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Abstract 
Allochthonous input

1
 is an important source of food and energy to stream systems (Culp and 

Davies 1985, Hollingsworth 1988, Alan 1995, May et al. 1997, Webster et al. 1999, Wenger 1999, 
Wipfli and Gregovich 2002, Cole et al. 2003, MacKenzie and Moran 2004, Muto et al. 2009), and 
a primary component of organic material in small headwater streams (Lowe et al. 1986, 
Hollingsworth 1988).  
 
In this project we measure vertical allochthonous inputs to small headwater streams to quantify 
the relationships between vertical allochthonous inputs and riparian characteristics to better 
understand the implications of riparian forest management. Starting in 2003, we annually monitor 
allochthonous mass (g) that is naturally introduced vertically into small streams, nutrient content 
(nitrogen, phosphorous, and potassium (mg)) and composition (mass of wood, needles, cones, 
leaves and other organic material (g)). The study located in a coastal temperate rainforest in 
Clayoquot Sound British Columbia (BC), Canada. The sample sites are relatively close 
geographically, all within the CWHvh1 variant and spread over benign terrain (so aspect 
differences are expected to be inconsequential). Rain and snow fall, wind and temperature 
variation is estimated to be similar across all study sites. The second growth conifer forests used 
in this study were selected to represent a forest that would result from currently regulated 
reforestation requirements following logging (conifer dominated). The old growth forests used in 
this study were selected for similar age, species composition, density and structure. The study is 
divided into four components: different variable retention (VR) timber harvest regimes, a 
chronosequence study of different age classes of second growth conifer forest, three deciduous 
riparian vegetation types (RVT), and an intact late seral (old growth) forest control.  
 
Mass: In the VR component of the study, there appears to be a clear trend of the greatest 
reduction in allochthonous mass occurring with 15% retention (no RRZ) to least impact with 30% 
retention with a 5m riparian reserve zone (RRZ) when averaged over the last four years. The 
50% retention site is almost equivalent to the vertical allochthonous input found in the old growth 
control site. Needles and wood made up the vast majority of the total input for the control and all 
VR sites with the exception of the 15% retention site without a riparian reserve. For the 
Chronosequence component of this study, there appears to be a clear trend to old growth mass 
equivalency as early as 25 years. Needles and wood made up the vast majority of the total. For 
the RVT portion of this study, old growth equivalency is significantly exceeded for mass of 
allochthonous input in both of the alder dominated sites; however the composition, as expected 
with these types of sites, was mostly leaves.  
 
Nutrients:  With VR, there appears to be a clear trend of the greatest reduction in mass of 
Nitrogen, Phosphorous and Potassium (NPK) occurring with 15% retention - no RRZ to least 
impact with 30% retention – 5m RRZ when averaged over the last four years. The 50% retention 
site exceeded the NPK input found in the old growth control site. Needles made up the vast 
majority of the total mass of NPK in most cases. In the Chronosequence component there 
appears to be a clear trend to old growth equivalency for NPK contribution in less than 25 years. 
For N and P, leaves made up the majority source, whereas needles made up the vast majority of 
the total mass of K. Old growth equivalency is exceeded for NPK input in both of the alder 
dominated sites with the brush dominated site showing minimal input. The source, as expected 
with these types of deciduous sites, was mostly leaves. The alder dominated sites contributed 
notably more Potassium, Nitrogen and Phosphorous than any of the conifer sites (including the 
old growth control).  
  
 
 
 

                                                      
1 Leaf litter and other organic matter from riparian forests, including terrestrial invertebrates, that drop into the water 
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Introduction 
It has only been relatively recently that unified concern has been expressed by the public, 
Department of Fisheries and Oceans (DFO) and environmental non-government organizations 
(ENGO’s) over the perceived lack of protection afforded small streams during logging (Warttig et 
al. 2001, Moore and Richardson 2003). It wasn’t until 1987 that the first set of stream protection 
measures were introduced in British Columbia (BC) under the Fish Forest Guidelines with greater 
protection for streams following in 1995 with the introduction of the Forest Practices Code (FPC) 
(and in the Forest Range and Practices Act (FRPA) in 2004). Stream protection under the FPC 
and FRPA is largely based on stream size and fish presence vs absence (figure 1

2
).  Under this 

management regime fish bearing streams less than 1.5 m in width and all non fish bearing 
streams are afforded the least protection (Price et al. 2003). Over the past decade, there has 
been increased awareness of small streams for providing key ecosystem services by linking 
forests to the larger downstream reaches (Richardson et al. 2010).  
 
Individually, headwater 
streams have been 
historically disregarded 
due to their apparent 
individual insignificance. 
Gomi et al. (2002) noted 
that because headwater 
streams are small and 
numerous, their roles are 
typically underestimated; 
as a result the streams 
are thought to be 
inadequately managed when compared to the larger downstream systems. Richardson et al. 
(2010) indicated that small streams are likely more vulnerable to forest harvesting than larger 
streams due to their lack of protection

3
. It is thought that headwater stream systems are also 

important to manage in order to adequately protect downstream ecology because of their intimate 
link for supply of nutrients. 
 
It wasn’t until 1995 that BC Ministry of Forests recognized a potential for high risk from cumulative 
effects of forestry activities due to the number of potentially affected headwater streams. 
Management guidelines were developed to reduce cumulative risk

4
 (BC Ministry of Forests 

1995), however it is difficult to directly apply these guidelines because most topographic maps 
tend to be at a 1:20,000 scale of resolution which is not sufficient to identify most small headwater 
stream channels (Gomi et al. 2002).   
 
Corkum (1999) discussed the disproportionate influence of riparian area (relative to its land area) 
on running waters due to the immediate effects on the transport of water, sediments and nutrients 
and Kiffney et al. (2003) found that headwater streams are highly sensitive to forest harvest. Yet 
small streams have tended to be ignored by researchers who have focused attention on the 
larger downstream reaches. This research focus has occurred despite the fact that small streams 
tend to account for the majority of total channel length within coastal watersheds (Cole et al. 
2003, Moore and Richardson 2003, Gomi et al. 2002, Warttig and Landers, 2003). It is not 
surprising Gomi et al. (2002) found that the roles of headwater streams and the linkages to 
downstream systems remain poorly understood.  
 

                                                      
2 Riparian Management Area Guidebook. 1995. Forest Practices Code of British Columbia. Ministry of Forests and 

Forest Planning and Practices Regulation s. 47(4) 2004 
3 This seems somewhat speculative as in a study on the effects of logging on headwater populations of trout (Sheldon et 

al. 2010), he found no detectable treatment effects on summer or winter relative abundance or condition of fish, or 

changes in the steam physical habitat in the logged areas. 
4 Watershed Assessment Procedure Guidebook. 1995. Forest Practices Code of British Columbia. Ministry of Forests 

Figure 1 
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Allochthonous

5
 input is an important source of food and energy to stream systems

6
 (Vannote et 

al. 1980, Culp and Davies 1985, Hollingsworth 1988, Alan 1995, May et al. 1997, Wenger 1999, 
Gomi et al. 2002, Cole et al. 2003, MacKenzie and Moran 2004, Kiffney and Richardson 2010), 
and is a primary component of organic material in small streams (Lowe et al. 1986, Hollingsworth 
1988, Wipfli and Gregovich 2002, Apostol and Berg 2006). Movement of allochthonous material 
from headwater streams supports the downstream food web, directly affecting productivity, 
population density, and structure of stream biota communities (Wipfli and Gregovich, 2002). 
Mapping a food web’s structure is often used a scientific tool understand an ecosystem (Zimmer 
2008). Food webs are networks of trophic relationships in which energy flows in a community are 
mapped. Allan et al. (2003) mapped terrestrial invertebrates as a sub component of 
allochthonous material finding that this component alone contributed up to 33% dietary needs of 
coho smolts in southeastern Alaskan streams. There has been criticism of the web network 
approach due to historic problems with the quality of data, but the best resolved food webs seem 
to be consistent with real patterning of ecological systems (Thompson et al. 2004). The 
implication of this approach is that stream research should start at the source (headwater 
streams) in order to fully understand the stream ecology of a watershed.   
 
A critical linkage within steam systems is the downstream movement of materials (Kinsbury et al. 
1993). Both lotic (running water) and lentic (standing water) systems receive allochthonous 
material, and produce autochthonous

7
 organic matter. Relative abundance of allochthonous input 

from headwater streams is highest (Richardson and Danehy, 2006, Gomi et al. 2002, Apostol and 
Berg 2006) but decreases with increased channel width/increased stream order (Vannote et al. 
1980). Autochthonous primary production in forested headwater streams tends to be low due to 
closed canopy tree shading (which promotes detritus based communities) but increases in mid 
sized streams because of lower water depths and increased irradiation (Vannote et al. 1980, 
Richardson and Danehy 2006). Running waters are open systems and transport organic and 
inorganic material downstream. The amount of material transported and/or stored depends 
largely on the characteristics of the individual streams (e.g. climate, gradient, landscape 
morphology, buffering, etc (Webster et al. 1994, Lui 2005)) but, because of reduced coarse 
organic particulate matter, it is generally expected that the abundance of shredder detritivores

8
 

will decrease with increasing stream order and collector macroinvertebrates will increase 
(Vannote et al. 1980). 
 
Allochthonous plant material enters the stream as “coarse particulate organic matter” (CPOM

9
), 

“fine particulate organic matter” (FPOM) or dissolved organic matter (DOM). DOM also leaches 
from CPOM and POM once it enters the stream. Bacteria and fungi rapidly colonize CPOM which 
is reduced to FPOM by microbial processes, animal feeding and substrate abrasion (Cummins 
1974). This decay becomes a primary source of food and energy for heterotrophic microbial 
communities (Kreutzweiser and Capell 2003) and many aquatic invertebrates (Culp and Davies 
1985) which become a primary food source for carnivorous aquatic invertebrates and vertebrates. 
Invertebrate shredders intercept an estimated 20-30% (Cummins et al. 1980) of CPOM drift and 
gain nutritional from the microbial community on the CPOM, breaking it down to FPOM and feces. 
The FPOM is then colonized further by microbial activity. Invertebrate collectors feed on 
intercepted FPOM drift breaking it down to feces (Cummins 1974). Nutrients supplied by 
allochthonous input are used by aquatic plants, and dissolved phosphorous can be taken up 
rapidly by algae (Shortreed and Stockner 1983). Algae (autochthonous organic material) are also 
used by many aquatic insects as a source of food.  
 

                                                      
5 Leaf litter and other organic matter from riparian forests, including terrestrial invertebrates, that drop into the water 
6 Litter fall on land can also be an important food source for terrestrial species. For example, litter fall is a critically 

important winter food source for Mountain Goats (Chadwick 1983, Fox et al. 1989, Wilson 2005). 
7 Organic material produced within a water body, eg. algae, plants, benthic invertebrates.  
8 Macroinvertebrate consumers of loose organic materials 
9 > 1mm in diameter 
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In many studies, the distribution and 
abundance of collector-gatherers and 
shredder detritivores were affected by the 
nutritional value of the allochthonous food 
source (Culp and Davies 1985) implying 
both quality and quantity of allochthonous 
material is important. While large woody 
debris in small streams was found not to 
be a significant nutrient contributor due to 
the small surface area exposed relative to 
volume (Webster et al. 1999), even small 
amounts of large woody debris were 
found to assist in the retention of 
allochthonous material (Webster et al. 
1994, Lui 2005).  Aquatic invertebrates 
and allochthonous input of insects 
become a direct food source for fish 
species (Hollingsworth 1988), and may 
account for greater than 50% of 
summertime trout or Coho diet (Hynes 
1970, Dahl 1998, Allen et al. 2003)(figure 2

10
).    

 
As invertebrate shredders and collectors process the allochthonous material in the headwaters, it 
is transported downstream as drift. Allochthonous material is the aquatic communities’ primary 
energy source (Vannote et al. 1980) until a stream widens enough that sunlight through the forest 
canopy becomes significant (Hollingsworth 1988). Culp (1982) stated the dominant biotic impacts 
of logging on the macroinvertebrate communities were related to shifts in allochthonous and 
autochthonous energy inputs; he felt that this shift in trophic structure could change the amount 
and quality of food available for macroinvertebrates. Hynes (1970) referred to small streams as 
“organic matter collectors” and estimated that in small to medium sized streams up to 66% of the 
food energy required by the aquatic plant and animal populations is from allochthonous input. 
Fisher and Liken (1973) estimated that 99% of organic material energy (Kcal/m²) from upland 
streams into a second-order stream was from allochthonous material (with less than 1% of the 
energy being from autochthonous mosses). 
 
Research to date has not been adequate to inform resource managers about the levels of 
allochthonous input and its relative contribution needed for fisheries survival, the recovery of the 
allochthonous input as second growth stands increase in age, riparian reserve widths needed to 
maintain allochthonous input, or the contribution of deciduous dominated vs. conifer dominated 
inputs on coastal BC small streams.  
 
There have been indications of riparian recovery where Fuchs et al. (2003) found that stream 
characteristics (macroinvertebrate density and biomass, feeding guild or biomass, and chlorophyll 
A biomass

11
) did not differ between an old-growth stream and steams in 20-25 year old logged 

areas. Borders et al. (2006) also noted in a chronosequence study (California) that as the forest 
aged, the leaf litter decomposition rates were moving along a recovery trajectory towards that of 
an old-growth forest. Kiffney and Richardson (2010) found that after year 8 of their study near 
Maple Ridge that total allochthonous input from the clearcut area was statistically no different 
than the control area, and that riparian reserves 10-30 metres wide provided litter input similar to 
the unlogged control streams. Fuchs et al. (2003) found enhanced primary and secondary 
productivity for the first two decades following logging and Cole et al. 2003 found that streams in 
managed forests (Oregon) remained macroinvertebrate taxa rich and continue to support taxa 
limited to headwater streams following logging.  

                                                      
10 From Langer, K.F., 1952. Freshwater Fishery Biology. WM. C. Brown Company Publishers. p.120 
11 Chlorophyll A is an indicator of Algae biomass 

Figure 2 
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There has also been evidence of beneficial shifts to autochthonous based energy where Murphy 
et al. (1981) found that streams that had been clearcut had higher microbial respiration and 
greater abundance of aufwuchs

12
, invertebrates, salamanders and trout. Moore (2010) found that 

two years following clearcut harvest the emergence rate and density of adult aquatic insects 
nearly doubled relative to intact control areas and streams afforded 10 and 30 metre reserves. 
Richardson (2010) noted recovery of amphibian populations to the extent that after 10 years there 
were no significant differences between the control and clearcut area populations.  
 
One of the first attempts at developing sound principles for riparian management came out of a 
1993 Forest Conference in Portland Oregon. 
This conference was initiated by President 
Clinton in response to impacts of logging on 
Spotted Owl habitat. A report produced by the 
Forest Ecosystem Management Assessment 
Team

13
 (FEMAT) included a framework for 

ecosystem based management in the Pacific 
Northwest and Northern California which 
included a strong focus on riparian management. 
 
The riparian curves (figures 3 and 4) developed 
by the FEMAT team (Kingsbury (ed.) et al. 1993) 
have been used to guide riparian management 
regulation in Washington, Oregon and northern 
California, as well as British Columbia (Forest 
Practices Code, Clayoquot Scientific Panel 
Recommendations, South Central Coast Order, 
Central North Coast Order). The accuracy of the 
curves (figures 3 and 4) has rarely been 
questioned even though the FEMAT team admits 
that they are unaware of any field observations of 
microclimate in riparian zones, and despite the 
curves being based upon just one study by Chen 
(1991) where he assessed microclimate changes 
on the edge of two recent and large clearcuts. 
The curves also represented the maximum 
seasonal effects observed by Chen, with no 
consideration for the importance of stream size, 
stream characteristics, or temporal recovery 
adjacent to the riparian edge.      
 
A 1999 FEMAT report “Riparian Process 
Effectiveness Curves: What is Science-Based and What is Subjective Judgment?” lists 
uncertainty around available literature and quality of data documenting riparian litter fall 
contribution. The authors of the 1993 FEMAT report made riparian management assumptions 
that were largely based on evidence in papers from VanSickle and Gregory (1990), McDade et al. 
(1990) and Beschta et al. (1987) where they found that many of the effects of riparian vegetation 
on streams decreased with increased distance from the stream bank. The same premise was 
used in developing the BC Riparian Area Guidelines, except there was an additional assumption 
that smaller streams required less of a riparian buffer. The reports used by the FEMAT team in 
1993 only addressed coarse woody debris contribution and stream temperature influences and 
did not address allochthonous input.  
 

                                                      
12 Periphyton, bacteria, fungi, and associated substrate organic matter 
13 Forest Ecosystem Management: An Ecological, Economical, and Social Assessment. 1993 

Figure 3 

Figure 4 
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When considering “leaf and other particulate organic matter input” the authors of the 1993 
FEMAT report used the assumption (to develop their riparian forest effect curves (figure 4)) that 
leaf and other organic particulate matter would decline sharply at distances greater than 
approximately one-half tree height from the channel. The authors admit that they were unaware 
of any specific studies examining litter fall as a function of distance of litter source from the 
channel. The curve the FEMAT team developed was based upon professional judgement and 
was designed to be consistent with a report produced by Erman et al. (1977). However, Erman et 
al. (1997) did not specifically address allochthonous material; instead, they evaluated benthic 
invertebrate communities where they found no change in the communities with a riparian reserve 
of 30m or more. No consideration for the importance of stream size, stream characteristics, or 
temporal recovery was considered in the Erman et al. paper. 
 
Increased knowledge of the speed of recovery (or lack of recovery) could provide guidance for 
future riparian management practices, or promote the sustainability of current practices.  
 
Monitoring Area: In this study we monitor vertical allochthonous input into small streams in the 
Kennedy Flats area of Clayoquot Sound on the West Coast of Vancouver Island (figure 5). All 
sites are within the Coastal Western Hemlock (CWH) Biogeoclimatic zone and Vh1 variant, which 
is a common ecosystem throughout coastal British Columbia (Green and Klink, 1994). The vh1 
variant comprises about 
26% of the forested area 
found on coastal British 
Columbia. The CWHvm 
variants have similar 
characteristics and are 
usually found adjacent to 
the vh variant, and 
combined represent 
approximately 62% of 
coastal BC forests. These 
variants are the most 
common areas to 
experience timber harvest 
activities. Given the 
significant ecosystem 
representation for coastal 
BC, it is hoped that the 
results from this monitoring 
study may be cautiously 
extrapolated to many 
coastal B.C. drainage 
basins.  
 
The Kennedy Flats study area (Appendix 1) covers approximately 12,937 ha and is covered by 
map units: 92F012, 92F002, 92F003, 92C092, and 92C093. Kennedy Flats is bordered on the 
West by the Pacific Ocean and on the East by Kennedy Lake and lower Kennedy River. The 
North border of Kennedy Flats is Grice Bay and Tofino Inlet, and the South border is the Lostshoe 
-Thunderous Creek divide and Lostshoe Creek Clayoquot/Barkley Sound divide. Broad flood-
plains and meandering stream channels characterize Kennedy Flats (Warttig et al. 2001). Rolling 
to moderately steep hills and bedrock knobs, which trend roughly northwest across the area, 
interrupts the generally flat topography. Total relief is approximately 250m in the Kootowis Creek 
Staghorn Creek and Swim Beach Creek areas where most of the study sites are located. 
 

Figure 5 
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The Lostshoe Creek Watershed is the only watershed in the Kennedy Flats area that has any 
significant up-slope portion, rising sharply to more than 700m

14
. It straddles the Estevan Coastal 

Plain and the Vancouver Island Ranges portions of the Vancouver Island Mountains section of 
the insular mountains physiographic region (Holland 1964, DeMarchi 1996). The bedrock geology 
is composed of pre-Cretaceous sedimentary and volcanic rock. Periods of glacial activity are 
seen in compact basil tills while periods of active alluvial deposition are evidenced by the sand 
and gravel deposits which act as aquifers.  
 

Kennedy Flats is in the Hydrological Zone 38 – Windward Island Mountains (BC Ministry of 
Forests 1995). The nearest climatic station is at the Tofino Airport, which is about 6 km to the 
north of the Kootowis Creek sub-basin. Both Tofino Airport and Kennedy Flats are subject to the 
prevailing Pacific weather systems. Based on records over the period 1942 to 1990, the average 
annual precipitation at this station is 3295 mm (or 10.8 ft). The wettest quarter is November 
through January when the monthly precipitation ranges from 425 to 458 mm.  June to August is 
typically the driest quarter, with precipitation ranging between 83 and 122 mm. The average 

annual temperature is 9.0°C, with daily means between 5.3 and 12.7°C.  Sub-zero temperatures 
and significant snow fall accumulations are rare. 
 

Kennedy Flats is within the traditional territories of the Tla-o-qui-aht, and Yu?lu?il?ath (Ucluelet) 
First Nations.  Tenure includes Parks Canada, BC Parks, and tree Farm License 44 and 54 held 
respectively by Mamook Natural Resources Ltd. and Iisaak Forest Resources Ltd. Only small 
parcels of private land exist within the Kennedy Flats area. 
 

Monitoring Study: 
In this study, we collect vertical leaf litter samples above small streams annually, under several 
different forest conditions.  
 

This study is composed of:  
1) a chronosequence study that includes six age classes in second growth conifer forests, 
2) five different variable retention timber harvest regimes in old growth conifer forests,  
3) three different deciduous riparian vegetation types, and 
4) one old growth conifer control site.    
 
All sample sites are located on low gradient (<3%) S4 or S6 (Forest Practices Code criteria) 
streams (figure 1). In all four components of this study, we measure allochthonous input mass (g), 
composition, and nutrient content (nitrogen, phosphorous, and potassium(mg)). The sample sites 
are relatively close geographically, all within the CWHvh1 variant and spread over benign terrain 
(so aspect differences are expected to be inconsequential). Rain and snow fall, wind and 
temperature variation is estimated to be similar across all study sites. The second growth conifer 
forests used in this study were selected to represent a forest that would result from currently 
regulated reforestation requirements following logging (conifer dominated). The old growth forests 
used in this study were selected for similar age, species composition, density and structure. 
 

Control: Monitoring of a representative old growth setting to compare “natural” results to 
the other settings, and to monitor for annual variation in mass, composition, and nutrients.      
Variable Retention: The relative contribution of allochthonous input from different retention 
levels is anticipated to be proportional to the levels of retention.  Amounts of input as a 
result of recovery through growth of retained trees and second growth plantations are 
unknown. It was anticipated that a five metre reserve width will provide an intermediate 
level of allochthonous input, particularly if based upon the FEMAT graph (figure 4) that was 
constructed from data in Chen 1991. With the near linear relationship, a five metre reserve 
width should result in an approximate 80% reduction in allochthonous input when 
compared to a late seral condition. 

                                                      
14 No part of the study is in this area 
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Chronosequence Study: It was anticipated that as a second growth forest grows older, 
the rate of allochthonous input will increase. At what point this increase is roughly equal to 
an undeveloped forest is unknown. 
Brush-Deciduous: Three deciduous riparian vegetation types (RVT) were chosen to 
represent common degraded riparian conditions that are the result of past poor forest 
management practices, and to assess relative allochthonous contributions to compare to 
coniferous forests.   

Methods 
Monitoring activities involve the measurements of mass, composition, and nutrient (NPK) content 
of vertical allochthonous input into small streams. The study is divided into four components 
(table 1): an intact late seral (old growth) forest control, different variable retention (VR) timber 
harvest regimes (with and without a five metre riparian reserve), a chronosequence study of 
different second growth conifer forest age classes, and three different deciduous riparian 
vegetation types.  
 
Litter Collection Sampling: All four of the study component sites include annual measurements 
of vertical allochthonous input into small streams using litter collection traps. The traps consist of 
a 25.4 x 43.2 cm screen

15
 (approximately 0.1 m²) with 1 mm mesh, contained within a 

Rubbermaid container. The Rubbermaid container has the bottom cut out to facilitate drainage. 
The top of the Rubbermaid’s are covered with a coarse aluminum screen to prevent screen 
damage by animals (figure 6). Each sample site has 10 litter collection traps. Each trap site and 
sample site is intended

16
 to remain consistent for the duration of the monitoring study (possibly 10 

years). The litter traps are placed in predetermined segments of stream at 15-20 meter intervals. 
This technique is similar to that used previously by Bilby and Bisson (1992), and Richardson 
(1992). 
 
Where possible, the Rubbermaid containers are fastened to stream spanning log (figures 6, 7 & 
8), as close to the centre of the stream as possible. If a log is not found within the specified 
distance, a log or board is brought to the site to secure the litter trap in place. Care is also taken 
to estimate peak stream flow levels, and to place the 
litter traps above that level. It is acknowledged that 
the suspension of the traps may limit some level of 
allochthonous input

17
. 

 
Allochthonous material is collected annually (late 
November) from the traps for analysis. The November 
sample timing is used to collect litter at the end of 
what is considered to be the most abundant litter fall 
period

18
. After litter material is collected, the screens 

are re-secured into the Rubbermaid containers, which 
are then put back in the original location. 
Allochthonous material is collected by washing the 
litter material from the collection screen, and 
transferring the material into sandwich size 
Tupperware containers (one or more containers per 
litter trap depending on the amount of litter), where 
they are frozen until the lab is ready to initiate the 
analysis. 

                                                      
15 10 x 17 inch 
16 In the past, some sites had to be changed due to the frequency of animal damage.  
17 Seeing this methodology is applied consistently across all sites, relative comparisons between sites are still thought 

valid 
18 Most leaf litter drop occurs in late summer and fall (Suberkropp 1998, Apostol and Berg 2006) 

Figure 6 
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Old Growth Control Site: The old growth control site was chosen for representative 
characteristics (age, structure, species composition, primary natural disturbance type, and 
geomorphology) of Kennedy Flats (CWHvh1) late seral forest. This control site is part of a cut 
block specifically designed for monitoring (cut block SB3R

19
) and includes two of the old growth 

VR sample areas (table 1).  
 
Old Growth Variable Retention Sites: Old growth variable retention sites were chosen based 
upon similar forest characteristics (age, species composition, geomorphology, and structure), 
proximity to the control site, and similar stream characteristics (S4 or S6, low gradient, confined, 
non-alluvial).  Five old growth VR sites (table 1, figures 8 & 9) were chosen as broad 
representative examples of VR. 
 
Chronosequence Sites: Five second growth sites (table 1, figures 6 & 7) were chosen based 
upon age class, species composition, and proximity to 
control, and on small streams with similar characteristics 
to the control site (S4 or S6, low gradient, confined, non-
alluvial). All sites are situated in conifer dominated 
riparian zones that are intended to reflect the currently 
legislated forest management regime (species selection, 
stocking standards etc.).  

 

Brush-Deciduous Sites: Three second 
growth sites were chosen to represent 
common degraded riparian site 
conditions that are the result of poor past 
forest management practices (table 1). 
Three deciduous dominated riparian 
sites (brush dominated, mature alder 
dominated with poor conifer understory, 
and mature alder dominated with good 
conifer understory), were added in 2007 
to the study to explore the differences 
between allochthonous inputs from 
conifer vs. deciduous dominated forests. 
2009 is the final year for litter sample 
collection from the deciduous sites.  
 

                                                      
19 Swim Beach 3 - Research 

Figure 7 

Figure 8 

Figure 9 
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Other: When HOBO temperature sensors are downloaded, it is coordinated with the litter 
collection. Due to consistent problems with bear damage to litter traps, two new sites were 
established for the 15% retention without an RRZ, and the 0-20 year second growth age class in 
2008. Water nutrient analysis should occur at some point in the study to determine any link 
between nutrient level and riparian condition.  
 
Currently, the chronosequence component of this study is planned to be operated for a minimum 
period of seven years with the last collection period being 2013 (or long enough to document 
statistically significant trends from one age group to the next). The old growth VR component 
does not have any definitive curtailment date planned, but should continue beyond 2013.    
 

Table 1 – Sample Sites 2007/08  

Site Description Location Site 

Control:  One site
20
 SB3R 7B2 

    

Old Growth VR: 15% retention – no riparian reserve LS 10  LS2 

30% retention – no riparian reserve SB3R (harvest Sept 07) 8 

30% retention – no riparian reserve
21
 LS27 LS 

30% retention – 5 m riparian reserve
22
 SB4  SB 

50% retention – no riparian reserve SB3R (harvest Sept 07)  7B 
    

Chronosequence: 0-10 year old second growth conifer West Main W3 

10-20 year old second growth conifer
23
 Harold Creek H 

21-35 year old second growth conifer Grice Bay GB 

21-35 year old second growth conifer Grice Bay GB2 

36-50 year old second growth conifer 
24
 West Main W 

51-65 year old second growth conifer West Main W2 
    

Deciduous Riparian RVT 1 – Brush dominated, poor conifer 
understory 

Upper Kootowis Ck RVT1 

 RVT 3 – Mature Alder dominated with good 
conifer understory 

Lower Lost Shoe Ck RVT3 

 RVT 4 – Mature Alder dominated with poor 
conifer understory 

Lower Lost Shoe Ck RVT4 

 
 
 
Sites for collection of samples in 2009/10 include: 
 

• Control site, undeveloped old growth (7B2) 
 ______________________________ 

• Old growth VR – 15% retention, no RRZ (LS2) 

• Old growth VR – 30% retention, no RRZ (8 and LS) 

• Old growth VR – 30% retention, 5m RRZ (SB) 

• Old growth VR – 50% retention, no RRZ (7B) 
______________________________ 

• 0-10 year old second growth conifer (WM3) 

• 21 - 35 year old second growth conifer (GB1) 

• 21 - 35 year old second growth conifer (GB2) 

• 36 – 50 year old second growth conifer (W) 

• 51 – 65 year old second growth conifer (W2) 
 

                                                      
20 The control sites (3 sites with 10 collection bins/site) were established five years ago. Two of the three sites acting as 

control sites have became 30% VR and 50% VR sample sites. The sites were harvest in September and October 2007). 
21 See figure 7 
22 See figure 8 
23 See figure 5 
24 See figure 6 

Variable 
Retention 

Chronosequence 
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Experimental procedures and Quality Control for Forest Litter Analysis:
25
 Due to the length 

of time required to complete the lab analysis, litter collected from the 2008/09 field season was 
stored in a freezer and submitted for analysis in 2010/11

26
. This lag in analysis time has been a 

consistent scenario since the inception of the monitoring project. Litter samples collected in 
2010/11 field season will analysed in 2011/12. 
 

Collection and analysis of litter samples will follow one year later (late November) from all of the 
sites. Litter samples are sent for segregation analysis to Vancouver Island University (formerly 
Malaspina University-College) under the direction of Dr. Eric Krogh, and Dr. Chris Gill; Applied 
Environmental Research Laboratory, Department of Chemistry. The litter traps will be left in the 
field for further collection and future analysis if funding is continued in following years.  Results of 
each of the research sites will be compared to the control. 
 
Sample drying and segregation: Raw forest litter samples 
are stored frozen in hard-shell containers until dried in open 
paper bags at 70

o
C. Minimum drying time is 24 hours, 

although some of the larger samples were dried for 48 hours to 
ensure all moisture was removed. Each sample of 
allochthonous material (including small wood <10 cm 
diameter) is segregated (figure 10) into one of five categories 
including: wood, needles, leaves, cones and other (figure 11 
and 12). The “other” category includes organic material like 
moss, lichens, flowers, berries/fruits, 
seeds, insects, small mammals, hair, 
feathers, etc. All segregated sub-
samples are weighed and their mass 
is recorded to 0.1 mg.  
 
Sample grinding and digestion: 
Segregated sub-samples within each 
sample site are combined and 
ground in a disk mill to 20 mesh (i.e., 
all needles from group 7B are 
combined and ground and 
homogenized by hand mixing inside 
of a sealed plastic bag). 
Approximately 0.25 g of each ground 
forest litter sample was accurately 
weighed to 0.1 mg and transferred 
into a 75 mL glass digestion tube. To 
each digest tube, 5 mL of sulphuric acid (Environmental Grade) is added with gentle mixing. After 
slowly adding 5 mL of 30% hydrogen peroxide, digest tubes are heated for 1 hour at 420°C in a 
block digester. Samples that display any remaining colour are treated with an additional 2 mL of 
hydrogen peroxide and re-heated at 420°C until the colour dissipated (~15 mins).  After allowing 
the samples to cool, the digests are diluted to 75.0 mL with deionized water and mixed.  
 
Each sample was digested and analyzed in duplicate. Certified reference material (CRM) 
samples (Tomato Leaf, NIST) were digested and analyzed for nitrogen, phosphorous and 
potassium along with a number of digestion blanks.  
 

                                                      
25 Written and compiled by Dr. Erik Krogh, PChem 
26 The most recent analysis information shown in this report 

Figure 10 

Figure 11 
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Ash Free Dry Weights (AFDW): 
Ceramic crucibles are cleaned 
and dried at 500

o
C in 2 hr 

intervals until a constant weight 
(<0.4 mg) is achieved. 
Approximately 2 g of ground 
forest litter sample is accurately 
weighed to 0.1 mg and heated to 
500

o
C for 17 hr. After the cooling 

in a dry environment (desiccator) 
the mass of the remaining ash is 
recorded. The ash free dry weight 
is expressed as a percentage of 
the original dry weight of the 
sample. Two of the samples were 
analyzed in quadruplicate to 
assess the reproducibility of our 
AFDW measurements. We 
estimate the precision of the 
AFDW analysis to be ±0.05 % 
(relative standard deviation). 
 
Chemical Analysis Nitrogen 
(N): Nitrogen was determined as NH4-N in the digested samples by a colourimetric technique 
using a modification of the phenate method employing salicylate with nitroprusside on a 
Technicon AutoAnalyzer. Standard and reagent solutions are prepared according to Standard 
Methods

27
. Peak heights proportional to sample absorbance are converted to concentration using 

non-linear calibration curves (n = 8) over a concentration range of 0 – 80 ppm N. Calibration 
verification was obtained from an independent nitrogen standard solution. A certified reference 
material (Tomato Leaf) were digested and analyzed for nitrogen along with digestion blanks and 
laboratory blanks.  
 
Calibration curves displayed non-linearity at concentrations greater than 40 ppm N and were 
consequently fit with quadratic equations with R

2
 > 0.999 in all cases. Measurement precision 

based on the reproducibility of replicate lab standards (n=8) was assessed to be < 2% (relative 
standard deviation). The precision based on replicate digestions of the certified reference material 
(n=14) was determined to be 1% (relative standard deviation). The accuracy of our total nitrogen 
determination was estimated by comparison of the experimental results for the Tomato Leaf 
sample to the nominal values reported for this CRM. Although our experimental mean value for 
nitrogen showed a 7% negative bias, it should be noted that this reference material is not certified 
for nitrogen. No correction to the forest litter results is was carried out. The precision based on 
replicate measurements (n=7) of a forest litter sample ‘GB Needles’ was found to have a relative 
standard deviation of < 2%.  
 
Chemical Analysis Phosphorus (P): Phosphorus is determined as PO4-P in the digested 
samples by a colourimetric technique using the ascorbic acid reduction of a molybdate complex 
on a Technicon AutoAnalyzer. Standard and reagent solutions are prepared according to 
Standard Methods. Peak heights proportional to sample absorbance are converted to 
concentration using linear calibration curves over a concentration range of 0 – 10 ppm P.  
Calibration verification was obtained from an independent phosphorus standard solution. A 
certified reference material (Tomato Leaf) were digested and analyzed for phosphorus along with 
digestion blanks and laboratory blanks.  
 

                                                      
27 Standard Methods for the Examination of Water & Wastewater, 19th Edition 1995, Franson, Mary Ann H (Ed.), 

American Public health Association, Wash., D.C., 1995 

Figure 12 
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Calibration curves displayed good linearity with R
2
 > 0.999 in all cases. Measurement precision 

based on the reproducibility of replicate lab standards (n=7) was assessed to be < 2% (relative 
standard deviation). The precision based on replicate digestions of the certified reference material 
(n=14) was determined to be 1% (relative standard deviation). A comparison of our mean 
experimental value for phosphorus in the Tomato Leaf reference standard to the accepted value 
showed a 1% positive bias. No correction to the forest litter results is warranted. The precision 
based on replicate measurements (n=7) of a forest litter sample ‘GB Needles’ was found to have 
a relative standard deviation of 2%.  
 
Chemical Analysis Potassium (K): Potassium is measured using atomic absorption 
spectrophotometry. Digested forest litter samples were diluted with a background solution to yield 
a final concentration of ~1000 ppm Na as ionization suppression agent. Atomic absorbance was 
measured on a Perkin-Elmer AAS instrument using an air-acetylene flame at 766.5 nm.  
Absorbance measurements were converted to concentration using linear calibration curves 
generated from matrix matched potassium standard solutions over a concentration range of 0 – 5 
ppm K. Calibration verification was obtained from an independent potassium standard solution. A 
certified reference material (Tomato Leaf) were digested and analyzed for potassium along with 
digestion blanks and laboratory blanks.  
 
Calibration curves displayed good linearity with R

2
 > 0.995 in all cases. Measurement precision 

based on the reproducibility of replicate lab standards (n=4) was assessed to be 0.8% (relative 
standard deviation). The precision based on replicate digestions of the certified reference material 
(n=13) was determined to be 4% (relative standard deviation). A comparison of our mean 
experimental value for potassium in the Tomato Leaf reference standard to the accepted value 
showed a 4% positive bias. Given the precision estimates above, no correction to the forest litter 
results is warranted. The precision based on replicate measurements (n=6) of a forest litter 
sample ‘GB Needles’ was found to have a relative standard deviation of 9%. 
 
Quality Control and Quality Assurance: The analysis of lab and digest blanks gave results at 
or below our detection limits suggesting no contamination issues. Calibration checks and 
verifications were satisfactory in all cases. Precision and accuracy of the analytical 
measurements were in the 1 - 2% range as reported by the relative standard deviations and 
percent biases on lab standards. The digestion replicates (Tomato Leaf – CRM and GB Needles) 
showed somewhat greater variability as would be expected based on the increased handling and 
preparation steps involved. Overall method precision based on digested samples were found to 
be very good with relative standard deviations below 2% with the exception of the of the analysis 
of potassium in the ‘GB Needles’ sample which displayed greater variability. Overall method 
accuracy based on comparisons to the digested Tomato Leaf CRM are acceptable and 
determined to -7%, +1% and +4% for NPK, respectively.   
 
As a final quality assurance method, all samples were digested and analyzed for NPK in 
duplicate. In general, the results are in good agreement, with variations attributed to random 
errors associated with the extra handling involved in digestion/dilution steps and sample in-
homogeneity. We recommend using the reported mean values with an overall estimated 
uncertainty of 5% of their value. 
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Results and Discussion 
Site 7B2 is the designated control site. Harvesting was not initiated in sites 7B and 8 until late 
September 2007; site 7B now represents 50% retention without a riparian reserve, and site 8 is 
now 30% retention without 
a riparian reserve. Site 
LS2 is 15% retention with 
no riparian reserve, site LS 
is 30% retention with no 
riparian reserve, and site 
SB is 30% retention with a 
5 m reserve zone. Site W3 
is a second growth age 
class 0-528, site H is 
second growth age class 
10-20

29
, GB and GB2 are 

second growth age class 
21-35

30
, site W is the 

second growth age class 
36-50, and site W2 is a 
second growth age class 
51-65. RVT 1 is a brush 
dominated site with poor 
conifer understory, RVT 3 
is a mature alder site with 
good conifer understory, 
and RVT 4 is a mature 
alder site with poor conifer 
understory (Table 1). The 
final year for litter 
collection from the RVT 
sites was 2009. 
 
The litter collection screen 
is roughly 0.1 m², 
multiplying the average 
mass by 10 will 
approximate contributions 
per m². 
 
Mass and Composition: 
The results of the lab 
analysis for average mass 
and composition of 
allochthonous matter per 
site from 2003 to 2009 can 
be seen in tables 2 thru 
11.   
 
 

                                                      
28 Established in 2008 
29 This site was initiated in 2005 and dropped from the study in 2008 due to 3 consecutive years of severe bear damage 
30 All traps were damaged by wildlife in GB in 2006/07 so a second site (GB2) was established. Since the second site 

was established neither site has experienced significant damage 

Table 2 

Table 3 
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Table 6 

Table 4 

Table 5 
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Control Sites: From 2003 to 2007 
Sites 7B2, 7B and 8 were all 
undeveloped at the time of sample 
collection, and average mass per 
trap from each site was 31.3298g, 
22.6931g and 17.5466g respectively 
(Tables 2 to 5). In 2007 at least one 
month of collection time was lost 
from the 7B and 8 sites due to 
harvest activities/treatment; average 
mass dropped to 10.03 g, 10.78 g, 
and 4.26 g respectively (table 6). 
From 2003 to 2009, 7B2 (control 
site) averaged 23.9776g (including 
the mass from site 8 and 7B while 
they were intact. Needles made up 
the vast majority of the total mass, 
followed by wood (Tables 2 to 9). 

Table 9 

Table 8 

Table 7 
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VR Sites: from 2006 to 2009, the average mass per trap for LS2 (15% retention, no RRZ) was 
7.7643g, 8 and LS grouped (30% retention, no RRZ) averaged 15.2540g, SB (30% retention 5m 
RRZ) averaged 27.5268g, and 7B (50% retention, no RRZ) 22.2310g (Tables 5 to 9). At this point 
in the study, there appears to be a clear trend of the greatest reduction in allochthonous mass 
occurring with 15% retention - no RRZ (site LS2), to least impact with 30% retention -  5m RRZ 
(site SB) when averaged over the last four years. The 50% retention site is almost equivalent to 
the vertical allochthonous input found in the old growth control site (7B2) (table 9). Needles made 
up the vast majority of the total mass followed by wood except for site LS2 where leaves and 
needles were the major contributors (Tables 5 to 9). 
 
Chronosequence Sites: From 
2006 to 2009, the average mass 
per trap for site W3

31
 (0-10 year 

old second growth) was 2.1296g,  
H
32
 (10-20 year old second 

growth) was 10.3724g, site GB 
and GB2 grouped (21-35 year 
old second growth) was 
33.6506g, site W (36-50 year old 
second growth) was 32.6770g, 
and site W2 (51-65 year old 
second growth) was 25.4044g. 
For mass recovery, there 
appears to be a clear trend to old 
growth equivalency in as early as 
25 years (table 10). Needles, 
then wood made up the vast 
majority of the total mass except for site W3 where needles and wood were the major 
contributors, and site H where leaves and needles were the major contributors (tables 5 to 10). 
 
RVT Sites: The first year of litter 
collection from the RVT sites was 
2007 and the last year was 2009 
(tables 6, 7 and 8). From 2007-
2009 RVT 1 (brush dominated) 
only produced an average mass 
per trap of 6.1674g, RVT 3 
(mature alder over good conifer 
understory) produced 43.2023g, 
and RVT 4 averaged 45.0515g 
per trap. Old growth equivalency 
is exceeded for mass of 
allochthonous input in both the 
RVT3 and RVT4 sites (table 11), 
however the composition, as 
expected with these types of 
sites, was mostly leaves (tables 6, 7, 8 and 11). 
 
Caution must be expresses with these results as with just 3 years (n-1=2) there is insufficient 
samples to draw conclusions. As a result, mean plot values create large 95% confidence 
intervals; additional sampling will help to correct this large variation.  
 

                                                      
31 First sample year was 2009 
32 Consists of just two sample years (2006 and 2007) 

Table 10 

Table 11 
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Nutrients – Potassium: The results of the lab analysis for average mass of Potassium (K) and 
source of K per site from 2003 to 2009 can be seen in tables 12 thru 18.   

Table 12 

Table 14 

Table 13 
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Table 17 

Table 15 

Table 16 
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Control Sites: From 2003 to 2006, Sites 7B2, 7B and 8 were all undeveloped at the time of 
sample collection, and average K per trap from each site was 19.5754mg, 16.4082mg and 
13.8658mg respectively (tables 12 to 15). From 2003 to 2009, control sites (including the mass 
from sites 7B2, and 8 and 7B while they were intact) averaged 14.8893mg. Needles made up the 
vast majority of the total K (tables 12 to 19). 
 
VR Sites: from 2006 to 2009, the 
average K mass per trap for LS2 
(15% retention, no RRZ) was 
7.0386mg

33
, 8 and LS grouped 

(30% retention, no RRZ) was 
10.2279mg, SB (30% retention 
5m RRZ) was 17.2707mg and 7B 
(50% retention, no RRZ) was 
16.5729mg. At this point in the 
study, there appears to be a clear 
trend of the greatest reduction in 
mass of K occurring with 15% 
retention - no RRZ (site LS2), to 
least impact with 30% retention – 
5m RRZ (site SB) when averaged 
over the last four years. The 30% 
retention site without a RRZ 
(sites LS & 8) is almost 
equivalent to the K input found in the old growth control site (7B2) (table 19). The 50% retention 
site with the 5m RRZ (site SB) and the 50% retention site without a RRZ (site 7B) both exceed K 
contributions relative to the control site (7B2). Needles made up the vast majority of the total 
mass of K except for site LS2 where leaves, then needles were the major contributors (tables 15 
to 19). 
 

                                                      
33 2009 sample for “other” only had enough sample size to complete one of what would normally be two nutrient 

analysis 

Table 19 

Table 18 
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Chronosequence Sites: From 2006 to 2009, the average K mass per trap for site W3 (0-10 year 
old second growth) was 
1.2245mg

34
, site H (10-20 year 

old second growth) was 
11.7461mg

35
, site GB1 and 

GB2 grouped (21-35 year old 
second growth) was 
25.4466mg, site W (36-50 year 
old second growth) was 
30.0075mg, and site W2 (51-65 
year old second growth) was 
1.5564mg. For Potassium 
recovery, there appears to be a 
clear trend to old growth 
equivalency in less than 25 
years (table 20). Needles and 
wood made up the vast majority 
of the total mass of Potassium 
except for site H where leaves 
were the major contributors 
(tables 12 to 18, and 20). 
 
RVT Sites: The first year of litter collection from the RVT sites was 2007 and the last year was 
2009 (n=3) (tables 16 to 18). 
From 2007 to 2009 RVT 1 
(brush dominated) only 
produced an average K mass 
per trap of 5.9857mg

36
, RVT 3 

(mature alder over good 
conifer understory) produced 
an average K mass per trap of 
39.1469 mg, and RVT 4 
produced 33.5992mg. Old 
growth equivalency is reached 
for Potassium input in both the 
RVT3 and RVT4 sites (table 
21), however the source, as 
expected with these types of 
sites, was mostly leaves 
(tables 16 to 18, and 21). 
 
Caution must be expresses 
with these results as with just 3 years (n-1=2) there is insufficient samples. As a result, mean plot 
values create large 95% confidence intervals; additional sampling will help to correct this large 
variation. 
 

                                                      
34 First sample year was 2009. Sample size for leaves and “other” was insufficient to determine K concentrations, so 

RVT1 concentrations were used as a surrogate. 
35 Consists of just two sample years (2006 and 2007) 
36 2009 sample for “other” only had enough sample size to complete one of what would normally be two nutrient 

analysis 

Table 20 

Table 21 



29 

Nutrients – Nitrogen: The results of the lab analysis for average mass of Nitrogen (N) and 
source of N per site from 2003 to 2009 can be seen in tables 22 thru 28. 
 
 
 
 
 
 
 

Table 22 

Table 23 

Table 24 
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Table 25 

Table 26 

Table 27 
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Control Sites: From 2003 to 2007, Sites 7B2, 7B and 8 were all undeveloped at the time of 
sample collection, and average Nitrogen (N) per trap from each site was 243.5905mg, 
225.6681mg and 184.7296mg respectively (tables 22 to 26). From 2003 to 2009, control sites 
(including the mass from sites 7B2, and 8 and 7B while they were intact) averaged 101.2266 
N/trap (table 28). Needles made up 
the vast majority of the total N 
(tables 22 to 28). 
 
VR Sites: from 2006 to 2009, the 
average Nitrogen (N) mass per 
trap for LS2 (15% retention, no 
RRZ) was 76.8997mg

37
, 8 and LS 

grouped (30% retention, no RRZ) 
averaged 67.3420mg per trap, SB 
(30% retention 5m RRZ) averaged 
118.6708mg, and 7B (50% 
retention, no RRZ) was 
118.8987mg (table 28). At this 
point in the study, unexpectedly 
there appears to be the greatest 
reduction in mass of N occurring 
with the 30% retention – no RRZ 
(sites LS and 8), then 15% 
retention - no RRZ (site LS2), to least impact with 30% retention – 5m RRZ (site SB) when 
averaged over the last four years. The 50% retention site is greater than the N input found in the 
old growth control site (7B2) (table 29). Needles made up the vast majority of the total mass of N 
except for site LS2 where leaves were the major contributors (tables 25 to 29). Both 30% 
retention with a 5m RRZ (SB) and 50% retention (7B) VR sites exceeded control site 
contributions. 

                                                      
37 2009  sample for “other” only had enough sample size to complete one of what would normally be two nutrient 

analysis 

Table 29 

Table 28 
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Chronosequence Sites: From 2006 to 2009, the average N mass per trap for site W3
38
 (0-10 year 

old second growth) 
was10.8385mg, site H

39
 

(10-20 year old second 
growth) averaged 
200.8438mg, site GB1 
and GB2 grouped (21-35 
year old second growth) 
was 3051011mg, site W 
(36-50 year old second 
growth) was 244.9423mg, 
and site W2 (51-65 year 
old second growth) 
averaged 168.8289mg of 
Nitrogen per trap. For 
Nitrogen recovery, there 
appears to be a rapid 
trend to old growth 
equivalency in less than 
20 years (table 29). 
Needles made up the majority of the total mass of N, except for the 10 to 20 year old second 
growth site (H) (tables 22 to 27, & 30).  
 
RVT Sites: The first year 
of litter collection from the 
RVT sites was 2007 and 
the last year was 2009 
(n=3) (tables 26 to 29). 
From 2007-2009 RVT 1 
(brush dominated) only 
produced an average 
Nitrogen mass per trap of 
61.8834mg, RVT 3 
(mature alder over good 
conifer understory) 
averaged 764.1112mg, 
and RVT 4 produced an 
average of 1004.3492mg 
per trap. Nitrogen input is 
substantially greater than 
the old growth control in 
both the RVT3 and RVT4 
sites (table 31). In the 
RVT1 site, leaves and then cones make up the majority of the N source, leaves and then needles 
for RVT3, and leaves and then other for the RVT4 site (table 31). 
 
Caution must be expresses with these results as with just 3 years (n-1=2) there is insufficient 
samples. As result, mean plot values create large 95% confidence intervals; additional sampling 
will help to correct this large variation. 
 
 

                                                      
38 First sample year was 2009. Sample size for leaves and “other” was insufficient to determine K concentrations, so 

RVT1 concentrations were used as a surrogate. 
39 Consists of just two sample years (2006 and 2007) 

Table 30 

Table 31 
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Nutrients – Phosphorous: The results of the lab analysis for average mass of Phosphorous (P) 
and source of P per trap from 2003 to 2009 can be seen in tables 32 thru 38. 

 
 
 
 
 
 
 

Table 32 

Table 34 

Table 33 
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Table 36 

Table 35 

Table 37 
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Control Sites: From 2003 to 
2006, Sites 7B2, 7B and 8 
were all undeveloped at the 
time of sample collection, and 
average Phosphorous (P) per 
trap from each site was 
7.5370mg, 6.4655mg and 
7.6355mg respectively (tables 
32 to 35). From 2007 to 2009, 
7B2 (control site including the 
mass from sites 7B2, and 8 
and 7B while they were intact) 
averaged 7.2582mg of P per 
trap. Needles made up the 
vast majority of the total P 
(tables 32 to38).  

VR Sites: from 2007 to 2009, the average 
Phosphorous (P) mass per trap for LS2 
(15% retention, no RRZ) was 4.1907mg, 8 
and LS grouped (30% retention, no RRZ) 
was 5.4923mg, SB (30% retention 5m 
RRZ) was 9.0559mg and 7B (50% 
retention, no RRZ) was 8.2080mg. There 
appears to be a clear trend of the greatest 
reduction in mass of P occurring with 15% 
retention - no RRZ (site LS2), to least 
impact with 30% retention – 5m RRZ (site 
SB) when averaged over the last four 
years (table 39). The 50% retention site 
exceeds P input found in the old growth 
control site (7B2). Needles made up the 
vast majority of the total mass of P except 
for site LS2 where leaves, followed by 
leaves were the major contributors with the 
exception of LS2 where leaves were the 
major source (tables 36 to 39). 
 
Chronosequence Sites: From 2006 to 2009 
the average P mass per trap for site W3

40
 

(0-10 year old second growth) was 0.9651, 
site H

41
 (10-20 year old second growth) 

averaged 7.8833mg, site GB1 and GB2 
grouped (21-35 year old second growth) 
averaged 24.3293mg, site W (36-50 year 
old second growth) was 19.1602mg per 
trap, and site W2 (51-65 year old second 
growth) averaged 15.0953mg of Phosphorous per trap. For P recovery, there appears to be a 
rapid trend to old growth equivalency in less than 25 years (table 40). Needles made up the 
majority of the total mass of P which the exception of site H (10-20 year old second growth) 
where leaves dominated to P contribution (tables 35 to 30, & 40). 

                                                      
40 2009 was the first sample year. Sample size for leaves and “other” was insufficient to determine K concentrations, so 

RVT1 concentrations were used as a surrogate. 
41 Only 2 sample years (2006 and 2007) 

Table 39 

Table 40 

Table 38 
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RVT Sites: The first year of litter collection 
from the RVT sites was 2007 and the last 
year was 2009 (n=3) (tables 36 to 38). From 
2007to 2009 RVT 1 (brush dominated) only 
produced an average P mass per trap of 
4.6097mg, RVT 3 (mature alder over good 
conifer understory) averaged 30.1702mg, 
and RVT 4 produced 43.4919mg per trap. 
Phosphorous input is substantially greater 
than the old growth control in both the RVT3 
and RVT4 sites (table 41). In the RVT1, 
RVT2 and RVT3 site, leaves dominated the 
P contribution (tables 36 to 38, and 41). 
 
Caution must be expresses with these results as with just 3 years (n-1=2) there is insufficient 
samples. As result, mean plot values create large 95% confidence intervals; additional sampling 
will help to correct this large variation. 
 
Nutrient Concentration: Nutrient (NPK) 
concentration (mg/g of allochthonous mass) by 
source (wood, needles, cones, leaves, and 
other) by treatment site (control, VR, 
chronosequence and RVT) can be seen in 
tables 42 to 50. In most cases, “other” or 
leaves had the highest nutrient concentrations. 
 
Potassium Concentration: Concentration of 
potassium (K) varied widely from site to site 
(tables 42 to 43), and among sources with 
“other” category seeming to dominate 
concentration levels in the VR sites, “other” 
and “leaves” being more predominant in the 
chronosequence and RVT sites.  

  
In the control vs. VR group (table 42), the old growth control (7B2) “other” had a K concentration 
of 1.0445 mg/g of allochthonous mass followed by leaves with 0.8138 mg/g. In the 15% retention 
site (LS2) cones were highest at 1.1475 mg/g followed by leaves at 0.9550 mg/g. The 30% 
retention site with no RRZ (LS and 8) had highest K concentrations found in “other” with 1.4588 
mg/g followed by needles at 0.6513 mg/g. In the 30% retention site with a 5m RRZ (SB), “other” 
was the highest at 1.0025 mg/g followed by leaves at 0.8950 mg/g. In the 50% retention site with 
no RRZ, “other” was also the highest at 1.6325 mg/g followed by leaves at 0.8700 mg/g.   

Table 41 

Table 42 

Table 43 
Table 44 
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In the control vs. Chronosequence site (table 43) the old growth control (7B2) “other” had a K 
concentration of 1.0445 mg/g of allochthonous mass followed by leaves with 0.8138 mg/g. The 0-
10 age class second growth (W3) had the highest K concentrations in “other” at 1.0900mg/g, 
followed by wood at 0.9400 mg/g. The 10-20 year old second growth site (H) had leaves being 
the highest at 1.1900 mg/g followed by wood at 0.8950 mg/g of allochthonous mass. In the 21-35 
year old second growth “other” was highest at 1.4083 mg/g followed closely by leaves at 1.3433 
mg/g. In the 36-50 year old second growth site (W) leaves were the highest at 1.4625 mg/g 
followed closely by ”other” at 1.3100mg/g. The 51-65 year old second growth site (W2) had the 
highest K concentration in leaves with 1.8600 mg/g followed closely by “other” with 1.7100 mg/g. 
 
In the control vs. RVT site (table 44) the old growth control (7B2) “other” had a K concentration of 
1.0445 mg/g of allochthonous mass followed by leaves with 0.8138 mg/g compared to the brush 
dominated site (RVT1) which had “other” leading in concentration with 1.5600 mg/g followed 
closely by cones with 1.320 mg/g. In the alder dominated site with good conifer understory 
(RVT3), the highest K concentration was found in “other” at 1.0700 mg/g which was almost equal 
to that found in cones and leaves which came in at 1.0600 mg/g. The RVT4 site (alder dominated 
over a poor conifer understory) had the highest K concentration was found in cones at 1.1000 
mg/g followed closely by “other” at 1.0067 mg/g.  
 
Nitrogen Concentration: Concentration of 
nitrogen (N) also varied widely from site to site 
(tables 45 to 47), and among sources with 
“other” or leaves seeming, in most cases, to 
dominate concentration levels. 
 
In the control vs. VR group (table 45), the old 
growth control (7B2) “other” had a nitrogen 
concentration of 7.3452mg/g of allochthonous 
mass followed by leaves with 6.2638mg/g. In 
the 15% retention site (LS2) leaves were 
highest at 17.3275 mg/g followed by cones at 
10.5875 mg/g. The 30% retention site with no 
RRZ (LS & 8) had highest N concentrations 
found in “other” with 7.9025 mg/g followed by 
leaves at 7.5900 mg/g. In the 30% retention site 
with a 5m RRZ (SB), “other” was the highest at 
8.3000 mg/g followed by leaves at 7.0125 mg/g. 
In the 50% retention site with no RRZ, “other” 
was also the highest at 8.3875 mg/g followed by 
leaves at 7.5775 mg/g. 
 
 In the control vs. chronosequence group (table 
46), the old growth control (7B2) “other” had a 
nitrogen concentration of 7.3452 mg/g of 
allochthonous mass followed by leaves with 
6.2638 mg/g. The 0-10 age class second 
growth (W3) had the highest N concentrations 
in “other” at 15.5200 mg/g, followed by leaves 
at 9.7700 mg/g. The 10-20 year old second 
growth site (H) had leaves being the highest at 
23.4000 mg/g followed by cones at 17.5500 
mg/g of allochthonous mass. In the 21-35 year 
old second growth leaves was highest at 
17.8483 mg/g followed by needles at 9.4517 
mg/g then “other” at 9.1950 mg/g. In the 36-50 

Table 45 

Table 46 

Table 47 
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year old second growth site (W) leaves were the highest at 19.2375 mg/g followed by ”other” at 
11.7675 mg/g. The 51-65 year old second growth site (W2) had the highest N concentration in 
leaves with 18.5950 mg/g followed by “other” with 8.7725 mg/g. 
 
In the control vs. RVT site (table 47) the old growth control (7B2) “other” had a N concentration of 
7.3452 mg/g of allochthonous mass followed by leaves with 6.2638 mg/g compared to the brush 
dominated site (RVT1) which had cones leading in concentration with 15.2900 mg/g followed 
closely by “other” with 13.4067 mg/g. In the alder dominated site with good conifer understory 
(RVT3) the highest N concentration was found in leaves at 23.0000 mg/g followed by “other” with 
17.8700 mg/g. The RVT4 site (alder dominated over a poor conifer understory) had the highest N 
concentration in leaves at 124.8300 mg/g followed closely by “other” at 22.5567 mg/g. 
 
Phosphorous Concentration: Concentration of phosphorous (P) also varied widely from site to site 
(tables 48 to 50), and among sources with 
“other” or leaves seeming, in most cases, to 
dominate concentration levels. 
 
In the control vs. VR group (table 48), the old 
growth control (7B2) “other” had the highest 
phosphorous concentration at 0.5679 mg/g of 
allochthonous mass followed by leaves with 
0.4056 mg/g. In the 15% retention site (LS2) 
cones were highest at 1.1493 mg/g followed 
by leaves (0.7690 mg/g) and “other” at 0.7125 
mg/g. The 30% retention site with no RRZ (LS 
& 8) had highest P concentrations found in 
“other” with 0.7056 mg/g followed by cones 
(0.4938 mg/g) and leaves (0.4900 mg/g). In 
the 30% retention site with a 5m RRZ (SB), 
“other” was the highest at 0.5733 mg/g 
followed closely by cones at 0.5085 mg/g. In 
the 50% retention site with no RRZ, “other” 
was also the highest at 0.7250 mg/g followed 
by cones at 0.5875 mg/g. 
 
 In the control vs. chronosequence group 
(table 49), the old growth control (7B2) “other” 
had the highest phosphorous concentration of 
0.5679 mg/g of allochthonous mass followed 
by leaves with 0.4056 mg/g. The 0-10 age 
class second growth (W3) had the highest P 
concentrations in “other” at 1.3600 mg/g, 
followed by leaves at 0.7000 mg/g. The 10-20 
year old second growth site (H) had cones 
being the highest at 0.9065 mg/g followed 
closely by leaves at 0.8495 mg/g of 
allochthonous mass. In the 21-35 year old 
second growth leaves was highest at 1.0267 
mg/g followed closely by “other” at 1.0133 
mg/g then “other” at 9.1950 mg/g. In the 36-50 
year old second growth site (W) “other” was 
the highest at 1.0533 mg/g followed by leaves 
at 0.9333 mg/g. The 51-65 year old second 
growth site (W2) had the highest P 
concentration in “other” with 1.0085 mg/g 
followed by leaves with 0.9760 mg/g. 

Table 50 

Table 49 

Table 48 
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In the control vs. RVT site (table 50) the old growth control (7B2) “other” had the highest P 
concentration of 0.5679 mg/g of allochthonous mass followed by leaves with 0.4056 mg/g. The 
brush dominated site (RVT1) which had cones leading in concentration with 1.2067 mg/g followed 
closely by “other” with 1.0900 mg/g. In the alder dominated site with good conifer understory 
(RVT3) the highest P concentration was found in “other” at 1.0900 mg/g followed by cones with 
0.9033 mg/g. The RVT4 site (alder dominated over a poor conifer understory) had the highest P 
concentration in “other” at 1.1967 mg/g followed closely by leaves at 1.0067 mg/g. 
 

Discussion 
Mass: It is interesting to note the differences in the allochthonous mass from non-harvested old 
growth areas in the first five years of the study. As would be expected, site 7B2, 7B and 8 are 
similar in accumulated mass from 2003 to 2005 (tables 2 to 4), (although varying from year to 
year), but in 2006 and 2007 (tables 5 and 6) site 8 is significantly lower than site 7B2 and 7B. 
Traps were pulled in sites 7B and 8 in late September 2007 when logging commenced in both of 
these areas, and not put back until logging finished in December (i.e. there was two months less 
litter collection time in the most productive litterfall period in these two sites), so there is some 
explanation as to the lower yields in 2007. Ironically, annual litter yields from sites 7B (50% 
retention, no RRZ) and 8 (30% retention, no RRZ) have been similar to the control post logging. 
 
With four years of data coming from most of the VR and chronosequence sites, trends in recovery 
are beginning to emerge by averaging mass of vertical allochthonous input over the last four year 
period (tables 9 and 10). In the VR component, site LS2, despite being 15% retention, produced 
32% of the mass produced in the control site. Sites LS and 8 (30% retention no RRZ) was 67% of 
the control, with site SB (30% retention with a 5m reserve) at 115%. Site 7B (50% retention, no 
reserve) was almost equivalent to the control at 93% (table 9). When the second growth becomes 
more advanced in these treatment sites, there should be even further recovery towards the old 
growth control. 
 
In the control vs. VR component of this study, site SB (30% OG retention with a 5 m riparian 
reserve zone) is particularly interesting in that the allochthonous input has remained relatively 
consistent and equivalent from 2006 to 2009 relative to the control (tables 5 to 8). In all four years 
site SB has produced significantly more mass than would be predicted in the FEMAT figure 
(figure 4) which indicates a minimum of 30 m is needed for sustaining litter fall input. The results 
from site SB suggest that most allochthonous input is generated within 5 m of a small stream. 
This is also significantly different than what Culp (1982) concluded, following a three year study, 
that a riparian reserve must be wider than 10 m to maintain normal levels of allochthonous input. 
Culp however, did caution that further monitoring needed to happen to determine the time-span 
the post-harvest reduction in detritus is expected to be observed. Kiffney and Richardson (2010) 
determined in their study near Maple Ridge that reserve widths between 10 and 30 m provided 
litter inputs similar to that of the control, but that reserves >30m were needed to maintain 
ecological functions, species diversity and animal populations. Further monitoring should be able 
to identify if the 5 m reserve results are a consistent trend or not. In a California study, Ernman et 
al. (1997) claimed buffers less than 30 m were insufficient to protect benthic invertebrates from 
logging impacts. Young (2001) concluded that a riparian reserve should be at least one standard 
tree height, but his recommendations are largely based upon the FEMAT chart (figure 4) which 
does not take different stream sizes and attributes into consideration. Unfortunately, Young’s 
paper appears to be more of a dangerous editorial opinion piece as there are several 
unsupported and misleading conclusions within the paper. 
 
In the chronosequence component site W3 (0-10 years), harvested 2 years ago, produced just 
9% of the relative mass compared to the control (7B2) which is similar to what Bilby and Bisson 
found (1992) where total litter fall in a clearcut setting was 93% less than their control. Site H (10-
20 years) produced 43% of the relative mass compared to the control. Site GB grouped with GB2 
(21-35 year) contributed 140%, site W (36-50 year) produced 136% (table 10) and site W2 (51-
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65) yielded 106% relative to the control. In 2006, all of the traps in site GB were damaged due to 
bear activity so a second site was established (site GB2). From 2007 to 2009, both sites were left 
relatively untouched. Mass yields from both sites were relatively consistent and significantly 
higher than the control. The trend in recovery appears to indicate full allochthonous mass input 
recovery as early as 25 years. 
 
As expected, the RVT 1 site (brush dominated) produced substantially lower amounts of 
allochthonous mass (26% of the control) than sites RVT 3 and RVT 4 which produced 180% and 
188% respectively when compared to the control (table 11). The continued poor performance 
from the RVT1 site supports a priority need for restoration for these types of degraded sites.  
 
Caution must be expresses with these results as with just 3 years (n-1=2) there is insufficient 
samples. As result, mean plot values create large 95% confidence intervals; additional sampling 
will help to correct this large variation. Despite the small sample size, RVT 1 had a relatively 
consistent level of annual litter with a standard deviation (SD) of just 0.45g or 7%. However, RVT 
2 had a SD of 13.90g (32%) and RVT 4 had a SD of 14.38g (32%). 
 
Nutrients - Potassium: With four years of data coming from most of the VR and 
chronosequence sites, trends in recovery are beginning to emerge by averaging mass of 
Potassium contribution from the vertical allochthonous input over the last four year period (tables 
19 and 20). In the VR component, site LS2, despite being 15% retention, produced 47% of the 
mass of Potassium produced in the control site. Sites LS and 8 (30% retention no RRZ) was 69% 
of the control, with site SB (30% retention with a 5m reserve) at 116%. Site 7B (50% retention, no 
reserve) was also almost equivalent to the control at 111% (table 19). The most significant 
amount of potassium was from needles, but the highest concentration (mg/g) was generally found 
in cones and “other” (table 42). In almost all cases, K concentration was lower in all litter 
categories in the control area compared to the treatment areas.  
 
In the chronosequence component site W3 (0-10 years) contributed 8% Potassium compared to 
the control (7B2), site H (10-20 years) produced 79% of the relative mass of Potassium compared 
to the control. Site GB grouped with GB2 (21-35 year) showed marked recovery by contributing 
171%, and site W (36-50 years) produced 202%, and site W2 was at 155%. The trend in recovery 
appears to indicate full allochthonous mass of Potassium input recovery in about a 25 year time 
period (table 20). As with the control and VR sites, needles generally contributed the bulk of the 
Potassium, but “other” and leaves generally had the highest concentration (mg/g). In almost all 
cases, K concentration was lower in all litter categories in the control area compared to the 
treatment areas (table 43). 
 
The RVT 1 site (brush dominated) produced substantially lower amounts of allochthonous 
Potassium mass compared to the control (40%) than sites RVT 3 and RVT 4 which produced 
263% and 291% respectively when compared to the control (table 21). Leaves provided the 
majority of the Potassium and “other” and leaves had the highest concentrations (mg/g). In almost 
all cases, K concentration was lower in all litter categories in the control area compared to the 
treatment areas (table 44). The continued poor performance from the RVT1 site supports a 
priority need for restoration for these types of degraded sites.  
 
Caution must be expresses with these results as with just 2-3 years (n=2 or 3) there is insufficient 
samples. As result, mean plot values create large 95% confidence intervals; additional sampling 
will help to correct this large variation. 
 
The consistency of mass and Potassium levels in SB (30% retention-5m RRZ) (when compared 
to the old growth sites) allows for further support that no more than a 5m riparian reserve may be 
required for equivalent allochthonous mass and Potassium input. 
 
Nutrients - Nitrogen: Trends in recovery are beginning to emerge by averaging mass of Nitrogen 
contribution from the vertical allochthonous input over the last four year period (tables 25 to 28). 
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In the control vs. VR component, site LS2, despite being 15% retention, produced 76% of the 
mass of Nitrogen that was produced in the control site. Sites LS and 8 (30% retention no RRZ) 
was also 67% of the control, with site SB (30% retention with a 5m reserve) at 117%. Site 7B 
(50% retention, no reserve) was also at 117% (table 44). The most significant source of Nitrogen 
was from leaves and needles (tables 25 to 29), but the highest concentration (mg/g) were found 
in cones and “other”. Generally, N concentration was lower in all litter categories in the control 
area compared to the treatment areas, but less apparent than Potassium concentrations. When 
the second growth becomes more advanced in these treatment sites, there should be even 
further recovery towards the old growth control. 
 
In the control vs. chronosequence component site W3 (0-10 years) yielded 11% that of the 
control, site H (10-20 years) produced almost twice the mass of Nitrogen compared to the control. 
Site GB grouped with GB2 (21-35 year) contributed over three times the mass of N, site W (36-50 
years) produced 242% and site W2 yielded 167% relative to the control. The trend in recovery 
appears to indicate full allochthonous mass of Nitrogen input in less than a 20 year time period 
(table 30). As with the control and VR sites, leaves and needles contributed the bulk of the 
Nitrogen with leaves and “other having the highest concentration (mg/g). In almost all cases, N 
concentration was lower in all litter categories in the control area compared to the treatment 
areas. 
 
The control vs. RVT 1 site (brush dominated) produced substantially lower amounts of 
allochthonous Nitrogen mass (61%) than sites RVT 3 and RVT 4 which produced 755% and ten 
times the mass of N respectively when compared to the control (table 31). In almost all cases, N 
concentration was lower in all litter categories in the control area compared to the treatment areas 
(table 47). The continued poor performance from the RVT1 site supports a priority need for 
restoration for these types of degraded sites. Much of the Nitrogen, Phosphorous and Potassium 
in leaves and needles are transferred by the plant from the needles and leaves before they are 
shed in the fall (Kimmins 1999), yet there is still significant nitrogen inputs from the RVT3 and 
RVT4 sites. Along with the contribution from alder leaves to the stream, it has also been found to 
increase nitrogen availability and mineralization rates in the soil (in Taylor 2008). 
 
Caution must be expresses with these results as with just 2-3 years (n=2 or 3) there is insufficient 
samples. As result, mean plot values create large 95% confidence intervals; additional sampling 
will help to correct this large variation. 
 
The consistency of mass and Nitrogen levels in SB (30% retention – 5m RRZ)  (when compared 
to the old growth sites) allows for further support that no more than a 5m riparian reserve may be 
required for equivalent allochthonous mass and Nitrogen input. It would also appear that as 
annual mass reduces concentration of the nutrients contents may go up. These results however 
are not conclusive, and further monitoring should be done to document statistically significant 
results and trends. 
 
Nutrients - Phosphorous: Trends in recovery are emerging by averaging mass of Phosphorous 
contribution from the vertical allochthonous input over the last four years (tables 35 to 38). In the 
control vs. VR component, site LS2, despite being 15% retention, produced 58% of the mass of 
Phosphorous produced in the control site. Sites LS and 8 (30% retention no RRZ) was 76% of the 
control, with site SB (30% retention with a 5m reserve) at 136%. Site 7B (50% retention, no 
reserve) was also above the control at 113% (table 39). The most significant source of 
Phosphorous was from leaves and “other”, but the highest concentration (mg/g) were found in 
“other” and then cones.  In almost all cases, P concentration was lower in all litter categories in 
the control area compared to the treatment areas (table 48).  
 
In the chronosequence component site W3 (0-10 years) yielded just 13% of what the control 
contributed. Site H (10-20 years) showed significant recovery in a short period of time by 
producing 109% of the relative mass of Phosphorous compared to the control. Site GB grouped 
with GB2 (21-35 year) contributed 335%, site W (36-50 years) produced 264%, and site W2 (51-
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65 years) produced 208% relative to the controls. The trend in recovery appears to indicate full 
allochthonous mass of Phosphorous input recovery in less than a 25 year time period (table 40). 
Needles generally contributed the bulk of the Phosphorous, but “other” and then leaves had the 
highest concentration (mg/g). In almost all cases, P concentration was lower in all litter categories 
in the control area compared to the treatment areas (table 49). 
 
In the control vs. the RVT sites, RVT 1 (brush dominated) produced lower amounts of 
allochthonous Phosphorous mass (64% compared to control yields) than sites RVT 3 and RVT 4 
which produced 416% and 600% respectively when compared to the control (table 40). Leaves 
made up the bulk of the total Phosphorous mass, but “other” and cones had the highest 
concentration (mg/g). The continued poor performance from the RVT1 site supports a priority 
need for restoration for these types of degraded sites. In almost all cases, P concentration was 
lower in all litter categories in the control area compared to the treatment areas (table 50). 
 
The consistency of mass and Phosphorous levels in SB (30% retention-5m RRZ) (when 
compared to the old growth sites) allows for further support that no more than a 5m riparian 
reserve may be required for equivalent allochthonous mass and Phosphorous input. Caution 
must be expresses with these results as with just 4 years (n-1=3) there is insufficient samples. As 
result, mean plot values create large 95% confidence intervals; additional sampling will help to 
correct this large variation. As well, the adjacent 30% retention may be contributing to the overall 
allochthonous material. A separate trial should be established on an area where there is a 5m 
riparian reserve without retention. 
 
While logging adjacent to small streams will reduce shading and increase light for photosynthesis 
of steam algae, Culp (1982) and Stockner and Shortreed (1980) found that post logging algal 
biomass did not increase significantly because the lack of phosphorous was a limiting factor for 
primary production (however they did note increased sediment levels that could have had a 
negative influence on primary production). Autochthonous (algal) production tends to increase 
with stream order (Hollingsworth 1988, Vannote et al. 1980, Richardson and Danehy 2006), the 
benefits from the upstream phosphorus inputs are thought not to be realized in the headwater 
streams. The 2006 to 2009 lab results from eight of the twelve sites SB (30% retention with 5m 
reserve), 7B (50% retention without a reserve), H (10-20 year old second growth), GB/GB2 (21-
35 year old second growth), W (36-50 year old second growth), W2 (51-65 year old second 
growth), RVT3 (alder dominated over good conifer understory) and RVT4 (alder dominated over 
poor conifer understory) all indicate a higher levels of Phosphorous (table 39, 40, 41) when 
compared to the control, which may act to compensate for Culp, Stockner and Shortreed’s 
findings which were measured shortly after the stream was logged, leaving little time for recovery. 
Culp, Stockner and Shortreed’s findings however, are not consistent with Bilby and Bisson’s 
findings (1987, 1992) where they found increased food availability in logged streams that they 
attributed to an increase in autochthonous production, which resulted in higher fish growth 
compared to streams that were not logged. Kiffney et al. (2003) notes the major microclimate 
changes as a result of logging is increased solar radiation. The radiation can affect primary 
production and insect abundance and Kiffney found that after logging, Periphyton biomass, 
Periphyton inorganic mass and insect consumer abundance all increased as the riparian reserve 
width decreased. 
 
Nutrients – Summary: In our study, several sites were found to be superior nutrient contributors 
relative to the control site. The 2006 to 2009 lab results from seven sites SB (30% retention - 5m 
RRZ), 7B (50% retention no RRZ), GB/GB2 (21-35 year old 2

nd
 growth), W (36-50 year old 2

nd
 

growth), W2 (51-65 year old 2
nd
 growth), RVT3 (alder dominated-good conifer understory) and 

RVT4 (alder dominated over poor conifer understory) all indicate a higher levels of Potassium 
(table 39-41) when compared to the control. For Nitrogen, eight sites were superior to the old 
growth control and included sites SB (30% retention with 5m RRZ), 7B (50% retention without a 
reserve), H (10-20 year old second growth), GB/GB2 (21-35 year old second growth), W (36-50 
year old 2

nd
 growth), W2 (51-65 year old 2

nd
 growth), RVT3 (alder dominated over good conifer 

understory) and RVT4 (alder dominated over poor conifer understory) (table 29-31).  
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Culp and Davies (1985) concluded that distribution and abundance of collector-gatherers and 
shredder detritivores were affected by nutritional value of the allochthonous food source. Given 
our findings of alder leaf nutritional value, this would imply that the leaves would be a preferred 
source of sustenance compared to other allochthonous components. Joseph and Davies (1985) 
found that leaves that undergo rapid colonization by microbes and fungi may be preferentially 
selected by the shredder gild of stream macroinvertebrates, and that biomass of microbes on the 
detritus, detritus quality and detritus particle size are all important factors. 
 
Other Recovery Mechanisms: As discussed by Wipfli and Musslewhite (2004) most freshwater 
ecosystems on northwest North America are potentially food limited, therefore relative abundance 
of food combined with habitat can have a major effect on salmon production. While harvesting 
riparian areas can cause a range of disturbances like reduction in allochthonous input, it can also 
result in changes to macroinvertebrate community structure. With the increased light created by 
the tree removal and reduction in shade there is a corresponding increase in autochthonous 
production.  
 
Reid et al. (2010) conducted annual surveys in New Zealand over 17 years on 15 streams and 
found that stream macroinvertebrate communities in small streams may recover to post-harvest 
in as little as three years. They found epilithon algae increased across all of their sites following 
riparian harvest with 300% increases being common. Shortly after harvest there was a 
corresponding increase in midges, mosquitoes, blackflies and other true flies (Diptera) and 
Caddisfly (Trichoptera), and a reduction in sensitive species like Mayfly (Ephemeroptera). Reid et 
al. attributed the most significant invertebrate community changes occurring in small streams to 
the invertebrate community normally depending on shade and allochthonous input.  
 
In a study in southern Alaska, Hernandez et al. (2005) found that in clearcut headwater streams, 
benthic invertebrates increased in richness, densities and biomass when compared to the old 
growth control. This increase was particularly prevalent in younger stands with a high component 
of alder and recently clearcut streams (which was likely attributable to increased algal growth they 
found associated with the clearcut streams).   
 
Allochthonous material from the riparian area provides plant material as well as terrestrial 
invertebrates to streams. Terrestrial invertebrates are thought to be an important prey subsidy 
(Wipfli 1997). One of the limiting factors with our litter trap design is the likelihood of not 
adequately sampling the terrestrial invertebrate component of the allochthonous input, because 
with any motile organism, they can crawl or fly away. In a study in southeastern Alaska Allan et 
al. (2003) looked specifically at what rearing coho (Oncorhynchus kisutch) were ingesting across 
three harvesting regimes (old-growth control, 35-50 year old conifer, and young growth alder).  
Juvenile coho were found to ingest a wide variety of aquatic and terrestrial prey and across all 
sites approximately 32% of the mass of ingested prey were aquatic origin and 33% were 
terrestrial (which they concluded was an important energy subsidy to stream food webs). They 
found no significant differences between forest types and mean invertebrate biomass ingested. 
In a study in North Carolina, Schowalter et al. (1981) (in Allan et al. 2003) found that clear cutting 
resulted in a decrease in arthropod populations, but one year later their numbers rebounded to 
surpass the original levels. 
 
Final: There are many interesting results that have come from the first seven years of a broad 
sampling regime. In particular are the mass contributions from site SB (30% retention with a 5 m 
riparian reserve), and from the second growth sites GB and GB2 (age class 21-35), W (age class 
36-50) and W2 (age class 51-65) that are all relatively equivalent or greater to the intact control 
site (7B2). In 2007, Site 8 registered less mass than the control site (7B2), yet seemed to 
compensate with higher nutrient concentrations. Nutrient value (potassium, nitrogen and 
phosphorous) associated with site SB remained consistent or greater with the intact old growth 
sites, as did site LS, which has a 30% retention level without a riparian reserve. Nutrient value of 
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allochthonous material in the second growth sites W and W2 significantly surpassed that of the 
intact old growth sites in 2006, and most of the sites surpassed the old growth sites in 2007.  
 
The consistency of mass and nutrient levels in SB (when compared to the old growth sites) 
implies further support that no more than a 5m riparian reserve may be required for equivalent 
allochthonous mass and nutrient input, bringing the FEMAT chart (figure 3), and Chen (1991) and 
Culp (1982) reserve width speculations into question. As well, the apparent relatively quick 
recovery of allochthonous mass and nutrient contribution in the second growth age classes may 
indicate that the absence of riparian reserves may have limited temporal effect on stream health 
at the watershed level, especially under current harvesting regimes where the amount of 
watershed area that can be harvested over a given period is limited by several legislative 
constraints. Increases in mass and nutrient supply in some of the study sites also indicate a 
compensatory role for other temporarily allochthonous input reductions in other areas. 
 
The results of this study is consistent with Kiffney and Richardson (2010) study where they 
discussed the length of time leaf litter is available for invertebrate consumption and the nutritional 
quality are both affected by harvesting of riparian areas. Deciduous litter is utilized more readily 
by detritivores, but degrades faster. In most of our study sites, there was a larger component of 
deciduous input than that of the control in almost all of the sites, especially the alder dominated 
sites.  Hernandez et al. (2005) found benthic invertebrate communities in streams with riparian 
areas harvested results in increased richness, densities and biomass; especially in alder 
dominated areas. Alan et al. (2003) feels that riparian forests with a substantial amount of alder 
has much greater input of terrestrial invertebrates as they found deciduous plants tended to be 
occupied by more invertebrates per unit mass of leaf when compared to conifers. The support 
Piccolo and Wipfli (2002) where they found 35-40 year old alder dominated riparian areas 
exported substantially more invertebrate number and biomass than the conifer areas. There is 
general consensus that some level of alder left in riparian areas should be retained after 
harvesting or restoration work (Alan et al. 2003, Piccolo and Wipfli, 2002, Hernandez et al. 2005). 
Needles tend to degrade more slowly than alder leaves which degrade 40-100% faster than 
hemlock or western redcedar needles (Kiffney and Richardson, 2010). The increased levels of 
needle mass from many of the study sites, will likely just take longer to be colonized by bacteria 
and fungi (i.e. longer availability compared to deciduous leaves) before being picked up by 
collector and shredder invertebrates.   
 
Timing of delivery and amount of allochthonous material to downstream fish bearing reaches is 
likely seasonal, and many of the organisms have likely adapted to the timing and amount of the 
allochthonous material drift (see Appendix 2). Allochthonous material, from adjacent riparian 
plants, is often the bulk of the energy assimilated by benthic invertebrates in small forest streams 
(Fisher and Likens 1973). Terrestrial invertebrate become prey for fish when they fall into the 
stream and can form a large portion of the invertebrate mass ingested by fish (Wipfli 1997). 
Development in the form of timber harvesting can temporarily affect the amount of litter going into 
a stream. Independent power producers can affect the amount and timing of allochthonous 
material by removal of vegetation for the penstock, and timing of allochthonous material through 
regulation of water flow. Wipfli et al (2003) felt that the resulting change in allochthonous input 
may have a large impact on the eventual  transport of organic matter from these habitats (not 
accounting for potential increase in autochthonous production). 
 
Wipfli and Musslewhite (2004) felt that nutrients supplied to stream from allochthonous input (in 
nutrient limited systems) should lead to great algal productivity and result in higher invertebrate 
production. One concept for managing riparian areas within a watershed is to develop a detritus 
budget per stream, and track any net changes over time. In their Alaskan study, Wipfli and 
Gregovich (2002) calculated 10.4g (dry mass) of detritus/headwater stream/day and that with 7.4 
headwater streams they estimated that every kilometer of salmonid  bearing stream could receive 
enough prey and detritus from the fishless headwaters to support 100-2000 young-of-year 
Salmonids.    
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Similar assumptions could be applied on this small stream study, where the average dry mass 
amount of allochthonous material produced from 2003 to 2009 in the control site was 23.98g/trap 
or roughly 240 g/m² of headwater stream/year. A 1.5km headwater stream with an average width 
of 1.5m would have a vertical collection area of 2,250 m² and theoretically produce 540 kg of 
allochthonous material annually that is transported to downstream reaches. Harvesting both sides 
of the creek without retention (clearcut) for 200m would reduce the collection area by 300m² and 
cause an immediate reduction of allochthonous material of 72 kg of allochthonous material 
annually (or a 13% reduction). Of course, any levels of retention would help mitigate this loss, and 
a 5m buffer may eliminate any losses (table 9). Historic areas that are contributing increases 
allochthonous mass and nutrients will help compensate for short-term reductions. Clear cut areas 
will recover over time (indications are as early as 25 years), as well the harvest areas within a VR 
cut block with also recover.  
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Appendix 1 Site Locations 
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Appendix 2 Litter 
Transport 
River continuum theory predicts down 
stream communities are supported in 
part by allochthonous material 
transported from upstream 
headwaters (Vannote et al. 1980) 
where organic material is transported 
from small stream to large streams 
systems, implying that downstream 
communities are subsidised by 
upstream riparian and stream 
habitats.. According to Wallace et al. 
(1997) and Wipfli and Gregovich 
(2002), headwater streams produce a 
range of benthic invertebrates and 
significant particulate matter. 
 
To demonstrate downstream 
movement of allochthonous material a 
1mm mesh size net was set up 
across a lower tributary of Lost Shoe 
Creek (picture 1) in October of 2009. 
In only a few minutes a substantial 
amount of drifting allochthonous 
material was intercepted by the net 
(picture 2) of which the vast majority 
are hemlock needles.  
 
Fine a coarse particulate matter was 
found to be trapped behind large 
woody debris pieces (picture 3) and to 
be settling along edges of pools 
(picture 4). 

Picture 1 

Picture 2 

Picture 3 Picture 4 
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Appendix 3 2009 Litter Trap Collection summary 
 



Allochthonous Input Research Project Allochthonous Input Research Project Allochthonous Input Research Project 2010 Litter Trap Collection2010 Litter Trap Collection

Litter Trap Collection Summary Litter Trap Collection Summary Litter Trap Collection Summary 

The RVT sites were pulled in 2009 so we only had 11 sites to do this year. The RVT sites were pulled in 2009 so we only had 11 sites to do this year. The RVT sites were pulled in 2009 so we only had 11 sites to do this year. The RVT sites were pulled in 2009 so we only had 11 sites to do this year. 

The weather for this years collection was dry and very cold with temperatures hovering around twoThe weather for this years collection was dry and very cold with temperatures hovering around twoThe weather for this years collection was dry and very cold with temperatures hovering around twoThe weather for this years collection was dry and very cold with temperatures hovering around twoThe weather for this years collection was dry and very cold with temperatures hovering around two

degrees during the day and below zero at night. degrees during the day and below zero at night. degrees during the day and below zero at night. degrees during the day and below zero at night. 

Next year we need to allocate some time to do trail work in SB3R Stream 8 & 7B. It is pretty toughNext year we need to allocate some time to do trail work in SB3R Stream 8 & 7B. It is pretty toughNext year we need to allocate some time to do trail work in SB3R Stream 8 & 7B. It is pretty toughNext year we need to allocate some time to do trail work in SB3R Stream 8 & 7B. It is pretty toughNext year we need to allocate some time to do trail work in SB3R Stream 8 & 7B. It is pretty tough

going in areas with old growth and blow down. going in areas with old growth and blow down. going in areas with old growth and blow down. going in areas with old growth and blow down. 

The re-mesh screens are still working well to protect the fine mesh screens from animalsThe re-mesh screens are still working well to protect the fine mesh screens from animalsThe re-mesh screens are still working well to protect the fine mesh screens from animalsThe re-mesh screens are still working well to protect the fine mesh screens from animalsThe re-mesh screens are still working well to protect the fine mesh screens from animals

The hobo in Site WM3 - 0-20 Age Class went missing in 2009 and has yet to be replaced with a The hobo in Site WM3 - 0-20 Age Class went missing in 2009 and has yet to be replaced with a The hobo in Site WM3 - 0-20 Age Class went missing in 2009 and has yet to be replaced with a The hobo in Site WM3 - 0-20 Age Class went missing in 2009 and has yet to be replaced with a The hobo in Site WM3 - 0-20 Age Class went missing in 2009 and has yet to be replaced with a 

new hobo, I am wondering if it is too late now?new hobo, I am wondering if it is too late now?new hobo, I am wondering if it is too late now?new hobo, I am wondering if it is too late now?

LS10 site sustained a fair amount of bear damage, we spotted a large bear on the road going into the LS10 site sustained a fair amount of bear damage, we spotted a large bear on the road going into the LS10 site sustained a fair amount of bear damage, we spotted a large bear on the road going into the LS10 site sustained a fair amount of bear damage, we spotted a large bear on the road going into the LS10 site sustained a fair amount of bear damage, we spotted a large bear on the road going into the 

block so it appears he has staked out his territory as he killed 40% of the traps.block so it appears he has staked out his territory as he killed 40% of the traps.block so it appears he has staked out his territory as he killed 40% of the traps.block so it appears he has staked out his territory as he killed 40% of the traps.

Water samples were not collected this year, nor did we download Hobo info so that needs to happen in 2011. Water samples were not collected this year, nor did we download Hobo info so that needs to happen in 2011. Water samples were not collected this year, nor did we download Hobo info so that needs to happen in 2011. Water samples were not collected this year, nor did we download Hobo info so that needs to happen in 2011. Water samples were not collected this year, nor did we download Hobo info so that needs to happen in 2011. 

Fieldwork was done by Jeni Christie and Jessica Hutchinson, reports done by Jeni. Fieldwork was done by Jeni Christie and Jessica Hutchinson, reports done by Jeni. Fieldwork was done by Jeni Christie and Jessica Hutchinson, reports done by Jeni. Fieldwork was done by Jeni Christie and Jessica Hutchinson, reports done by Jeni. Fieldwork was done by Jeni Christie and Jessica Hutchinson, reports done by Jeni. 



Allochthonous Input Research Project Allochthonous Input Research Project 2010 Litter Trap Collection

Site: 0-20 Age Class - Isaak/Kennedy Flats0-20 Age Class - Isaak/Kennedy Flats0-20 Age Class - Isaak/Kennedy Flats

Location: Approx 14km on West Main to Spur Rd WM130Approx 14km on West Main to Spur Rd WM130Approx 14km on West Main to Spur Rd WM130

Litter Traps: WM3-1 thru WM3-10, established 10/12/08WM3-1 thru WM3-10, established 10/12/08WM3-1 thru WM3-10, established 10/12/08

Date of collection: 2010/12/01

Crew members: JC & JH

No of samples collected: No of samples collected: 10

HoBo's in site: #7, was located at trap WM3-10 - Serial # 1059085#7, was located at trap WM3-10 - Serial # 1059085#7, was located at trap WM3-10 - Serial # 1059085

HoBo Info: Hobo not located last year, it was close to the road so probably taken, not replaced. Hobo not located last year, it was close to the road so probably taken, not replaced. Hobo not located last year, it was close to the road so probably taken, not replaced. 

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

WM3-10 YES 1 Crk bed is dry here at top

WM3-9 YES 1 Trap almost empty, not much litter

WM3-8 YES 1 Trap moved off dangerous log, moved lower down. 

WM3-7 YES 1 Stream bed is wet with seepage and sedge grass

WM3-6 YES 1 Small pools in crk but not much flow.

WM3-5 YES 1 crown closure 0% 

WM3-4 YES 1 standing water in stream bed but not flowing. 

WM3-3 YES 1

WM3-2 YES 1

WM3-1 YES 1

10

Summary

Even more blowdown it seemsthis year, almost 0% Crown Closure. The creek is Even more blowdown it seemsthis year, almost 0% Crown Closure. The creek is Even more blowdown it seemsthis year, almost 0% Crown Closure. The creek is Even more blowdown it seemsthis year, almost 0% Crown Closure. The creek is 

ephemoral and is not currently flowing in the upper parts of this site, the flow ephemoral and is not currently flowing in the upper parts of this site, the flow ephemoral and is not currently flowing in the upper parts of this site, the flow ephemoral and is not currently flowing in the upper parts of this site, the flow 

downstream is basically a trickle but the bed itself is sandy and up to 50-60cm deep,downstream is basically a trickle but the bed itself is sandy and up to 50-60cm deep,downstream is basically a trickle but the bed itself is sandy and up to 50-60cm deep,downstream is basically a trickle but the bed itself is sandy and up to 50-60cm deep,

showing a capity for swifter flow during peak rainfall periods. showing a capity for swifter flow during peak rainfall periods. showing a capity for swifter flow during peak rainfall periods. showing a capity for swifter flow during peak rainfall periods. 
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Site: 20-35 Age Class – Grice Bay Main Site (GB1)20-35 Age Class – Grice Bay Main Site (GB1)20-35 Age Class – Grice Bay Main Site (GB1)

Location: Grice Bay Main Grice Bay Main 

Litter Traps: GB-1 thru GB-10, established 23/11/05GB-1 thru GB-10, established 23/11/05GB-1 thru GB-10, established 23/11/05

Date of collection: 30/11/2010

Crew members: JC & JH

No of Traps collected from: No of Traps collected from: 9

HoBo's in site: #12: located at Trap GB-1 - submerged#12: located at Trap GB-1 - submerged#12: located at Trap GB-1 - submerged

#19: located at Trap GB-10 - submerged#19: located at Trap GB-10 - submerged#19: located at Trap GB-10 - submerged

HoBo Info: Downloaded Dec, 2009, not in 2010Downloaded Dec, 2009, not in 2010Downloaded Dec, 2009, not in 2010

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

GB-1 YES 1 30% Crown closure, Fir stand. 

GB-2 NO Screen is missing, probably by bear

GB-3 YES 1 Salmon carcass’s around stream but this stretch

GB-4 YES 1 is non fish-bearing. 

GB-5 YES 1

GB-6 YES 1

GB-7 YES 1 Heavily used bear trail here, 

GB-8 YES 1

GB-9 YES 1

GB-10 YES 1 20% cc

9

Summary

Most traps intact although a lot of bear traffic in the area this year, in fact we could hear one justMost traps intact although a lot of bear traffic in the area this year, in fact we could hear one justMost traps intact although a lot of bear traffic in the area this year, in fact we could hear one justMost traps intact although a lot of bear traffic in the area this year, in fact we could hear one just

downstream from us. downstream from us. 
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Site: Secondary 21-35 Age Class – Grice Bay Main Site (GB2)Secondary 21-35 Age Class – Grice Bay Main Site (GB2)Secondary 21-35 Age Class – Grice Bay Main Site (GB2)

Location: Grice Bay Main Grice Bay Main 

Litter Traps: GB2-1 thru GB2-10, established 08/12/06GB2-1 thru GB2-10, established 08/12/06GB2-1 thru GB2-10, established 08/12/06

Date of collection: Date of collection: 18/11/2010

Crew members: JC & JH

No of samples collected: No of samples collected: 10

HoBo's in site: #8: located at Trap GB2-1 - submerged#8: located at Trap GB2-1 - submerged#8: located at Trap GB2-1 - submerged

HoBo Info: Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

GB2-1 YES 1 offsite Fdc stand, 55% crown closure

GB2-2 YES 1

GB2-3 YES 1

GB2-4 YES 1

GB2-5 YES 1

GB2-6 YES 1

GB2-7 YES 1

GB2-8 YES 1

GB2-9 YES 1 Trap appeared to have been rinsed so we

GB2-10 YES 1 moved it up to a higher spot. 

10

Summary

All the traps were upright and intact. All the traps were upright and intact. All the traps were upright and intact. 
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Site: 36 - 50 Age Class – West Main Site (W)36 - 50 Age Class – West Main Site (W)36 - 50 Age Class – West Main Site (W)

Location: 9.5km on West Main & east on Spur Rd 1156 9.5km on West Main & east on Spur Rd 1156 9.5km on West Main & east on Spur Rd 1156 

Litter Traps: W-1 thru W-10, established 23/11/05W-1 thru W-10, established 23/11/05W-1 thru W-10, established 23/11/05

Date of collection: 18/11/2010

Crew members: JC & JH

No of samples collected: No of samples collected: 10

HoBo's in site: #15: located at Trap W10 - submerged#15: located at Trap W10 - submerged#15: located at Trap W10 - submerged

#16: located at Trap W5 - submerged#16: located at Trap W5 - submerged#16: located at Trap W5 - submerged

HoBo Info: Downloaded Dec 2009, not in 2010Downloaded Dec 2009, not in 2010Downloaded Dec 2009, not in 2010

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

W-1 YES 1

W-2 YES 1 7 deg water temp

W-3 YES 1

W-4 YES 1

W-5 YES 1 45% cc

W-6 YES 1

W-7 YES 1

W-8 YES 1

W-9 YES 1

W-10 YES 1 mostly Hw 2nd growth

Summary

All the traps were upright and intact. All the traps were upright and intact. All the traps were upright and intact. 
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Site: 51 - 65 Age Class – West Main #2 Site (W2)51 - 65 Age Class – West Main #2 Site (W2)51 - 65 Age Class – West Main #2 Site (W2)

Location: 12.5 km on West Main (350m North of Grice Bay Rd turnoff)12.5 km on West Main (350m North of Grice Bay Rd turnoff)12.5 km on West Main (350m North of Grice Bay Rd turnoff)

Litter Traps: W2-1 thru W2-10, established 01/12/05W2-1 thru W2-10, established 01/12/05W2-1 thru W2-10, established 01/12/05

Date of collection: Date of collection: 10/11/2010

Crew members: JC & JH

No of samples collected: No of samples collected: 10

HoBo's in site: #13: located at Trap W2-1 - submerged#13: located at Trap W2-1 - submerged#13: located at Trap W2-1 - submerged

#14: located at Trap W2-10 - submerged#14: located at Trap W2-10 - submerged#14: located at Trap W2-10 - submerged

HoBo Info: Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

W2-1 YES 1 50% crown closure

W2-2 YES 1

W2-3 YES 1

W2-4 YES 1

W2-5 YES 1

W2-6 YES 1

W2-7 YES 1

W2-8 YES 1

W2-9 YES 1 a few bear tracks but no damage to traps this year

W2-10 YES 1

Summary

All the traps were upright and intact. All the traps were upright and intact. All the traps were upright and intact. 
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Site: SB3R - Sream 8 - 30% RetentionSB3R - Sream 8 - 30% RetentionSB3R - Sream 8 - 30% Retention

Location: West Main

Litter Traps: 8 -2 thru 8 - 11, established Nov. 20058 -2 thru 8 - 11, established Nov. 20058 -2 thru 8 - 11, established Nov. 2005

Date of collection: 16/11/2010

Crew members: JC & JH

No of samples collected: No of samples collected: 10

HoBo's in site: #1: located at Trap 8-2 - submerged.#1: located at Trap 8-2 - submerged.#1: located at Trap 8-2 - submerged.

#2: located between Trap 8-10 & 8-11 - submerged.  #2: located between Trap 8-10 & 8-11 - submerged.  #2: located between Trap 8-10 & 8-11 - submerged.  

HoBo Info: Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

8 - 2 YES 1

8 - 3 YES 1

8 - 4 YES 1

8 - 5 YES 1 skid trail over stream but it is still flowing

8 - 6 YES 1

8 - 7 YES 1

8 - 8 YES 1

8 - 9 YES 1

8 - 10 YES 1

8 - 11 YES 1

10

Summary

All the traps were upright and intact. All the traps were upright and intact. All the traps were upright and intact. 

There are 2 machine crossings that have deposited a lot of woody debris in the stream although itThere are 2 machine crossings that have deposited a lot of woody debris in the stream although itThere are 2 machine crossings that have deposited a lot of woody debris in the stream although itThere are 2 machine crossings that have deposited a lot of woody debris in the stream although it

does appear to be flowing it would be good to include these 2 spots in the stream restoration work. does appear to be flowing it would be good to include these 2 spots in the stream restoration work. does appear to be flowing it would be good to include these 2 spots in the stream restoration work. does appear to be flowing it would be good to include these 2 spots in the stream restoration work. 

Trap 8-5
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Site: SB3R - Sream 7B - 50% RetentionSB3R - Sream 7B - 50% RetentionSB3R - Sream 7B - 50% Retention

Location: West Main

Litter Traps: 7B-1 thru 7B-10, established Nov. 20057B-1 thru 7B-10, established Nov. 20057B-1 thru 7B-10, established Nov. 2005

Date of collection: 16/11/2010

Crew members: JC & JH

No of samples collected: No of samples collected: 10

HoBo's in site: #3: located at Trap 7B-1 submerged#3: located at Trap 7B-1 submerged#3: located at Trap 7B-1 submerged

#4: located at Trap 7B-10 submerged#4: located at Trap 7B-10 submerged#4: located at Trap 7B-10 submerged

HoBo Info: Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

7B-1 YES 1 trap askew but intact, needs washer

7B-2 YES 1

7B-3 YES 1

7B-4 YES 1 small holes in screen, intact but replaced

7B-5 YES 1

7B-6 YES 1

7B-7 YES 1

7B-8 YES 1

7B-9 YES 1

7B-10 YES 1

10

Summary

Most of the traps were upright and intact. Most of the traps were upright and intact. Most of the traps were upright and intact. 

More trail work could be done for the area that has traps 7B-5 thru 7B-10.More trail work could be done for the area that has traps 7B-5 thru 7B-10.More trail work could be done for the area that has traps 7B-5 thru 7B-10.More trail work could be done for the area that has traps 7B-5 thru 7B-10.
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Site: SB3R - Sream 7B2 - Control AreaSB3R - Sream 7B2 - Control AreaSB3R - Sream 7B2 - Control Area

Location: West Main

Litter Traps: 7B2-1 thru 7B2-10, established Nov. 20057B2-1 thru 7B2-10, established Nov. 20057B2-1 thru 7B2-10, established Nov. 2005

Date of collection: 16/11/2010

Crew members: JC & JH

No of samples collected: No of samples collected: 7

HoBo's in site: #5: located at Trap 7B2-1 submerged#5: located at Trap 7B2-1 submerged#5: located at Trap 7B2-1 submerged

#6: located at Trap 7B2-10 submerged#6: located at Trap 7B2-10 submerged#6: located at Trap 7B2-10 submerged

HoBo Info: Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

7B2-1 YES 1 25% cc old growth

7B2-2 YES 1

7B2-3 NO Trap is MIA, most likely dragged away by a bear

7B2-4 YES 1

7B2-5 YES 1

7B2-6 NO Trap is MIA, most likely dragged away by a bear

7B2-7 YES 1

7B2-8 NO Trap is MIA, most likely dragged away by a bear

7B2-9 YES 1 30% cc

7B2-10 YES 1

7

Summary

Three traps were carried off by a bear, all three were replaced but this may be a problem in the future.Three traps were carried off by a bear, all three were replaced but this may be a problem in the future.Three traps were carried off by a bear, all three were replaced but this may be a problem in the future.Three traps were carried off by a bear, all three were replaced but this may be a problem in the future.

More trail work could be done between traps 7B2-9 to 7B2-10.More trail work could be done between traps 7B2-9 to 7B2-10.More trail work could be done between traps 7B2-9 to 7B2-10.More trail work could be done between traps 7B2-9 to 7B2-10.
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Site: LS10 – 15% Retention - No 5m RRZLS10 – 15% Retention - No 5m RRZLS10 – 15% Retention - No 5m RRZ

Location: Block LS10 (Lost Shoe)Block LS10 (Lost Shoe)

Litter Traps: Litter Traps LS2-1 thru LS2-10, established 05/12/02Litter Traps LS2-1 thru LS2-10, established 05/12/02Litter Traps LS2-1 thru LS2-10, established 05/12/02

Date of collection: 30/11/2010

Crew members: JC & JH

No of samples collected: No of samples collected: 6

HoBo's in site: #17: located at Trap LS2-1 - submerged#17: located at Trap LS2-1 - submerged#17: located at Trap LS2-1 - submerged

#18: located at Trap LS2-10 - submerged#18: located at Trap LS2-10 - submerged#18: located at Trap LS2-10 - submerged

HoBo Info: Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

LS2-1 YES 1

LS2-2 NO Bear damage, trap overturned screen shredded

LS2-3 NO Bear damage, trap overturned screen shredded

LS2-4 YES 1 cc 2%

LS2-5 YES 1

LS2-6 NO Bear damage, trap overturned screen shredded

LS2-7 YES 1

LS2-8 NO Bear damage, trap overturned screen shredded

LS2-9 YES 1

LS2-10 YES 1

6

Summary

A lot of the traps were hit hard from a bear, we saw him on the road and he is quite large. A lot of the traps were hit hard from a bear, we saw him on the road and he is quite large. A lot of the traps were hit hard from a bear, we saw him on the road and he is quite large. A lot of the traps were hit hard from a bear, we saw him on the road and he is quite large. 

Any damaged traps were replaced but I suspect that this will be an ongoing problem. Any damaged traps were replaced but I suspect that this will be an ongoing problem. Any damaged traps were replaced but I suspect that this will be an ongoing problem. Any damaged traps were replaced but I suspect that this will be an ongoing problem. 
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Site: LS27 – 30% Retention - No 5m RRZLS27 – 30% Retention - No 5m RRZLS27 – 30% Retention - No 5m RRZ

Location: Block LS27 (Lost Shoe)Block LS27 (Lost Shoe)

Litter Traps: Litter Traps LS-1 thru LS-10, established 05/12/01Litter Traps LS-1 thru LS-10, established 05/12/01Litter Traps LS-1 thru LS-10, established 05/12/01

Date of collection: 12/11/2010

Crew members: JC & JH

No of samples collected: No of samples collected: 10

HoBo's in site: #11: located at Trap LS-2: semi-submerged#11: located at Trap LS-2: semi-submerged#11: located at Trap LS-2: semi-submerged

HoBo Info: Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010Downloaded Dec 2009, not done in 2010

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

LS-1 YES 1

LS-2 YES 1

LS-3 YES 1

LS-4 YES 1

LS-5 YES 1 screen ripped but replaced. 

LS-6 YES 1

LS-7 YES 1 standing water in low area

LS-8 YES 1

LS-9 YES 1

LS-10 YES 1

Summary

All of the traps were upright and intact.All of the traps were upright and intact.All of the traps were upright and intact.
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Site: SB4 – 30% Retention with a 5m RRZSB4 – 30% Retention with a 5m RRZSB4 – 30% Retention with a 5m RRZ

Location: Block SB4 (Swim Beach)Block SB4 (Swim Beach)

Litter Traps: Litter Traps SB-1 thru SB-10, established 05/11/24Litter Traps SB-1 thru SB-10, established 05/11/24Litter Traps SB-1 thru SB-10, established 05/11/24

Date of collection: 12/11/2010

Crew members: JC & JH

No of samples collected: No of samples collected: 10

HoBo's in site: #9: located at Trap SB-6 - submerged#9: located at Trap SB-6 - submerged#9: located at Trap SB-6 - submerged

#10: located at Trap SB-10 - submerged#10: located at Trap SB-10 - submerged#10: located at Trap SB-10 - submerged

HoBo Info: Downloaded Dec, 2009Downloaded Dec, 2009

Field Notes

Trap No Sample # of Sample Comments

Collected? Containers

SB-1 YES 1 15-20% cc

SB-2 YES 1

SB-3 YES 1

SB-4 YES 1

SB-5 YES 1

SB-6 YES 1

SB-7 YES 1

SB-8 YES 1

SB-9 YES 1

SB-10 YES 1

Summary

All of the traps were upright and intact All of the traps were upright and intact All of the traps were upright and intact 

Trail work could be done on this site next year. Trail work could be done on this site next year. Trail work could be done on this site next year. 


