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ABSTRACT

Stream protection neasures used in forestry operations in
the interior of the Prince Rupert Forest Region were revi ewed
through interviews and field inspections. This report describes
t he devel opnent of stream protection neasures in the region,
identifies those that have been effective, and suggests where
i nprovenents can be made in research and training.

A review of streanside treatnents suggests that the |arger,
wel | -known fish streans are recogni zed as inportant, and
therefore usually receive careful treatnent during |ogging.
Measures such as |l eave strips or logging to the stream edge
| eaving | eaners and deci duous vegetation are generally effective
in ensuring that nost streans are protected.

(bservations of |ogging along small creeks suggest that
protection of these systens varies nuch nore than that of the
| arger systems. |In nany situations, these snall creeks are
identified, and neasures for their protection are incorporated
into the layout and harvesting operations, mnimzing inpacts
fromlogging. In other cases, snall fish creeks are yarded
across and can be badly damaged.

Sedi ment, particularly fromroads, was identified as a ngjor
i nfluence of interior |ogging operations on streans. There was
a wide difference of opinion as to the extent, duration, and
inplications of sedinent on streans. At the sane tinme, there is
nearly a total absence of nonitoring or evaluating of |ogging-

i nduced sedinment on streans in the interior districts. It is
anticipated that soil erosion leading to increased stream
sedi mentation will becone nore preval ent as | oggi ng operations

nove to steeper md- and high el evation sites.
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1 | NTRODUCTI ON

During the past 30 years there has been an increased
awar eness of the potential inpacts of forest harvesting on the
stream environnent. Poor forest managenent practices have been
identified as one of the main causes of declining sal non and
st eel head nunbers in many of the rivers in British Col unbi a
(Pearse 1982). Confrontati ons between the forest industry and
t he agenci es responsi ble for the managenent of fisheries
resources have devel oped in the past and continue today.
However, an inproved interagency referral process has been
devel oped for planning stream protection neasures and
i npl ementing themin forest harvesting practices. This positive
i nterdisciplinary approach, as well as the inproved
under st andi ng of stream processes and fish habitat needs, has
hel ped reduce fishery and forestry interactions while still
enabling forest operations to occur at nobst |ocations.

In British Colunbia, background research and the resulting
stream protection strategi es have been devel oped mainly in
coastal systenms. For exanple, specialized techniques for
st reanbank | oggi ng using tinber jacks have been devel oped and
site-specific guides for determ ning streanbank treatnments are
used in some coastal areas (e.g., More 1980). However,
di fferent operational procedures have been devel oped in the
interior areas in response to terrain, forest types, climte and
ot her factors. Consequently, a different approach to stream
protection has evolved in interior forestry operation. In many
cases, measures undertaken in the i medi ate streansi de zone and
in upslope areas to mnimze inpacts on streans have been
i ncorporated into the planning and inpl enentation phases of
forestry operations with relative ease and |little additional
costs. In other cases, substantial nodifications resulting in
i ncreased costs are required.

There has not been any systematic eval uati on of stream
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protection practices in the interior sections of the Prince
Rupert Forest Region. This analysis provides a prelimnary
review of the streansi de and upsl ope neasures presently

I ncorporated into foresty operations for stream protection, and
attenpts to evaluate their effectiveness and identify their
weaknesses. This project is an integral part of the forest

hydr ol ogy research programfor the region. Its results wll
hel p provi de the necessary background for designing rel evant
research and training prograns that will ultinmately aim at

devel opi ng sound i nteragency wat ershed protection neasures.
The project has the foll ow ng objectives:

1. To outline the existing process for stream protection
in forestry operations in the interior areas of the
Prince Rupert Forest Region.

2. To exam ne, through interviews and site inspections,
the effectiveness of nmeasures taken to date; and to
outline those factors that have contributed to the
success and failure of the neasures.

3. To identify research and traini ng needs that becone
apparent through the above eval uati on.

2 METHODS

Interviews and field exam nations were undertaken during the
sumer and fall of 1985. At the beginning of the study, the
Lakes, Morice, Bul kley, Kispiox and Kalum Forest Districts and
the major forest conpanies operating in these districts were
advised by letter of the review and of the need for assistance
fromtheir staff. Interviews were conducted with personnel,
ranging fromthe District Manager to resource officers. As
wel |, biological and technical staff with the Mnistry of
Environnent (MOE) and Departmnent of Fisheries and Cceans (DFO
i nvolved with forestry operations in the region
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were contacted. Interviews with forest conpanies involved both
managenent and field staff.

The managenent practices used in the districts for stream
protection were discussed during the interviews. Site-specific
exanpl es of neasures used and an eval uation of their
ef fecti veness were encouraged. As well, research and training
requirenments were identified. Based on the interviews, key
areas where stream protection has been a significant factor in
forestry operations were identified and field exam nations were
conducted. The field work was undertaken with both industry and
agency personnel, in an attenpt to attain a bal ance of
i nformati on.

This study was not intended to be an exhaustive revi ew of
all areas within the region. Rather, it focussed on key areas
and relied on the information fromrepresentatives of the
resource agencies and industry in each of the districts. The
i nformati on gathered fromthe different districts was highly
vari abl e and depended on the experience of the people
i nterviewed. Not unexpectedly, those districts with a history
of interactions and concerns for stream protection becane nore
involved in the project than did districts where stream
protection was a m nor concern.

Fi el d exam nations, although an inportant aspect of the
study, were limted in that they were undertaken at one tineg,
usually during dry weather. There were no field neasurenents
made, and any comrents by the author concerning the field
exam nations are subjective. The early arrival of snow cover in
the fall of 1985 |imted observations in sone of the districts.

The suggestions and historical perspective provided by the
interviews are the nost inportant aspects of the review. It is
recogni zed that different conclusions my be drawn fromthe sane
series, of events depending on the perspective of the person
being interviewed; and this is sonetinmes difficult to
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take into account in an analysis of this type. Nevertheless,
many comon strategies and concerns did arise and these are
I dentified and discussed in this report.

3 H STORI CAL DEVELOPMENT OF STREAM PROTECTI ON MEASURES

Logging in the interior of the Prince Rupert Forest Region
has changed fromsnall scale selective and strip |ogging
operations, commopn before the md-1960's, to clearcut |ogging
used today. Early |ogging operations, although small, were
conducted with no formal consideration of other resource users.
At tinmes this caused extensive damage to stream systens.
Streans were | ogged across and in sone instances -- such as the
Nadi na and Stellako rivers -- they were used as transportation
routes to mll sites (I1PSC 1966).

Logging and mlling operations have expanded rapidly since
the md-1960's. Wile earlier operations concentrated on high
value tinber in easily accessible sites, nore recent operations
have expanded roads and | ogging activities into much of the
forest throughout the region. This period has al so seen the
devel opnment of a wi de range of skidder types, including |ow
ground pressure equi pnent for steep and wet ground areas, and
the introduction of nmechani zed felling equi pment. Harvesting
noved from | arge progressive clearcuts before the "Planning
GQui del i nes for Coast Logging Operations” issued in 1972 by the
B.C. Forest Service, to patch cuts of 200 acres or |ess. Larger
openi ngs have becone prevalent in recent years, as sal vage of
bl owdown and i nsect-infested wood have had a major influence on
| oggi ng patterns. In sone cases this has resulted in renoval of
wood in a watershed nore quickly than by the three-pass system
usual |y sought. As well, there has been an increased use of
her bi ci des and insecticides on forest sites as silvicultural
prograns have developed in the interior districts.
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The increased | ogging activities and a grow ng awar eness of
I nteractions with the fisheries resources |ed to the devel opnent
of governnent policies designed to address these issues.

Al t hough there has been sone participation by DFOin cutting
permt applications on the nore inportant sal non creeks since
the md-1950's, a nore formal referral process was instituted in
1970 (Pearse 1976). Since that tinme, the Fish and Wldlife
Branch (now part of the MOE) and DFO have been consulted on
applications for tinber harvesting. However, because donestic
wat er supplies are not a major concern, unlike in areas such as
t he Koot enays, the provincial Water Managenent Branch has little
I nvol venent in | ogging operations.

Despite many changes in the organi zation of the resource
agenci es since the referral system began, the basic process has
remai ned the sane. The B.C. Forest Service is the | ead agency,
i ssuing cutting permts through the district offices. Any
| oggi ng or road building constraints to be included in the
cutting permt docunent are reached through a "bargaining
process" between the agencies and the | oggi ng conpani es (Dorcey
et al. 1980). This is normally carried out during joint field
i nspecti ons.

Si nce the begi nning, the two agenci es responsible for
fisheries input into the referral process have had difficulty
handling the | arge nunbers of applications. This has resulted
in delays and sonetinmes costly interruptions of | ogging
operations. Efforts have been nade to streanmline the process by
priorizing watersheds and devel opi ng wat ershed pl ans (resource
folios). 1In specific areas with high resource val ues, speci al
mul ti-agency commttees have been established in response to
| and-use activities. The earliest such group was the Babi ne
Wat er shed Change Commttee initiated in the early 1970's to
review and col |l ect baseline environnmental data on Babi ne Lake,
and to nonitor possible inpacts on the |ake froml oggi ng and
mning activity (Levy and Hall 1985). This
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has been foll owed by resource conmmittees for the Nadi na R ver
and Morrison Creek watersheds.

In addition, to aid in the devel opnent of cut allocations
for tinber supply areas, the B.C. Forest Service has identified
envi ronnental protection areas (EPA' s). The EPA' s incl ude
categories for the protection of fisheries and community water
supplies, as well as categories for problemsoil sites. The
areas are delineated on forest cover maps and help identify
sensitive sites.

Despite these efforts to inprove planning and to priorize
devel opnents in watersheds, nuch of the recent logging in the
I nterior of the region has been response-oriented to bl owdown,

i nsect, and fire damage. The referral systemis still largely
based on site-specific field inspections, sonetimes with very
short lead tinmes before harvesting.

Speci al clauses for stream protection nmay be attached to
cutting permts issued by the B.C. Forest Service. The nopst
common is the P-1 clause, often the only stipulation requested
by fisheries agencies on fish-bearing streanms. Usually when
resource values are sufficiently inportant, site-specific
reconmendations are included in the cutting permt letter to the
forest conpany, in addition to the P-1 clause. B.C Forest
Service staff say the P-1 clause serves nore as a nmanagenent
obj ective and | egal recourse should stream cl ean-up be required,
and that the site-specific neasures outlined in the cutting
permt letter are the inportant reconmendations.

The DFO officers located in Smthers, Prince George,

Hazel ton, and New Ai yansh are responsible for advising on the
referrals in the five districts conprising the interior of the
Prince Rupert Forest Region. They are assisted by technical
support froma biologist with the Habitat Managenent Secti on,
based in Prince Rupert, and other specialists based in
Vancouver. The MOE, through a habitat biologist and technician
based in Smthers, makes recommendations to all districts
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except the Kalum TSA. These individuals are responsible for
both fisheries and wildlife advice on cutting plans. A
technician in Terrace advises in the Kalum TSA. (Cccasionally,
MOE specialists (e.g., in herbicides) are brought in from
Victoria to assist. Until very recently, the International
Paci fic Sal non Comm ssion (I PSC) has provided input into | ogging
operations in the Nadi na watershed. The comm ssi on has now been
I ncorporated into the DFO The B.C. Forest Service has
specialists in the fields of hydrol ogy, geonorphol ogy, and soils
who provide technical guidance into | ogging and silvicultural
operations on request fromthe districts. None of the forest
conpani es operating in the interior of the region have experts
i n stream managenent or forest hydrol ogy.

Normal |y, stream protection considerations in |ogging plans
are site-specific and depend highly on the past experience of
t he resource agency and | oggi ng conpany staff. Field staff do
not have a strict set of guidelines to follow, and there tends
to be flexibility in adjusting procedures for tinber renoval and
stream protection. Although this flexibility often leads to
consi derabl e differences in |ogging plans because of the
i ndi vidual s providing the recormmendati ons, fisheries staff
advice is ultimately governed by the restrictions of the
Fi sheries Act. A handbook has been prepared by DFO to provide
techni cal guidance to its field officers when they are making
j udgnments and providing recommendations in the referral process
(Toews and Brownl ee 1981).

Al t hough MOE's participation in the referral systemis an
I nportant aspect of cutting plans in the Interior, the systemis
fragil e because it depends on a single individual covering four
forest districts. There has been essentially no MOE presence in
the eastern portion of the forest region since a tenporary
position in Burns Lake was dropped over a year ago. Dorcey et
al. (1980) and Pearse (1976 and 1982) provide a detailed
description of the devel opnent of institutional and
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adm ni strative procedures governi ng stream protecti on neasures
in forestry operations in British Col unbi a.

4 FOREST HARVESTI NG EFFECTS ON BRI TI SH COLUMBI A | NTERI OR
STREAMS

In the interior of the Prince Rupert Forest Region, stream
protection neasures are primarily concerned with limting the
potential inpacts of forest harvesting on fisheries resources
and, in sone instances, with protecting donestic water supplies.
The three major drainages in the main areas of forest harvesting
(Skeena, Nass and Nechako rivers) all possess |arge runs of
sal non and, in sone instances, steelhead. Wth present
scientific know edge there is considerable uncertainty about the
effects of tinber harvesting on streanms and on their fish
popul ati ons. The ecol ogy of salnonids is conplex and highly
vari abl e between species and within the sanme species for
different locations. Although nearly a dozen detail ed studies
have assessed forest harvesting practices on streans in western
North Anerica, including three studies in British Colunbia, care
must be used in extrapolating the results of these studies to
the interior of the Prince Rupert Forest Region. For exanple,
results from studi es conducted in coastal areas such as
Carnation Creek (Hartman (editor) 1982) and on the Queen
Charlotte Islands (Poulin 1984) have limted application to the
i nterior watersheds.

4.1 The SIim Tumuch Study

A study that does provide valuable insights into the
effects of forest harvesting in interior areas was conducted
in the SlimTunuch system of the upper Fraser River
wat er shed, approxi mately 80 km east of Prince George. This
short-term study was conducted between 1971 and 1975 with
the objective of testing the effectiveness of
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stream protection measures incorporated into cutting permts
in a previously undisturbed interior watershed. It conpared
treated watersheds (those with road construction and | oggi ng)
and control watersheds (those w thout roads or logging). The
results are presented in a nunber of technical reports which
docunment ed changes in water quality,’ physical alteration of
stream channels (Slaney et al. 1977c), effects on spawni ng
and rearing habitat (Slaney et al. 1977a and b), and effects
on the |imol ogy of a downstream | ake (Parkinson et al.
1977). Most of the results are a conparative assessnent of
| ogging effects on fish habitat, as there was no detail ed
pre- harvest assessnent of fish populations in the study area.
Because many of the results of the study have direct
inplications for the interior districts of the Prince Rupert
Forest Region, several key conclusions are discussed here.
Clearcut logging with whole tree skidding during the
sumer and wi nter was undertaken in the Slim Tunuch study
areas. Four different streanside treatnents were tested as

fol | ows:
1. Reserve strips along the larger streans (20-200 n.
2. Sel ective cutting along the stream Leaning comerci al

and immture trees were left wwthin 20 mof the stream
and equi prent operation was mnimzed in this strip.
This type of treatnment is nowreferred to as a nachi ne
reserve

3. Directional felling and skidding away fromthe stream
wherever feasible (i mmature and deci duous trees were
| eft standing).

Brownl ee, MJ. and B. G Shepherd. 1975 Effects of forest
harvesting on the Slim Tumuch watershed in the central
interior of British Colunmbia: (b) streamwater quality.
Fi sheries and Marine Service. Unpublished manuscri pt.
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4, Nondi rectional felling and skiddi ng across streans.
The skid trail |ayout was done by the contractors and
did not avoid stream crossings and streanbank
encr oachnent.

The results of the study suggested that the main inpact
of the | ogging operations in the area cane from a
substantial (5-to-10 fold) increase in sedinent levels in
the | ogged wat ersheds, which persisted for the duration of
the study. The main sedinent source area was a pocket of
silty loamsoil located on a road cut near the stream Skid
trails were secondary sedi nent sources. The reserve strip
hel ped to reduce sedi nent fromoverland fl ow but did not
reduce sedi nent transported through small drai nages
transecting the strip. Sedinent levels in the smaller,
steeper gradient (4-5% tributary streanms recovered rapidly
to pre-logging |levels. Experinent results suggested that
t he sedi nent | oadi ngs and subsequent deposition in the
| arger, | ower gradient systens downstreamwould result in
poorer survival of the eggs to fry stage. (Cbservations
showed that intragravel silt forned a barrier that would
restrict emerging fry. As well, it was estinmated that there
was sone | oss of overwi ntering habitat for juvenile fish
because of sedinment filling spaces in the substrate.

Summer nmaxi nrum wat er tenperatures increased up to 9 C
in the study streans. These higher water tenperatures
resulted in increased growh rates for rearing fish because
pre-harvest streamtenperatures were | ow. Sedi nent and
nutrient loading in the | ake downstream of the | ogged
wat er shed were increased. However, |ight penetration and
primary production was reduced, and sone reduction in fish
growh in the | ake was suggested, although the evidence was
i nconcl usi ve.

Consi derabl e attention was devoted to assessing
physi cal changes in the stream channels along the different
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streanside treatnments. The greatest channel disturbance
occurred in those streans where nondirectional felling and
ski ddi ng occurred (sumer and wi nter |ogged). Directional
felling and skidding away fromthe streans resulted in fewer
i nstream channel changes except when they were undertaken on
steeper terrain adjacent to the stream Logging debris
causi ng stream bl ockages and channel diversions, as well as
bank danmage | eading to increased sedinentation, were
identified as the main channel disturbances. The
"selective" strip resulted in few channel alterations where
bl owdown was limted. |In locations wth bl owdown,

di sturbance was simlar to the directionally felled sites.
The reserve strips were effective in preventing any instream
channel changes but did not prevent sedi nment transport
through the strip to the stream

Study results included several recommendations for
streansi de treatnents: streanms to be wi nter |ogged should be
mar ked; ski dder crossings of creeks should be avoi ded,
regardl ess of the season of |ogging; 20-m nachi ne-free zones
shoul d be used, with directional felling away fromthe
streans; and forest companies should lay out |andings and
skidder trails in the vicinity of streans. The need for a
nore detail ed synoptic survey of reserve strips in the
interior, and for guidelines to assess bl owdown potential in
them was also identified. Oher recommendati ons enphasi zed
the need to use soil information for road |ocation at the
early planni ng stage of |ogging devel opnents; and called for
erosion control neasures such as contouring skid trails,
installing water bars and cross-ditches on skid trails, and
revegetating | andi ngs and roads.

The extent of erosion and stream sedi mentation that
occurred in the study may have been nore severe than
normal |y encountered in interior |ogging operations,
representing a "worst case". However, other aspects of the
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study, such as the results of different streanside
treatnents, are particularly relevant to other |ocations in
the central interior of British Col unbia.

It should be noted that there has not been any foll ow
up evaluation of the effectiveness of the streanside
treatnents since the study ended in 1975. According to
several individuals there has been considerable bl owdown in
the selectively logged strips and a nunber of the original
reserve strips have been damaged by beetl es and subsequently
| ogged.

2 Prince Rupert Forest Region Studies

There have not been any detail ed research studies
conducted in the interior of the Prince Rupert Forest Region
exam ning forest harvesting effects on streans. Nearly al
streamrel ated research of the B.C. Forest Service Forest
Sci ences Section has occurred in coastal areas in the
region, primarily in the Queen Charlotte Islands. A nunber
of anal yses of interior watersheds have been undertaken,
based on specific requests fromdistrict staff. These
i nclude rate-of-cut, sedinent, and water tenperature
anal yses of logging in the Nadi na wat ershed;* an assessnent
of logging effects on streanflow regines in the Harold
Price® and Kispiox rivers;”® and hydrol ogi cal

2

3

4

Wl ford, D. and D. Toews. 1978. Forest hydrol ogy
considerations for forest nmanagenent of the Nadi na watershed.
B.C. Forest Service, Smithers, B.C Unpublished report. 23 p.

Wlford, D. 1982. Harold Price Creek watershed - forest
hydrol ogy i nput into planning managenent. B.C. Forest Service,
Smthers, B.C Unpublished report.

Wl ford, D. 1985. A forest hydrol ogy overview of the Kispiox
Ri ver watershed. B.C Forest Service, Smthers, B.C
Unpubl i shed report.
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eval uation of a nunmber of smaller watershed referrals. As
wel |, sonme surface erosion rehabilitation work on roadsi des
and burned areas has been undert aken.

The fisheries agencies that participate in the referral
process have not been able to undertake any detail ed
nmoni toring or evaluation of the effectiveness of the
nmeasures recomended. The one exception is the nonitoring
of water tenperature and sedinent in the Nadina R ver by the
| PSC.

It is of note that few of the individuals interviewed,
including staff of the fisheries agencies, were aware of the
results -- or even the existence -- of the Slim Tunuch
study. Industry foresters were generally nore aware of the
wor k than were Forest Service staff.

4.3 Stream Protection Concerns of the Resource Managers

4.3.1 Fi sheri es agenci es

Interviews were conducted with nore than a dozen
bi ol ogi cal and technical field staff fromthe fisheries
agencies that provide input to interior |ogging
operations. Although response varied as to what the
critical stream protection issues were, certain
concerns were consistently raised.

Stream sedi nent ati on was consi dered by nost
fisheries personnel to be the nain potential inpact
frominterior |ogging operations. Road construction
and mai nt enance, particularly in the vicinity of stream
crossings, and sedi nent from machi ne damage to
streanbanks and channel diversions were identified as
t he main sources of sedinent.

The mai ntenance of an intact channel, especially
in small streans , was a key objective of fisheries
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personnel, who were concerned that the stability of the
streanbed and banks not be altered.

Logging debris in streans was not a nmaj or concern
of staff interviewed in the eastern portion of the
region. Most indicated that debris was usually not
entering fish creeks except in sone situations where
smal | creeks were overl ooked or where contractors were
poorly supervised. However, debris in small creeks and
side channels was a concern in the Kispiox and Kal um
TSA's, possibly reflecting the greater nunber of
inportant small streanms in these districts. Debris
entering non-fish creeks is common, and sone
i ndi vidual s indicated that this caused washouts and
subsequent sedi nmentation to downstream fish habitat.

Opi ni ons were ni xed about whet her bl owdown of
streansi de tinmber was undesirabl e, causing streanmbank
darmage and i ncreased sedi nentation, or desirable,
provi ding debris for structure and habitat diversity.
Staff of MOE thought it was inportant to have | arge
organic material in streans nore than staff from other
agencies did; and felt that a limted anmount of
wi ndt hrow al ong the stream edge over tine was
beneficial to the stream On the other hand, the |IPSC
was opposed to any debris entering spawni ng streans
such as the Nadina River due to concern for scouring of
spawni ng beds.

Nearly all fisheries staff interviewed identified
the positive aspect of increased water tenperatures to
many of the colder streans in the interior follow ng
| oggi ng. Lake-headed streans are the exception, and
systens such as the Nadina River and Morrison Creek
al ready experience high sumer water tenperatures.

Only one individual was concerned about depressed
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W nter water tenperatures in clearcut areas and about
the effect this mght have on ice conditions and egg
i ncubation. This concern was based on results in the
Slim Tunuch study that indicated that w nter
tenperatures can be depressed up to 2 C foll ow ng

| ogging. Increased nutrient levels in streans after

| ogging was cited as a benefit to nost interior
wat er sheds. However, in the Fulton R ver there has
been sone concern that increased nutrient |oading due
to logging nmay be accel erating periphyton growth in the
spawni ng channel s and having a detrinental effect on
egg-to-fry survival. It was stated that nutrient and
wat er tenperature considerations are generally not a
part of the overall fisheries habitat nmanagenent
strategy, since other objectives usually prevail.

Rat e- of -cut concerns in several |arger watersheds
have been alleviated by recent B.C. Forest Service and
DFO anal yses that show that the rate-of-cut is probably
not excessive enough to affect streanfl ow regi nes
significantly. Some individuals said they are still
concerned about forest harvesting effects on
streanflows in certain smaller watersheds that have
been heavily | ogged during beetle prograns.

The use of herbicides and insecticides by the
forest industry in interior watersheds was identified
as a mgjor issue by sonme DFO staff. The accel erated
use of chem cals, including aerial applications and
back- pack spraying in the streansi de zone, is causing
i ncreased concern.

4.3.2 B.C. Forest Service and forest industry
Foresters identified stream sedi nentati on and

debris in small creeks as the two nbst comon i npacts

of logging on streans in the interior districts. Mbst
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i ndi cated that stream sedi mentation associated with
road construction and mai nt enance was the nost
preval ent stream protection concern. However, many of
those interviewed suggested that there was an
overreaction by the fisheries agencies to "nuddy
water". They said that any inpacts were probably of
short duration and |localized. Some noted that sedi nent
probl ens were nore persistent in certain areas, often
the result of poor drainage control on roads and skid
trails (especially at approaches to stream crossings)
and of poor road nmaintenance prograns. A nunber of
foresters suggested that erosion from upsl ope areas
woul d probably increase in the future as harvesting
progresses to steeper areas.

Logging debris in small wi nter-|ogged streans was
identified as a second area of concern to foresters.
This was area-specific, and was nost prevalent in the
Bul kl ey and Ki spiox districts. Some foresters
guesti oned whet her debris in these snmall creeks really
was a problem In nost districts, if the probl em of
debris was considered at all, it was felt that the bank
darmage from bl ondown al ong streans outwei ghs any
i nstream benefits of debris. Foresters again suggested
that the fisheries agencies were too conservative in
their streansi de protection neasures, |argely because
of the inadequate inventory they had of many of the
small creeks in areas that are | ogged. Only one
forester identified blockage to fish passage (mainly at
road crossings) as a significant effect of |ogging on
streans.

The main | ocations where concern for water
t enperature changes due to | oggi ng have nodified
harvesting plans are in the Nadina River and Morrison
Creek. The level of protection undertaken in the
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Nadi na Ri ver was questioned based on nonitoring results
t hat suggest there have not been any changes to date.
Foresters in sone districts suggest that stream
productivity is inproved with higher water tenperatures
and with a shifting of streansi de vegetation towards a
nor e open, deciduous cover type. The need for nore
specific water tenperature information on small | ogged
streans was identified.

Most foresters indicated that they were not
concerned with the rate-of-cut affecting streanflows in
the interior watersheds. It was suggested that there
was enough of a nosaic of tinber types and age cl asses,
in addition to the three passes made in watersheds, to
keep changes in the streanflow regi ne of nost
wat ersheds to a minimum Concern for possible changes
in peak flows from accel erated snow nelt and road
devel opnment was raised. As well, possible sunmer
m ni nrum fl ow i ncreases and subsequent potenti al
decreases due to a shift in stand thriftiness were
i dentified.

A nunber of foresters in the Lakes and Morice
districts indicated the need for a rational approach,
based on sound managenent objectives, to determ ne
where and how nuch | oggi ng could be carried out al ong
| akes. There is a need to know whether there are any
bi ol ogi cal reasons for not logging to the | akeside, or
whet her the issue is primarily one of recreation and
aest hetics?

5 MEASURES UNDERTAKEN FOR STREAM PROTECTI ON | N THE | NTERI OR
This section summarizes in tw parts the results of the

interviews and field inspections. The first discusses those
nmeasures taken in the i medi ate streansi de zone, in particular,
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techni ques for tinber renoval at the forest and stream

I nterface. The second part discusses upsl ope neasures such as
road construction and mai ntenance, silvicultural prescriptions,
and rate-of -cut considerations that influence stream systens.

5.1 Streanside Treatnents

The interior of the Prince Rupert Forest Region
i ncludes a wi de range of treatnents in the streansi de zone,
fromthe 1 kmreserve along the Nadina River to logging to
t he edge of, and sonetines across, smaller creeks.
Streanside treatnents can be separated into three
cat egori es:

1. Leave strips, where all vegetation is left for a
di stance fromthe stream Strip w dth depends upon
terrain and stream val ues.

2. Machi ne reserves, where | eaners and i mmature, and
deci duous vegetation are |left standing and equi pnent
operation is restricted to within 10-30 mof the
stream

3. Logging to the stream edge and sonetines across smal |
streans. Oten the | eaners and deci duous vegetation
are left, but there are no restrictions on equi pnent
operation to the streamnbank.

Leave strips and machi ne reserves are typically used
al ong nore val uable fish streans where there is reason to
suspect danmage from equi pnent operation to the stream edge.
Smal | er streanms, particularly non-fish streans, are often
| ogged to the edge and sonetinmes across. In recent years
there has been a shift away from | eave strips to machine
reserves or logging to the stream edge in those areas where
the terrain and stand type is suitable.
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5.1.1 Leave strips

The use of |eave strips along fish streans in the
interior districts used to be wi despread and was a
general ly accepted practice for stream protection.
W dt hs, al though sonetines fixed and infl exible,
usual Iy varied dependi ng upon the terrain features.
Wndthrow in | eave strips is the key concern, for it
can bl ock fish novenent and cause bank damage. Leave
strips that were left in nmany of the interior areas
during the 1970's have suffered extensive w ndthrow.
Probably the npbst severe exanples of this are in the
Babi ne Lake and Fulton R ver areas where forest
conmpani es have gone back into nmany areas to renove the
bl owdown. Leave strips are now left in sone districts
where wi ndthrow is not prevalent or where the terrain
prevents logging to the streanside as in deep gullies.
As well, they are sonetines incorporated into areas
(such as Morrison Creek), where other resource val ues,
wildlife and recreation for exanple, are also a
consi der at i on.

According to nost fisheries nanagers, sone
wi ndt hrow al ong streans is acceptable, especially in
smal ler creek gullies where it often hangs above the
creeks, but a lot during a short tinme period presents
problenms. As well as not achieving the intended stream
protection objectives, |leave strips in these situations
result in lost tinber values and provi de breedi ng areas
for beetle popul ations. For these reasons, foresters
had strong reservations about using |eave strips al ong
any streanms where the trees could be harvested.

At present, tinber reserves are commonly left in
deep gullies fromthe topographic break to the stream
edge. Oten tinber in these draws is too difficult to
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reach wth existing types of interior |ogging

equi pnent. Logging themwould require cutting deep
skid trails into the gullies and skidding down the
creeks. There are nmany exanpl es of steep draws where
ti mber has been left, especially in the western portion
of the interior in areas |like the Tel kwa, Kispiox, and
Mori ce wat er sheds.

A 1l kmleave strip along the Nadi na Ri ver deserves
special nention as it is the nost stringent constraint
pl aced on any | ogging operation in the interior of the
region. This reserve was requested by the IPSC to
provi de a buffer between | ogging operations and a
sockeye spawning stream Monitoring of water
tenperatures and sedinent levels in the river indicate
that the water quality of the system has not changed
significantly since | ogging began in the watershed. In
the past 2 years, sone |ogging of windthrow within the
reserve has occurred and nore is pl anned.

Ef fectiveness of |eave strips

Qbservations during the field trips indicated that
| eave strips are usually effective in providing stream
protection if they are not exposed to stormw nds or if
they are wi de enough that fringe bl owdown does not
becone excessive. Mst of the reserves exam ned are
| ocated in gullies, where they provide an effective
means of stream protection. Usually the imedi ate
streanbank environment remains intact, while the | eave
strip ensures that | ogging debris and equi pnent stay

out of the stream provides a partial buffer for

sedi nent, and maintains continued recruitnment of |arge
organi c debris. One disadvantage is that |eave strips
do limt the opportunity for sone
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mani pul ati on of streansi de vegetation on systens with
naturally | ow water tenperatures.

Several exanples of gullies that were | ogged
during the winter were exam ned. |In cases where
ski dders operated within the gullies, there was
general ly significant instream disturbance including
extensi ve | oggi ng debris accunul ati ons causi ng
bl ockages, stream di versi ons and bank danage. These
observations suggest that operating skidders in nost
gul l'i es woul d be unacceptable if conducted in or a
short distance upstream of fish streans w thout
sui tabl e buffer areas such as marshes. |In the Prince
George Forest Region, skidding down creek gullies has
been permitted in sone situations when there is deep
snow (greater than 1 n) and if debris is cleaned up
before snownelt. There were m xed opinions as to the
ef fectiveness of this technique.

In some gullies it was shown that nost of the
timber within 20-30 m of the topographic break coul d be
removed during the winter by directional felling and
skidding, with little bank or channel danmage. Since
fringe bl owdown often occurs fromthe topographic break
into the gullies for a short distance, tinmber should be
removed fromas far down into the gully as can be
reached fromthe topographic break so that trees are
not fully exposed to w ndthrow and breakage. Feller-
bunchers have been used to reach into gullies for short
di stances to renove these edge trees. Once bl owdown
has occurred within the gully, it is difficult to
renove this wood from above.

There is a need to adopt | ogging systens that are
suitable for renmoving tinber in gullies w thout causing
extensive soil disturbance. Logging in many of these
areas is presently being deferred, although



-22-

many of the areas in gullies may be too small to be
economcally logged in the future. A nunber of those
peopl e interviewed indicated that small cable systens
may be required to log the nore difficult sites.

5.1.2 Machi ne reserves

Machi ne reserves usually range from10 to 30 min
width. Wthin this zone, all |eaners and i mature and
deci duous vegetation are |eft standing, and equi pnent
operation within the reserve is restricted.
Mer chant abl e wood is felled away fromthe stream and
skidded to the landing. Since nmany of the trees have
to be top-skidded, nachine reserves cannot be used in
heavy bl owdown sites. They do work particularly well
on gentle ground where feller-bunchers can reach in and
remove tinber along the stream |In sone areas,
however, such as al ong the Nadi na, operators have found
that the trees are too large to be handled by a feller-
buncher .

Machi ne reserves result in a m ninum of ground
di sturbance in the i medi ate streanbank area and are
nost effective in sensitive sites such as wet ground
wher e equi pnent operation would cause site damage.
Their effectiveness depends upon adequate snow cover
and stream marking so that they are visible during
W nter operations. They work well in mxed stands
where there are some i nmature or deci duous trees
remai ning. In sonme stand types, they can result in the
total renoval of vegetation along streans unless a
m nimum di aneter limt is specified. For exanple,
m nimum di aneter limts up to 35 cmwere specified for
a reserve along the Cranberry River. Another reserve
al ong the Kispiox allowed for the renpoval of the |arger
spruce, but left the bal sam
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As an alternative to mninmumdianeter limts,

w der machi ne reserves have been used in the Prince
George Forest Region (up to 40 mw de). Resource
agency personnel indicated that directional felling and
top-skidding in a reserve of this wdth usually assured
that sone tinber remai ned al ong the streanside, and
that the anmount left increased nearer to the stream
edge.

Si nce machi ne reserves usually only involve a
smal | proportion of the overall setting (typically |ess
than 5%, it has been estinmated that additional |ogging
costs of a nmachine reserve anount to | ess than 1% of
the total |ogging cost for the setting. One conpany
forester indicated that a small cost allowance is nmade
to the logging contractor for the additional effort to
remove tinber fromwithin a reserve. However, there
are no all owances nmade in B.C. Forest Service
apprai sals for extra costs associated with | ogging
machi ne reserves.

Ef fecti veness of mmchine reserves

Most of the forestry and fisheries personnel
interviewed indicated that they were satisfied with the
machi ne reserves approach to streansi de | oggi ng on
appropriate sites. GCenerally, |ogging debris was not
getting into fish creeks and streanbank areas were not
bei ng damaged.

Opi ni ons of how wi de machi ne reserves shoul d be
and how effective they are varies consi derably anong
operators and forest conpanies. Resource agency
personnel indicated that on the nore inportant streans,
they preferred to keep the |ogging contractors away
fromthe creeks because of poor past perfornmances.

Wt hout adequate supervision, it was
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cl ai med, operators sonetines avoid the extra work
required to pull cable fromthe skidder into the
reserve. The other main reason cited for the failure
of machi ne reserves at sone | ocations was streans being
poorly marked for winter logging. |In one exanple,
cutting permt specifications for a machi ne reserve on
Ironside Creek and a tributary in the Kispiox TSA were
not passed on to the |l ogging contractor. The site was
not adequately supervised during the | ogging operation
and the creeks were |l ogged across. Simlarly, a
machi ne reserve at MDonell Lake was not effective
because objectives were not clearly explained nor the
| oggi ng contractor adequately supervised.

Machi ne reserves are nornally not used in the
Bul kl ey TSA. \While deciduous trees and | eaners are
| eft along fish creeks, equipnent is allowed to operate
to the stream edge so that trees do not have to be top-
ski dded. M ninmal ground di sturbance, breakage, and
extra efforts to top-skid were cited as reasons for
this difference.

The machine reserves examned in the field in the
Morice and Kispiox districts appeared to provide
adequate stream protection. Although no field
measurenents were nmade, there was an apparent
difference in ground disturbance between sites within
and outside of equipnment-free areas at sites in the
Ki spiox. |In sonme situations, the reserves represent a
conprom se. Although there may be sonme |ong-term| oss
to bank stability and stream structure because of |ess
| arge organic debris, there are potential benefits to
stream productivity and less risk of severe w ndthrow
At the sane time, nost of the nerchantabl e wood al ong
t he stream can be harvested.
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5.1.3 Logging to the stream edge

There are a nunber of exanples where | arger
streans, such as the Mirice R ver, have been | ogged to
the streanbank. Usually only leaning trees or immture
and deci duous vegetation that occur on the streanbank
are left, although in one situation (Nadina River) the
| eaners were felled onto the ice and yarded. Typically
this type of logging along inportant streans occurs on
flat or gentle terrain with well-drained soils, where
equi pnent can be operated to the stream edge with
m ni mal ground di st urbance.

Many of the smaller creeks (less than 3 mw de)

t hroughout the interior of the Prince Rupert Forest
Region are logged to the edge. |If fish are suspected
or known to occur in them usually the P-1 clause is
request ed. This cl ause specifies that |andings,

| oggi ng debris, and equi pnent nust be kept out of the
creeks. Creeks that are not fish habitat and where
water quality is not a concern can have tinber felled
across them and can be ski dded across.

On a linear basis, small streanms may be just as
productive as |arger systens, but they are influenced
nore by the forest canopy. Renpval of streanside
veget ati on may have greater inpacts on the smaller
creeks, and possibly nore benefits, depending on the
streanfl ow characteristics.

It is often difficult to determ ne appropriate
streanside treatnents for small creeks. Deciding
whet her or not trees should be directionally felled
away fromthe creeks or whether skid bridges are needed
may be hanpered by lack of information. Setting
boundari es, the | ocation and nunber of |andings
requi red, and the skidding distances to the
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| andi ngs can all be influenced by the creeks
transecting the bl ocks and whether or not they require
protection. Because these all influence |ogging costs,
reconmmended stream protection neasures have inportant
conseqguences.

Usual ly these snall creeks have the poorest
fisheries inventory, and agency recomendati ons are
of ten based on suspected presence rather than
definitive information. As a result, foresters feel
that the fisheries resource agencies are too cautious
with their recommendati ons and overprotective of |ow
val ue streans. Fisheries personnel, however, recognize
that some small (including epheneral) streans can
provi de inportant spawning and rearing habitat,
particularly for coho and steel head. Wen specific
information is not available, fisheries personnel tend
to make cautious reconmendati ons based on potential .

(bservations of |ogging along snmall creeks in the
interior districts indicate there is wide variability
intreatnments. In sonme |ocations, such as in the
Morice, conpanies are taking considerable care in
| oggi ng along small creeks where water quality is a
concern. In creeks upstream of fish habitat,
directional felling and skidding away fromthe streans
is standard practice. These neasures appear to work
well in mnimzing erosion and channel damage. At the
same time, observations in the Fulton R ver area
i ndicate that sone snmall fish creeks have been | ogged
across and in sone instances are receiving no stream
protection at all. Exanples were observed in sone
districts where skidding across streans i mredi ately
upstream of fish habitat could have been avoided with
smal | changes to the setting boundary.
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These observations suggest that there is still a
need in sone areas for |ogging operators to recognize
the value of small streans and to provide suitable
protection strategies. It also highlights the need for
fish inventory data on small streans.

5.1.4 O f-channel rearing areas

The recently proposed | ogging in the Stephens
Creek area in the Kispiox TSAillustrates a situation
t hat poses special difficulties for harvesting in the
streansi de zone. Side channels, small drainages, and
ponds | ocated al ong the base of hillsides but within
the fl oodplain often provide very inportant rearing
areas for juvenile sal nonids. Although they do not
| ook productive, fish nmay use these areas year-round,
dependi ng on access and whet her they remain wett ed.
Measures such as machi ne reserves do not al ways provide
adequate protection for sonme of these sites,
particularly those |located well back fromthe main
system |In sone situations, detailed nmappi hg and
i nventory of seasonally inundated areas nay be
required. As well, special procedures may be needed to
m nim ze | oggi ng debris accumul ations in the channels
and to ensure that the wetlands remain accessible at
skid road and nmainline crossings.

5.1.5 Stream cl ean-up

There have been a nunber of situations in the
interior of the Prince Rupert Forest Region where
stream cl ean-ups have been conducted after | ogging.
For exanple, Byron Creek and an unnaned tributary to
Nadi na Lake (Morice TSA) were incorrectly ribboned and
subsequent|ly yarded across. Crews had to go back into
these creeks after logging to renpove the debris and
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small linbs. |In fact, there are exanples in every
district of the interior where operators have returned
to creeks to clean up. Costs have ranged froma few
hundred dollars for small sections of streans to
approxi mately $10000 on Haystack Creek and nearly
$25000 on Ironside Creek, where a crew of 20 worked for
10 days.

Stream clearance is a rehabilitation neasure that
attenpts to renedy a m stake. Usually clean-ups are
conducted on snmall creeks that were inadequately marked
and not recogni zabl e under snow, or where the equi pnent
operator was unaware that protection was required, or
just did not care. Although subsequent clean-up of the
| oggi ng debris can benefit the stream it nust be done
properly and under the supervision of fisheries
per sonnel who understand the role of large debris in
streans.

St udi es t houghout the Pacific Northwest have shown
t hat poorly managed stream cl ean-up can cause nore
damage than good (e.g., Swanson and Li enkaenper 1975).
The clean-up of a tributary of Ironside Creek is a good
exanple. Virtually all of the debris (logging and
natural) was renoved fromthis creek in a costly
undertaki ng that may have | eft the streamin worse
condition than before the cl ean-up.

5.2 Upsl ope Treatnents

Stream protecti on neasures usually focus on the
streansi de zone. There is a tendency for resource
managers to assune that if this area is protected, then
the streamsystemw || remain viable. This section
di scusses activities such as road construction and
mai nt enance, skid trail layout, rate-of-cut
consi derations, and post-logging treatnents. Although
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these activities are conducted in upslope areas, they
can have a significant influence on stream systens.

5.2.1 Roads and skid trails

Nearly all the fisheries and forestry personnel
i ntervi ewed suggested that stream sedi nentation was the
maj or effect |logging activities had on streans in the
interior of the Prince Rupert Forest Region; and npst
indicated that forest roads and skid trails were the
maj or source of sedinent to streans. However, there
was a w de di vergence of opinion concerning how | ong-
| asting and significant the effects of sedi nent m ght
be. Several questions arose: |Is there an overreaction
of fisheries staff to nmuddy water? Are streans being
overprotected with tight restrictions on the timng of
construction at stream crossings? How capable are the
interior streamsystens, particularly | ake-headed
streans, in coping with stream sedi nentation from
| oggi ng operations? The questions are conpl ex and
there is little data to turn to for answers.

It is not possible to describe all the
consi derations and neasures that are undertaken in
determ ning where a road is located, howit is built,
and why it did or did not result in erosion and
potential damage to a stream system There are too
many vari ables that enter into each aspect of the
operation. However, several considerations were
identified and recommendati ons nade during di scussions
in this project. These are separated into planning,
construction, and mai ntenance of roads and skid trails.
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5.2.1.1 Pl anning considerations

1. Roads that are built wth a short lead tinme in
response to insect or fire control neasures or
sal vage of bl owdown tend to be the nost damagi ng.
Sufficient lead tine before construction is needed
to ensure that road | ocations can be checked
during high flow periods for proper sizing and
| ocation of drainage structures. Road
construction during wet periods or during the
winter usually results in nore sedinentation and
stream crossi ng probl ens than does construction
during dry periods. Erosion problens associated
with road construction in the Footsore Creek area
in the Kispiox TSA during a wet period in the late
fall of 1985 illustrate the problens with
construction during the wong tine of year.

2. Overall watershed devel opnent plans, focussing on
| ong-term |l ocation of roads to optim ze
devel opnment while mnimzing inpact, are being
replaced with short-termresponse-oriented
devel opnments. The location of the crossing site
of Pierre Creek was cited as an exanple of short-
term planning that has resulted in a crossing at
t he nost inportant sal non spawning area on this
creek, despite other options that could provide
better overall access to the watershed.

3. Forest road devel opnment planning in the interior
usual | y does not involve the use of soil or
terrain mapping to help recogni ze and avoid
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difficult construction areas. Although this is
not necessary in many operating areas, there are
situations where it could reduce road construction
and mai nt enance costs and reduce erosion from
roads. ldentifying and avoiding problemsites at
the planning stage benefits all aspects of the
oper ati on.

There are no standard procedures for the | ayout of
skid trails and | andings on areas identified as
critical sites, or for the subsequent
rehabilitation of areas where disturbance has
occurred. Field studies conducted in the Nel son
Forest Region indicate that soil disturbance in
ground ski ddi ng operations can be reduced by as
much as 50% with the use of appropriate planning
and | ayout procedures. At present, provisions for
the use of certain equi pnment types -- such as FMC
skidders or small cats -- on critical ground are
left to the discretion of the individual forest

of ficer who nay or may not recogni ze the concerns.
Al t hough techni ques for mnimzing erosion have
been identified and nany of them are applicable to
the interior of this region (e.g., Hammond 1982),
they are not a priority in many of the interior
operations. Careful planning of skid roads and

| andi ngs nay becone nore essential as | ogging
nmoves into nore of the m d- and upper slopes such
as the McKendrick Creek area in the Bul kley TSA

A conmittee to study steep slopes was established
in the Bulkley TSA, and is presently waiting for
gui delines fromthe B.C. Forest Service in
Victori a.
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The | ack of specific inventory information on
smal | stream systens to be crossed by roads
creates difficulties for designing crossing
structures and identifying critical sites.

Fi sheri es personnel indicate that there has been
an i nprovenent of structures to accommodate fish
passage in recent years.

According to sone foresters, fisheries agencies in
t he past have sonetines recommended bridges rather
than cul verts on an ad hoc basis. Because
conpani es are on m ni num stunpage, these types of
requests cost themnore directly; and unless the
resource agenci es provide good technical
justification for their decisions, the conpanies
will likely be increasingly reluctant to accept
them For exanple, several bridge crossings were
required in the Nadi na watershed on small non-fish
streans where culverts woul d have been adequat e.
As well, the lack of hydrol ogical data on snall
creeks, particularly in new devel opnent areas such
as the Nilkitkwa, has resulted in problens in
devel opi ng estimates for the sizing of bridge and
cul vert structures adequate to handle fl oods.

Timng restrictions placed on culvert and bridge
installations in trout and sal non streans (usually
late July and early August) were felt to be too
tight. The narrow timng wi ndow, in conjunction
with little flexibility for equi pnent crossings,
causes difficulties for planning road
construction.
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5.2.1.2 Construction considerations

Often erosion fromroads is greatest during and
shortly after road construction. Al though sone erosion
during this period of active soil disturbance is
unavoi dabl e, certain nmeasures have been devel oped to
reduce erosion fromroad construction. There are
several considerations:

1. Both type of equi pnent used for construction in
critical sites (backhoes versus cats) and timng
of construction are inportant. On sensitive
sites, particularly wet ground, backhoes allow for
much better control of ground disturbance,
mat eri al placenent, and ditch construction. The
need for close supervision of construction
activities was stressed so that during wet
conditions at inportant sites, operations can
ei ther be stopped or noved to other |ocations
until conditions inprove.

2. Speci al nmeasures for erosion control have been
used in a few |l ocations, but they are generally
not standard practice in the interior region and
are often instituted after a probl em has
devel oped. For exanple, settling ponds have been
used in ditches at approaches to stream crossings
and sonme grass seedi ng has been undertaken at
several sites where surface erosion is preval ent

(e.g., Footsore Lake and Problem Creek Hi Il in the
Nadi na). The section of road on Probl em Creek
H 1l in the Nadina had the nost el aborate erosion

control neasures of any forest road observed in
the interior. These included the installation of
frequent cross drains, upslope
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ditching, inverted culverts, grass seeding, and
settling ponds in the ditches. The effectiveness
of nmeasures such as settling ponds depends on

mai nt enance after installation.

3. Drai nage control during construction was one area
identified as needi ng inprovenent throughout the
regi on. Adequate drainage structures should be
installed at the tinme of initial road
construction, yet culverts on small creeks that
have been | ogged upstream of the road are often
too small to handl e increased debris and
streanflows at the crossing sites. |In particular,
wi nter roads often | ack adequate drai nage. There
is also nmuch variability in the types and inpacts
of crossings used, ranging froml ogs covered by
snow and dirt to prefabricated skid bridges. For
exanpl e, there was no damage to the streanbank at
a site in the Mrrison Creek area where a portable
skid bridge was used. At other sites, however,
st reanbanks were damaged where | ogs and dirt were
used as tenporary crossing structures. Skid
bri dges have an additional positive feature in
that they can be renoved and reused at ot her
| ocati ons.

5.2.1.3 Maintenance consi derati ons

1. | nadequat e road mai ntenance, particularly on
nonactive roads, was identified as an area of
concern in nost districts. Sonme of those
i ntervi ewed suggested that the | ack of road
mai nt enance resulted in nore danage to streans
than did the construction phase. However, the
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| ack of an adequat e mai ntenance program can
sonetinmes be costly in the long term since sone
roads have to be virtually rebuilt if |ogging
operations or silvicultural projects are to go
back into these areas after 5-10 years. Mbst road
mai nt enance prograns are concentrated on the
active roads. Prograns such as culvert and bridge
repl acenents, debris renoval at culverts, ditch
mai nt enance, thawi ng of frozen culverts, and the
proper mai ntenance of road surfacing are critical
for streamprotection as well as for long-term
road stability.

Fi el d observations suggest that water bars and

ot her measures for putting roads to bed were
rarely incorporated into operations. Collapsed
culverts and fill washouts due to bl ocked cul verts
wer e encountered on secondary roads in all of the
districts. Culverts blocked with debris or by
beaver dans are particular fisheries problens on
fl ood plain | ocations such as in the Cranberry and
Morice rivers. In addition to erosion
considerations at these sites, they can also bl ock
t he upstream novenent of fish, especially to
wet |l and | ocations used by coho sal non. Culverts
bl ocked by debris or ice may redirect water along
the road ditches, causing low water in fish
reari ng and spawni ng areas. Small sidehil

dr ai nages may be the main water sources to
critical streamreaches during | ow fl ow peri ods
such as the late winter.

An exanpl e of how poor road nmai ntenance can offset
speci al erosion control neasures is found
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at the creek crossing at the base of Problem Creek
Hll. The extensive neasures undertaken to reduce
erosion on this hillside were reduced in

ef fecti veness by carel ess grader operations that
pushed road surfacing nmaterial into the stream
channel .

5.2.2 Rate-of-cut

The rate and spatial distribution of |ogging
within interior watersheds, and their influence upon
streans, were mnor problens for nost resource
managers. |In the past, concern for the rate-of-cut and
resultant changes in water quality and quantity and
channel stability resulted in nodifications to the
| oggi ng devel opnents in the Nadi na R ver watershed.
There have al so been concerns that logging in the
Ki spi ox, Fulton, and Harold Price watersheds m ght
af fect runoff patterns, possibly causing increases in
peak flows. However, several factors -- the | ow
percentage of area in clearcuts, their spatial
di stribution within the watershed, and the fact that
the source areas for peak flows during the early sumer
are high elevation areas -- suggest that |ogging
probably has little influence on peak streanflows in
t hese systens.

The rate-of-cut in the Cranberry River watershed
was identified as the major forestry-fisheries concern
inthe interior portion of the KalumDistrict. The
cunul ative effects on gravel quality and channe
stability of highway construction, in conjunction with
extensive logging in this watershed, have not had any
techni cal eval uati on.

To date, hydrol ogi cal considerations have focussed
on | arge systens that have at |east a portion of their
wat er shed in nmountai nous terrain and
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permanent snowfields that maintain late sunmer flows in
the systens. There have not been any assessnents of
smal | watersheds (e.g., 5-25 knf) that have a
significant proportion of comrercially accessible

ti mber and no permanent snowfields. Accelerated
snowelt due to logging in these watersheds nmay

I ncrease peak fl ows and decrease |ate sumrer | ow fl ows.
Sonme of these small creeks are used by steel head and
coho, and under natural conditions may becone
intermttent during the late sumer. The timng of fry
energence and their novenent out of the stream before

| ow water can be in fine balance and may be altered by

| oggi ng.

5.2.3 Post-1ogging treatnents
Two post-harvesting activities have inportant
i mplications for streamsystens in sone areas: 1) the
construction of fire guards; and 2) the use of
chem cals for insect and brush control

5.2.3.1 Fire guards

Fire guards can be nore of a potential erosion
source on | ogged settings than roads, skid trails, and
| andi ngs. Those that are deeply bladed with a cat
al ong the perineter of the setting can concentrate
wat er on long slopes if drainage is not dispersed with
wat er bars. Exanples were observed during field trips
where the benefits of careful streanside treatnments
were offset by adjacent, badly eroded fire guards. At
ot her sites, ground di sturbance was m ni nal where
debris had been pushed back and the duff |ayer had been
carefully bl aded, exposing a mnimum of mneral soi
needed to stop a creeping fire.
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5.2.3.2 Chemcal treatnents

Normal |y, a pesticide-free zone restricts the
routine application of pesticides within 10 m of any
wat ers frequented by fish or leading into such waters.
These areas include water-filled ditches and marshes.
Most resource managers interviewed felt that this
approach to stream protection was satisfactory.

However, several concerns were raised regarding the
i ncreasi ng use of pesticides in the region.

Fi sheri es personnel are concerned about how wel |
buf fer zones can be mai ntained during aeri al
applications over extensive brush areas. |In addition
to the 10 m pesticide-free zone, the pesticide
applicator establishes a buffer zone to ensure that the
10-m zone does, in fact, stay pesticide-free. These
buffer zones are set by the applicator according to his
personal experience. Fisheries personnel expressed
concern over this, calling for buffer zone widths to be
set nore consistently, based on site factors such as
sl ope, aspect, runoff conditions, and soil textures.

It is anticipated that as the use of chem cals
increases in the future, there will be a need to
nonitor adjacent streans to determ ne whether there are
any off-site effects in the aquatic systens.

6 CONCLUSI ONS

A review of streanside treatnents suggests that the |arger,
wel | -known fish streanms are recogni zed as being inportant and
usual ly receive careful treatnent during |ogging. Measures such
as | eave strips, or logging to the stream edge | eaving | eaners
and deci duous vegetation, are usually effective in ensuring that
nost streans are protected. An effective alternative to | eave
strips on nost sites are nachine reserves
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whi ch restrict equi pnent operation along the streanbank but
allow for the renoval of nuch of the nerchantable wood in areas
subject to windthrow. At sone sites, however, machine reserves
may reduce streanbank stability over the long term

Cl ose supervision of operations at sensitive sites is
critical. Wwen it is properly undertaken, high value sites --
such as along the Nadina River -- can be logged with little
I npact. On the other hand, if conmunication and cl ose
surveil l ance do not occur, streanside protection neasures can
fail, as at Ironside Creek in the Kispiox TSA. This review
identified the need for site-specific |ogging treatnents based
on better fisheries inventories and habitat mapping for |ogging
undert aken near side channels and wetl ands al ong i nportant fish-
produci ng streans.

bservations of |ogging along small creeks suggests that
protection of these systens varies much nore than protection of
| arger systens. |In sone cases, these snmall creeks are
identified early, and neasures for their protection are
i ncorporated into | ayout and harvesting operations, mnimzing
the inmpacts fromlogging. |In other cases, small fish creeks are
still yarded across and can be badly damaged. Small creeks that
are to be winter-logged, especially if they are not adequately
mar ked, are the nost vul nerable systens. Part of the difficulty
ari ses froman inadequate fisheries inventory to enable
managers to identify inportant smaller creeks. As well, |ogging
operators do not fully appreciate the role that these snal
creeks may play in overall fish production, including their
i nfl uence on nore val uabl e fisheries habitat downstream

Bridge and culvert installations that allow for fish passage
have i nproved considerably in recent years. Fish passage
probl ens can arise at stream crossings where there is inadequate
pre-1ogging inventory or where culverts are not naintained.
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Sedi nrent fromroads, and to a | esser extent from skid
trails, landings, and fire guards, was identified as a major
effect of interior |ogging operations on streans. There was a
w de difference of opinion as to the extent, duration, and
I nplications of sedinentation on streans and on their fish
popul ati ons. However, there is nearly a total absence of
noni toring or evaluation of |o0gging-induced sedi nent on streans
in the interior districts.

The incorporation of neasures to mnimze erosion fromroad
buil ding and | ogging activities is highly variable and tends to
reflect individual initiative and priorities. Timng |ogging
operations to periods when there is adequate snow cover and
restricting equipnment types on critical sites are nmeasures
presently used in districts to mnimze soil erosion. There is
no consi stency in the procedures used, however, either between
districts or -- within the sanme district -- between |ogging
operators. Special neasures for erosion control, such as the
use of water bars and revegetating disturbed sites, are
typically not used except after problens have devel oped. Road
mai nt enance tends to focus primarily on active forest roads

while the others fall into disrepair and beconme nmjor source
areas for stream sedinentation. It is anticipated that soi
erosion |leading to increased stream sedi nentation will becone

nore preval ent as | oggi ng operations nove to md- and high
el evation sites.

Anal yses of the rate and spatial distribution of logging in
the interior districts suggest that harvesting operations to
date do not have a major influence on the streanflow patterns of
the |l arger systens. These anal yses have not addressed snal
wat er sheds, especially those wi thout permanent snowfields. The
run-of f patterns of these systens may be altered by an earlier
snowrelt or by the transition fromold-gromh forests to
extensive clearcuts and thrifty regeneration.

Finally, this review found that the use of chemi cals for
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I nsect and brush control is increasing in the interior, and that
there is a need to ensure through research and nonitoring
prograns that these activities are not affecting stream
productivity.

7 RECOVMVENDATI ONS

Much of the forest hydrol ogy programin the interior has
been response-oriented to specific problemareas identified by
district staff. Wile these requests should be given a high
priority, there is a need to establish research projects to test
stream protection neasures and to i nprove upon them Sone of
the research needs are relatively straightforward and require
only short-term eval uations; others are nore conplex and | ong
term The establishnment of study areas that are accessible can
serve both research and subsequent training needs as the study
progr esses.

Based on site inspections and discussions with resource
personnel, the following areas were identified as having the
greatest need for research

7.1 Research Needs in the Streansi de Zone

1. There is a need for basic pre- and post-harvesting
assessnment of small creeks that are winter |ogged to
determ ne whether there are significant fish habitat
i mpacts resulting fromincreased debris, physical
channel alteration, and stream productivity changes
(e.g. alteration of sunmer and wi nter water
tenperatures). This research would be best oriented
towards areas in the Mirice and Kispiox TSA s where
anadronmous fish species such as coho and steel head are
preval ent throughout many of the small streans. As
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well, there are a |arge nunber of resident trout
streans in the Fulton R ver area which have received
different intensities of treatnent and m ght serve as
potential study streans.

G ound and streanbank di sturbance should be conpared
bet ween sites that have been | ogged using machi ne
reserves and sites where equi pnent has been allowed to
work to the streanbank. Sites should be established to
monitor the long-term streanbank stability under these
different treatnents. There are a nunber of settings
that may be suitable for this type of eval uation
schedul ed for logging in the Lanprey Creek area in the
Morice District. Oher areas that m ght be included in
this conparison include the Mtten Lake area in the

Ki spiox and sites in the Fulton R ver.

There is a need to test techniques that m ght enable
l ogging in some of the gully areas presently avoi ded.
Speci al equi prent or methods shoul d be sought which
woul d al |l ow sone of these areas to be | ogged w t hout
damagi ng the stream systens. Initially, it is
recommended that the results of experinental work
conducted in other regions be reviewed, including
ongoi ng operations in the Bowon R ver area.

Techni cal information is needed to hel p devel op a sound
managenent strategy for dealing with logging to the

| akeshore on some systens, particularly in the eastern
portion of the region.

There is a need to devel op a process for incorporating
better fisheries inventory information in the early
stage of forest devel opnent plans, particularly for
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smal|l creeks. In many instances the fisheries agencies
are not able to provide the site-specific information
required.

Consi deration should be given to returning to the SIim
Tunmuch study areas to re-evaluate the streanside
treatnents that were incorporated during the early
1970's. Are the conclusions that were devel oped from
this study 10 years ago still valid?

Research Needs in Upsl ope Areas

The nost inportant research need in the region is to
eval uate how significantly streans are affected by

sedi ment fromroads. How long-lasting are its effects?
What are the long-terminplications of sedinent to | ow
energy productive fish streanms in the interior
districts? Are there special problemareas in the
interior? How can these be recogni zed? How effective
are exi sting nmeasures such as settling ponds at bridge
approaches in reducing sedinent fromroad construction?

Eval uating erosion fromskid trails on steep sl ope
areas and identifying ways of mnimzing it should high
priorities for research. This type of study would
require the expertise of several disciplines, including
hydr ol ogy, and should include a review of the work that
has been done on steep slope logging in other areas
such as Nel son and MBri de.

Wth the expanding use of chem cals for brush and
insect control in the interior districts, thereis a
need to becone famliar with any research that has
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exam ned the use of these chemcals and their
inplications for streans. As well, an approach for
determ ning buffer zone w dths based on site factors
shoul d be devel oped.

4, There is a need to assess the hydrol ogical inplications
of logging a |arge proportion of a small watershed that
does not have permanent snowfi el ds supplenenting | ate
summer flows. \What are the inplications of an
accel erated snowelt for peak flows and | ate summer | ow
flows in such a systen? Study watersheds shoul d be
nmoni tored over a nunber of years before and after

| oggi ng.

5. There is a need to exam ne nmeans of expanding the
timng w ndow and reducing restrictions on nachi ne
nmovenments in streans to aid bridge construction
Several techniques should be exam ned, including the
use of portabl e pads for machi ne crossings and the use
of construction cloth to allow work on footings at
other tinmes of the year than the |ate summer.

6. There is a need to evaluate the cunul ative effects of
| oggi ng and hi ghway devel opnent in the Cranberry
wat er shed.

7. Better hydrol ogical data in new devel opnment areas are

needed to aid in the design of adequate crossing
structures (e.g., N lKkitkwa area).

7.3 Training Needs

Most of the personnel interviewed in this study said
that there is a need for a pernmanent process of training,
particularly at the field level. In nost instances,
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trai ning woul d probably be best undertaken in conjunction
with research devel opnents.

Several topics were identified as useful areas for
training: A workshop focussing on | ogging techniques in
interior steep slope areas was suggested. This would
i nclude, for exanple, instruction in nethods of yarding
timber fromagullies and in equi pnent operation on steep
sl opes. O her workshops m ght address such topics as howto
mnimze erosion fromroads and how to put roads to bed.
Sonme foresters were skeptical about the value of nore
training prograns, saying that many practices are still not
operational, despite several training prograns over the past
decade.

Clearly, any training prograns that are to be
undert aken shoul d address | ocal needs and woul d be nore
effective if conbined with ongoing research studies.
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