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Abstract: Riparian communities established along Elder 
Creek, a tributary of the upper South Fork Eel River, 
are bounded by two frequencies of periodic flooding. 
The upper limit for the riparian zone occurs at bankfull 
stage. The lower riparian limit is associated with a 
more frequent stage height, called the active channel, 
having an exceedance probability of 11 percent on a daily 
average flow duration curve. Distinct tree communities 
occupy bankfull and active channel zones. Riparian 
densities (trees per meter of stream channel) along the 
active channel decreased with increasing channel 
gradient and curvature. Riparian densities at bankfull 
stage were not as sensitive to change in channel 
gradient and curvature. 
 
 
 

Many alluvial streams have distinct banks that over-
flow only during periods of flood discharge. The flood 
discharge that just reaches the crest of the bank has 
been labeled bankfull discharge (Richards 1982; Wol-
man and Leopold 1957). The frequency of bankfull dis-
charge for many alluvial channels ranges from 1.5 to 3.0 
years (or greater) on an annual maximum flood series 
(for review, Williams 1978). On the tributaries of the 
upper South Fork Eel River, in Mendocino County, Cal-
ifornia, streambanks are composed of bedrock or coarse 
alluvium and do not exhibit the sharp break in chan-
nel cross section common in alluvial streams. Rather, 
bankfull stage height (water surface elevation above the 
streambed at bankfull discharge) often corresponds to 
the upper limit of sand deposition or to the upper bor-
der of large point bars (Trush, Connor and Knight 1988). 
A distinct break in channel cross section is apparent at 
a sub-bankfull stage, forming a smaller channel within 
the bankfull channel. Osterkamp and Hedman (1977) 
call this inner region the "active channel." They de-
scribe the active channel for Virginia rivers as: 

A short term geomorphic feature subject to change by 
prevailing discharges. The upper limit is defined by a break 
in the relatively steep bank slope of the active channel to a 
more gently sloping surface beyond the channel edge. The 
break in slope normally coincides with the lower limit of 
permanent vegetation so that the two features, individually 
or in combination, define the active channel reference level. 
The section beneath the reference level is that portion of 
the stream entrenchment in which the channel is actively, if 
not totally, sculptured by the normal process of water and 
sediment discharge. 

Bankfull and active channels are discernable alluvial 
features on Elder Creek, a bedrock tributary to the 
South Fork Eel River. Elder Creek is the largest pristine 
Douglas-fir watershed in Northern California. The 
watershed is managed jointly by the Nature Conservancy 
and Bureau of Land Management, U.S. Department of 
the Interior, as the Northern California Coast Range 
Preserve. In the main channel, the lower limit for 
permanent woody vegetation ranges from the active 
channel crest up to bankfull stage, depending on location 
within the channel. 

 
 
This paper examines the relationships between ripar-

ian tree populations and stream morphology in a pris-
tine, bedrock channel. Specifically, the following hy-
potheses are examined: 
1. Streambank species compositions are different at 

bankfull and active stages; 
2. Riparian tree density at active channel stage de-

creases with increasing channel gradient and curva-
ture; 

3. Channel bend inflections support a disproportion-
ately large percentage of the total riparian commu-
nity; 

4. Inside banks support higher riparian densities than 
the outside banks of channel bends. 

 
 

Study Site 
 
 
 
Elder Creek watershed (16 km2) is located in the up-

per South Fork Eel River basin (fig. 1) on the west-
ern flank of Cahto Peak (1290 meters). In this re-
gion, landslides are a dominant geomorphic process in 
the highly fractured Franciscan sedimentary landscape 
(James 1983). More than 95 percent of the high annual 
rainfall (2030 mm) falls from November through April. 
Eighty five percent of the annual precipitation can occur 
as runoff (Rantz 1964). At 0.60 km from the mouth, the 
U.S. Geological Survey maintains a hydrologic bench-
mark station (Sta. No. 11475560), monitoring stream 
discharge and precipitation at 15-minute intervals. 
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Figure 1— Location map of Elder Creek in the upper 
South Fork Eel watershed. The South Fork Eel River 
flows due north. 
 

Upper watershed slopes are primarily a mix of Cean-
othus spp., madrone (Arbutus menziesii), and man-
zanita (Arctostaphylos spp.). Middle and lower slopes 
are dominated by Douglas-fir (Pseudotsuga menziesii), 
tanoak (Lithocarpus densiflorus), and California bay 
laurel (Umbellularia californica). The riparian tree com-
munity is comprised of four major species. White alder 
(Alnus rhombifolia), Bigleaf maple (Acer macrophyl-
lum), Pacific yew (Taxus brevifolia), and Oregon ash 
(Fraxinus latifolia) can be found in all channel locations. 
Higher on the channel bank, Douglas-fir and California 
bay laurel are common on terrace deposits. Unidentified 
mosses and sedges dominate the riparian understory. 

 
Elder Creek is a coarse grained channel with particle 

sizes ranging from 50 to 150 cm in steep riffles and 5 to 
10 cm in point bar deposits. Bedrock is exposed on the 
floor of all major pools and comprises 10 to 90 percent 
of the banks in typical channel reaches. In Rosgen's 
 

(1975) stream classification system Elder Creek would 
be a 'B1' stream type. Multiple terrace sets 3 to 15 m 
above the present channel indicate an extensive period of 
downcutting; significant floodplain formation is limited 
to very few, less confined channel reaches. Stream 
gradient for the entire main channel (5.1 km) averages 
3.3 percent, though the channel gradient below a major 
knickpoint (2.3 km from the mouth) is 2.4 percent. The 
low sinuosity channel does exhibit depositional features 
typical of alluvial channels, though modified by bedrock 
outcrops and boulders. Coarse point bars are found 
at more acute channel bends associated with the larger 
pools. Pools and riffles have similar median particle size 
distributions ranging from 15 to 50 cm. Large woody 
debris has little impact on channel morphology in this 
pristine watershed. 
 
 
 
Active and Bankfull Channels 
 
 
 

Many of the criteria for identifying bankfull stage in 
alluvial channels (Williams 1978) apply to the active 
channel in Elder Creek. Kush, Connor and Knight 
(1988) developed the following criteria for identifying 
the active channel: 
a. Base of alder trunks occur at active channel crest 

along straight channel reaches and at bend inflections; 
on acute channel bends, alders generally occur closer 
to bankfull stage; 

b. Root wads of living sedges rarely above active stage 
unless there is seepage from the banks; 

c. Tops of isolated gravel deposits in the lee of mid-
channel boulders occurred at or below active stage; 

d. Presence of decomposed shale clasts (i.e. highly 
fractured but shape maintained) uncommon below 
active stage; 

e. Alluvial deposits at the downstream end of bedrock 
pools (the pools generally located at channel constric-
tions with no with no associated point bars) below 
active stage; 

f. A distinct bench in the cross section above the active 
channel crest (berm) created by a matrix of gravel 
packed in interstices of large cobbles and boulders, as 
in Figure 2. 

g. Mosses more abundant above active stage, but pres-
ence or absence of mosses on large cobbles and boul-
ders not a reliable feature for active stage identifica-
tion. 

 
The best field evidence of the active channel is often 

along the edge of coarse point or lateral bars. A sharp 
break in the cross section of a lateral bar occurs at the 
crest of the active channel (fig. 2B). A bench of coarse 
particles packed in a matrix of sand and small gravel 
 



 
originates at the active channel crest and extends toward 
the bankfull stage. Osterkamp and Hupp (1984) call this 
bench the "channel shelf." 
 

Using the Trush, Connor, and Knight (1988) criteria, 
active and bankfull stage heights were identified at 
18 cross sections. Stream discharges at the surveyed 
active and bankfull stage heights were calculated from 
discharge rating curves specific for each cross section. 
Average active discharge for all cross sections was 1.97 
cubic meters per second (cms)(std. dev.= 0.29); average 
bankfull discharge was 14.7 cms (std. dev.= 1.82). An 
active channel capacity of 1.97 cms has an exceedance 
probability of 0.11 on the average daily flow duration 
curve, i.e., on the average, active channel discharge is 
equalled or exceeded 40 days of the year. A bankfull 
channel capacity of 14.7 cms has a recurrence interval 
of 1.55 years using the Log Pearson III distribution 
and 1.65 years with the lognormal distribution (U.S. 
Water Resources Council 1981), i.e., bankfull discharge 
is approximately equalled or exceeded one day in an 
average water year. 

Figure 2– Photographs of Elder Creek riparian zone on 
a lateral bar (A) and close-up of the active channel (B). 
 

Methods
 
 
A detailed stream map was constructed for the lower 

3.3 km of main channel in 1985 and 1986. A meter tape 
was set along the channel thalweg with compass bearings 
taken at each bend in the tape. Channel widths were 
measured with another tape placed perpendicular to the 
thalweg tape. Water surface slope was measured with 
an engineer's level during low summer flows. Features 
mapped included (1) variations in channel width at three 
stream discharges corresponding to bankfull, active, and 
mid-summer flows, (2) the channel thalweg (deepest 
location in a channel cross-section) at 2 m intervals, and 
(3) the dimension of all pools, riffles and alluvial bars. 
At map completion, measurement intensity averaged one 
set of channel width estimates for every 5 m of channel 
length. A map was drafted at a scale of 1:200. 

 
The locations of all riparian trees (those trees at the 

bankfull stage or lower) greater than 2 cm in diameter 
(d.b.h.) were plotted on the channel map during 1986 
and 1987. Trees with their root bases positioned at, 
or closer to, the active stage height were considered 
part of the active channel riparian population. Trees 
with root bases located at, or closer to, bankfull stage 
were assigned to a bankfull population. All trees were 
observed during an active and a bankfull discharge. 

 
The stream channel was divided into homogeneous 

segments called planforms, utilizing the channel map. 
Riparian tree density (number of trees per meter of chan-
nel length) was calculated for each planform at active 
and bankfull stages. Criteria for determining the down-
stream extent of one planform and upstream edge of 
another planform included similarity in channel width, 
bank materials, curvature, and extent of depositional 
features. Cross-over of the channel thalweg from one 
bank to the opposite bank (i.e., at the inflection between 
two channel bends) provided an additional criterion for 
less confined planforms. Planform slope was calculated 
as the change in low flow water surface elevation over 
the thalweg length. Planform curvature was estimated 
as the change in thalweg direction. A straight line was 
drawn from the thalweg at the upstream edge of the 
planform to the thalweg at the apex of the bend. An-
other straight line was drawn from the thalweg's apex 
to the thalweg at the downstream edge of the planform. 
The change in direction, measured in degrees, from the 
upstream line to the downstream line was a simple mea-
sure of planform curvature. Using this procedure, the 
3.3 km of channel was divided into 57 planforms, with 
slopes varying from 0.50 percent to 6.48 percent. Plan-
form curvatures ranged from 1 to 110 degrees. 
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Results 
 
 
Riparian populations at bankfull and active stages in 

the lower 3.3 km of the main channel of Elder Creek 
differed in species composition and relative abundance. 
A total of 581 trees were censused: 254 trees in the ac-
tive population and 327 trees in the bankfull population. 
White alder and Oregon ash comprised 85.9 percent of 
the population at the active stage, while a more even mix 
of White alder, Oregon ash, Bigleaf maple, and Pacific 
yew comprised the bankfull population (fig. 3). Only 
a few individual alders and ash were noted above the 
riparian zone delineated by the bankfull stage. These 
individuals commonly were associated with springs or 
tributaries. The normally distributed size class distri-
bution (size classes in d.b.h.) for the alder population 
and skewed size class distribution for ash (fig. 4) do not 
show abundant recruitment stocks of smaller individ-
uals. Bigleaf maples were not limited to the riparian 
zone, but were common on steep slopes above bankfull 
stage. Pacific yew establishment ranged from the active 
channel berm up to terrace flats five meters above the 
bankfull stage. Size frequency distributions for maples 
and yews in Figure 4 only represent the riparian portion 
of their populations. Maple and yew recruitment also 
appeared low, particularly among yews with only two 
seedlings found along the channel. 

 
Riparian tree densities (number of trees per meter 

of planform length) at the active channel stage exhib-
ited a threshold to changes in planform slope and curva-
ture. We labeled this a threshold because tree densities 
spanned a range of values for a given planform slope or 
curvature but were bounded by an upper limit (called 
the threshold density). For example, tree density for 
the active population exhibited a threshold response to 
planform gradient (fig. 5). At a gradient of 1 percent, 
riparian densities ranged from 0 to 0.36 trees per meter, 
but usually did not exceed 0.25 trees per meter. The 
planform with 0.36 trees per meter was a braided chan-
nel reach. The only other braided reach also appears 
as an outlier in Figure 5, with a density of 0.14 trees 
per meter at a planform slope of 5.3 percent. Riparian 
density threshold at a slope of 1 percent was approxi-
mately 0.25 to 0.30 trees per meter; higher densities for 
non-braided channel reaches with slopes near 1 percent 
were not found. Threshold density decreased as plan-
form slope increased, e.g. at a planform slope of 3.5 per-
cent the threshold density was approximately 0.12 trees 
per meter. Threshold riparian density at the active stage 
also decreased with increasing planform curvature (i.e., 
greater degrees of bend). Threshold densities decreased 
from 0.25 trees per meter at a curvature of 5 degrees to a 
slightly lower density of 0.20 trees per meter at a greater 
 

curvature of 50 degrees (fig. 5). The change in threshold 
density was greater above 50 degrees, decreasing to 0.05 
trees per meter for a 100 degree planform curvature. 

Changes in bankfull tree population density were 
not clearly related to planform slope and curvature.
Threshold densities remained above 0.2 trees per meter 
over a wider range in planform slopes of 0.1 to 4.0 
percent (fig. 6). A threshold density of approximately 
0.20 trees per meter remained constant for planform 
curvatures ranging from 5 to 70 degrees (fig. 6). 

Figure 3– Relative species abundances of active and 
bankfull tree populations in the main channel of Elder 
Creek. 
 

 

The use of graphical techniques does not allow separa-
tion of the relative importance of slope and curvature in 
determining threshold tree densities. We are not aware 
of a reliable statistical technique for defining a threshold 
response. The upper limit for riparian densities (approx-
imately 0.40 trees per meter) probably results from the 
need for a minimum canopy area per mature tree rather 
than fluvial interaction. There must be a limit to the 
degree of "packing" trees in a confined space. In many 
planforms, riparian densities at the active or the bank-
full channel was zero. Shear bedrock surfaces provided 
little opportunity for seedling establishment in several 
of the stream canyon reaches. 

 
The location at which a meandering channel changes 

direction (flowing from one meander into the next mean-
der) is called a channel inflection point. At the inflection 
point, the thalweg is positioned near the center of the 
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Figure 4— Size frequency (d.b.h.) distributions for the four most common riparian species in the main channel of 
Elder Creek. 

channel. All riparian trees found at the inflection (a 
5 to 8 meter channel segment on both sides of the 
channel) were censused from the channel map. The 
average riparian density at bend inflections was 0.35 
trees per meter. Average densities for the active and 
the bankfull stage at bend inflections were similar, 0.15 
trees per meter and 0.20 trees per meter, respectively. 
Average tree density (combined active and bankfull 
populations) for the entire channel was 0.18 trees per 
meter, indicating that planform inflections provided 
relatively better habitat conditions for survival than 
other locations in the channel's planform geometry. 
 

Each tree was assigned to the inside or outside bank 
of its respective planform. In the active channel of Elder 
Creek, 121 trees occurred on the inside banks and 133 
trees on the outside banks. In the bankfull channel, 185 
trees were found on the inner and 142 trees on the outer 
banks. On the inner planform bank, the active riparian 
trees were less common than bankfull trees. On inner 
and outer banks of the active channel, riparian threshold 
density decreased with increasing planform curvature 
(fig. 7). Threshold riparian densities on the inner and 
outer banks of the bankfull channel did not exhibit as 
 

clear a response to planform curvature (fig. 8). 
 
 
Discussion 

 
 
Riparian species must be physiologically adapted to 

periodic inundation and physically adapted to survive 
the forces of large storm flows. Our initial hypothe-
ses centered on the expectation that greater exposure to 
storm flows reduced survival. Active channel riparian 
populations, established lower in the channel, should 
be more exposed to each storm's force than bankfull pop-
ulations. Alluvial channels can adjust to major storm 
flows by overtopping the banks, thus increasing channel 
width to partially accommodate the flow. Flow depth 
in the main channel slightly increases above bankfull 
discharge. In contrast, the confined channel of Elder 
Creek, with no banks to overtop, accommodates storm 
discharge by increasing flow depth and/or velocity. If 
shear stress can be roughly approximated as the prod-
uct of depth and slope, the inability to adjust channel 
width creates continually increasing shear on the stream 
bed and banks with larger storm flows. 
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Figure 5— Relationship between the density (trees per 
meter of planform) of the active channel tree population 
and planform slope and curvature. The solid line 
indicates the threshold riparian density. 

Figure 6— Relationship between the density (trees per 
meter of planform) of the bankfull channel tree popula-
tion and planform slope and curvature. 
 

 
 

As a starting point, we hypothesized that steeper 
channels were more difficult places to survive, particu-
larly for individual trees established on the active chan-
nel berm. The active population did exhibit a de-
crease in threshold density with increasing planform 
slope (fig. 5), while threshold densities for the bankfull 
population exhibited no clear trend (fig. 6). The two 
braided planforms, plotting above the threshold density 
curve in Figure 5, had bankfull widths twice the average 
of nonbraided planforms. Potential for width adjust-
ment at high flows could reduce storm impact and favor 
riparian establishment. 

 
 

Lower planform curvatures were associated with higher 
riparian threshold densities, particularly for the active 
channel population. The most dense active populations 
of large alders occurred on short channel segments in 
planforms having slopes of 0.5 to 2.5 percent and low 
curvatures of 1 to 10 degrees; densities ranged from 0.25 
to 0.40 trees per meter. Dense rows of alders occurred 
only on the active channel berm, often at planform in-
flections. The lowest active population densities were 
found on mobile point bars located on the inner bank of 
high curvature channel bends. On these bars, bedload 
movement occurred below bankfull discharge. 
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Figure 7— Tree densities (number of trees per meter of 
planform) on the inner and outer banks of the active 
channel in relation to planform curvature. 

Figure 8— Tree densities (number of trees per meter of 
planform) on the inner and outer banks of the bankfull 
channel in relation to planform curvature. 
  

 
We only can infer process by examining patterns or 

trends. We hypothesized that the outer bank was a more 
harsh environment for riparian establishment because 
(1) vertical water velocity profiles would undergo signif-
icant change moving away from the bank at storm flows, 
thus creating high shear stress and (2) floating debris 
would be directed against the outer bank causing stem 
damage and uprooting. Channel-wide bankfull riparian 
abundance was slightly higher for the inner banks (185 
trees) than the outer banks (142 trees). In many plan-
forms, the outer banks had numerous crevices among 
the boulders and bedrock that provided sheltered sites 
for riparian establishment. Outer banks were composed 
of relatively nonerodible bedrock or boulders; bank un-
dercutting was rare. Undercutting of the outer bank 
may not have the "opportunity" to be an important fac-
tor affecting population densities on Elder Creek. Other 
 

 
stream types, with erodible banks, may have significant 
outer bank undercutting that greatly reduces survival to 
a large size for riparian species. 
 

Low densities of active trees (fig. 7), compared to 
higher bankfull densities on the inner bend (fig. 8), 
indicate another process (particularly on high curvature 
planforms). Most bedload movement through a channel 
bend at high flows did not occur along the thalweg, 
i.e., along the outer bend. Most movement occurred 
across the point bar. Seedlings on point bars (i.e., the 
inner channel bank) would encounter significant scour 
during bedload movement, as a flood exceeds active 
stage and covers the bars. The upper extreme of the bar 
surface marks bankfull or near-bankfull stage. Trees at 
this location would not be as exposed to bedload scour. 
The lack of fluvial "sand-papering" on exposed roots of 
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bankfull trees along the margin of point bars supports 
this hypothesis. Flood scarring of active channel trees 
appeared more frequent on the inner channel banks 
following a ten year storm in February, 1986. 
 

Riparian establishment along the active channel ex-
ists in close equilibrium with channel dynamics. In adja-
cent Rock Creek (fig. 1), channel width from the active 
channel crest to bankfull has expanded due to aggrada-
tion from intense logging beginning in the late 1940's. 
The aggradation induced straightening of the active and 
the bankfull channel. Even-aged alder stands colonized 
the outside portion of the original channel bends. On the 
inner banks of low curvature planforms, young alders 
often extend from bankfull stage down to the active 
stage. Following major storms and subsequent lower-
ing of the channel bed (decreasing supply of bedload 
as Rock Creek watershed successfully revegetates), an-
other row of younger alders becomes established along 
a new, narrower active channel. Lines of alders, each a 
different age, document episodes of channel adjustment. 
Alder pattern could be used to assess the rate of channel 
recovery for aggraded streambeds. 
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