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SUPPLEMENTAL INFORMATION
Flow hydraulics in channel reaches adjacent to waterfalls
We assume identical geometry of the reaches above and below the waterfall, as is

common in narrow bedrock canyons, and steady, uniform flow such that
Tiver = PGHS = pC; ;U ? (S1)
and
7, = HS/RD (S2)
Here, zriver IS the river shear stress, p is water density, g is gravitational acceleration, H is reach-
averaged flow depth, S is the river slope, U is depth-averaged water velocity, R is the submerged

sediment density (R=1.65 for quartz), D is the median grain size, and z= is the Shields stress.

Ct_river is the river friction factor, which we solve for as (Garcia, 2008)

Cf_river = (%)1/2 = [8-1 (%)1/6]_2 (S3)

where u~ = (zriver/p)*? is the shear velocity. We solve for H by combining equations (S1) and (S3)

and assuming conservation of mass (Qw = UWH, where W is channel width). This approach
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ignores friction from the walls, which may be substantial for deep, narrow flows in bedrock
canyons (e.g., Nelson and Seminara, 2011).
Waterfall plunge pool sediment transport capacity

We calculate the sediment transport capacity of waterfall plunge pools following
Scheingross and Lamb (2016) which assumes steady, axisymmetric flow within a cylindrical
plunge with vertical bedrock walls. The presence of vertical walls requires sediment to be
suspended up and over the pools in order to be transported out of the pool. The model combines
jet hydraulic theory and sediment suspension theory to predict the plunge pool sediment

concentration under transport-limited conditions as

(/L)
Ky(r/L,)
L(r/L,)
K.(r/Ly)

1,(r/Ly)+ K,(r/L,)

c(r,z)=c, exp[— (2 _Emixed)J (S4)

d

1,(6/L,)+ K, (/L)

where r and z are radial and vertical coordinates, respectively, cy is the near bed sediment
concentration that is solved for using standard sediment entrainment theory (Eq. 30 in
Scheingross and Lamb (2016)), zmixed iS the height of the well-mixed layer of sediment near the
pool floor and is assumed to be set by the height of sediment saltation following Sklar and
Dietrich (2004), Lq parameterizes sediment mixing through a diffusive length scale which
balances turbulence and particle settling, and ¢ is the radius of the region within the plunge pool
in which flow is primarily downward due to advection from the descending jet. The notation lo,
Ko, 11, and Ky in Eq. (S4) denote modified Bessel functions of the first and second kind of order 0
and 1, respectively.

Plunge pool sediment transport capacity (Qsc_poot) is predicted as
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Q Z=Zyater
- J‘

(Zwater - ZIip) =1,

Qsc_ pool = C(r Z)dZ (85)

pool

where zwater and zjip are the elevation of the water surface and the plunge pool lip, respectively,
and rpoor 1S the plunge pool radius. The Scheingross and Lamb (2016) theory shows that plunge

pool sediment transport capacity can be predicted from four non-dimensional variables

Qsc_ pool _ f [ z-*pool (Zlip _Zmixed) rpoo| i} (86)

QW ’ Ld ’ Ld ,Ld

Txc_ pool
Where z+pooi aNd 7+¢_pool are the Shields stress and critical Shields stress within the plunge pool,
respectively. Scheingross and Lamb (2016) tested the theory against flume experiments and
found good agreement across the range of these non-dimensional variables that are commonly
observed in the field (see Figure 4 in Scheingross and Lamb (2016)).

The model of Scheingross and Lamb (2016) assumes that the waterfall jet falls a finite
distance in freefall (i.e., the bedrock step composing the waterfall is emerged from the flow) and
that the full waterfall jet enters the plunge pool. At very large discharges, these assumptions can
be violated as the flow depth below the waterfall can exceed the waterfall drop height and the jet
diameter can grow larger than that of the plunge pool. Under these cases, we refrain from
predicting waterfall plunge pool sediment transport capacity.

River sediment transport capacity

We calculated river sediment transport capacity following Lamb et al (2008). This
method calculates the total river sediment transport capacity, Qsc_river, s the sum of the bedload
and suspended load transport capacities, where suspended load transport capacity is calculated
by integrating the product of the sediment concentration and velocity profiles. Following this
method, river sediment transport capacity can be solved for by re-arranging Equation 20 from

Lamb et al (2008)



64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

__ Qsc .(UHY+UpHp)
Qsc_river === UnH (87)
bfp

where Qsc_pL IS bedload transport capacity, Uy and Hy are the bedload velocity and height of the
bedload layer, respectively, and y is the integral that describes the vertical structure of the flow
velocity and sediment concentration. We calculate the bedload transport capacity following
Fernandez Luque and van Beek (1976)
Qsc.sr = 5.7(W)(RgD*)** (1, — 7.)'* (S8)

where z«c is the critical Shields stress for motion, and follow Lamb et al (2008) to calculate U, H,
Us,, Hb, and y. Finally, we assumed channel width at a site is constant with varying discharge, as
waterfalls often occur in steep-walled canyons.
Influence of grain size mixtures

Size-selective transport has yet to be examined in bedrock plunge pools; however, we
expect that partial transport of fines during low flows in rivers (Hassan and Church, 2001;
Scheingross et al., 2013) can explain the observations of plunge pools filled with fine sediment
(Fig. 1 and S1). When the waterfall jet is weak, shear stress on the pool floor can be negligible,
making pools traps of even the finest sediment. In contrast, mountain streams often transport a
wide distribution of grain sizes during large floods (e.g., Rickenmann et al., 2012). Thus, size-
selective transport may explain the observation of coarse bars at pool boundaries (Fig. 1 and S1),
because bars form at high discharge capable of transporting coarse sediment, and size-selective
disentrainment of sediment favors coarse grain deposition (Fedele and Paola, 2007). Fine
sediment may also be winnowed from the bar during low flow when sediment transport is active
in the river, but not the pool, which is further consistent with the existence of coarse sediment
bars at the downstream pool boundary. For these reasons, we expect size-selective transport in

the presence of sediment mixtures should yield similar results to our single grain size modeling.
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The presence of sediment mixtures may also change the dynamics of sediment transport (e.g.,
Parker, 2008), as has been observed in alluvial scour pools where wider grain size distributions
create deeper pools (Pagliara et al., 2006). Further investigation of how sediment mixtures
influence the fill and scour of bedrock-walled plunge pools remains a key target for future work.
However, if the observations of Pagliara et al. (2006) hold, they imply the presence of sediment
mixtures would increase the discrepancy between plunge pool and river sediment transport
capacity due to the increase in plunge pool depth, thereby accentuating the results presented here.
Solving for Qw_scour
We solve for the critical discharge necessary to scour sediment from plunge pools,

Quw,_scour, Numerically by finding the discharge for which Qsc_river=Qsc_pool USiNg estimates of the
plunge pool geometry. We use particle size and the geometrics of the channel, waterfall and
plunge pool to solve for Qsc_river following Eq. (S7) and Qsc_poot following Scheingross and Lamb
(2016) for 500 logarithmically spaced water discharges between 10 and 10* m®/s. We then
identify the water discharge for which Qsc_river=Qsc_poot BY finding the point of intersection
between the Qsc_river-discharge and Qsc_pooi-discharge curves. When using plunge pool bedrock
geometry (i.e., the depth to the bedrock pool floor and the radius from the pool center to its
bedrock sidewall), Qw scour represents the threshold discharge needed to scour all sediment from
the pool, expose the bedrock bed, and allow for vertical bedrock incision via sediment impacts.

In some cases, the discharge needed for pools to scour to bedrock was so great that
waterfalls became submerged and/or waterfall jets became wider than the plunge pools they fed
into. These conditions violate the assumptions of the Scheingross and Lamb (2016), and we are
unable to predict Qw scour. FOr these cases, we instead place a minimum bound on Quw_scour USING

the maximum discharge at which the assumptions of the Qsc_poot model has not been violated, and
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for which Qsc_pool < Qsc_river (Fig. S4). Figure 4 in the main text lumps both cases where Qw_scour iS
directly calculated, and cases where a minimum estimate of Qw scour iS made, thereby providing a
conservative estimate of the return period necessary for waterfalls to scour to bedrock (that is,
the lumping of these two metrics biases the results towards lower return periods). We explicitly
separate these two cases in Figure S3 and Table S1.

Our calculation of the threshold discharge to allow bedrock erosion in plunge pools uses
the field-surveyed waterfall height, plunge pool bedrock radius, channel geometry, and grain size
reported in Scheingross and Lamb (2016). These pools typically had well-exposed bedrock walls
allowing accurate measurements of plunge pool bedrock radii, but were often filled or partially-
filled with sediment at the time of our surveying (including at the Middle Switzer Falls reference
site), such that the true depth to bedrock is only known for 5 of the 75 waterfalls. For the
remaining 70 waterfalls, we set pool depth equal to the pool bedrock radius for cases in which
existing depth measurements were less than the radius. Experiments of plunge pool bedrock
erosion suggest that waterfalls typically erode deep, narrow pools, with depths that can be greater
than three times the plunge pool radius (Scheingross et al., 2017). Setting pool depth equal to
pool radius is thus a purposely conservative estimate of the true depth, as this biases estimates of
Qw_scour Tor bedrock erosion towards lower discharges, and thus strengthens our argument that
plunge pool bedrock erosion typically requires infrequent, large magnitude events (Fig. 4). Using
the reported plunge pool depths in the Scheingross and Lamb (2016) database instead of the pool
radii would still result in 44 of the 75 pools requiring floods with recurrence intervals greater
than 10 y to scour below the maximum reported depth for conditions of Qs_river/Qsc_river = 1.

We determined the recurrence interval of flows large enough to erode bedrock in pools

(or, in cases where the Scheingross and Lamb (2016) model assumptions were violated, the
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minimum bound on Quw_scour fOr bedrock erosion) by linearly interpolating along the discharge-
frequency relations we created at each waterfall using historical water discharge records. We
assumed a linear scaling between discharge and drainage area to account for the fact that gages
and waterfalls were not co-located. When available, we used discharge records covering greater
than 20 y from instrument gages on the same river as the waterfall of interest; where such
records did not exist, we used records from nearby gages (Table S1). For cases where, the
threshold discharge to erode bedrock exceeded the maximum discharge on record, and we set the
recurrence interval equal to one year greater than the length of the discharge record (Table S1)
In some cases, the plunge pool sediment transport capacity was greater than the river
sediment transport capacity across all discharges, there was no crossing of the plunge pool and
river sediment transport capacity curves, and therefore no estimate of the threshold discharge for
bedrock erosion. This behavior suggests disequilibrium plunge pool bedrock geometries, which
may be a consequence of our conservatively low estimates for pool depth or indicate the
presence of newly formed pools, and occurred for 6, 8, and 17 pools when setting Qs _river /
Qsc_river €qual to 1, 0.5, and 0.1, respectively. For an additional 17 plunge pools with Qs river /
Qsc_river equal to 1 (and 0 cases when Qs river / Qsc_river Was 0.5 or 0.1), curves crossed at two
locations coinciding with Qw_agg and Qw_scour (€.9., Fig. 2C). For these cases, we calculated the
threshold discharge for bedrock erosion at the higher crossing value (i.e, Qw_scour). The lower
crossing point (i.e., Qw_agg) is typically coincident with the threshold discharge for sediment
transport in adjacent river reaches (Fig. 2C); thus, even though pools have capacity to scour
sediment at these low discharges, they lack upstream sediment supply, and hence have no or
negligible availability of tools for bedrock erosion. In contrast, at discharges above Qw_scour, there

is both sediment supply and exposure of bedrock, allowing for efficient bedrock erosion.
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SUPPLEMENTAL TABLES

We provide the Supplemental Tables at the end of this PDF to facilitate ease of reference and
preservation. Supplemental tables are also provided in a separate file in .xIsx format for ease of
access.

Table S1: Field-surveyed waterfall plunge pools from Scheingross and Lamb (2016).

Table S2: Individual clast measurements for grain size distributions shown in Figure 1.
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Figure S1: Waterfall plunge-pool systems with fine sediment fills and coarse sediment bars from the San
Gabriel Mountains, CA with grain size distributions shown in Figure 1. Plunge pool 1 (A) and 2 (B) on
Arroyo Seco. Large grains in foreground of (A) have a median diameter of ~20 cm for scale. (C) Wolfskill
Falls, San Dimas Experimental Forest.



No transport of
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Figure S2: Example of waterfall plunge pool on Arroyo Seco, California. Photos taken in March 2010
and show the plunge pool filled with fine sediment following the Station Fire (August 2009). Field
observations showed active transport of gravel out of the pool, but no gravel transport in the downstream
river, consistent with our model predictions for shallow pools (Fig. 2C).
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Figure S3: (Left column) Histogram of flood return interval for plunge pools in which the critical
discharge to scour all sediment from pools and erode bedrock can be estimated. (Right column) Histo-

gram of flood return interval for plunge pools where the waterfall becomes submerged prior to the onset
of bedrock erosion. For these cases, we use the discharge of waterfall submergence as a minimum
estimate of the threshold discharge to scour to bedrock. All calcluations use Toe oot = 0.045, and we

varied QO /Q . from 0.1 to 1 as indicated in each panel. Historgrams omit cases in which is Q

greater than Q . at all discharges, as these likely reflect disequilibrium plunge-pool geometries.
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Figure S4: Example comparisons of river and plunge-pool sediment-transport capacities for a case where
the waterfall becomes submerged before the pool is predicted to scour to bedrock, violating assumptions of
the Scheingross and Lamb (2016) model (Waterfall DC2, Table S1). In this case, the discharge required to
submerged the waterfall is ~4 times larger than the maximum, drainage-area scaled discharged predicted at
this location using the 105 y gage record. Calcluations use 7, = 0.045 and the values listed in Table S1.
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Table S1. Field-surveyed waterfall plunge pools from Scheingross et al (2016)T

Q s_river /Q sc_river =1

Q s_river /Q sc_river =05

Q s_river /Q sc_river =01

Return Q Return Q Return Q
perlod Ww_scour perlod w_scour perlod Ww_scour
D D
. w H drop T pool h pool . %0 . o A UuT™M UuTM Pool USGS Agage for for for for for for
River D S (m) rver TVer- m? East  North floor Gage %) | bedrock bedreok bedrock bedreok bedrock bedreok
m m . ersoion . ersoion . ersoion
(m) (m) (m) m () (km") D (km”) - i i
ersoion 3 ersoion 3 ersoion 3
(yr) (m?/s) (yr) (m?/s) (yr) (m?/s)
Colby Canyon CPL 006 5 25 23 09 015 038 262 395326 3792758 sed 11098000 41.40  106* B1** 106*  61.6**  106* 55.1
Colby Canyon CP2a 007 4 2 09 065 015 0.38 1.64 395467 3792855 sed 11098000 41.40 106*  21.1**  106*  21.5**  106*  21.5%*
Colby Canyon CP2b 007 4 06 19 04 015 038 1.64 395467 3792855 sed 11098000 41.40 20 5.g%* 20 5.7%% 19.8 5.7%%
Colby Canyon CP3 006 3 12 18 05 015 0.38 1.64 395463 3792879 sed 11098000 41.40 106*  12.1*  106*  12.0%  106*  12.0%*
Colby Canyon CP4b 005 3 32 15 1 015 038 161 395568 3792957 sed 11098000 41.40 106*  53.1**  106* 51.1 106* 26.9
Colby Canyon CP4c 005 3 19 23 1 015 038 1.61 395568 3792957 sed 11098000 41.40 106*  24.3*  106*  24.0%  106%*  24.0%*
Little Santa Anita  LR1  0.08 35 85 1.0 01 01 N/A 549 403678 3782944 sed 11100500 476  N/AY N/AY N/AY N/AY N/AY N/AY
Little Santa Anita  LR2  0.08 5 4 29 05 01 N/A 549 403681 3782993 2 11100500 4.76 47* 44.8 47* 27.3 31.7 13.0
Little SantaAnita LR3 008 4 35 07 03 01 N/A 554 403700 3782879 br 11100500 4.76 40 15.6%* 41 15.9**  N/AY N/AY
Little Santa Anita  LR4  0.08 5 8 20 15 01 N/A 555 403707 3782848 ? 11100500 4.76 13 6.6 N/AF N/AF N/AF N/AF
Little Santa Anita LR5a 008 4 55 08 15 01 N/A 555 403704 3782825 ? 11100500 476  N/AY 15.6 N/AY N/AY N/AY N/AY
Little Santa Anita LRS5b 008 4 125 13 15 01 N/A 555 403704 3782825 ? 11100500 4.76 45 17.2%* 45 17.2%% 455  17.0%*
Little Santa Anita  LDla 0.08 5 1 06 024 01 N/A 559 403707 3782759 br 11100500 4.76 13 6.4%* 13 6.4%* 12.9 6.4%%
Little Santa Anita  LD1b 0.08 5 4 07 01 01 N/A 559 403707 3782759 sed 11100500 4.76 34 13.9%* 34 13.8%*  N/AY N/AF
Little SantaAnita LR6 008 6 52 19 2 01 N/A 56 403719 3782712 ? 11100500 4.76 47* 30.2 15 9.6 N/AY N/AY
Little Santa Anita LR7a 008 6 45 10 03 01 N/A 56 403675 3782679 sed 11100500 4.76 47* 36.7** 26 11.4 N/AY N/AF
Little Santa Anita LR7b 008 6 075 15 15 01 N/A 56 403675 3782679 ? 11100500 4.76 28 12.1%* 28 12.0% 276  12.0%*
Little Santa Anita LDF 01 6 15 21 01 01 N/A 57 403693 3782583 sed 11100500 4.76 47* 34.3%* 47* 34.4%* 47* 325
Little SantaAnita LR8 011 6 45 20 01 01 N/A 572 403699 3782457 sed 11100500 4.76 47* 54.2 47* 21.3 12.4 5.9
Little Santa Anita LR9 011 5 27 20 2 01 N/A 576 403722 3782369 °? 11100500 4.76 47* 68.5%* 47* 39.9 34.9 14.6
Little Santa Anita  LR10 0.09 3 3 15 1 01 N/A 58 403870 3782433 ? 11100500 4.76 47* 375 47* 20.9 13.6 7.5
Little Santa Anita LR11 009 25 47 23 4 01 N/A 582 403910 3782489 ? 11100500 4.76 47* 19.8 38 15.8 14.7 9.1
Rubio Canyon RR1 013 4 23 19 025 0.1 NA 226 397227 3785825 sed 11098000 41.40 N/A N/A? N/A N/A? N/AY N/AY
Rubio Canyon RR2 013 3 65 16 02 01 NA 226 397226 3785809 sed 11098000 41.40  106* 14.6 14 6.4 N/AY N/AY
Rubio Canyon RR3 013 4 46 15 01 01 NA 227 397223 3787590 sed 11098000 41.40  106* 38.3 106* 15.5 7.1 35
Rubio Canyon RR4& 015 4 62 23 01 01 NA 227 397178 3785777 sed 11098000 41.40  106* 26.3 106* 14.7 11.4 5.3
Rubio Canyon RR5 015 3 75 20 01 01 NA 227 397172 3785769 sed 11098000 41.40  106* 14.6 36 9.1 6.5 3.0
Rubio Canyon RR6 018 4 85 14 01 01 NA 228 397152 3785725 sed 11098000 41.40 38 9.6 6 2.9 N/AY N/A?
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Dry Meadow Ck STC1 005 12 266 6.2 39 01 N/A 935 366139 3984275 ? 11186000 2191 111* 147.1 111* 117.6 109.0 719
Dry Meadow Ck STC2 005 12 374 48 2 0.1 N/A 935 366143 3984266 ? 11186000 2191 111* 90.9 91 66.5 26.9 321
Dry Meadow Ck STC3 005 12 534 92 5 0.1 N/A 935 366146 3984250 sed 11186000 2191 111* 170.9 111* 125.8 89.9 66.2
Dry Meadow Ck STC4 005 12 389 59 462 01 N/A 935 366155 3984237 sed 11186000 2191 111+ 113.9 111* 84.1 44.8 42.6
Dry Meadow Ck STC5 005 12 124 49 221 01 N/A 935 366159 3984225 br 11186000 2191 51 50.7** 51 50.7** 51.3 50.7*%*
Dry Meadow Ck STC6 005 12 285 74 253 01 N/A 935 366166 3984219 ? 11186000 2191 111+ 178.3 111* 141.7 111* 85.8
Dry Meadow Ck STC7 005 12 236 45 255 01 N/A 935 366175 3984206 sed 11186000 2191 111*  133.7**  111* 101.4 65.1 58.8

Huleia Stream KP 0003 10 56 223 7.5 02 N/A 47 456876 2427414 16055000 46.83 15 414.2%* 14 404.8%*  11.0 367.7
Kaulaula Valley KA 013 6 39 37 02 03 NA 32 425986 2442220 16130000 9.81  N/A' N/AF N/AF N/AF N/AF N/AF
Hanakapiai Stream  HF 04 10 120 22.0 47 03 N/A 45 438743 2453474 2 16115000 7.10 21*  40100%*  21* 1630.1 21* 468.5

Dry MeadowCk  STC8 005 12 11 44 135 01 N/A 935 366191 3984207 ? 11186000 2191  N/AF N/AF N/AF N/AF N/A N/A
Dry Meadow Ck ~ STC9 0.05 12 1399 64 357 01 N/A 935 366246 3984191 ? 11186000 2191 19 23.2 12 14.4 N/AF N/AT
Kapaa Stream HFU 0007 12 6 40 3 015 062 168 464537 2444738 2 16060000 6150  N/AF N/A? N/A N/A? N/AY N/AY
SFWailuaRiver ~ WF 0006 12 49 400 10 01 N/A 62 460951 2436662 ? 16060000 61.50 2 358.1 2 300.6 13 213.8
?
?

's - reach-averaged channel slope, W - reach-averaged channel width upstream of the waterfall, H 4, - waterfall drop height, r .., - plunge-pool radius, D5, and D g, - estimate of median and 84
percentile grain size for the river reach, respectively. Grain size data comes from a mix of visual estimates and pebble counts, in cases where pebble counts were performed, we report both D 5, and D g,,
for visual estimates, we report D50 only. h o, - plunge pool depth (note: the "pool floor" column indicates if depth was to sediment, "sed", to bedrock, "br", or unknown, "?"), A and A g, - drainage
area at waterfall and discharge gaging station, respectively, Q, s.our - Threshold discharge above which pools will scour to their bedrock floors.

* Recurrance interval of the threshold discharge for scour to bedrock was greater than the length of record at the gaging station and was set to the length of the record.

** Minimum estimate of the threshold discharge to scour to bedrock as the waterfall becomes submerged before the threshold discharge is reached.

% 21-year discharge record for Wolfskill Falls from 1939-1959 provided by the US Forest Service.

¥ No value of Q. scour Calculated as pool sediment transport capacity was greater than river sediment transport capacity for all discharges, likely indicating a disequilibrium bedrock geometry of the
waterfall plunge pool.



Table S2: Individual clast measurements for grain size distributions shown in Figure 1*

Particle diameter (cm)

Arroyo Seco Wolfskill Falls
Channel Pool 1 Bar 1 Pool 2 Bar 2 Channel Pool Bar
48 1 8 0.1 40 20 2 10
6 1 9 0.1 22 4 0.8 8
50 0.5 48 0.3 13 24 1.8 28
17 2 85 3.2 35 1 1.5 20
46 1 3 1.5 6 2 1.5 3
0.6 1 4 4.5 0.1 3 4.5 4
222 2 1 7.5 75 20 4 25
1.7 4 20 1.2 8 2 3 21
0.3 2 45 11 1 3 0.1 15
9.3 4 44 4 13 10 2 16
1.2 2 66 5 45 3 1.5 18
2.1 6 45 10.5 0.1 0.5 1 16
1.6 2 85 0.1 0.1 2 0.1 10
0.6 1 8 2 0.1 10 0.1 20
0.6 2 35 10 90 1 0.8 25
0.8 0.6 70 21 0.1 2 20 16
2.4 2 30 2.5 0.1 1 0.9 12
0.7 0.3 6 4 40 1 1.2 12
0.9 35 23 0.1 2 20 0.4 26
4.1 0.8 15 2 2 23 1.1 23
4 4 30 0.8 2 2 0.5 17
30 2.5 4 13 1 3 70 26
120 1.2 3 35 0.1 2 1.5 22
0.6 7.5 15 0.5 2 2 0.5 14
47 2 30 5.5 4 5 0.1 19
1.6 1.2 0.1 2.5 110 4 0.1 10
1.1 1.8 20 0.1 25 2 0.1 12
1 0.5 12 1.1 17 1 0.1 6
4.2 0.3 11 55 35 0.1 10
42 0.5 55 35 45 0.1 27
3.1 0.8 0.5 2.1 0.1 8 11
1.4 0.3 3 0.1 0.1 0.1 28
1.6 3 6 0.1 45 32
0.9 2 45 2 0.1 27
2.1 0.1 28 1.5 0.1 18
43 0.6 80 0.1 0.1 7
4.9 0.3 0.5 55 0.1 25
8.8 4.5 0.1 5 42 10
7.6 1.2 4 6 3 13
2.1 2.5 0.5 1 70 7
2.2 6 2 0.5 42 7
3.2 2.5 50 4 10 22
2.6 1.5 30 0.5 0.1 30




0.6
0.4
1.2
0.3
2.7
0.8
11
2.1
4.5
51
41
3.2
05
0.9
0.5
0.5

18
52
0.2
40
80
80
4.2
15
2.2
0.4
1.6

0.3
0.5
1.2
1.5
0.2
0.1
0.1

0.5
1.2
0.2
0.2
1.5

0.1
1.2
0.1

1.6
1.2
0.7

25
15
1.8
2.5
13

15
0.8
1.2
1.5
0.1
0.1
1.2
0.5
0.2
2.2
0.3
0.5
15
0.5
0.1
0.1

35
60

38
221
41
2.5
50

0.2

0.1
0.2

0.1

1.5

1.5
4.5
1.5

2.5
25

1.5
0.1
0.1
0.1
0.3

35

25
0.5
15

15
35
1.5

0.7
11
2.6
1.2

2.5
15
0.1

65
0.1

70

30
90

55

0.1
50
0.1
0.1
50
0.2

17

15
30
15
11
12
17
10
16
19
18
15
24
18
13
12
11



3.3 0.2
15 0.4
0.8 1.5
15 4.2
1.2 0.1
1 0.1

0.1

0.1

* All grain size measurements on Arroyo Seco and Wolfskill Falls made on 17 March 2010 and 12
March 2010, respectively . Grain size counts were conducted either by via a heel-toe random walk or
stretching a measuring tape and measuring grains every 0.5 m. Arroyo Seco Pool/Bar 1 and Pool/Bar
2 are separated by less than 100 m and the channel grain size measurements was taken in the fluvial
reach between the two waterfall plunge pools. At Wolfskill Falls the channel measurements were
taken in a short (~ 3 m) section between the downstream bar and a subsequent dowstream waterfall,
limiting the total number of grain size measurements.
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