 006 _M e & biweekly during the g 14 2 0.041 c. Sapflow velocities from
Jilie E- _ 3 i S summer months of 2003 16 - T zZ cottonwood trees near the center of
= Cottonwood ] . . . 20 | ! s LWPHS - in clearing on west side of riparian zone 08_ . d2004. Th dat | = ~_ ] the riparian Zzone are substantially
Vegetation at the site consists of a communit 3k e S 004 —M 2 ! an - 1hese data 18 . 002 \ . .
® Mulberry g . Y 281 ! ey i % L WPHG6 - near west_edge of riparian zonée 'c_f indicate the VelOCity of 2.0 | | | | | | | 0 01—- t’w‘:‘» ,::'r}‘,\,,{“ *’I“/’\\:\ reduced in 2004 Compared to 2003.
~ Willow of native phreatophytes common to many ; E B : W : sap flowing up the trunk 0 o0os o010 ous o000 oos  oao  oas . AN N AR This correlates well with the water-
S Em watersheds in central Kansas. A tree survey - : 4 < S _% o b of the tree. A total of 24 b. Volumetric Water Content (m/m?) c. ; 4 . level and soil moisture data.
;::kberry performed 1n 2002 (Figure 3) indicates that s | L __: g : e e s i) trees were monitored at Time (days -maijor tick mark at midnight)
T -\9\ | - 0 ] In ! as urq outsl ]e o1 Il 'arlan zlone : : : | ; 1 | | | : . : .
® Locust the maj or phreatophytes at the site are the 2545 g .- ! 7/14/03 7/15/03 7/16/03 7/17/03 7/18/03 b. "0 8/26/02  8/27/02  8/28/02  8/29/02  8/30/02 the site.
FIGURE 3 1 Salt Cedar cottonwood (POpl/llMS d@ltOidS), willow (Sallx 2;5;_ '; | ) { ..STAFFOF I | _i Date (major tick mark at midnight) Date (major tick mark at midnight) Ur;:::int;)dlc;cea;:, Fully alive
Percenta .es of tree Species bv trunk Spp°)9 and mU,lbeITy (MOVMS Spp) 2;(:3 EED@RDSJ J - T o FIGURE 6: D. MeteorOIOQical Data Fully dead ; (6%) (10%) <20% dead FIGURE 11: _ _ _ _
tthg 'RS (2005 y P 10k | a. Diurnal fluctuations are clearly observed in water-level data from wells within the riparian zone and 21%) (13%) Condition of surveyed phreatophytes in the riparian corridor of the LRS. A
area at the ( ) L e are a diagnostic indicator of water-use by phreatophytes at the LRS. A weather station, located in a pasture adjacent comparison of trees surveyed in 2002 and 2005 reveals a high mortality
Location of the LRS along the Arkansas to the riparian zone, collects a suite of rate of 20-25% over the study period. An additional 20% of trees indicate signs
: : River in south-central Kansas. b. Diurnal fluctuations may be used to estimate groundwater consumption (ETgyy; units of L/T) by meteorological data, including air temperature, e of severe water stress.
Over the past several years, increasing tree _ _ . ST R (6%)
ality at the site has b : 1allv ob d Cl A R phreatophytes using the White (1932) method (Loheide et al., 2005). The variables used in the relative humidity, wind speed, global irradiance, 0% o 050 o
m(? alily at the siie has been VIsudlly ODSCIve ST method, include readily available specific yield (Sy), net inflow calculated from night-time recovery (r), and precipitation. From these data, potential e (30%)
(Figure 4). Historically, the Arkansas River was R ol .- and the change in water-table position (s). evapotranspiration values were calculated. IV. CONCLUSIONS
considered one of Kansas' major rivers; however, # s : -
today the river rarely flows at the site due to e e e o | ' ' ' : : : : : : :
tz am diversion yand ther factor R - Besudsay T T B. Soil Moisture Measurements Soil Water Content in Shallow Access Tube 2 E. Tree Mortality Survey The native phreatophytes appear to be having difficulty keeping pace with the falling water table, leading to
upstre VEIsions ahd othet actors. e T W R Wy G perh () FIGURE 9- R — severe stress and a high rate of mortality. At present, the canopy is still sufficiently dense to prevent
Addltlonally, regional p HpIg activities have e AT FIGURE 7 . g An invento.ry of trees larger than b encroachment by salt cedar and Russian olive. However, if the present rate of mortality continues, non-native
likely contributed to a declining water table. .. s L Example of a profile showing soil 2 0.08 m in diameter at chest height phreatophytes may exploit open areas created by tree die-off, leading to large changes in the riparian-zone
W / : ‘ moisture content with dep’[h 0 - was conducted in a portion of the Communlty.
Measurements of soil moisture in the i
FIGURE 4: o LRS in the summer of 2002. Tree
a. No flow conditions are typical for the Arkansas River at . . vadose zone are taken biweekly during "] < oera species and trunk diameter were
the LRS. C. Th.e native riparian vegetation at summer months using a neutron probe in N il recorded. Tree species were References: Glenn and Nagler, 2005. Competative ecophysiology of Tamarix ramosissima and native trees in western U.S. riparian zones.
the Circle K Rahch, Ioca.\ted on eight access tubes across the riparian _ B reinventoried with an emphasis on Jour. of Arid Environments 61, 419-446; Loheide, Butler, and Gorelick, 2005. Estimation of groundwater consumption by phreatophytes
b. Dead trees have been increasingly observed at the site over the Arkansafs hRIVLeI£ gt rP](Insley, zone. These V.a.lue.s were used to 0 - s health in the summer of 2005. using diurnal water table fluctuations: A saturated-unsaturated flow assessment. Water Resour. Res., W07030, do1:10.1029/2005WR003942, 2005;
the past several summers. Tree mortality may leave the site Bap A o o T IuDStrleam (I) t 3 oy ’ aS_ been _ calculate specific _V'eld valugs (Skaggs et N \ —10714/03 These data were used to assess v, B =0 Skaggs, Wells, and Ghate, 1978. Predicted and measured drainage porosities for field soils. Trans. ASAE22, 522-528;
vulnerable to replacement by invasive species, transforming the ™~ [§ -~ e r?;.?’tiecﬁlgel’ﬁlaszelt Ce}(ljlar;vaSIVG SPecIes, al., 1978) for use in the White method. S — the tree mortality rate at the site. White, 1932. A method of estimating groundwater supplies based on discharge by plants and evapotranspiration from soil. U.S. Geological
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landscape to that observed upstream of the LRS (c.)
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