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The handbook does not attempt to define a single “best” system for any site. Instead, it
presumes that readers need to be aware of the key factors that influence the probability of
achieving success with any given combination of equipment and site characteristics.
Readers will then use their own judgement to evaluate the merits of the various options.
The information in the handbook should be considered only as part of an overall process
for equipment selection which will vary from company to company.
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To improve their productivity, loader-forwarders are used to great advantage with other
machines such as grapple yarders and skidders, especially when working around sen-
sitive zones. The loader-forwarders can travel close to the sensitive zones, extract the
logs without encroaching on the protected areas, and place the logs in a more advan-
tageous position for the primary equipment to reach. This technique can be more
economical for the overall system.

Excavators are highly mobile machines that can traverse a wide variety of terrain. The
grapple can be used to stabilize the machine on steep ground to minimize the danger
of overturning. Since there is only one worker with the machine, the hazard to other
personnel is low.

Sideslope and soil type govern the limit to safe operation. The maximum sideslope for
using a loader-forwarder is about 25–35%, especially if the sideslope is uniform. For
more broken terrain, loader-forwarders can operate on steeper terrain, provided that they
can travel and work safely on an acceptable route through the steep ground.

Loader-forwarders cannot work safely on thin soils overlaying bedrock because of the
danger of sliding. However, the hazard can be reduced by using flotation mats. The slid-
ing hazard is aggravated with snowfall.

ENVIRONMENTAL

The travel routes must be planned carefully to avoid soft soils and excessively steep
ground, or special precautions must be used to avoid disturbing the soil. Proper route
planning is a key factor in minimizing environmental impact.

The soil must be strong and
dry enough to support the
machine, although building
mats with debris or using
manufactured mats allows
the machine to be used on
softer ground. Soil distur-
bance is more likely to oc-
cur where the machine
changes its travel direction,
so turning in the more
sensitive areas should be
avoided. The logs harvested
by a loader-forwarder are

actually carried from the stump to the roadside so the logs themselves do not cause any
soil disturbance.

Loader-forwarders can work in partial cutting prescriptions to remove timber without
causing significant damage to the residual trees. Loader-forwarders can work safely
around riparian zones without affecting the actual watercourse because these machines
can reach into the stand to retrieve logs while remaining outside of the machine-free
zone. Furthermore, they can move with minimal soil disturbance if the travel route avoids
turns within the sensitive zone. Lastly, they can grasp standing trees that are being felled
to help with directional control and avoid affecting the protected areas. These features
make excavators ideally suited to working near riparian areas to harvest the timber with-
out affecting water quality.

Figure 22
The loader-forwarder
is often the preferred

machine on gentle
terrain in coastal

operations.
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Cherry picker  A cherry
picker is a loader used for
loading right-of-way logs
directly onto log trucks
without another machine
having first transported the
logs to the roadside. Right-
of-way logs usually have the
lowest production costs of
all harvesting methods, and
forest companies often
maximize the amount of
volume produced by this
method.

OPERATIONAL

Cherry pickers can be line loaders or hydraulic loaders.  Line loaders can typically reach
a wider area than hydraulic loaders because they can throw or “cast” the grapple be-
yond their normal range. The grapple can be cast 10–15 m downhill, but cannot be cast
on the uphill side of the road. Extending the boom of a line loader with a “snorkel” is a
common method for increasing the amount of accessible timber.

Super snorkels are specialized line loaders with boom extension up to 35 m long. The
total distance from the centreline of the loader to the tip of the snorkel is about 45 m,
so a significant area can be harvested without a machine actually travelling off the road
surface.

The extra-long snorkel,
which reduces the mobility
of the machine, must be
removed for transport
between work sites. Super
snorkels are seldom used for
loading trucks because the
snorkel can reach over
the log truck cab, which
presents an unacceptable
safety hazard. 

ENVIRONMENTAL

Since cherry pickers work directly from the road surface, their impact is limited to the
road itself. Drainage structures such as ditches and culverts must remain functional
during and after operations. Since super snorkels are large, heavy machines, the road
and drainage structures must be built wide and firm enough to support the weight of
the machine without failing.

Horse Horses are quiet, can maneuver easily in partial cuts, and have an aesthetic
appeal to the public that gives them a special advantage in certain situations. They work
well for selection and thinning operations, and near urban areas. However, they have

Figure 23
A coastal line loader.
The boom extension
(“snorkel”) on this
machine is quite long
— identifying it as a
“cherry picker” suited
to working away from
confined spaces such
as near a yarder.

Figure 24
The boom on this
super snorkel has
three 12-m extensions.
The machine can
retrieve logs about
50 m from the road
without additional
support equipment.

Distinguishing Features of Ground-based Equipment
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limited productivity and can work only on gentle terrain. Furthermore, as living crea-
tures, they require a special level of tending and handling.

OPERATIONAL

Horses are limited to gentle terrain with favourable grades up to 25%. On steeper
ground, the logs can overrun the horses. The ground must be dry or frozen, and heavy
underbrush or slash can impede their travel. Snow can improve skidding conditions

by reducing the friction
between the log and the
ground. All branch stubs
must be trimmed so they do
not poke into the ground,
making the logs difficult
to move. Horses can
maneuver easily through
partial cuts, and their low
travel speed can help to
minimize the scarring to re-
sidual trees. 

The average skidding dis-
tance should be kept under 100 m, with long corners up to 300 m. Horses can also be
used for forwarding, with the addition of a wagon or sleigh, and economic distances
can be increased up to 500 m.  The travel corridor must be cleared of logs or debris ahead
of time because horses cannot clear their own trail.

The logs are usually piled manually at roadside in preparation for self-loading trucks.

ENVIRONMENTAL

The main environmental advantage of horse logging, in addition to working well in
thinning or selection cutting, is its quiet operation and visual appeal.

The soil disturbance caused by horses is limited to the travel corridors, but can be
severe on the skid trails because the horses’ ground pressure is relatively high. Soil dis-
turbance can also be caused by the ends of the logs gouging the soil; various accesso-
ries are available to lift the logs and reduce this damage.

Small-scale equipment
Various small winches, arches, all-terrain-vehicles (ATVs), and tractors, as well as
cable systems such as chainsaw-powered winches, are available for small-scale opera-
tions. None of these systems is widely used in British Columbia. In Eastern Canada,
where small woodlots constitute a higher proportion of the total harvested volume, these
systems have more acceptance.

OPERATIONAL

Small-scale equipment has low capital requirements compared with more conventional
equipment. However, it is less productive, and generally limited to specialized operations.

ENVIRONMENTAL

These systems are usually low-speed, low-impact machines that can be used in and
around sensitive areas. 

These machines are less likely to be used by a large company, and more likely to be used
by an individual operator who may not have established management and control

Figure 25
Skidding with horses

in a partial cut.
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procedures. Environmental
awareness could be lacking.
On the other hand, the indi-
vidual may be more aware
of environmental protec-
tion. Self-discipline and en-
vironmental awareness are
as important with small-
scale equipment as with
conventional equipment.

Tractive system
The tractive system defines
how the machine transfers the engine power to the ground to propel it forward. The four
systems are rubber tires, tracks, flex tracks, and tracks over tires. These different systems
affect the machine’s travel speed, operating costs, stability, and soil disturbance levels.

Rubber tires Rubber tires provide the highest travel speeds, although they also require
the best ground conditions for travelling comfortably. 

OPERATIONAL

In general, wheeled ma-
chines are suitable for
slopes up to about 35%, 
although steeper slopes can
be crossed for short dis-
tances or by using extra
care. Above 35%, machine
stability decreases, traction
becomes a limiting factor,
and cycle times and costs
increase. The high travel
speed for wheeled machines
makes them suitable for longer skidding distances, especially if combined with a large
payload. Typical maximum skidding distances for wheeled machines are up to 300 m,
but distances up to 800 m may be feasible for machines with large payloads.

Wheeled machines are poorly suited to adverse grades. They are also adversely affected
by deep snow, and may require a helper machine to build trails for travelling.

ENVIRONMENTAL

Wheeled machines often require bladed trails for operating on slopes over 35%. Bladed
trails generate siltation and occupy potential growing site. Wheeled machines typically
cause more soil compaction than tracked machines. They are especially susceptible to
causing damage when the soil moisture content is high. 

Chains or tracked devices can be fitted to rubber tires to improve traction and reduce
soil disturbance. Wide tires or dual tires increase the footprint of the machine and
reduce the ground pressure, but they also make the machine more difficult to maneuver
between residual stems, advance regeneration, or windfall. The operating costs are also
increased with these modifications.

Figure 27
Tire tracks are used to
increase the contact
area of the tire and
reduce ground
pressure.

Figure 26
A small, powered
tractor which is loaded
by hand. This system
makes it possible for
one worker to move
several logs at a time.
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Tracks Tracked machines are typically slower than wheeled machines, but
they have increased stability, traction, and skidding power.

Tracked machines turn by varying the relative speed between the two tracks. To vary the
speed, either one track is
disengaged from the drive
system (i.e., with a clutch),
or the distribution of power
is altered between the tracks
(i.e., with planetary or hy-
drostatic drive system). The
latter method, although
more complex mechani-
cally, maintains power to
both tracks at all times. Such
design can result in less soil
disturbance while turning.

OPERATIONAL

Tracked machines can typically be used on slopes up to 50%, although steeper ground
can be negotiated safely for short pitches by using extreme caution. Tracked machines
can skid up adverse slopes better than rubber-tired machines.

Their slower travel speed makes tracked machines more suited to shorter skidding dis-
tances, typically under 200 m. At longer distances, working with a wheeled machine
is effective. The tracked machine does the initial skidding, typically from steep slopes
to a staging area; the faster machine then completes the skidding to the landing. 

Tracked machines do not work well on rock because of the danger of sliding, but they
can work in deep snow that may stop wheeled machines from working.

The owning and operating costs for tracked undercarriages are higher than for wheeled
machines.

Tracks are usually available in several widths. Narrow tracks increase the ground pres-
sure, while wide tracks reduce the ground pressure of the machine. Wide tracks also
make the machine less maneuverable, more expensive to purchase and maintain, and
more prone to sliding in slippery conditions.

ENVIRONMENTAL

When operated appropriately, tracked machines have minimal soil impact; however, they
can significantly damage soil if operated improperly. For example, operating tracked
machines on sensitive soils during wet conditions can cause significant soil compaction
and/or puddling.

During turning, tracked machines can cause significant soil disturbance where the
machines are turned. Paying strict attention to where and how often the machines are
turned can have a large impact on the soil disturbance levels.

Flex tracks In contrast to conventional, rigid-frame tracked machines, flex-track
machines have suspensions that allow the track to conform to the shape of the ground.
This feature allows the machine to maintain ground contact over the full length of the
track at all times. 

Figure 28
A small tractor with a

“high drive” track
system. It provides

better machine
balance and elevates
the drive gears above

the dirt and debris.
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OPERATIONAL

On steep ground, flex-track
machines are less affected
than rigid-frame machines
by obstacles such as stumps
and windfalls. The flexible
suspension allows the ma-
chines to “walk over” the
obstacles by conforming to
their shape and provides a
higher level of stability.
In contrast, conventional
tracked machines have rigid
track-frames that cause them to lose contact with the ground except for a short length
of track when they climb over obstacles.

Flex-track machines can operate safely on slopes up to 60%. The tracks’ ability to main-
tain ground contact can aid flex-track machines on adverse skids. Flex-track machines
can also travel faster than conventional tracked machines, thus increasing their produc-
tivity and lowering the costs. Higher travel speed also makes them more suitable for
longer skid distances.

However, these machines are generally perceived to have higher operating and main-
tenance costs than conventional tracked machines, and are justified for only a narrow
range of sites. For example, flex-track machines may be considered for sites too steep
or sensitive for conventional ground equipment, yet not steep or sensitive enough to
justify cable systems.

ENVIRONMENTAL

When used carefully, flex-track machines can operate on soft ground without causing
rutting because they maintain full contact with the ground and cause no “pressure
points” where the ground pressure is increased. The flex-track feature can further reduce
soil damage because track spinning and shock loading as the machines travel over
obstacles are reduced. However, these machines also travel faster than conventional
tracked machines, which can lead to mechanical soil damage if they are operated care-
lessly on sensitive sites.

Figure 29
The flex-track system.
The wheels run on the
inside of the track and
are suspended
independently,
allowing the tracks to
conform more closely
to the ground profile
than rigid-frame
tracked machines.

Figure 30
Comparison of rigid-
frame and flex-track
suspensions crossing
an obstacle. The
weight on the rigid-
frame suspension is
concentrated at two
points, but is spread
out for the flex-track
suspension. Further-
more, the rigid-frame
suspension exerts a
high-impact loading at
the front of the track
when it pivots over the
obstacle.

Distinguishing Features of Ground-based Equipment
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Tires with tracks A common method for reducing the ground pressure and improving
traction of forwarders or clambunks is to mount a set of tracks over double-bogie tires.

OPERATIONAL

Tire-and-track machines
travel quite slowly. How-
ever, they typically have
large payloads that make
them suitable for longer
skidding distances.

ENVIRONMENTAL

The slow travel speed mini-
mizes the amount of me-
chanical damage to the soil.
The lower ground pressure

compared with rubber-tired machines means that they can operate successfully on
weaker soils without causing as much soil compaction. This also has the effect of
extending the operating season, which can improve the operating economics.

Method used by skidders to hold logs
Skidders can be equipped with one of three different ways of holding the logs: chok-
ers, grapple, or swing-boom grapple. These different methods affect the suitability of the
skidder to different tasks.

Chokers Chokers are wire ropes for hooking the logs to the skidder. Skidders that use
chokers are often called “line” or “cable” skidders.

Chokers can be pulled from the skidder for up to 25 m to hook scattered logs; the skidder
does not have to travel to the logs as it would with a grapple. A single choker can be
used for a single log or several logs in a bunch, and several chokers are normally used
at a time.

OPERATIONAL

Line skidders are less expensive to purchase than grapple skidders, but their productiv-
ity is lower over short skidding distances because the hookup and unhook times are
much longer. However, chokers are more suitable for long skidding distances, with scat-
tered logs, or for situations where the skidder cannot travel right up to the log. For ex-
ample, a line skidder may be used to harvest logs from a gully by stopping away from
the actual hookup site and winching the logs out of the gully.

The skidder operators must climb on and off the skidder frequently to hook and unhook
the chokers, which exposes them to slip-and-fall accidents, a common injury to skidder
operators.

Chokers are more labour-intensive than grapples.

When skidding downhill on steep slopes, the logs may slide forward and strike the
skidder. Chokers are commonly used for skidders involved in cleanup operations, such
as after blowdown. Logs can be hooked and unhooked individually, which facilitates
sorting.

Figure 31
Tracks increase the
contact area of the

wheels and decrease
ground pressure. This

tractive system is
typical for forwarders

and clambunks.
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ENVIRONMENTAL

Chokers can be used to pull
logs from riparian zones
without the machine en-
croaching on the protected
zone. For partial cutting pre-
scriptions on sites where
feller-bunchers cannot be
used, chokers can retrieve
the logs from among the re-
sidual trees. Chokers allow
the machines to stay on des-
ignated trails, and avoid soil
disturbance between the trails. 

If the skidder encounters a section of soft ground, the winch can be disengaged, and
the skidder moved ahead to better ground. The winch can be engaged, and the logs
pulled into the machine. This technique, which can decrease soil disturbance, is espe-
cially valuable on adverse skids.

Grapple A grapple is a
tong-like mechanism for
grasping logs; its primary
benefit is to reduce the
hookup and unhook times.
To hook the logs with the
grapple, the skidder must
drive to within a few metres
of the logs and be aligned
with their ends. Grapple
skidders work best with fel-
ler-bunchers because mak-
ing a turn with individual
logs is very time-consuming.

OPERATIONAL

Grapple skidders are more expensive to purchase than line skidders, but they can also
be more productive. More important, however, is the requirement to use the grapple
skidder with a feller-buncher. This combination increases the total capital requirements
of the whole logging system and changes the business environment: switching from a
line skidder to a grapple skidder requires production levels high enough to justify the
capital expense of the additional equipment. Grapple skidders are better suited to high-
production operations; line skidders are better suited to smaller operations.

Since the skidder must be aligned with the bunches to hook onto them, using grapple
skidders can increase the amount of maneuvering, and the machine can roll over on
steep slopes if the operator is not careful. On a positive note, the operator remains
enclosed in a protective cab, which reduces the risk of injury.

Figure 32
Chokers require the
operator to dismount
from the machine to
hook the logs.

Figure 33
Hookup with a
grapple is controlled
from the machine’s
cab. This skidder
uses a parallelogram
mounting that allows
for fore-and-aft
movement of the
grapple.

Distinguishing Features of Ground-based Equipment
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ENVIRONMENTAL

Because grapple skidders must be immediately adjacent to the logs to hook onto them,
they are poorly suited to working around sensitive riparian zones. Some grapple skidders
are equipped with an auxiliary winch to use with chokers in such situations.

More maneuvering at the hookup site compared with line skidders may increase soil
disturbance and increase damage to advance regeneration.

Swing-boom grapple A swing-boom grapple is like a log-loader mounted on the rear
of the skidder. While similar to a conventional grapple, it can reach logs farther away

from the machine, especially those that lie to
one side of the machine. The reach is limited to
about 3 m.

OPERATIONAL

Swing-boom grapples are smaller than conven-
tional grapples, so their payload is reduced,
which is a disincentive to use them exclusively.

On steep slopes, the swing-boom grapple can
reach log bunches that would normally require
maneuvering the machine. This feature can re-
duce the cycle times as well as improve the safety
factor. Conversely, the weight distribution be-
tween the axles is adversely affected compared
with conventional grapple skidders, which
reduces the pulling ability of the skidders.

At the landing, the logs can be piled using the
swing capability of the grapple without the
skidder driving onto the log pile. This technique
can reduce log damage. 

ENVIRONMENTAL

The swing-boom grapple requires less turning than conventional grapples to align with
the logs, which can reduce soil disturbance.

Size
One of the most obvious distinguishing features between different machines is their size,
which can make them suitable for different purposes.

OPERATIONAL

It is important to match the machine size to the expected timber size, turn volume, and
annual production to minimize costs.

Larger machines can handle larger timber without being overloaded and with a reduced
risk of mechanical failures. If insufficient timber is available to fully load a large machine,
production costs will increase.

Large machines generally cost more to own and operate than small machines, both in
absolute terms and hourly costs. However, they can be more productive so their unit
costs can be lower. But to keep the unit costs lower, the total annual production must
be higher.

Figure 34
This swing-boom
grapple facilitates

reaching logs on either
side of the skidder.
Note the use of tire

chains to improve
traction.
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This requirement makes the
cost of production delays
more critical for larger ma-
chines than for smaller ma-
chines; owners prefer to
keep the big machines do-
ing what they do best —
harvesting timber. This pref-
erence can influence the
techniques for harvesting
near sensitive zones where
special care may be re-
quired and production may
be delayed. A strategy to reduce the effect of production delays is to use a secondary
machine for special areas. This strategy allows the primary machine to continue work-
ing at full capacity, but also requires that the contractor and/or licensee be able to
afford a second machine for special projects.

ENVIRONMENTAL

Smaller machines can work
better between the residual
trees in a partial cutting
prescription.

Large machines generally
have more power than small
machines, and may be bet-
ter suited to working on ran-
dom skid patterns on
steeper ground. Where skid
trails are required, large ma-
chines require larger trails to
be constructed, which can increase the amount of site disturbance. Large machines are
usually better able to travel through deep snow without assistance.

Figure 36
This conventional
tractor is one of the
smaller machines used
for skidding. It was
used in an individual-
tree-selection
harvesting system in
second growth on
Vancouver Island. A
barrel used to protect
the trees from scarring
damage is visible on
the left.

Figure 35
A mid-size skidder
with a single-action
grapple mounting. This
mounting has a limited
range of movement
compared with swing-
boom grapples or
parallelogram grapple
mounts.
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