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Over much of the 20th century,
the Elk River (a tributary to

Upper Campbell Lake on northern
Vancouver Island) changed from a
stable, single-thread channel to an
unstable multi-thread channel.
Changes in stream morphology
resulted in the unvegetated channel
width increasing by four to seven
times, and drought conditions (i.e., a
lack of available water) persisting in
the coarse gravel bars in the summer
leading to conditions that impeded
natural revegetation. Fish habitat was
degraded as a result of these
changes.

With fund ing from the BC Hydro
Bridge Coastal Fish and Wild life Res to -
ra tion Pro gram (BCRP), work began in 
2004 on the Elk River Chan nel Sta bi li -
za tion Pro ject (see Cuthbert and
Red den 2005). This pro ject aimed to
sta bi lize the unvegetated gravel bar
through the soil bio en gi neer ing pro -
cess of live gravel bar stak ing. To
make con di tions favour able for nat u ral 
revegetation, live stakes were planted
deep enough so that mois ture
became avail able to the roots dur ing
sum mer and the plants sur vived.
Three sites total ling 1.9 ha were
planted with live stakes in 2004. This
arti cle reports on the first year of
mon i tor ing results. [For fur ther back -
ground on the pro ject, see Stream line
Vol. 8, No. 2, Spring 2005.]

Post-staking Baseline Survey 
(2004)
Imme di ately after com plet ing the
live-stake plant ing in 2004, 51 mon i -
tor ing plots were estab lished on the

gravel bars, includ ing 44 plots in the
planted areas (treat ment plots) and 7
unplanted con trol plots. Each mon i -
tor ing plot has a 3-m radius (28.3
m2). The num ber, spe cies, and size of
stakes planted in each plot were doc u -
mented, as were the char ac ter is tics of
all other veg e ta tion in each plot. In a
sub set of 16 plots, three 0.5-m2 areas
in each plot were estab lished and
pho to graphed to doc u ment changes
in the bed mate rial (sub strate) com -
po si tion. Based on the post-stak ing
sur veys, the sites
were planted at a 
den sity of 17200 
stakes per hect -
are with a
spe cies mix of
85% Scouler’s
wil low (Salix
scouleriana) and
Sitka wil low
(Salix sitchensis),
6% black cot ton -
wood (Populus
balsamifera), and 
9% red-osier
dog wood
(Cornus stolonifera). Over all, 60% of
the stakes were the tar get size of 2 cm 
or greater in diam e ter, and the
remain ing 40% were less than 2 cm in 
diam e ter. Pan oramic site pho to graphs 
were taken at three fixed loca tions per 
site, and a total sta tion sur vey was
com pleted to doc u ment the site area,
chan nel pro files, and cross-sec tions.

First-year Monitoring (2005)
In June 2005, the chan nel sur veys
were repeated, and sub strate and veg -
e ta tion mon i tor ing were com pleted in 

late July. At that time, it was dis cov -
ered that per ma nent plot mark ers had 
been removed from three of the treat -
ment plots. There fore a total of only
41 treat ment plots along with the 7
con trol plots were mon i tored in 2005. 
The 2005 veg e ta tion mon i tor ing
included remeasuring vari ables sur -
veyed in 2004; record ing stake
sur vival rate, and the num ber of
epicormic branches per stake
(branches that emerge from dor mant
buds along the trunk or branch of a
tree); and not ing evi dence of browse
by deer and elk. As a mea sure of stake 
per for mance, the approx i mate mean
and max i mum epicormic branch
heights were visu ally esti mated and
recorded in each plot.

Per for mance of the live stakes after 1
year is sum ma rized in Table 1. The
sur vival rate of wil low stakes was high -
est at 91% while the red-osier
dog wood stakes had low est sur vival

rate at 62%. Unfor tu nately, due to
mis iden ti fi ca tion of sev eral cot ton -
wood stakes as wil low stakes in
base line mon i tor ing the cot ton wood
sur vival rate could not be cal cu lated.
How ever, obser va tions indi cated that
the rate was high, and likely on par
with the wil low sur vival. A typ i cal area 
of staked gravel bar early in the grow -
ing sea son is shown in Fig ure 1.

Uti li za tion of the areas by elk and deer 
was known to be high, and the poten -
tial for sig nif i cant browse mor tal ity
was a con cern. The results of the
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 Figure 1. Live-staked area in June 2005, early in the growing season.   
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mon i tor ing dem on strated that that
red-osier dog wood was the pre ferred
browse spe cies as 71% of the grow ing 
live stakes were browsed, fol lowed by
cot ton wood (27%) and wil low (3%).
The wil low may have expe ri enced
some mor tal ity, pos si bly due to an
infes ta tion of wil low leaf bee tle (e.g.,

Plagiodera versicolora; Fig ure 2). These 
bee tles are not known to cause tree
mor tal ity; how ever, in the case of the
cut and trans planted stakes, the
cumu la tive stress may have led to
some mor tal ity.

The pro ject mea sured the num ber of
epicormic branches per stake to fur -
ther assess live-stake per for mance. In
gen eral, most wil low stakes had
between 1 and 10 branches, and only 
9% had 11 or more branches (Fig ure
3). Cot ton wood stakes had sim i lar
results (Table 1). In con trast, nearly all 
of the red-osier dog wood stakes
(96%) had 1 to 5 branches with an
approx i mate mean epicormic branch

height of 29 cm. The aver age of the
max i mum heights was 53 cm per plot 
and the over all max i mum height
recorded was 72 cm. These approx i -
mate mean and max i mum heights
were not dif fer en ti ated by spe cies;
how ever, most of the heights were
recorded from wil low stakes. In a few
instances, cot ton woods were the
tallest in the plots.

As a result of heavier deer and elk
browse, red-osier dog wood stakes
con sis tently had the short est branches 
and least amount of growth in the
observed plots. While data were not
col lected on the per for mance of
stakes based on their basal diam e ter
at the time of plant ing, it was qual i ta -

tively observed that the under sized
stakes planted in 2004 did not appear 
to have a mor tal ity rate greater than
the full-sized (>2 cm) stakes. The rela -
tion ship between stake diam e ter and
sur vival/per for mance was stud ied in
2006, and anal y sis and report ing of
the results are in progress.  

Other veg e ta tion mea sured in the
mon i tor ing plots did not show
changes in spe cies com po si tion or rel -
a tive abun dance com pared with
base line con di tions. Changes in bed
mate rial com po si tion were gen er ally
small, as it appeared that the river had 
not inun dated many of the areas over
the win ter. Where gravel bars had
been inun dated dur ing peak flows,
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Figure 3. Willow live stake growth, June 29, 2005.  
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Figure 2. Beetle larvae and damaged willow
leaves, June 2005. 
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Table 1. Summary of live-stake performance after 1 year

Total stakes
planted in 2004

Live stakes showing
growth in 2005

Epicormic branches 
per live stake

% of live stakes
browsed

% survival 

1–5 5–10 11+

Willow (Scouler’s and Sitka) 1500 1358 47% 45% 8% 3 91

Black cottonwood* N/A 123 54% 40% 6% 27 N/A

Red-osier dogwood 158 116 96% 3% 1% 71 62

All species combined 1781 1597 51% 41% 8% 10 90

*In the baseline monitoring, several cottonwood stakes were incorrectly identified as willow. The baseline numbers have been adjusted to
reflect this; however, it is not possible to determine overall cottonwood survival without accurate baseline data. The misidentification affects
the results when broken down by species, but not the overall survival results.



fine sed i ments and small
organic debris had accu -
mu lated at the base of
stakes as expected
(Figure 4).

Pre cise repeat mea sure -
ment of the
cross-sec tional and lon gi -
tu di nal chan nel sur veys
was com pli cated due to
the lack of per ma nent
mark ers along the sur vey
route. The sites are
located within Strathcona 
Pro vin cial Park and vis i ble 
per ma nent mark ers for
the sur veys were pro hib -
ited accord ing to the
terms of the Park Use Per -
mit. There fore the sur vey
loca tions may have var ied 
slightly between the two
years. The local ized accu -
mu la tions of debris and
sub strate that were asso -
ci ated with the live
stak ing were gen er ally
not large enough to
cause any appre cia ble changes in
gravel bar ele va tions. Mon i tor ing at
the con trol plots, as well, did not
show any obvi ous changes in veg e ta -
tion or in sub strate com po si tion.

The results of the first year of mon i tor -
ing were pos i tive, with a stake sur vival 
rate of 90% and indi ca tions that,
when inun dated, the stakes are effec -
tively trap ping fines and organics.
Over time, this pro cess will allow the
suc ces sive estab lish ment of ripar ian
veg e ta tion, which in turn is the key to
long-term chan nel sta bi li za tion.

Summary of Results
l Overall, 90% of the stakes

survived into the first growing
season.

l Ungulates showed preference for
browsing on red-osier dogwood
followed by cottonwood. This
likely alleviated the browse
pressure on the willow, which
made up most of the stakes.

Future projects should consider
adding these preferred browse
species when willows are the
primary species planted.

l Undersized stakes planted in 2004 
did not appear to have a mortality 
rate greater than the full-sized (>2 
cm) stakes. This is being further
investigated in 2006.

l Identification of stock can be
difficult after planting (before leaf
out). If monitoring is to be based
on species, a more permanent
means of tagging and monitoring 
the performance of individual
stakes/plots might be considered.

For further information, contact: 
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Fax: (250) 390-3831
E-mail: iredden@shaw.ca
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Figure 4. Fine sediment and small organic debris collected around live stake. 
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