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Introduction: Comparison of vegetation and soil between a degraded and restored meadow:

Ecosystem-atmosphere water, energy and CO, exchanges:

Montane meadows of the Sierra Nevada commonly support riparian wetland ecosystems found at elevations between 600 Sampling and analysis of vegetation and soil from the restored meadow (Knuthson) and a nearby degraded meadow (Upper Micrometeorological variables and terrestrial ecosystem exchanges of Table 3: Equipment Variable Value Height of
and 3,500 m where sediment or low permeable soils accumulate on an impermeable surface and result in water Carmen) were used to compare ecosystem characteristics including; species composition and cover, above ground and below G, water vapor, momenum a1 hest were messured UShE Measured Instrument
accumulation. Healthy meadows store, filter, and regulate water and support hydrologic systems by capturing bed load and ground living biomass, and soil moisture and organic content. Three distinct vegetation communities were found (Table 1). ins‘?éuments mount’ed on a tower at 3 m in Knuthson Meadow June 15  cSAT3 3D Sonic Anemometer 3D wind speed and e .

reducing erosion. The high soil moisture levels support diverse plant and wildlife communities.

Most montane meadows in the Sierra Nevada are degraded due to local historic land use such as grazing, logging, mining,
road and railroad construction, and dams and diversions. The impact of which is channel incision and a lowering of the water
table. As the meadow dries out, the diverse wet meadow plant species, such as sedges and rushes, transition to dry meadow
species such as sagebrush. Dry meadows support a significantly lower biodiversity and have a diminished positive impact on

sonic temperature

Table 1: General features of the three plant communities documented at the two

meadow sites. ,
Fieldwork: 1m? plots were randomly

established for each of the three
distinctive plant communities found
(RMS & RM n=6, DM n=8). Above

—July 15, 2012 (Figure 1 & Table 3). 30-minute block covariances were
used to calculate mean convective fluxes. Data rejection: (1) Friction
velocity (u*) < 0.15 m/s due to low turbulence to avoid the 0. hermictor Ambient Temp. c am
underestimation of flux variables (2) Data that fell out of plausible ypasc nygristor Humidity o A
thresholds (3) when the 90% boundary of the flux source area fell

LiCor 7500 Infrared Gas Analyzer CO2, water vapor %, mg/m?3 2.4 m

the hydrology of California. i i i outside the meadow boundary. The source area of the EC e e v —
A relatively new “pond and plug” restoration technique is being utilized by Tahoe National Forest and Feather River Microscale Low rel.lef swales and W'de' flat Ger\tly sloped surface o, nd vegetation was hand clipped at o v v balE e I NRO1 Pyrgeometer Long wave radiation W m? 15m
Coordinated Resource Management in select meadows to restore the high water table. topography  perennial channels interfluves Incised by 3 m deep ground level from 10x10cm square measurements  contained . approximately  ha o €5107 Ground Temp. Sensors Soil Temp ¢ Depth 5 & 10 cm
<0.3 m deep gully it the plet. Bese blemess wes communities. Ground heat fluxes were measured at 5 cm and the e.type Thermocouple Soil mi C Between 0-5 cm
Wy Py v»’ir‘&‘g;"g};»' G R Soil Moisture  Wettest Moist Dry discarded. Root sambles were taken storage of heat energy in the soil column above this was estimated HukseFlux Heat Flux Plates Soil heat flux W m? 5cm
18 ».».,;zg ,); ARl oy fror the '1000 crm 3 Eoil velume ety using a spatial averaging thermocouple and soil moisture probe CS616 Soil Moisture Probe Soil moisture content % 0-15 cm
' ~3, .l ; "" : Primary Perennial graminoids  Mixed grass, Non-native grasses below the vegetation sample. Field _ . . .
[ - VemsiEter (mainly sedges) herbaceous and sagebrush work was conducted on July 3 2014 Surface heat fluxes: The diurnal ensemble (hourly average) and daily total heat budget components were calculated for the entire study period
dominant (Figure 3) as well as for each of the four weeks of the experimental period. The main feature of the change over time was the shift from spring moist
conditions to summer dry conditions.
aboratory analysis: Above ground vegetation and washed roots were oven dried a or rs in a well ventilated oven. Soi
Laboratory analysis: Ab d tati d hed root dried at 70 C for 24 hrsi Il ventilated Soil
percent composition was determined by weight. Soil sample dried at 105 °C for 24hrs in a well ventilated oven. Furnaced at 0 a. 150 | G Figure 14: Hourly ensemble averages of (a) surface
b 360 °C for 2 hrs to incinerate organic content. Mineral content was determined as the residual. Soil texture was determined by Erogp IV =KNAHN, :Eﬂg f :W:E; radiation budget, where QN is net all wave radiation
o D N T T measuring sediment suspension in a 5 % Calgon solution. 5; BOOE'\\::T_';T_'I:E‘SP - L 100 — \Week 3| which is gc?verned by the balance of incoming (dn)
Figure 5: Example of pond and plug Figure 6: Knuthson Meadow after 2 . _KNP ™ —Week 4 and outgoing (up) shortwave (K) and longwave (L)
Meadow before restoration. restoration at Two Cone Meadow restoration in the spring of 2004 8w o § 50 radiation, (b) surface energy balance components of
Predominantly xeric plant community (SVRCD, 2004) (SVRCD, 2004). . X Table 2: Average and standard deviation of plant and soil é‘ N mtil ~ energy flux density where Q; is the latent heat flux
(Photo courtesy of Paul Jones, EPA). s ' 3 - o characteristics in the three main plant communities c 20 9 (heat released or absorbed in phase change), Q,, is
S 10 ] o : = :
=R I g g4 o ; Restored Restored |Degraded % 0 T i =—— 4 the sensible heat flux (heat energy transferred by
The objective of this research is to investigate montane meadow systems using an interdisciplinary approach to shed light on v s ; . —_ Meadow Meadow | Meadow oo N SN N S S R N SN SO B -0 s 1‘2 1i4 NI convection) and Qg is the ground heat flux, (c) Q,
: . . : . : 5 & — 2 4 6 8 10 12 14 16 18 20 22 24 :
the interactions between land, water, plants and atmosphere in these important mountain landscape features. In particular we @ _ i £ o Swales Time (hour) Time (hour) and (d) Q; for each of the four weeks in the
aim to: £ o , — | E. 1 — | 7= . Av SD |Av |SD |Av [SD 800 .b' 700 | d. observation period.
 Compare vegetation and soil characteristics between a degraded and restored meadow in the same valley; and S DMengded :;stc;red Eﬁé’l‘éfﬁ g [;:grzded E:stc;red E:;;Zroez -~ Q*=Qy+ Qg+ QG O 500l | :ﬁii;
* |nvestigate surface-atmosphere interactions in the restored meadow using eddy covariance, with particular focus on i Swales Swales Aboveground living 539 |145 239 |112 |201 |280 5600--- 4 500l \Wesk 3| Available engrgy (QN)'|s predominantly ut|I|z§d by
energy, water and CO, exchanges. : Seiress (g m 2 > T 0 —Week 4 evapotranspiration, with very low Bowen ratios by
O ¢ = d. Z £ * comparison to global ecosystems. This increases
Z s = X5 B Roots 4036 1159724371289 1488 499 : S 30 | overl?cime as soﬁ moisturezleclines The negative
[} o [ ] [ ] E ] } | -2 5 1| I .
StUdy Site: Upper Feather River, Sierra Nevada w © ] § = ] | o g m™) = o A0 Bowen ratio in Week 1 and late afternoon negative
. . 7 B © — T 1 - @) SR SR R S . .
Sierra County at 1507 m and has % 2 ] | | .,g N — | (% by weight) - o I O O O R O O I O X I S S NS S NS N S dry air imported from surrounding terrain enhances
an area of approximately 60 Ha g Degraded  Restored  Restored E Degraded  festored - TWsored soilarzanicconteniS OGS EEg 0.9 2.6 [ 208 oy P2 2aee %?mé%hoh‘ﬁ) 1016 20 22 = ET (Qg) to the point where it can be larger than the
(150 acres). g Mewow Meadow Meow 2 S s (% by weight) energy that QN provides.
= Figure 11: Characteristics of the three dominant plant Soil mineral content - 10 cm 162.5 3.9 |78.8 |5.7 89.7|3.7 06+ — _ a. 06 ‘ b. , ,
R i o - The pond and plug method was communities (% by weight) ~od - | | o o Ny Figure 15: Diurnal ensemble average carbon fluxes
TR N SSREcHliion (43 | By SUNREE SRR N ey g s o, | which recovered a high water S0 W’, = Average o | 202 | basis, where NEE is the net ecosystem-atmosphere
Figure 7: GoogleMap image |85 gl " o wpne™ T Bl I il s AR - - , ] 2 0 . € | : : :
ongorthern Caglifornil?su & B NG T K Ly Yo RS A R S table along with Ion]gcgI lasting, low 4,000 Aboveground % Silt content -10 cm 149 |47 1187 |58 121.0/83 %Oz n . | (é’ o 5 flux of C(t)2 , GPP |§ gtr.oss FI)\Irlmatr.y pgz;:luct:on and Re
o . «H } niiensly senuEe o s A L i N G e e 2 | | is ecosystem respiration. Negative CO, values
Figures 8: Knuthson Meadow [f52: % - - - TR P Bi §-0.4 =l i —Week1 | represent carbon uptake by the ecosystem
before (a) and after (b.) 2001 oy e | 5 ﬁ’: _ mprgvmg NS TEe) £ a0 . 1omass % Sand content -10 cm 81.5 (5.1 (78.0 |7.2 |75.7|8.5 £ | : ~NEE z_04 | ~Week2 P P Y Y .
. G | S\ and timing. 20 5500 I ehelll Average Root O-06 | | (RB(;P - | —Week 3
rEStoration SVRCDI 2004 * i _‘ o ;'A - ' “'l_:‘, I [" ;' Y 5 \N"‘.:"' ity %~ L . i | \ I I | \ | | _\ \ \ | i \ | | \ Twe?k4 i i =
( ) b, G B e T R AR S @ 200 i Biomass Soil oreanic content 50cm 134 129 140 |15 |40 |19 Y% 2 4 6 8 10 12 14 16 18 20 22 24 2 4 6 8 10 12 14 16 18 20 22 2 The large daily GPP and i values (approxmatgly 30
’ " ‘ ' -— 1500 % 5 ) ' ' ‘ ' ' ' Time {hour) Time (hour) and +27 gC m™ d! respectively) produce a relatively
= % by weight - -
BB 2,438 2 L small average sink of CO, over the study period
Biogeomorphological research in restored montane meadows - TETI Key findings: The degraded meadow (DM) had much lower Talzlz4..D|u.rnaltotalquxes Total Study Week1 Week2 Week3 Week4 (Table 4). A large reduction in soil moisture content
Studies of channel development in montane meadows with small watershed areas similar to Knuthson (30 km?2) have revealed a 0 =it biomass, plant cover and species diversity than the restored and derivatives over the study period correlated with a shift in NEE
Restored Meadow Swales Restored Meadow Degraded Meadow : : 1 |
system that exhibits considerable influence of vegetation and soil properties on bedforms. Willow (Salix) is the most common : : : meadow. The DM was dominated by MEIM-ENE Gresses, yvoody Albed 0.189 0.187 0.191 0.186  0.192 from a 5|-nk t0 a source of atmospheric CO,. The
tree species and is a significant planform control of channel development. In many of these small channels, especially those Figure 12: Aboyg and below ground biomass for the three  shrubs and sedge. It appeared to be excessively drained with low edo ' ' ' ' ' largest sink occurred in the second week of study,
reoccupied after meadow restoration, thickly sodded soils formed under sedge (Carex) cover creates a longitudinal profile (Fig. 9) plant communities water and OSEINIE GO of.t.he SO_"- | Bowens Rat'? ((.lh/Qe) 0.127 -0.04 0.20 0.24 0.16 wheh the strongest environmental (-jlfferen.ce was
oenetrated (Fig. 10). Water M Organics Mineral swales (RMS) had the higher biomass, litter, soil water and organic QN (MJ m2d-1) 15.89 16.97 15.81 16.26 14.83 sink was due to a lowering of ecosystem Re.
— Figure 9: g content, suggesting that it is the more productive of the two. The NEE (gC m2d) -2.32 -1.85 “7.21 -2.09 1.62
1;21'5 Carman Creek North Fork - Knuthson Meadow Longitudinal profile of 5. wide flat interfluves in the restored meadow (RM) contained PAR 784 792 761 799 781 Both the overall magnitudes of carbon fluxes and
521 758, 5 , _ . . . .
o a post-restoration £ about half the biomass but more than double the species Soil water Content (% vol)  15.40 19 48 1562 1432  13.26 thbelr sen;ltIVItx:cto SOIll mglsturil are colmpa;able tc;-
T o0 o Ilgonfpmme channel near the head 5 | 89.66 richness. » Soil Temperature 10 cm (°C) 17.54 16.99 16.27 17.63 18.83 'CI)I sirviatlotr;]s ° grasi arj[ IO, ttﬁ(we?ce SetW IS, TNl
= oo g ' ' ' : illustrates the important impact that restorin
£ 15200 A Riffles of Knuthson Meadow. g 40 o TEougT t_hi san;ple >1eE \t/\;]as ;r]nall, sl erg:ces i ecoiysterln Air Temperature (°C) 16.25 17.14 12.01 16.53 18.60 eadow watertz?ble evels ﬁas on increasin °
E 15195 Sools=30 Figure 10: Step and = — C_ ar.a-c cHSHES DELWEEN The TTee commum &5 WETE 5 rongy Specific Humidity (g kg1) 5.74 5.47 5.01 7.08 5.42 . . . 5 :
= Rifles=E See? e AUk TG & 2 —— significant (p-value < 0.02) except organic content of the soil Mean Wind Speed (m s-) SIoE X T A o ecosystem biomass, biodiversity and atmospheric
15190 ey S, g™ i s e between RMS-RM, above ground biomass between RM-DM and P : ' ' ' ' carbon uptake as well as their cooling and
118 domlnated wet Restored Meadow Swales Restored Meadow Degraded Meadow the SOIl texture at a” |OC8tIOﬂS When applled to a SOIl texture We would like to acknowledge Michael Vasey and Vanessa Stevens for cc:An:’Ii;ru"cci:\‘gA{c:\ii?bgor::rﬁ::lt:xpertise and for spending grueling hours in the field with us. Thanks humldlfylng ImpaCt on the Overlylng atmosphere
1518.0 ; 0 0 o o 5 o meadow SOII Figure 13. Relatlve proportlons Of mmera| Organlc and tr|ang|e, the Samp|eS were fou nd tO be e|ther Sandy |Oam (5 also to Leonhard Blesius for his valuable knowledge of soil analysis and Siobhan Lavender for Matlab and eddy covariance support.
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