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1.0 Introduction
1.1What is properly functioning condition?

Consistent withthe For est Pr acti ces Code 0 propenydfunEtREmy@endidoaf i ni t i
FSW6s considered to be properly functioning are not
natural disturbance. Rather, properly functioning implies that the extent and rate of such disturbances

are on average, smal | and within a watershedods natu
of natural variability in no more than a small portion of the overall habitat. Properly functioning FSWs

are expected to maintain a majority of streams that can withstand normal peak flood events without

experiencing accelerated soil loss, channel movement or bank movement; can filter runoff and maintain

water quality; can store and safely release water; can maintain aquatic habitat connectivity within the

stream network and between the stream and adjacent riparian area; can maintain an adequate root

network or large woody debris supply; and can provide shade and reduce bank microclimate change.

Properly functioning FSWSs should also maintain direct access to potential spawning and rearing

habitats for all resident or anadromous fish populations with well designed, installed and maintained

culverts and other structures on stream-intersecting resource roads that provide for adequate fish

passage.

2.0 Monitoring Design

Developing a monitoring design for FSWs requires careful consideration of the resource to be sampled
(target population), what will be measured (indicators), how they will be measured (response design),
where they will be sampled (sample design), how frequently they will be sampled (time selection), and
how measurements will be summarized (population estimation) (Theobold et al. 2007).

2.1 Target population and sampling frame

The target population for the monitoring program is all designated FSWs in the province. This is a

target population that is likely to change over time as more FSWs are legally designated within BC. The

general sample frame for FSW monitoring will be based on the population of stream reaches in

naturally forested areas within these FSW watersheds. This whole-watershed FSW sample frame

differs from that used for standard FREP Riparian and Water Quality monitoring, which have sample

frames that are restricted to stream reaches found within cutblocks or immediately adjacent to

cutblocks (within 2 RMA widths). More specifically, the actual sample frame for FSW monitoring will be

an electronic (1:20K scale) representation of those streamsona GIS(t he provincebds Fres
stream network layer). There is likely to be some lack of correspondence between the tangible, physical
population of stream reaches and this defined sample frame. Two potential sources of non-
correspondence are incomplete coverage (there are s
corresponding mapped depictions in the 1:20K sample frame) and over-coverage (there may be stream

traces indicated in the sample frame that do not correspond to flowing streams in the field) (Stevens

2002). These mismatches in the sample frame will be identified in the field and adjusted for as possible

in the final selection of sample sites.

The sampling frame for FSWs can be split into a number of distinct categories (i.e., the population of
stream reaches can be organizedi nt o s e p a ro&intezestfi Bathrpee-dedined stratum can then
be sampled as an independent subgroup, out of which individual elements can be randomly selected.



Stratification can provide the ability to draw inferences about specific subgroups that may be lost in
more a more generalized random sample and can generate more efficient statistical estimates in cases
where the variability between the defined strata is greater than variability within the strata. GIS layers
available for the province that have been developed from remote sensed data and inventory databases
provide a variety of options for stratifying sampling within FSWs. Figure 1 presents an example (for the
Lakesle pilot area) of the process of GIS development for the FSW sample frame and potential
stratifications that could be used to adjust the sample frame. For initial FSW pilot work we are intending
to explore the value of stratifications based on road proximity, fish habitat type, cutblocks and
downslope cutblock influence. ICTRT (Interior Columbia Basin Technical Recovery Team). 2005.
Interior Columbia Basin TRT: viability criteria for application to Interior Columbia Basin Salmonid ESUs.
Draft. July, 2005. URL www.nwfsc.noaa.gov/trt/col_docs/viabilityupdatememo.pdf

Appendix 1 provides detailed instructions for the ArcGIS processing of agency GIS layers required to
produce suggested spatial filters and stratifications for FSW monitoring.

It should be noted that there are, however, some potential drawbacks to using stratified sampling in
FSWs. First, identifying strata and implementing such an approach will increase the cost and
complexity of sample selection, as well as leading to increased complexity of population estimates. Also
for designs with a large number of strata, or those with a specified minimum sample size per group,
stratified sampling will likely require a larger number of samples than in a more generalized approach,
thereby increasing field effort and costs. In general, some level of stratification is almost always helpful,
more strata may not always be necessary.



1) Delineation of drainage basin selected for development of a FSW monitoring design
(Lakelse drainage presented here as an example)

[ aketse Drainage

2) Delineation of FSWs within the larger drainage (example: Lakelse drainage )

3 weketse Drainage

Lakelse FSWs
Furlong Ck
[0 Lakelse Rr

Schulbuckand Ck

[ williams Ck

3) Delineation of 1:20K stream network that will provide basis of FSW sampling frame

= Lakelsa Drainage
Lakelse FSWs
[ ] Furlong ck
[ Lakelse Rr
[ schulbuckand Ck
[ wailkams ck

= 1:20K defined streams

4) Delineation of roads to be used as a potential sampling strata within the FSWs

n Lakelse Drainage
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5) Delineation of 1:20K defined stream orders to be used as a potential sampling
strata within the FSWs
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6) Delineation of fish habitat/stream order classifications to be used as a potential
sampling strata within the FSWs
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7) Delineation of older cutblocks (pre-1995) to be used as a potential sampling
strata within the FSWs

) coketon Duainage [ Lakeste Loke
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8) Delineation of more recent cutblocks (1995 and later) to be used as a potential
sampling strata within the FSWs

n Lakelse Drainage [l Lakesle Lake

Lakelse FSWs [ Recent cutiblocks (1995 and later)
[ | Futtang Ck
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[ | schulbuckand ck
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9) Delineation of defined areas of downslope influence (i.e. within 1 km of cutting)
for older cutblocks (pre-1995) to be used as a potential sampling strata within the FSWs

] skelse Drainage [ Extent of oider cutblock infuence
Lakelse FSWs
| FuriengCk
[ Lakelse Rr
| schuluckand Ck

[ witiams ck

10) Delineation of defined areas of downslope influence (within 1 km of cutting) for
more recent cutblocks (1995 and later) to be used as a potential sampling strata within
the FSWs
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Figure 1.

2.2How to select sites?
In the Office

Mapped depictions of spatial layers used for developing a FSW sampling frame and
some example sampling stratifications.

Development of a long-term monitoring plan for FSWs requires development of an efficient sampling
design that can provide statistical rigor yet is flexible to inevitable logistical or practical constraints
during field data collection. For FSW monitoring we propose use of the Generalized Random
Tessellation Stratified (GRTS) sampling algorithm developed by the U.S. Environmental Protection




Agency (EPA). GRTS is a spatially balanced, randomized sampling design based on a hierarchical,
random tessellation of the study area, incorporates unequal inclusion probabilities and can be applied
to points (e.g. individual sites), lines (e.g. stream reaches), or polygons (e.g. lake areas). It was
developed specifically for sampling natural resources (e.g., Stevens 1997; Stevens and Olsen 2000;
Herlihy et al. 2000) and is available from the EPA as a free library for R statistical software and can be
implemented in ArcGIS (using ESRI software ArcGIS v9).

A patrticularly favorable feature of GRTS is that it is possible to dynamically add points to the sample as

non-target or inaccessible points are encountered, while at the same time maintaining a spatially well-

balanced sample. To account for errors in GIS delineations of the sampling frame and strata,

landowner denials, physically inaccessible stream sites, and various other issues that could affect

actual field sampling an oversample of ordered points is generally incorporated into the GRTS draw

provided to field crews. This helps ensure that the desired number of sample sites can be visited within

the defined field season (i.e. provides tingmon-abil ity
target or inaccessible) (Stevens and Olsen 2004).

Figure 2 provides some mapped examples of GRTS points generated within various defined stream
reach strata (single strata and combined strata) in the Lakelse watershed whileTable 1 shows GIS
database outputs of a GRTS draw; in this example 10 selected points (plus 5 oversample points) in
each of two road proximity strata (CLOSE, FAR).



1:20K stream reaches in relation to road proximity within the Lakesle drainage

GRTS selected sample points based on road proximity strata (> or < 200m from a road)

Road proximity (close < 200m; far > 200m)
—— CLOSE
——— FAR

Road proximity (close < 200m; far > 200m)
@ CLOSE
@® FAR

1:20K stream reaches in relation to fish habitat categories within the Lakesle drainage

Fish Habitat Category

Fish Habitat 1st/2nd Order Stream
Fish Habitat 3rd or > Order Stream
—— Non Fish Habitat

GRTS selected sample points based on three fish habitat strata categories

Fish Habitat Category
@ Fish Habitat 1st2nd Order Stream
@  Fish Habitat 3rd or > Order Stream
@ Non Fish Habitat

1:20K stream reaches in relation to both road proximity and fish habitat categories
in the Lakesle drainage

Road (200m) + Fish Habitat Strata
——— CLOSE, Fish Habitat 1/2 Stream Order
‘CLOSE, Fish Habitat => 3rd Stream Order
~——— CLOSE, Non Fish Habitat

——— FAR, Fish Habitat 1/2 Stream Orde

~——— FAR, Fish Habitat => 3rd Stream Order
——— FAR, Non Fish Habitat

GRTS selected sample points based on both road proximity and fish habitat categories

Road (200m) + Fish Habitat
CLOSE, Fish Habitat 1/2 Stream Order
CLOSE, Fish Habitat => 3rd Stream Order
CLOSE. Non Fish Habitat

FAR, Fish Habitat 1/2 Stream Order

FAR. Fish Habitat => 3rd Stream Order
FAR. Non Fish Habitat




Figure 2. Generation of GRTS sampling points along the 1:20K stream network based on selected
sampling strata. Examples are shown for: 1) Road proximity strata, 2) Fish Habitat
strata, and 3) Combined road proximity and fish habitat strata.

Table 1. An example (ArcGIS database) list of 10 GRTS sample points selected from the larger
pool of potential GRTS points in each of the 200m road proximity strata (CLOSE, FAR)
for the Lakelse drainage. An additional 5 oversample points were also selected in this
example to be used in the advent that any of the initial 10 points selected cannot be
sampled for some reason. All ordered points selected will conform to desired design
criteria of randomization and spatial balance.

FID |Shape '| sitelD xcoord | yeoord | m(li:wty| wigt | stratum | panel fish_hab logging | length |

| 0 |Paint STRATIFIED _byRoads-001 851292589491 1043155 51469 | Ecjual 7546.793182 |CLOSE Panel_1  |FISH_HAB_1_2 \RECENT_CUT 366.593177
| 1 |Paint STRATIFIED byRosds-002 B25781 253573 104621008174 Equal 7o46 793182 CLOSE Panel 1 FISH_HAB_1_2 |MEVER_CUT 1240 06155
| 2 |Paint STRATIFIED _byRoads-003 B29177.846327 | 1045221 45644 |Ecyual 7546.793182 |CLOSE Panel_1  |FISH_HAB_3_ |OLDER_CUT 223294554
| 3 |Paint STRATIFIED byRoads-004 546454 329397 104752542005 Equal 7946793182 CLOSE Panel_1  |NOM_FISH_HAB (COLDER_CUT 125.212425
| 4 |Paint STRATIFIED byRosds-005 531706.049352 1039458050009 Equal 746 793182 CLOSE Panel 1 |FISH_HAB_1_2 |QLDER_CUT 343615423
b 5 |Paint STRATIFIED _byRoads-006 822004 272545 | 1050831.05945 | Ecjual 7546 7931582 [CLOSE Panel_1  |FISH_HAB_1_2 \RECENT_CUT 645 432216
| £ | Paint STRATIFIED byRosds-007 B3S126.126247 ) 10426597 23957 Equal 7546 793182 CLOSE Panel_1  |FISH_HAB_1_2 |MEVER_CUT 402 705377
| 7 | Paint STRATIFIED byRosds-008 S4TE43. 797673 1047807 37026 Ecual 7246793182 CLOSE Panel 4 |WON_FISH_HAB (OLDER_CUT 36585202
| g | Paint STRATIFIED byRoads-009 535046 577307 10358754 5173 |Equal 7946793182 CLOSE Panel_1  |NOM_FISH_HAB MEVER_CUT 211.354643
| 9 | Paint STRATIFIED byRosds-010 535140539129 104721913002 Equal 7o46 793182 CLOSE Panel 1 |FISH_HAB_1_2 |CLDER_CUT 161.035636
| 10 |Paint STRATIFIED _hyRoads-021 830520602116 | 1038913.30379 | Ecyual 7546.793182 |CLOSE Oversamp |FISH_HAB_1_2 |NEVER_CZUT 462 365374
| 11 Poirt STRATIFIED byRosds-022 5203635178 1052341 55854 Equal 7546 793182 CLOSE OwerSamp FISH_HAB_S_ OLDER_CUT 522617996
| 12 Point STRATIFIED byRosds-023 534495197295 1042544 94603 Equal 746 793182 CLOSE CwerSamp |FISH_HAB_1_2 (OLDER_CUT | 1237 26357
| 13 |Point STRATIFIED _byRoads-024 845348 810305 1048486 2375 |Equal 7546.793182 |CLOSE Owersamp MOM_FISH_HAB \RECENT_CUT 245.006503
| 14 Poirt STRATIFIED byRosds-025 537019823465 10358008 5355 | Equal 7o46 793182 CLOSE CwerSamp (FISH_HAB_1_2  MEVER_CUT | 1183781366
| 15 |Point STRATIFIED _byRoads-071 G16735.9246597 | 1037523.35052 | Ecyual 17895.373325 FAR Panel_1  |FISH_HAB_1_2 |NEVER_CZUT 732080626
| 16 |Point STRATIFIED byRoads-072 550956340115 104719995235 Equal 17895373325 FAR Panel_1  |NOM_FISH_HAB MEVER_CUT 495135705
| 17 Point STRATIFIED byRosds-073 G37740.365562 1040734 45395 Equal 17895373325 FAR Panel 1 |WON_FISH_HAB MEVER_CUT | 1110853459
| 18 Point STRATIFIED _byRoads-074 823557 747745 104671217317 |Ecyual 17895.373325 FAR Panel_1  [MOM_FISH_HAB RECENT_CUT 457 195137
| 19 Poirt STRATIFIED byRosds-075 525661 860553 105112314351 Equal 17895373325 FAR Panel_1  |FISH_HAB_1_2 |QLDER_CUT 387882323
| 20 Poirt STRATIFIED byRosds-076 546909520803 1042308.01805 Equal 17893373325 FAR Panel 4 |WON_FISH_HAB MEVER_ZUT 555.354803
| 21 |Paint STRATIFIED _byRoads-077 842143547554 | 1048337 32585 | Ecyual 17895.373325 FAR Panel_1  [MOM_FISH_HAB RECENT_CUT 327899443
| 22 Poirt STRATIFIED byRosds-078 B22325.472402 ) 1044946 11359 Equal 17895373325 FAR Panel 1 |WOM_FISH_HAB MEWVER_CUT 1155 64049
| 23 |Point STRATIFIED _byRoads-073 839319877542 | 1054656 315891 |Ecyual 17895.373325 FAR Panel_1  [FISH_HAB_3_ |RECENT_CUT | 5210937344
| 24 |Point STRATIFIED byRosds-080 547709445576 1046469.73526 Equal 17895373325 FAR Panel 1 |FISH_HAB_3_  RECEWT_CUT | ¥42783019
| 25 Point STRATIFIED byRosds-121 535515691054 1049522 993579 Equal 17895373325 FAR CverSamp | WOK_FISH_HAB |MEVER_CUT S25.47TTAT
| 26 Point STRATIFIED _byRoads-122 821254 231186 | 1049105 65492 | Ecyual 17895.373325 FAR Owersamp MOM_FISH_HAB \RECENT_CUT 453993404
| 27 Point STRATIFIED byRosds-123 541539263052 105620312044 Equal 17895373325 FAR OrverSamp | MOM_FISH_HAB | MENVER_CUT 522876724
| 28 Poirt STRATIFIED byRosds-124 550389497808 1046746 43628 Equal 17893373325 FAR CrverSamp | MOK_FISH_HAB |MEVER _CUT 7016395

29 |Paint STRATIFIED byRoads-125 540567 7O57ES | 1046340 34853 Equal 17895373325 FAR CwerSamp | NOM_FISH_HAB | MEVER _CUT 465563771

In the Field

A broad field reconnaissance of pre-selected GRTS sampling points in the watershed is recommended
prior to initiating actual field sampling. Reconnaissance will identify/document sample points that are
inaccessible or inappropriate for various reasons and that should be replaced with the next ordered



alternative GRTS points on the oversample list. It is critical that oversample points must be selected
from the next point in the ordered sequence of available GRTS points so as to preserve the
randomized, spatially balanced nature of the samples selected. After finalizing the location of all GRTS
points that will be sampled during the field season it will be helpful to identify clusters of sites that are
physically close together. These could perhaps be more efficiently sampled (time wise, cost, logistically,
etc.) if approached as a combined sampling package (i.e., not necessarily sampling sites in exactly the
same ordered sequence as in the GRTS list). This is acceptable if all selected sites are sampled as
planned over the season. If some sites within the ordered list are missed the properties of the GRTS
design (i.e. random, spatially balanced) will be disrupted, violating the associated assumptions required
for statistical analyses. If a site can not be sampled for some reason, the point may be replaced, but the
reason for dropping the sample must be clearly documented to enable any potential biases to be
addressed.

2.3When to sample?
Within Year

The FREP Riparian and Water Quality protocols as well as the BC MOE Fish Passage protocols that
will be used for field-based monitoring of FSWs have each been designed to allow assessments over a
wide range of environmental conditions. As such, FSW monitoring could theoretically be undertaken
anytime of the year as long as the streambed and ground conditions in the riparian area were clearly
visible. However it is recommended that monitoring should be constrained to the time between late
spring, when all snow has left sampling areas and mid autumn, before the snow returns. Valid
assessments would be difficult in winter, when streams may be frozen and stream and riparian areas
covered in snow. The optimum time for assessments will be the low flow period during the active
growing season, when the streambed, stream banks, and ground in the riparian area are clearly visible,
there is flowing water in the stream, and vegetation foliage is full developed (Tripp et al. 2009). For
most areas of BC, FREP considers this period of optimum conditions for evaluations to coincide with
the summer low flow period from July 1 to September 30. However, many streams, particularly streams
in areas that lack snow cover or have early spring run-off, can be assessed at other times of the year.
Lower-elevation sites in coastal BC, for example, can often be assessed in April, May, or June after
plants have leafed out, or in October before leaf fall or fall rains (Tripp et al. 2009). Appendix 2 provides
an example of a single season field sampling design developed for FSWs in the pilot Lakelse study
area, incorporating elements of sampling strata, sampling intensities, and timing of sampling.

Between Years

Long term recommendations on the frequency of FSW monitoring at different spatial scales should not
be made at this time. The technical document provides an overview of the tradeoffs which must be
considered. The main consideration is the spatial/temporal scale of the underlying question of interest.
The recommendation will be different for the overall FSW monitoring plan than for a single watershed
such as the Lakelse pilot study. It is likely that there will be two spatial scales to ultimately consider?:
sampling of FSWs from the list of designated FSWs and sampling within a given FSW. The smallest
scale of interest for trends is probably the FSW itself and so it is unlikely that repeat sampling of
specific sites would be required within an FSW over time (unless there was some specific experiment
or study underway). Instead sample sites would be re-randomized for each revisit to an FSW.

% Larger spatial scale questions have not been addressed in this document which is focused on the Lakelse pilot.
The ultimate design will likely be a multi-stage design with FSWs as the primary sampling unit and sites within a
given FSW as the secondary sampling unit, but this has not been discussed yet.



However,it may be of interest t o r eviosinaforrsabzedegpanslubset of
design® to improve the ability to estimate trends over time at the scale of an FSW. These designs are

complex and probably not worth investing in until a few years of data have been obtained and until

there is a better understanding of how the sampling frame will change over time (i.e., how many new

FSWs will continue to be added).

3.0 Indicators and Field Protocols

3.1 FREP Riparian Protocol

The basic sampling unit for riparian monitoring purposes will be designated stream sample reaches,

with center points pre-determined through a randomization process undertaken in the office (see

Section 2.2) . The minimum | ength of stream reach suggest
Protocol (Tripp et al. 2009) has both fixed distance (i.e., 100m for small streams) and proportional

distance criteria (i.e., distance equal to 30 channel widths for larger streams). Other environmental

agencies have recommended a variable mix of fixed distance (e.g., 100m: Massachusetts DEP 1995;

150-200m: Ohio EPA 1987) and proportional distance criteria (e.g., 40x low flow wetted width: Klemm

and Lazorach 1995; 20x channel width: Missouri DNR 2003) for stream habitat monitoring. For FSW
monitoring we recommend using two fixkdodssteaame €I
those defined as 1stor2ndor der streams within the 1: 20K stream |
(i.e., those defined as 3rd order or greater within the 1:20K stream layer). Conceptually, the intent is

minimize potential overlap of stream sampling sites while still capturing a sufficient length of stream in

all cases to provide a mixture of the habitats in the reach and provide, at a minimum, duplicate physical

and structural elements such as riffle/pool sequences. FREP riparian indicators (see Section 3.1) will

be evaluated over the defined length of each sample reach.

To allow assessment of average stream and riparian conditions across the defined strata for a FSW the
FREP Riparian Management Routine Effectiveness Evaluation field protocol (Tripp et al. 2009a) will be
undertaken at each GRTS-selected riparian sampling site. The FREP Riparian Protocol requires
addressing 15 distinct questions (Table 2) relating to the characteristics of healthy streams and their
riparian habitats. The assessment of the relative condition of the sampled site is based on the total
number of No answers to the questions as follows:

A 072 No answers i the stream and riparian habitat at the sample site is in properly
functioning condition;

A 374 No answers i the stream and riparian habitat at the sample site is in properly
functioning condition, but at risk;

A 516 No answers i the stream and riparian habitat at the sample site is in properly
functioning condition, but at high risk;

A 7 or more No answers i the stream and riparian habitat at the site is not functioning
properly.

Table 2. Fi fteen questions used to assescsendihei oedaodf vea
and itsdo riTpigprtaa200Ohabi t at (

® Panel design: a formalized approach to determining when to revisit units within the target population. There are
many variations of these designs (see Wieckowski et al. 2008).



Question 1.
Question 2.
Question 3.
Question 4.

Question 5.

Question 6.

Question 7.

Question 8.

Question 9.

Question 10.

Question 11.

Question 12.

Question 13.

Question 14.

Question 15.

Is the channel bed undisturbed?
Are the channel banks intact?
Are channel LWD processes intact?

Is the channel morphology intact?

Are all aspects of the aquatic habitat sufficiently connected to allow for normal,
unimpeded movements of fish, organic debris, and sediments?

Does the stream support a good diversity of fish cover attributes?

Does the amount of moss present on the substrates indicate a stable and

productive system?

Has the introduction of fine inorganic sediments been minimized?

Does the stream support a diversity of aquatic invertebrates?

Has the vegetation retained in the RMA been sufficiently protected from

windthrow?

Has the amount of bare erodible ground or soil disturbance in the riparian area

been minimized?

Has sufficient vegetation been retained to maintain an adequate root network

or LWD supply?

Has sufficient vegetation been retained to provide shade and reduce bank

microclimate change?

Have the number of disturbance-increaser species, noxious weeds and/or
invasive plant species present been limited to a satisfactory level?

Is the riparian vegetation within the first 10 m from the edge of the stream
generally characteristic of what the healthy, unmanaged riparian plant

community would normally be along the reach?

To help evaluators answer each of these questions the FREP riparian protocol provides a number of

i i

ndi

catoro

Sstat ement s, Yes ar&Ndanswer. Tiwhindicakor staterseots referq ui r e

to specific site attributes that can be more easily assessed or measured in the field than the more
general questions. The number of Yes or No answers to the indicator statements determines the
appropriate responses for the general questions at a particular sample site. The scored categorizations
of stream/riparian functioning condition from each sampled site will then be rolled up to generate
summaries of the average and range of functioning condition within specific strata, as well as across
the entire FSW.

Details on assessing, recording and summarizing riparianprot o c o |

fi fonadsample site and o

example completed Riparian Protocol field assessment forms are provided in Tripp et al. (2009a and
2009b). Riparian Protocol assessment forms can be downloaded from the FREP website at:
http://www.for.gov.bc.ca/ftp/hfp/external/!publish/frep/indicators/FS-1247-Riparian-Field-Card-March11-

2009.pdf and are also provided in Appendix 3 of this report. F R E PRiparian Protocol should be
applicable as written for FSW monitoring purposes, with two exceptions: 1) much of the detailed
information relating to specific cutblock plans or Riparian Management Areas (first page of field
assessment forms) will not be directly relevant for FSW monitoring, and 2) sampled reaches will be
standardized for FSW monitoring at 100m in length for all 1:20K defined 1% and 2™ order streams and
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200m for all 1:20K defined 3™ order or greater streams (as opposed to the sometimes variable sample
reach lengths (i.e., 30 channel widths) used normally within F R E PRiparian Protocol).

3.2 FREP Water Quality Protocol

To provide further assessment of average water quality conditions across forestry managed areas

within a FSW the FREP Water Quality Management Routine Effectiveness Evaluation field protocol

(Carson et al. 2009) will be undertaken at a sample of road stream crossings (bridges and culverts).

The FREP Water Quality Protocol combines an estimate of the extent of connectivity between

managed areas and natural drainages with a measure of the associated fine sediment generated to

provide an assessment of water quality at a sample site. The resultant Water Quality (WQ) Index

provi des an fAorder of magnituded ranking for the rel
the site. Eachsampleds i t e i s assigned to one of five water qu:
AModerate, 0 AHigh, 6 or AV e segimertiwighithé potertial ® deacbthe t he v ol
stream (Table 3). The scored ratings of water quality condition from each sampled site will then be

rolled up to generate summaries of the average and range of water quality conditions within specific

strata, as well as across the extent of forestry managed areas within the FSW.

Table 3. Rating of total fine sediment generation from a site (independent of stream size) (Carson et al.

2009).
Total Volume of Fine Sediment Water Quality Rating
Generated (WQ Index)
<0.2m3 Very Low
0.2-1m3 Low
1-5m3 Moderate
5-20m3 High
> 20 m3 Very High

Details on assessing, recording and summarizing Water Quality Protocol assessment tables for a

sample site and example Water Quality Protocol field assessment forms are provided in Carson et al.
(2009). Water Quality assessment forms can be downloaded from the FREP website at:
http://www.for.gov.bc.ca/ftp/hfp/external/!publish/frep/indicators/W Q%20field%20cards20090401.pdf1
and are also provided in Appendix 4 of thisreport. F REP 0 s Wa't e r ocq) asavtittert siiouldPlre o t
applicable for use in monitoring water quality at selected stream road crossings within an FSW.

3.3BC MOE Fish Passage Assessment Protocol

To provide further assessment of the overall connectivity of fish populations within a FSW the BC

MOEOG6s Field Assessment for Fish Passage Determinati
be undertaken at a sample of road stream crossings (bridges and culverts) that are selected using the

same approach as described for the FREP Water Quality assessments. BC MOEO6s Fi sh Passa
protocol uses a cumulative scoring approach involving a suite of indicators to determine the likelihood

that a close bottomed culvert at a stream crossing provides safe fish passage. The cumulative score

across the suite of passage indicators is used to determine whether a sampled culvert is considered to
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be: hPaes® fAPot enBaalk Tdle H.rTheeBC MOE Fish Pasisage protocol focuses
on closed bottom structure because of the known problems that are associated with fish passage if
these structures are not properly designed and installed. All bridges and open bottomed structures (i.e.
log and arch culverts) encountered at stream crossings will as a general default be rated as Passable
to fish. The scored ratings for fish passage from each sampled site will then be rolled up to generate
summaries of the degree of fish passage problems (i.e. assessment of how well fish population
connectivity is being maintained) within specific strata, as well as across the extent of forestry managed
areas within the FSW.

Table 4. Fish barrier result (BC MOE 2009).

Cumulative Score Result

0-14 Passable

14- 19 Potential Barrier
> 20 Barrier

Details on assessing, recording and summarizing Fish Passage Protocol indicators for a sample site
and example Fish Passage Protocol field assessment forms are provided in BC MOE (2009) and are
also provided in Appendix 5 of this report. Fish Passage assessment spreadsheets can be downloaded
from the Fish Passage Technical Working Group website at:
http://www.for.gov.bc.ca/ftp/hcp/external/!publish/web/fia/CulvertFieldDataSubmissionForm-2008.xIs.
The BC MOE Fish Passage Protocol as written should be applicable for use in monitoring fish passage
at selected stream road crossings within an FSW.

Three possible strategies for selecting a sample of road crossings for use in assessing both water
guality and fish passage are described here and will be evaluated as part of the pilot sampling in the
Lakesle drainage. Options a and b make use of the 1:20,000 road crossing layer that is available for the
province. Options b and c are fully integrated with the GRTS based sampling framework recommended
for the riparian protocol.

Option a) Independent GRTS draw of points from the 1:20,000 stream crossing layer (using the
same stratification as described in Section 2.2)

The advantage of this approach is that there will be very few missing values (i.e., wasted trips) as every
point in the sampling frame should have a crossing unless there is an error with the GIS layer.
However, this would result in a sample that is completely independent of the riparian sample and so the
overall number of locations visited would be greater. It is not clear how big of a concern that is given
that road crossings should be readily accessible and many of the crossings may be sampled as the
field crew drives to and from their riparian sites. Due to the limited spatial scale of the Lakelse pilot
study, this disadvantage may not be substantial. If the study is expanded to a larger spatial scale this
would likely be more serious. Given some initial estimates of time to travel among sites, we should be
able to explicitly evaluate the time implications of using independent designs for the different protocols.
Another disadvantageof t hi s approach is there are some road
1:20,000 sampling frame.

Option b) Start with riparian GRTS sample points and then look up the closest road crossing in the
1:20,000 stream crossing layer.
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This strategy would also minimize the number of missing values, and has the same bias for small road
crossings that are not part of the sampling frame. The advantage of this approach over option a) is that
it may be more efficient to implement in the field since it is directly tied to the riparian sample location.
Finding the stream crossing in the field even if it is quite far from the riparian point will likely be relatively
simple as by definition a crossing occurs on a road. However, this approach might lead to situations
where the GRTS selected point was from stratum A and the closest stream crossing is in Stratum B.
The analytical consequences of this need to be carefully considered, for example: it may be necessary
to post-stratify the results for the water quality and fish passage protocols and that may lead to lower
sample sizes and therefore less precise estimates in some strata.

Option c¢) Start with riparian GRTS sample points and identify a starting point (i.e., closest point on
the nearest road) walk 250m each way and select all road crossing within the unit.

The main advantage of this approach is that it allows us to assess the potential bias of using the 1:20K
road crossing layer. This approach would find additional small crossings and would let us estimate how
many of these exist as well as their condition relative to the other crossings, thereby providing an
estimate of the bias. This method may result in a large number of missing values (i.e., locations where
no road crossings were found within the specified 500m sampling unit).

Yk GRTS point

® Crossing

- ROad

- Stream

Figure 3. This figure illustrates how a field crew would identify road crossings to sample under option
C).

Given that fish passage assessments have been completed at all road crossings in the 1:20K road
crossing layer within the Lakelse watershed (i.e. a full census), if there is any concern about potential
bias of the 1:20K stream crossing layer, then option c) should be completed for the pilot study. These
results (i.e., the number of crossings missed and the water quality/fish passage data) can then be
compared to the existing data to determine which option to recommend for the long term design. The
same design and sampling units would be used for both the water quality protocol and the fish passage
assessments.
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3.4 FSW Specific Field Protocols and Reporting

Unique elements that will need to be incorporated into the FSW monitoring protocol (i.e. are not
effectively captured currently within the FREP/MOE riparian, water quality or fish passage protocols
themselves) are being identified through pilot field work. A preliminary draft of the FSW Supplementary
Field Card is provided in Appendix 6. This reporting will be expanded and refined through continued
assessment of specific Tier Il data needs within the FSW monitoring framework.

3.5Determining functioning condition of an FSW

In general, the FSW approach builds on existing protocols and consistent with this, the first step in the
aggregation of data is to calculate the protocol specific score for each sampling unit using the methods
described in each protocol.

Riparian: 4 possible levels from: properly functioning to not properly functioning
Water Quality: 5 possible levels from: very low quality to very high quality
Fish Passage Assessment: 3 possible levels: passable, potential barrier, barrier

The second step is to summarize these results for the stratum and then watershed. We recommend
reporting the percentage of sites in each of the categories for each protocol separately.

The final step is determining how to combine these different types of information into an overall
assessment of the watershed function. As described in the introduction (Section 1.1) there are two
ways in which a watershed may be assessed as properly functioning:

1. the extent and rate of such disturbances are o
natural range of variability, or

2. large and beyond the rate of natural variability in no more than a small portion of the overall
habitat

For each protocol, each category must be lumped as either within or outside the natural range of
variability, see Table 5 for an example (yet to be reviewed). Given this information it should be possible
to create a 3 dimensional matrix that incorporates the results for each protocol and identifies whether
the watershed is either: properly functioning (green), impaired (yellow), or not properly functioning (red)
as described in the conceptual framework (Wieckowski et al. 2008) for all possible indicator
combinations. A two-dimensional version of this concept was proposed by the Interior Columbia
Technical Recovery Team (IC-TRT) for assessing viability of Chinook (ICTRT 2005). Figure 4
illustrates the concept in 2 dimensions. The binning in Table 5 and Figure 4 requires further input from
the FSW MTWG and will require ongoing refinement. ldentifying regions that are obviously red or
obviously green should be fairly straightforward but defining intermediate zones (i.e. yellow) will be
difficult.

Table 5. Example of how results may be interpreted for each protocol.

Protocol Out of range Within range

Riparian properly functioning condition, properly functioning - properly
but at high risk; is not functioning condition; but at
functioning properly risk

Water Quality Very low-Moderate High-Very High
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Fish Passage Assessment Potential barrier; barrier Passable

Example rules:
If >20% fallintot he G6out of r aned @ayoanayg rptapply to altproteaols

equally)
I f >80% f all into the 6in rgaeemge categoryd for
% of streams within range | % of streams within range (riparian protocol)
(water quality protocol) <20 20-40 40-60 60-80 >80
<20
20-40
40-60
60-80
>80
Figure 4. lllustration of a potential overall aggregation approach (based here on only 2

dimensions) for evaluating FSW condition (green = properly functioning, yellow =
impaired, red = not properly functioning).

3.6Incorporation of climate change indicators

The currently established FREP/MOE field-based protocols (i.e., riparian, water quality, fish passage)
that in combination are intended to form the core of Tier Il FSW monitoring have been developed to
assess current habitat condition in relation to local land management actions. They are themselves
fairly insensitive to identifying changes in fish habitat condition that could instead be caused by broader
climate change-related effects. An additional element in continued development of the overall FSW
monitoring framework would therefore be to incorporate climate-change sensitive indicators, and
establish targeted sampling designs that could allow a separation of potential climate change vs.
localized land management effects on habitat condition. Specifically we will seek to incorporate
expanded year round water temperature logger and flow gauge monitoring within FSWs as possible,
with an intent to establish control/treatment areas with FSWs that could allow for parcing of local land
management effects from the possible effects of climate change. This will require integration with
broader provincial (e.g., Temperature Sensitive Streams monitoring) and federal initiatives (e.qg.
Hydromet flow monitoring network) that are independently seeking expanded geographic coverage for
tracking of predicted climate change impacts.
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Appendix 1. GRTS Sampling Strata - GIS Workflow

Title ‘ Description | Notes | Inputs
1000 | Fish habitat criteria

1100 | Combine Freshwater Atlas hydrology and fish habitat

1110 | Import and clip Import the Freshwater 1:20K Freshwater
stream network Atlas stream network Atlas Stream Network

from the LRDW, and clip (https://apps.gov.bc.ca

to the study area. [pub/geometadata/met
adataDetail.do?from=s
earch&edit=true&show
all=showall&recordSet
=IS0O19115&recordUl
D=50648)

1120 | Intersect stream Intersect the Freshwater "Streamgradreaches” | "Streamgradreaches”
network and fish Atlas stream network identifies those layer from Richard
habitat (clipped to study area) streams that are Thompson (Monitoring

with the classed as fish Unit Head,
"Streamgradreaches” habitat. This layer Ecosystems Protection
layer, and explode does not contain a and Assurance
multipart features. stream order field Branch. BC Ministry of
though, which is Environment.
required for this Richard. Thompson@g
strata. The geometry | ov.bc.ca);
of these two layers is
identical. Output from: 1110
1200 | Generate fish habitat strata
1210 | Add strata field Add a new text field Output from: 1120
called "fish_hab" to
contain the fish habitat
strata.

1220 | Select non-fish Select all stream sections Output from: 1210
habitat that are classed as non-

fish habitat, and update
their fish_hab attribute to
"NON_FISH_HAB".

1230 | Select fish habitat & Select all stream sections Output from: 1220
first or second order that are classed as fish
streams habitat AND have a

stream order < 3, and
update their fish_hab
attribute to
"FISH HAB 12"

1240 | Select fish habitat & Select all stream sections Output from: 1230
third order or above that are classed as fish
streams habitat AND have a

stream order >= 3, and
update their fish_hab
attribute to
"FISH_ HAB_3 "
1250 | Delete fields Delete all fields except Output from: 1240
"fish_hab".
2000 | Proximity to roads
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Title

Description

Notes

Inputs

2100 | Prepare input layers

2110 | Import and clip DRA Import the Digital Road The DRA road layer Digital Road Atlas
Atlas from the LRDW, is used as the (https://apps.gov.bc.ca
and clip to the study area. | primary road layer. /pub/geometadata/met

adataDetail.do?from=s
earch&edit=true&show
all=showall&recordSet
=IS0O19115&recordUl
D=45674)

2120 | Buffer DRA Buffer DRA road layer by | This buffer is used to | Output from: 2110
30 m, dissolving all the mask out duplicate
output polygons. roads from other

input layers. 30 m
was enough to cover
the maximum
difference in location
between layers.

2130 | Import and clip DKM Import the The DKM roads layer | DKM_ROADS_09.shp
DKM_ROADS_09 data, is maintained by (http://www.for.gov.bc.
and clip to the study area. | Kalum & North Coast | ca/ftp/dkm/external/!pu

Forest Districts, and blish/ESE_Spatial/)
updated by digitising
from imagery.

2140 | Import and clip FTN Import the Forest Tenure Forest Tenure Road
road segments layer from Segment Lines
the LRDW, and clip to the (https://apps.gov.bc.ca
study area. [pub/geometadata/met

adataDetail.do?from=s
earch&edit=true&show
all=showall&recordSet
=IS0O19115&recordUl
D=51944)
2200 | Extract additional roads from DKM
2210 | Select DKM roads Select all roads segments Output from: 2130;
within buffer from DKM that are 2120
WITHIN the DRA buffer.
2220 | Switch selection This leaves only Output from: 2210
those road segments
not already
represented in the
DRA.

2230 | Export selection Export selection to a new Output from: 2220
layer.

2300 | Extract additional roads from FTN

2310 | Select FTN roads Select all roads segments Output from: 2140;

within buffer from FTN that are 2120
WITHIN the DRA buffer.
2320 | Switch selection This leaves only Output from: 2310

those road segments
not already
represented in the
DRA.
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Title Description Notes Inputs
2330 | Export selection Export selection to a new Output from: 2320
layer.
2400 | Generate final road buffers
2410 | Merge roads Merge the additional It is not necessary Output from: 2110;
roads with the DRA layer. | (and too time 2230; 2330
consuming) to
produce a
topologically correct
network of roads
generated from all
three input sources; a
simple merge is all
that is required as the
buffer generated in
the next step will
cover any gaps.
2420 | Buffer roads Buffer the combined 200 m and 300 m Output from: 2410
roads layer by 100 m, buffers were also
dissolving all polygons. generated.
2500 | Generate road strata
2510 | Add strata field and Add a new text field Output from: 2420
update called "road_prox" to the
road buffers and update
to "1" for all records.
2520 | Intersect strata and Intersect the fish habitat The result of this Output from: 1250;
roads strata and the road process are all 2510
buffers. stream sections that
are close to a road
(within the buffer
distance).
2530 | Dissolve Dissolve on "road_prox" Output from: 2520
and "fish_hab", with no
multipart feature output.
2540 | Erase road buffer Erase the road buffer The result of this Output from: 1250;
layer from the fish habitat | process are all 2510
strata layer, and explode | stream sections that
multipart features. are far from a road
(outside the road
buffer).
2550 | Merge road strata Merge the intersect Output from: 2520;
output and the erase 2540
output to re-form the
hydrology layer.
2560 | Update strata field Update the road_prox Output from: 2550
field to "CLOSE" where
road_prox =1, and
update road_prox to
"FAR" for all other
records.
2570 | Delete fields Delete all fields except Output from: 2560
fish_hab and road prox.
3000 | Logging influence
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Title

Description

Notes

Inputs

3100 | Prepare cutblock input layers
3110 | Import and clip Import the RESULTS RESULTS Openings
RESULTS Openings | Openings layer from the (https://apps.qgov.bc.ca
LRDW, and clip to the /pub/geometadata/met
study area. adataDetail.do?from=s
earch&edit=true&show
all=showall&recordSet
=IS0O19115&recordUl
D=52583)
3120 | Create pre & post Select by Attribute using Output from: 3110
1995 layers DST_STR_DT to split
openings into pre 1995 (<
19950101) and post 1995
(>=19950101).
3130 | Import and clip Import the RESULTS RESULTS Forest
RESULTS Forest Forest Cover Inventory Cover Inventory
Cover layer from the LRDW, (https://apps.gov.bc.ca
and clip to the study area. /pub/geometadata/met
adataDetail.do?from=s
earch&edit=true&show
all=showall&recordSet
=1S0O19115&recordUl
D=52578)
3140 | Join attributes to Join the attributes from This join will add a Output from: 3130;
spatial layer RESULTS Openings disturbance start date
(Attribute only) table to field to the forest RESULTS Openings -
the RESULTS Forest cover inventory Attribute Only
Cover layer, based on polygons, which can (https://apps.gov.bc.ca
OPENING_ID. then be used to split /pub/geometadata/met
it into pre and post adataDetail.do?from=s
1995. earch&edit=true&show
all=showall&recordSet
=ISO19115&recordUl
D=52582)
3150 | Create pre & post Select by Attribute using Output from: 3140
1995 layers DISTURBANCE_START
_DATE to split openings
into pre 1995 (<
19950101) and post 1995
(>=19950101).
3160 | Import and clip VRI Import the Vegetation VRI
Resource Inventory (VRI) (https://apps.gov.bc.ca
layer from the LRDW, /pub/geometadata/met
and clip to the study area. adataDetail.do?from=s
earch&edit=true&show
all=showall&recordSet
=1S0O19115&recordUl
D=47574)
3170 | Create pre & post Select by Attribute using Output from: 3160
1995 layers HRVSTDT to split
openings into pre 1995 (<
19950101) and post 1995
(>=19950101).
3200 | Buffer cutblocks
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https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52583
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52583
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52583
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52583
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52583
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52583
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52583
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52578
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52578
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52578
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52578
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52578
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52578
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52578
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52582
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52582
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52582
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52582
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52582
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52582
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=52582
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=47574
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=47574
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=47574
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=47574
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=47574
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=47574
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=47574

Title Description Notes Inputs
3210 | Merge pre 1995 Merge the pre 1995 Output from: 3120;
cutblocks cutblock layers from 3150; 3170
RESULTS openings and
forest cover and the VRI.
3220 | Buffer cutblocks Buffer the merged Output from: 3210
cutblocks by 50 m, with
no dissolve.
3230 | Merge post 1995 Merge the post 1995 Output from: 3120;
cutblocks cutblock layers from 3150; 3170

RESULTS openings and
forest cover and the VRI.

3240

Buffer cutblocks

Buffer the merged
cutblocks by 50 m, with
no dissolve.

Output from: 3230

3300 | Create hydrologically correct DEM
3310 | Clean and clip DEM Clip the DEM to the study Canadain Digital
area, and interpolate over Elevation Data
any gaps. (http://geobase.ca/geo
base/en/metadata.do?i
d=3A537B2D-7058-
FCED-8D0B-
76452EC9D01F)
The following three steps may not be required, depending on the source, quality and resolution of
the DEM.
To test the DEM, carry out the following steps: 1) fill sinks; 2) create flow direction raster; 3) create
flow accumulation raster. The flow accumulation raster should follow the stream network. If there are
any deviations from, or blockages along, the stream network, thses additional steps should fix the
problems.
3320 | DEM to Points Convert DEM raster to Output from: 3310
point features.
3330 | Topo to Raster Create a hydrologically Output from: 3320

correct DEM using
stream and waterbody
features. In ArcGIS, use
the 'Topo to Raster' tool.

(PointElevation); 1110
(Streams)

1:20K Freshwater
Atlas Lakes
(https://apps.gov.bc.ca
/pub/geometadata/met
adataDetail.do?from=s
earch&edit=true&show
all=showall&recordSet
=1S019115&recordUl
D=50640)
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http://geobase.ca/geobase/en/metadata.do?id=3A537B2D-7058-FCED-8D0B-76452EC9D01F
http://geobase.ca/geobase/en/metadata.do?id=3A537B2D-7058-FCED-8D0B-76452EC9D01F
http://geobase.ca/geobase/en/metadata.do?id=3A537B2D-7058-FCED-8D0B-76452EC9D01F
http://geobase.ca/geobase/en/metadata.do?id=3A537B2D-7058-FCED-8D0B-76452EC9D01F
http://geobase.ca/geobase/en/metadata.do?id=3A537B2D-7058-FCED-8D0B-76452EC9D01F
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640

Title Description Notes Inputs

3340 | Burn-in streams Convert the Freshwater This process burns Output from: 3330;
Atlas stream network to a | the stream network 1110
raster and subtract it from | into the DEM to make
the hydrologically correct | sure that any flow
DEM. accumulation
precisely follows the
stream network.
Although the stream
network is used as
part of the Topo to
Raster process, the
stream network is not
always differentiated
in areas of flat terrain
depending on the
quality and resolution
of the DEM. Burning
them into the DEM
ensures that flow will
always follow the
stream network.
3350 | Fill DEM Remove any remaining Output from: 3340
sinks from the DEM using
the ArcGIS 'Fill' tool.
3400 | Calculate cutblock influence (repeat for pre & post 1995)
Note: At the moment the cost analysis treats all accessible cells (i.e. all cells where water will flow)
with the same weight. This method might overestimate disturbance in streams that don't have any
direct surface flow connectivity to a cutblock. To better reflect the filtering capacity of soils between
the cutblock and the stream a higher weight could be assigned to the land surface areas, and
leaving the streams as they are, you would hit the 1 km threshold sooner travelling over land than
you would travelling along a stream.
For example, travelling from a cutblock along a river (with a weight of 1 per cell) you would travel 33
cells (30 m DEM cell size * 33 = 990 m). Over land (with a weight of 2.5 per cell i.e. a max influence
distance of 400 m over land) you would only travel 13 cells (30 m * 2.5 * 13 = 975) which is the
equivalent of 390 m.
If you wanted to even take it a step further, you could assign different weights depending on different
land cover types (soil type, vegetation type etc).
3410 | Flow direction Generate a raster of flow Output from: 3350
direction using the
ArcGIS Spatial Analyst
Flow Direction tool.
3420 | Cutblock polygons to | Convert the buffered Output from:
raster cutblock polygons to 3220/3240
raster.
3430 | Flow accumulation Generate a raster of flow | Using the cutblock Output from: 3410;
accumulation using the raster as input weight | 3420
ArcGIS Spatial Analyst restricts the flow
Flow Accumulation tool, accumulation to

using the cutblock raster | output only the flow
as the input weight raster. | originating from the
cutblock areas.
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Title Description Notes Inputs
3440 | Flow accumulation Divide the flow This process results Output from: 3430
weight accumulation by itself. in a raster showing all
accessible cells (to
the flow of water from
the cutblocks).
3450 | Cost distance Generate a cost distance | The output from the Output from: 3420;
raster using the ArcGIS cost distance 3440
Spatial Analyst Cost analysis will be the
Distance tool, using the flow of water from the
cutblock raster as the cutblocks restricted
source data and the flow | by terrain (i.e.
accumulation weight as downstream flow
the input cost raster. Set | only) up to a distance
a maximum distance of of 1 km.
1000 m. (Figure Al
provides a map
illustration of the
downslope cost distance
analysis for some
example cutblocks)
3600 | Generate logging influence strata
Note: this method relies on the cost distance raster (converted to a polygon) masking out the
streams downstream from the cutblocks. The raster may not align exactly with the stream network
due to differences in resolution and the fact you are comparing raster to vector. Some manual
editing of either the mask or the resulting strata may be required to fill in gaps and make sure the
logging influence strata are continuous along the stream network.
3610 | Cost distance raster Covert the pre and post Output from: 3450
to polygon 1995 cost distance
rasters to polygon.
3620 | Union cost distance Union both cost distance Output from: 3610
polygons polygon layers, and
explode multipart
features.
3630 | Add strata field and Add a new text field This output can be Output from: 3620
update called "logging"”, and considered as the
update to "OLDER_CUT" | 'logging influence
for all pre 1995 polygons | mask'.
and "RECENT_CUT" for
all post 1995 polygons.
Where the union ouput is
an overlap of both pre
and post 1995 polygons,
update the logging field to
"RECENT_CUT".
3640 | Intersect strata with Intersect the latest strata | The result of this Output from: 2570;
logging mask layer with the logging intersect will be all 3630
influence mask, and stream sections that
explode multipart are under influence
features. from the cutblocks.
3650 | Erase logging mask Erase the logging The result of this Output from: 2570;

influence mask from the
latest strata layer.

process will be all
stream sections
outside the influence
of cutblock runoff.

3630
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Title

Description

Notes

Inputs

3660

Merge logging strata

Merge the intersect
output and the erase
output to re-form the
hydrology layer.

Output from: 3640;
3650

3670

Update strata field

Update the logging field
to "NEVER_CUT" where
logging = Null.

Output from: 3660

3680 | Delete fields Delete all fields except Output from: 3670
fish_hab, road_prox and
logging.
4000 | General filters
4100 | Remove all areas above the timber line
4110 | Select areas above Select all BEC polygons BECs
timber line where ZONE = "CMA" (https://apps.gov.bc.ca
(Coastal Mountain- /pub/geometadata/met
heather Alpine), and adataDetail.do?from=s
output to a new layer. earch&edit=true&show
all=showall&recordSet
=1S0O19115&recordUl
D=51819)
4110 | Erase timber line Erase the Mountain Output from: 3680;
Heather BEC zone from 4110
the latest strata layer.
4200 | Remove all lakes
4210 | Erase lakes Erase the Freshwater Output from: 4110;

Atlas Lakes from the
latest strata layer.

1:20K Freshwater
Atlas Lakes
(https://apps.gov.bc.ca
/pub/geometadata/met
adataDetail.do?from=s
earch&edit=true&show
all=showall&recordSet
=1S019115&recordUl
D=50640)
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https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=51819
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=51819
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=51819
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=51819
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=51819
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=51819
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=51819
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?from=search&edit=true&showall=showall&recordSet=ISO19115&recordUID=50640

Figure Al. lllustration of cost distance model capture of adjacent downslope streams that could
be affected by logging due to the flow of runoff over the terrain. In this example
actual cutblocks are shown as grey areas, while modelled downslope areas that
could experience cutblock influence are shown as a gradation of colour intensity
going from yellow (0 m downstream) through to blue (1 km downstream).
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Appendix 2: Sampling Design Elements for Lakelse
FSW Field Monitoring Pilot

Monitoring Target: 4 FSW designation units for the Lakelse Study Area

Sample at least 2 of these watersheds with the highest contrast (suggested ones
are Williams Creek and Lakelse River units). Sample the other 2 FSW
designation units if funds/time allow.

Sampling Frame:

BC6bs 1: 20K Freshwater Atlas stream hydrology

General Filter:

A Remove all areas above timber line from sampling frame.

General Sample Location Methodology Using GRTS

Initial selection of sample points will be based on a GRTS (Generalized Random
Tessellated Stratified) design (Stevens and Olsen 2004). This sampling method
allows for the greatest level of field flexibility as it draws on the strength of both
randomized and systematic or targeted sampling (Wieckowski et al. 2006). For
example, using GRTS, where it is discovered that unforeseen access restrictions
make it impossible to reach one or more sample sites, these can be dropped in
favour of others from a predetermined selection of sample sites. Prior to the end
of the current fiscal year mapping will be made available illustrating sample site
locations and describing the methodology in more detail.

Timing of Field Work for Pilot Season

The long term hydrographic record shows that the late spring/early summer
freshet in the Kitimat Range ecosection peaks in June. Flows then decline albeit
remaining fairly high through the early summer months. It is proposed that the
field sampling for the 2011 pilot season within the month of June as this time
period represents a good balance between stream flows, access constraints and
logistical issues (e.g. snow free area, high water, likely availability of field crews,
etc.).

Objective I) Riparian Habitat Assessment
Selection of riparian sampling points will be based on a GRTS (Generalized
Random Tessellated Stratified) design (Stevens and Olsen 2004)

FREP riparian protocols (Tripp et al. 2009) will be used at each GRTS selected
sample site.
Possible Strata for Riparian Sampling:

1) Logging influence (as defined by RESULTS and VRI layers, and supplemented
by satellite imagery interpretation):
a. Never cut
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b. Within cutblock and within 1 km downslope influence of cutblock T recent
cut (>1995) (including 50m fringing buffer area around perimeter of
cutblock)

c. Within cutblock and within 1 km downslope influence of cutblock 7 older
cut (pre-1995) (including 50m fringing buffer area around perimeter of
cutblock)

2) Fish habitat criteria for stream reaches (as defined by MOE Fish Passage layer)
a. Non-Fish habitat
b. Fish habitat i Stream Order (1st and 2nd)
c. Fish habitati Stream Order (> 3rd)

3) Proximity to road (as defined by DRA, FTEN and supporting local DKM road
layers)
a. Close (< 200m)
b. Far (> 200m)

Number of Riparian Samples:

Suggested densification of GRTS points = average 250m separation along the
1:20K stream network. This should represent approx. 4000 potential sample
points available throughout the full extent of the Lakelse hydrology network (i.e.
across all 4 FSW designation units).

Minimum of 4 samples / strata category combination.

Suggested target of 9 samples / strata category combination (or even more if
possible; oversampling is useful for initial development of power analyses).

Minimum # total samples / FSW designation unit = (3°* 2) * 4 = 72
Target # of total samples / FSW designation unit = (3°* 2) * 9 = 162

Sampling in some strata may be weighted more heavily (e.g. if there is a need for
logistical/cost reasons to focus greatest proportion of sampling on sites near
roads).

Objective Il) Water Quality Assessment

FREP water quality protocols (Carson et al. 2009) will be undertaken at each
selected stream crossing sample site (in conjunction with a paired fish passage
assessment).

Alternative Approaches for Water Quality Sample Site Selection:

1) Water quality sites are picked up opportunistically near the GRTS selected
riparian sample sites (i.e. any stream crossings observed within 100m both
upstream and downstream of the GRTS sample point, as well as 100m in both
directions from a random start point on the first parallel road encountered within
100m of the sampled GRTS riparian point (the search for crossings would be
incorporated as a field-based protocol, piggybacked on the riparian site design).
The number of water quality sample sites that would be captured under this
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scenario would thus be dependent on the density of stream crossings in the
areas where riparian sampling is being undertaken and could not be determined
pre-field sampling.

2) Water quality sampling points are pre-selected through a GRTS selection
process using known stream crossings (MOE Stream Crossing layer) as the
sampling frame (i.e., separate GRTS selection process from that used for the
riparian points). Under this second scenario a minimum of 4 water quality
sampling sites would be selected in each of the defined strata, and a target of 9
per strata (i.e., same as for riparian sampling). Proximity to road would not be a
relevant strata for stream crossings so total number of samples would

Number of Water Quality Samples:

Minimum # total samples / FSW designation unit = 3% * 4 = 36
Target # of total samples / FSW designation unit = 3* * 9 = 81

For the pilot we could attempt both options for sampling stream crossings and
assess their relative efficacy. For the Lakelse we also have the benefit of the full
(close-to) census for the area which we can also incorporate into a comparison
analysis.

Objective lll) Fish Passage Assessment

MOE Fish Passage protocols (MOE 2009) will be undertaken at each selected
stream crossing sample site (in conjunction with a paired FREP water quality
assessment).

Approaches to fish passage sample site selection and determination of the total
number of fish passage samples / FSW designation unit will be identical to that
outlined earlier for water quality sampling (Objective II).

Other Strata Considerations/Options (for all sampling objectives)

Different strata combinations may need to be developed dependent on the
possible logistic constraints. Strata may need to be prioritized in this regard. If
additional levels are created within a stratum, fewer strata can be evaluated,
unless the overall number of samples is increased (i.e., greater time and cost).

Once the sampling frame is finalized we may be able to tweak the design further.
For example, some strata combinations may not exist in the field (e.g., what if
there are no sites close to roads in areas that have never been logged).

Sampling Intensity

While a range in the number of samples is suggested here the preference will be
to maximize sampling so as to achieve the highest benefit from the pilot project
(i.e., oversampling will be useful for protocol development and power analyses).
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Appendix 3: FREP Riparian Routine Effectiveness Evaluation Field Cards

(from FREP website)

BRITISH Forest and Range

Sample No. Date: / / Evaluator(s)

, Riparian Management
M@@P COLUMBIA Evaluation Program  Routine Effectiveness Evaluation

Stream/Opening Identification

District: Opening ID: Licensee:
Forest Licence: Block: Harvest Year:
Range Licence: Range Unit:
Stream Name: Stream Location: In block[_] Beside block []
Stream Class on plans: Stream Class in field: Reach length (m):
Reach Location: ____ to ___ m US[] DS[] from
UTM at US [J DS [J end of reach: Zone: East: North:
Channel width (m): Channel depth (m): Channel Gradient (%):
Channel Morphology: Riffle/pool or Cascade/pool [ ]  Step/pool [ ]  Non-alluvial []
Riparian Retention Information in RMA
Left Side Right Side
Average distance (m) from stream edge to merchantable trees:
Average distance (m) from stream edge to first signs of current
harvesting (partial or complete, max. 100 m):
Average distance (m) from stream edge to start of complete
harvesting (i.e. a road or clearcut, max. 100 m):
Dominants & Dominants &
codominants codominants Understory Understory
on left side on right side on left side on right side
% Retention in first
10 m of the RMA
(all classes)
% Retention in rest
of the RRZ
(for S1, S2, S3)
% Retention in rest
of the RMZ
(all classes)
Photo Section
Photo # Photo Description
FS 1248 HFP 2009/02 PAGE 1
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