
Executive Summary 1 

I. FIA-FSP Project #: Y092068  2 

Title: Ecosystem functioning in small streams and their riparian areas in response to partial 3 
harvest riparian management 4 

 5 

II. Project purpose and management implications: Cross-ecosystem energy flows link 6 
streams and riparian forests. Forest harvesting alters the composition of riparian tree species, 7 
which can affect the structure and function of stream ecosystems through changes in terrestrial 8 
resource subsidies. We examined how variation in the ratio of deciduous to coniferous forest 9 
composition may affect stream invertebrate and microbial consumers and subsequent breakdown 10 
rates of deciduous (red alder Alnus rubra) and coniferous (western hemlock Tsuga heterophylla) 11 
in 10 small streams. Our objectives are to provide further evidence linking the effects of forest 12 
management practices on changes in terrestrial energy resources with subsequent implications 13 
for stream consumer biodiversity and ecosystem functioning.  14 

Specific Objectives: 15 
•Determine shifts in benthic invertebrate and microbial community abundance and composition 16 
as a result of changes in riparian canopy cover. 17 
•Evaluate the effects of such community shifts on key ecosystem functions including detrital 18 
processing and secondary production. 19 
•Quantify the cascading effects of any shifts in benthic production for subsidies of emerging 20 
stream insects back to riparian forests. 21 
•Provide predictive capacity for the relationship between riparian canopy cover, stream 22 
invertebrate diversity and stream ecosystem function. 23 
 24 

III. Project start date and length: 4/1/2007 – 4/1/2010 25 

 26 

IV. Methodology Overview: 27 

Site description 28 

      The study was performed from July to August 2007 and 2008 in 10 headwater streams within 29 
the Malcolm Knapp Research Forest (MKRF; 49°18’40”N, 122°32’40”W), a temperate 30 
rainforest located in the Pacific Coast Mountains of southwestern British Columbia, Canada. 31 
Mean air temperatures range from 2°C to 16°C, and mean annual precipitation is approximately 32 
2500 mm. Dominant tree species in the area include western hemlock (Tsuga heterophylla), 33 
western red cedar (Thuja plicata) and Douglas-fir (Pseudotsuga menziesii) with red alder (Alnus 34 
rubra), vine maple (Acer circinatum). Temperate rainforest ecosystems in MKRF are highly 35 
productive (1050 - 1300g C m-2 year-1; Forest Ecosystem Modelling 2006). In contrast, primary 36 



productivity in headwater streams at MKRF is comparatively low (3 - 64 g C m-2 year-1; Kiffney 1 
et al. 2000). Watersheds at MKRF are harvested at different times, creating different forest 2 
canopy compositions (deciduous-dominant, mixed-canopy deciduous-coniferous, and coniferous 3 
dominant) based on different stages of forest succession post-harvest.  4 

      We selected 10 streams within the Malcolm Knapp Research Forest (Fig. 1) that were 5 
roughly similar in terms of general size and physical parameters (Table 1). These streams had a 6 
range of canopy composition from almost entirely deciduous to almost entirely coniferous. Using 7 
a spherical densiometer, we estimated the percent riparian canopy covered by coniferous and 8 
deciduous trees. Ten replicate estimates were made along the stream channel (n = 5 per side) and 9 
an additional 10 replicates at approximately 25 m from the stream channel (n = 5 per side). 10 
Webster and Meyer (1997) determined that 15 - 50% of stream leaf litter inputs reach the 11 
channel through lateral inputs. Accordingly, we developed a combined stream canopy estimate 12 
using 17.5% of the average canopy composition (% deciduous and % coniferous cover) 13 
estimated 25 m from the stream and 82.5% of the average canopy composition estimated directly 14 
over the stream bed. Mean percent deciduous to coniferous canopy composition (D/C) values 15 
were log-transformed to improve normality and linearity.  16 

Experimental sampling 17 

      Freshly senesced (still green) alder leaves and hemlock needles was collected along Spring 18 
Creek, MKRF immediately prior to the studies. Recently senesced alder leaves were collected 19 
from the forest floor and conifer material was obtained by shaking western hemlock trees and 20 
collecting the dropped material which were leaves ready for abscission. Litter was air-dried for 21 
48 hours prior to use. Two-gram leaf packs of both leaf litter types were weighed and placed in 22 
PVC tubes (hereafter cylinders). Leaf material was immersed in the streams in PVC cylinders 23 
(24.5 ´ 6 cm diameter; Fig. 2). Each cylinder was fitted with mesh (0.48mm) at both the 24 
upstream and downstream ends, this mesh size is sufficient to allow the free movement of water 25 
through the cylinders while preventing the loss of the smallest particles of interest (fragments of 26 
hemlock needles). Eight to ten holes (1.0 cm diameter) were drilled in the upstream end of each 27 
cylinder to allow invertebrates to move in and out of the chamber. 28 

      On 08 July 2007 and 02 July 2008 we deployed leaf packs into each of 10 streams [n = 210 29 
cylinders; (2 litter species) ´ 10 streams ´ 3 or 4 sampling dates]. Control cylinders were placed 30 
in each stream to estimate organic matter entering cylinders during the study. Additional leaf 31 
packs were transported back to the laboratory the same day and were used to estimate handling 32 
loss and initial litter chemistry. Leaf packs were retrieved after 3, 20 and 40 (45 for the 2008 33 
study) of incubation, returned to the laboratory on ice, and processed within 12 h. Hemlock litter 34 
samples were also collected after 60 days of incubation because it breakdowns more slowly. 35 
Retrieved litter was rinsed over nested sieves (1 mm and 250 µm) to collect invertebrates and 36 
remove sediments and debris.   37 

Litter chemistry and mass loss 38 

      Litter carbon and nitrogen ratios (C:N) were measured with a Carlo Erba 1500N CHN 39 
Analyzer (Carlo Erba, Milan, Italy). 40 



      Litter mass remaining data were fitted to a negative exponential model, Mt = M0e-kt, 1 
commonly applied to litter breakdown studies (e.g., Petersen and Cummins 1974). Oven-dried 2 
(40º C for 24 h) litter was weighed and combusted at 550 °C for four hours to estimate ash-free 3 
dry mass (AFDM) remaining. Litter AFDM was measured by subtracting ash weight from dry 4 
weight. Weight of organic matter remaining when leaf packs were collected was corrected for 5 
passive deposition of organic matter by subtracting AFDM of controls from litter AFDM.  6 

Stream macroinvertebrates  7 

      Invertebrates from all leaf packs on day 40 (2007) were stored in 70% ethanol for later 8 
identification. Individuals from two size classes (> 1000 mm and 250 – 1000 mm) were counted 9 
and identified to the lowest possible taxonomic level and assigned to a functional feeding group 10 
(Wiggins 1986, Thorp and Covich 1991, Wallace et al. 1999, Merritt and Cummins 2007).   11 

Microbial respiration 12 

      We measured microbial respiration in the laboratory as oxygen uptake of incubated litter. 13 
Ten A. rubra leaf disks (17 mm diameter) and 50 T. heterophylla needles were taken from 14 
incubated leaf packs on each sampling date. These litter subsamples were placed in darkened 15 
respiration chambers (60 mL) containing unfiltered stream water, and oxygen concentrations 16 
were measured after 24 h with a WTW Oxi 330 Oximeter and CellOx 325 Probe (WTW, 17 
Weilheim, Germany). Controls contained only unfiltered stream water. Oxygen consumption 18 
was determined as the slope of the regression of oxygen concentration over time, adjusted for 19 
unfiltered stream water controls and temperature, and expressed per gram litter AFDM per hour 20 
(Gulis and Suberkropp 2003).    21 

Microbial community analyses 22 

      Deoxyribonucleic acid (DNA) of bacteria and fungi was isolated from frozen (-80 °C) 23 
subsamples of A. rubra (surface area = 453.7 mm2) and T. heterophylla (SA?5 needles) using an 24 
Ultraclean Soil DNA extraction kit (MoBio Laboratories, Carlsbad, CA, USA). Three replicates 25 
of extracted DNA from A. rubra and T. heterophylla litter and DNA of bacterial [Paenibacillus 26 
polymyxa strain P2b-2R (R = Rifamycin resistant)] and fungal (Cortinarius multiformis Fr.) 27 
reference cultures were amplified with polymerase chain reaction (PCR). Universal primers 28 
(Operon Biotechnologies, Inc., Huntsville, AL, USA) were used to amplify a fragment of 18S 29 
rRNA gene of bacteria and the intergenic transcribed spacer (ITS) region of fungi. Bacterial 30 
primer pairs 341F labeled at the 5’ end with 6-carboxyfluorescein and 534R were used to 31 
amplify a 200bp fragment of the 16S rRNA gene (Muyzer et al. 1993). The ITS region of fungi 32 
was amplified with primer pairs F1300 labeled at the 5’ end with Cy5.5 and primer D labeled at 33 
the 5’ end with Cy5 (Nikolcheva and Bärlocher 2005). Each 25 mL PCR reaction contained 10 34 
µM forward primer, 10 µM reverse primer, 2.5 mM MgCl2 (Promega, Madison, WI, USA), 1 mg 35 
ml-1 bovine serum albumin (Amersham Biosciences, Piscataway, NJ, USA), 160 µM dNTP, 1X 36 
Paq buffer (DiaMed Lab Supplies, Inc., Mississauga, ON, Canada), 1.5 units Paq DNA 37 
polymerase (DiaMed), and 5 mL of sample DNA. A 1:100 dilution of DNA extract was optimal 38 
for amplification of bacterial and fungal DNA. All PCR reactions were performed using a PTC-39 
100 DNA thermocycler (MJ Research, Waltham, MA, USA) and included an initial denaturing 40 



step at 94� C for 2 min, followed by 40 cycles of denaturing at 94� C for 1 min, annealing at 1 
56.4� C for 1 min, and extension at 72� C for 1 min. A final extension cycle was run at 72� C 2 
for 5 min. PCR products were imaged with Gel Doc 2000 digital gel imaging system (Bio-Rad) 3 
on a 1% agarose gel stained with ethidium bromide, and the relative intensities were quantified 4 
using a 100-bp DNA ladder (New England Biolabs, Pickering, Ontario, Canada). 5 

      Microbial community diversity from one replicate of extracted DNA from bacteria and fungi 6 
was assessed with terminal restriction-fragment length polymorphism (t-RFLP; Nikolcheva and 7 
Bärlocher 2005). Bacterial PCR products were digested at 37� C using 10 U of restriction 8 
enzymes HaeIII and AluI (both have 4-bp recognition sites???) with One-Phor-All-Plus buffer 9 
(New England Biolabs). Fungal PCR products were digested at 37� C using 10 U of restriction 10 
enzymes RsaI, HinfI, and DdeI (have 4-bp recognition sites???) with SuRE cut buffer L and 11 
buffer H (New England Biolabs). A fluorescent M13 tail was incorporated into digested samples 12 
using the same thermocycle procedure above. Samples were purified using a Sephadex DNA 13 
purification kit and dried to a constant volume. Using a 4300 DNA Analyzer (Li-Cor 14 
Biosciences, Lincoln, NB, USA), concentrated, purified DNA samples were loaded onto a 4% 15 
polyacrylamide gel for band fragment analysis in AFLP mode. Imaged gel files were analyzed 16 
using Saga software (Li-Cor Biosciences). The number of distinct allele bands was used as a 17 
surrogate for bacterial and fungal community diversity.   18 

Statistical analyses 19 

Riparian canopy composition and stream properties 20 

      Data on riparian canopy composition and stream properties were pooled across sites within 21 
deciduous, mixed, and coniferous categories. The log (deciduous:coniferous canopy) was 22 
compared among categories using one-way analysis of variance (ANOVA).   23 

Litter chemistry and mass remaining 24 

      Breakdown rates (k) of alder and hemlock litter in the presence and absence of invertebrates 25 
were compared against log (deciduous:coniferous canopy) using simple linear regressions.  26 

      We used two-way ANOVA and Tukey’s HSD to compare effects of canopy composition and 27 
litter quality on litter C:N, mass remaining, and microbial respiration rates of A. rubra and T. 28 
heterophylla. Analyses were conducted with SAS version 9.1 (SAS Institute Inc., Cary, NC, 29 
USA) with an alpha (type I error rate) of 0.05. Assumptions of normality of residuals were met 30 
for all analyses (Shapiro-Wilkes test).   31 

Invertebrate communities 32 

      Total invertebrate abundance and diversity (species richness, Simpson’s and Shannon’s 33 
diversity indices) were compared using two-way ANOVA and Tukey’s HSD. We analyzed 34 
invertebrate community data using nonmetric multidimensional scaling (NMDS) procedure in 35 
PC-ORD (Version 4.10, MjM Software, Gleneden Beach, OR, USA). An indicator taxa analysis 36 
(Dufrêne & Legendre, 1997) was used to determine the responses of specific invertebrate taxa to 37 



litter quality and riparian canopy composition. An indicator value (0 – 100) was generated for 1 
each taxon based on the product of its relative frequency and relative abundance. Monte Carlo 2 
tests (1000 randomizations) determined if indicator values were greater than expected by chance. 3 
Indicator taxa have both an indicator value > 20 and a P ≤ 0.05 (Dufrêne & Legendre, 1997).  4 

Microbial communities 5 

      The number of bacterial and fungal t-RFLP fragments associated with with different litter 6 
quality and riparian canopy compositions was compared on each sampling date using two-way 7 
ANOVA and Tukey’s HSD. We also used NMDS (PC-ORD) to assess how bacterial and fungal 8 
communities changed during decomposition.   9 

 10 

V. Project scope and regional applicability: Malcolm Knapp Research Forest near Maple 11 
Ridge, British Columbia (includes streams in the Alouette River and Pitt River watersheds. 12 

 13 

VI. Interim Conclusions: 14 

Breakdown rates of alder litter were faster in streams containing a greater proportion of 15 
deciduous than coniferous canopy; whereas breakdown rates of hemlock litter were independent 16 
of canopy composition. When invertebrates were excluded using fine mesh to isolate microbe-17 
specific processing dynamics, breakdown rates of both species were an order of magnitude less 18 
and were highest in mixed-canopy streams. Benthic invertebrates and microbes appear to 19 
differentially explain variation in organic matter processing dynamics attributed to forest canopy 20 
composition. Dominant invertebrates and community structure vary among streams with 21 
different forest canopies, whereas invertebrate community diversity is linked to litter type. 22 
Within microbial communities, bacteria and fungi responded uniquely to both riparian canopy 23 
composition and litter type during decomposition. Fungal community diversity was initially 24 
different among riparian canopies, but as decomposition proceeded fungi on deciduous and 25 
coniferous litter in all streams were similar. In contrast, bacterial community diversity was 26 
initially similar among litter types and riparian canopies but began to show differences among 27 
litter species and canopy types after two weeks. Bacteria and fungi may be competing with one 28 
another for leaf litter resources throughout decomposition in streams, which reflects the 29 
differential consumer community responses to both leaf litter and riparian canopy composition 30 
over time. Our findings provide further evidence linking the effects of forest management 31 
practices on changes in terrestrial energy resources with subsequent implications for stream 32 
consumer biodiversity and ecosystem functioning. 33 

 34 

 35 

36 
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Table 1. Habitat characteristics associated with 10 small streams at Malcolm Knapp Research Forest, British Columbia, Canada. 1 

Substrate classes are calculated from mean particle widths from two depth levels (Bain et al. 1985). Canopy type measured as the log 2 

of deciduous (D): coniferous (C). Stream site codes are as follows: LOMI = Lower Mirror, UPMI = Upper Mirror, MARI = Marion, 3 

EAST = East, BIDO = Big Doneghy, BLAN = Blaney, LISP = Little Spring, SPRG = Spring, MIRR = Mirror, LIDO = Little 4 

Doneghy.  5 

6 

LOMI 6.21 14.90 13.6 3.0 5.08 4 - cobble 1.26 0.32 0.02 Coniferous

UPMI 6.28 15.22 13.7 4.0 3.82 4 - cobble 1.54 0.17 0.02 Coniferous

MARI 6.20 13.08 26.3 8.0 8.46 4 - cobble 1.92 0.06 0.31 Mixed
EAST 6.15 13.77 23.3 1.5 11.00 3 - pebble 1.76 0.26 0.35 Mixed

BIDO 6.47 14.01 32.1 4.0 6.60 3 - pebble 1.26 0.38 0.47 Mixed

BLAN 6.50 12.91 25.3 2.0 14.02 3 - pebble 3.82 0.35 0.47 Mixed

LISP 6.62 14.45 33.1 2.0 6.30 3 - pebble 2.12 0.20 0.57 Mixed

SPRG 6.44 14.96 30.4 2.0 11.46 3 - pebble 3.38 0.23 0.97 Deciduous

MIRR 6.35 13.28 15.4 5.5 5.73 4 - cobble 1.56 0.29 1.05 Deciduous

LIDO 6.12 14.08 26.7 2.5 6.38 3 - pebble 1.30 0.38 1.68 Deciduous

Wetted 

width (m) Canopy type

Stream 

code

Velocity 

(cm/sec)

Canopy composition 

(log D:C)pH Temperature (C)

Conductivity 

(uS)

Slope 

(%)

Depth 

(cm)

Substrate 

class



Table 2. Stream invertebrate community metrics associated with red alder (Alnus rubra) and Western hemlock (Tsuga heterophylla) 1 

and control (no litter added) leaf packs in streams at Malcolm Knapp Research Forest, British Columbia, Canada. Values are means. 2 

Values associated with litter type and canopy composition [deciduous (D), mixed (M), and coniferous (C)] were compared using 2-3 

way ANOVA and Tukey’s HSD. NS = not significant (P > 0.05). 4 

 5 

6 

D M C All D M C All Canopy Species Canopy*Species D M C All
Abundance (individuals/ litterbag) 6.00 8.00 5.00 7.00 5.00 4.00 2.00 4.00 NS 0.024 NS 5.00 7.00 5.00 6.00

Richness (# of taxa/ litterbag) 20.00 22.00 21.00 21.00 18.00 18.00 16.00 18.00 NS 0.016 NS 21.00 19.00 21.00 20.00
Evenness 0.85 0.90 0.84 0.87 0.82 0.83 0.82 0.83 NS 0.042 NS 0.83 0.88 0.85 0.86
Shannon's Index 2.55 2.73 2.58 2.65 2.34 2.38 2.23 2.34 NS 0.004 NS 2.49 2.57 2.58 2.56
Simpson's Index 0.89 0.92 0.90 0.91 0.86 0.86 0.85 0.86 NS 0.004 NS 0.89 0.90 0.90 0.90

ControlAlder Hemlock Alder vs. Hemlock (P-values)



Table 3. Results of indicator taxa analysis results for macroinvertebrates unique to streams with different forest canopy compositions 1 

at Malcolm Knapp Research Forest, British Columbia, Canada. Values represent indicator values (I-value), Monte Carlo P-values, and 2 

forest canopy composition [log(proportion deciduous/coniferous)].  See Table 1 for stream site codes. Functional feeding groups 3 

(FFG) were identified for each indicator taxon (C-G = collector-gatherer, P = predator, SC = scraper, SH = shredder).   4 

5 
Indicator taxon FFG I-value P-value Canopy type

Cladocera: Cyoridae SC 49.2 0.001 Deciduous

Ostracoda unknown 21.1 0.035 Deciduous
Oligochaeta: Naididae C-G 65.0 0.001 Deciduous
Hydra P 21.4 0.012 Deciduous
Ephemeroptera: Leptophlebiidae: Paraleptophlebia spp. C-G 28.5 0.029 Deciduous
Diptera: Chironomidae: Tanytarsini C-G 48.7 0.013 Mixed
Diptera: Chironomidae: Orthocladiinae C-G 57.6 0.003 Mixed

Diptera: Chironomidae unknown 57.1 0.002 Mixed
Hydracarina P 53.1 0.001 Mixed
Trichoptera: Brachycentridae: Micrasema sp. C-G 27.1 0.030 Coniferous
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Figure 1. Map of stream sites 1 

2 



Figure 2. Decomposition rates (k) of deciduous (red alder, Alnus rubra) and coniferous (Western 1 

hemlock, Tsuga heterophylla) litter from 10 streams with different canopy compositions 2 

(deciduous and coniferous) at the Malcolm Knapp Research Forest, British Columbia, Canada. 3 

(A) summer 2007, no invertebrate exclusion; (B) summer 2008, invertebrate exclusion.  4 

 5 
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Figure 3. Litter mass remaining during breakdown (summer 2008).   1 
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Figure 4. 1 
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Figure 5. 1 
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