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BACKGROUND, GOALS: This project became part of the LTER4 program in 1999
as a sub-component of the “smal watersheds’ synthessarea. Our overdl god has been
to better understand how vegetation age, structure, and species composition affect
hydrologicd patternsin the H.J. Andrews. Obvioudy, thisis far too ambitious for the
available funding, so we set specific objectives for each year. In 1999, our primary
objective was to evauate differencesin water use by hardwoods and softwoods in WSL1.
In 2000, we used streamflow and sapflow data for both WS1 and WS2 to examine the
tempora dynamics reating these two processes. Also, the focus of sapflow questions
shifted to a comparison of young vs. older conifersin WS1 and WS2. Thisfocus
continued in 2001. In addition, Georgianne M oore established a project in 2001, as part
of her dissertation, to determine how species mixtures affect water use.

OBJECTIVESAND HYPOTHESES:

l. Analyss of speciesinfluences on vegetation water use in the riparian area of
WSIL. The specific objectives of this study were 1) to measure and compare
summer water use of a dominant angiogperm (red ader, Alnus rubra) and
gymnosperm (Douglas-fir, Pseudotsuga menziesii) in WS 1, and 2) to estimate
summer water use by al woody vegetation in the riparian zone, which we defined
as a 100m dtrip centered on the stream. This defined a12.7 hastudy area. We
tested the following hypotheses: 1) Maximum water use by red dder (per unit
sapwood area) is greater than Douglas-fir, 2) Diurnd variation in sgpflow is
greater for Douglas-fir than for red alder (due to greater sengtivity to VPD), and
3) Water use by red dder relative to Douglas-fir should increase through the
growing season as amospheric humidity decreases.

I. Comparing the dynamics of streamflow and sapflow in WSL1. The objective of
thiswork isto analyze atigtica relationships between sgpflow and streamflow
records on both did and seasond time scales. Specificaly, we have been looking
for corrdations between changesin flux rates and, by using lag andlyss, the
tempord relationships between sapflow and streamflow.

. Comparing vegetation water usein WS1 and WS2.  The objective of thiswork is
to test the hypothesis that transpiration rates per unit sgpwood area are
ggnificantly lower in old (200+ years) Douglas-fir compared with young-mature
trees (20-50 years) (as predicted by the “hydraulic limitation” hypothess). Also,
we seek to determine whether there are differences between the two watersheds in
summer water use by vegetation in the “riparian” areas (defined arbitrarily as 50
m to either Sde of the stream), and whether these differences can help us
understand long-term trends in streamflow (related to part I1).




RESULTS

1. Speciesinfluenceson vegetation water usein WSL.
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established a set of measurement plotsin transects normal to the stream bed. In each plot
we tallied the species, height, DBH and sapwood depth for every tree over 1 cm DBH,
and from these data we estimated the distribution of vegetation and sapwood basa area
throughout the study area. The estimated total sapwood basal areawas 6.8 and 14.0 n
ha'* for broadleaf and coniferous species, respectively. Assuming that the water use of
red alder and Douglas-fir were representative of these functiona groups, we estimated
that the broadleaf vegetation averaged 0.73 mm day * water use and the conifers averaged
1.06 mm day%, for atotal of 1.80 mm day* through the measurement period. Conifers
used gpproximately 65% of the tota transpired water in early July; this dropped to about
55% in late August (Fig. 1).

2. Temporal relationships between sap flow and stream flow

DIEL RELATIONSHIPSIN WSL1. Both sapflow and streamflow showed a pronounced
24-hour periodicity (i.e, a“did” pattern) in WSL (Fig. 2). Thetime lag between
maximum sapflow and minimum streamflow varied through the summer of 2000, with a
minimum lag of about 3 hoursin June, increasing to more than 10 hours by late August
(Fig. 3). We edimated the “ effective zone of vegetation influence’ on short-term
fluctuations in stream flow by dividing the daily amplitudein the streamflow record (n*
H20 of “missang” sreamflow between daily pesks) by the daily total sapflow on aground
area
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Fig. 2. Dally dynamics of sap flow and stream Fg. 3. Timelags between maximum
flow in WSL in 1999 sap flow and minimum stream flow
in WSL in 2000.

basis (m? H,O transpired per m? ground areg). The quotient is the effective ground area
of trangpiring vegetation that can account for the fluctuation in streamflow. Thisarea
turned out to be quite smdl, and it changed through the summer. The maximum
“effective ared’ reached a maximum of 0.3 ha (or about 0.3% of the total watershed) in
late June, declining to less than 0.1 ha by late summer.

SEASONAL RELATIONSHIPS IN WS1 and WS2.

Long term stream flow records indicate that average summer dow flows are currently
dightly lessin WSL than in W2 (Fig. 4) shows the differences for 2000). We compared
the streamflow with sapflow based on

Fig. 4. Daily stream flows from June 1 - Oct. 15 measurements within the “ riparian zone’
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in late November or early

December (Fig. 6). Thisleadsto the hypothess, which we plan to explore further in the
future, that the vegetation in WS1 extracts far more soil water than in W2, resulting in a
soil water deficit that is“filled” when fal rains resume — thus resulting in a short-term
reduction in flowsin WSL.

3. Sapflow in young vs. old Douglas-
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3. Vegetation water usein riparian areas of WS1 and WS2
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Fig. 8. Sapwood basdl areaby species | compared with the old growth forest. Also,

In riparian areas of WSL and WS2. hardwood species are a much more important
component in the regenerating forest (34% of
sapwood basal ared) compared with the old-growth forest (7%) (Fig. 8). In
measurements we conducted during the summer of 1999, we found that transpiration per
unit sapwood area was sgnificantly higher in red ader compared with Douglas-fir, and
a0 that the transpiration of the broadleaf species remained relatively congtant through
the summer season while that of the conifer decreased by nearly %2 between early duly
and mid- September.
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With our current measurements (ignoring understory species and aso ignoring
hardwoods in the old growth stand) water use by woody vegetation in the riparian zone of
WSL appears to be much higher than in WS2 (Fig. 9).
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Fig. 9. Yearly and age-related comparisons. The old-growth trees in Watershed 2 utilize much less
water per unit ground area than young, 40-year-old trees in the adjacent Watershed 1. Note that sap
flow rates in young conifers (based on 7 Douglas-fir trees in a transect similar to that of Watershed 2)
were similar in 1999 and 2000. There are relatively fewer deciduous trees in Watershed 1 than
conifers, however sap flow rate do not decline as rapidly through the summer (based on 7 red alder
trees in a transect similar to that of Watershed 2, located near the 7 Douglas-fir trees).




The gpparent differences in vegetation water usein riparian zones of WS1 vs. WS2
appear to be much greater than the differences that gppear in the stream flow records
(athough we have not yet done this comparison quantitatively).

We haven't measured sapflow of any understory speciesat HJA, but & Wind River
we ve measured vine maple, and the rates are surprisingly high for an understory species
(Fig. 10). Wethink it isimportant to begin incorporating understory speciesin
cdculaionsfor the HIA.

Fig. 10. Diurnal trendsin sapflow of important speciesin an old-growth stand at Wind River, WA.
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