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Abstract 
A very select group of indicators have been proposed for evaluating the effects of forest 
practices on stream and river communities.  Development of stream invertebrate 
assemblages has progressed and shows promise as a tool for resource managers.  
However, other groups of organisms should show similar trends, otherwise indicators are 
not effective.  In this project we are comparing the responses of two additional taxonomic 
groups that are not well-studied in British Columbia, i.e., algae (broadly defined) and 
aquatic fungi, as well as a functional measure, leaf litter decomposition rates.  These 
additional indicators are being evaluated for their congruence with invertebrates, and for 
their value as indicators.  As well, some additional indicators might be more effective if 
the costs of obtaining and processing samples is relatively lower, and if their accuracy 
and precision as a tool proves to be helpful.  Through the first year of the study, algal 
assemblages (sampled 3 times), fungal assemblages, and leaf litter decomposition rates in 
15 streams have been obtained and show interesting results to date.  The first year was 
very successful and the project is proceeding as planned.  
 
Study aims 
 

Current management strategies that have been proposed to mitigate the impacts of 
forest harvesting on headwater streams have emphasized the maintenance of temperature 
regime, primary production and inputs of organic allochthonous matter to stream channel 
(wood and leaf litter). Surprisingly, little attention has been paid on forestry impact on 
litter decomposition which is a major in-stream ecological process likely to sustain many 
valuable ecosystem functions and services (e.g. secondary production). As a major 
promoter of leaf decomposition, aquatic hyphomycete fungi also deserve special 
attention. In spite of repeated evidences in the literature about the important role played 
by riparian forest in structuring fungal assemblage in streams, we still lack information 
on their response to forest harvesting and alternative practices based on riparian buffer 
strips or forest thinning (partial harvesting). 

In this study, we hypothesize that both leaf litter decomposition and fungi 
associated to decomposing leaf litter would be affected by forest harvesting and that 
alternative management strategies aiming at conserving riparian forest can mitigate these 
effects. 
 
Methods 
 

We used the mesh bag method to study leaf decomposition and leaf-associated 
fungi in streams. We used plastic net with 10 mm mesh size to ensure the largest 
invertebrates inhabiting the studied reaches to access the leaves. Senescent leaves of alder 



(Alnus rubra) were collected during natural fall and air-dried for several weeks. Nine leaf 
bags consisting of 5 g of alder leaf litter were introduced in each of the 16 streams on 
October 31 and November 2, 2006. Three leaf bags were retrieved at each of the 3 
sampling occasions (November 13-16, December 4-6 and January 8-12) and returned to 
the laboratory for determination of leaf mass remaining and fungal assemblages in leaves. 

Leaves were washed individually with filtered stream water and distilled water to 
remove sediments and invertebrates which were collected in a 500-μm mesh sieve and 
preserved in 70% ethanol. Two sets of 5 small (1-cm diameter) leaf discs were cut from 
leaves selected at random in each leaf bags. The first set of leaf discs were kept frozen at 
-18 degree-Celsius. The second set of leaf discs were placed in a 250 mL Erlenmeyer 
containing 35 mL of filtered stream water and incubated on an orbital shaker (100 rpm) at 
10 degree Celsius for 48 hours. Leaf discs cut in the leaves from the 3 replicate bags 
collected in a single stream were pooled so that each Erlenmeyer contained 15 leaf discs 
representative of a single stream. Spore suspensions were preserved in 50-mL plastic 
tubes with formaldehyde (2% final concentration) and stored at 4 degree Celsius until 
processing. 

Leaf material remaining in bags was oven-dried at 60 degree Celsius to constant 
mass and weighted to the nearest 0.01 g. Then, it was ashed at 550 degree Celsius in a 
muffle furnance to determine ash mass which was subtracted to oven-dry mass to 
determine leaf ash-free dry mass (AFDM) remaining. We used a linear model of the 
proportion of leaf AFDM remaining vs time (days) to determine leaf decay rate (k) in 
each stream. We used an ANCOVA model to test whether leaf decay rate varied among 
stream categories (reference, clear-cut, 10-m buffer, 30-m buffer and thinning) and 
streams (random factor nested in stream category). 

Spores of aquatic hyphomycetes released in the water during the incubation of 
leaf discs from the 16 streams were counted and identified in an aliquot. Depending on 
the concentration in spores and fine particulate matter, one to four milliliters of the spores 
suspension were filtered on a cellulose membrane filter (pore size 5μm) and the spores on 
the filter were stained with Trypan blue. Five hundreds spores were counted and 
identified on each filter under the microscope (x200). The whole filter was scanned when 
there were less than 500 hundreds spores. Spore production of aquatic hyphomycetes was 
expressed as the number of spores released per mg leaf AFDM per hour. We used the 
Kruskal-Wallis test to compare the stream categories in terms of fungal species richness 
and peak in spore production. We used the Pearson correlation to assess the relationships 
between fungal parameters and leaf decay rates. 
 
Results 

 
Leaf decay rate varied among stream category (ANCOVA, p<0.05). We found 

that alder leaf litter was decomposed faster in the reference streams than in the logged 
streams, regardless the forest treatment (Figure 1A). There were approximately a 2-fold 
difference with the clearcut, 10-m buffer and thinning streams and a 4-fold difference 
with the 30-m buffer streams. 

We identified 31 aquatic hyphomycetes species over 41 fungal taxa that colonized 
alder leaf litter. Total fungal richness by streams ranged from 12 to 26 species. There was 
no significant difference among forest treatments (Kruskal-Wallis test: p = 0.68), 



although there were in average fewer fungal species in the reference streams than in the 
clear-cut streams. Likewise, it is unclear whether forest management has altered the 
fungal assemblages, a fact which is partly due to a large stream-to-stream variation in 
relative abundance and occurrence of aquatic hyphomycete species. Indeed, high rank 
species (e.g. Anguillospora filliformis and Articulospora tetracladia) were recorded in at 
least one stream of each category. Moreover, lower rank taxa that were apparently 
specific to one or more categories did not generally occurred in all these streams (e.g. 
Clavatospora longibrachiata, Tripospermum camelopardus). It is also questionable 
whether rare species are reliable indicators of forest impact on streams due to the 
difficulty to sample them. 

Leaf decay rate was not related to the total number of fungal taxa in leaves (r = 
0.09, p=0.74). There was, in contrast, a significant positive correlation between leaf 
decay rate and peak in total spore production (r = 0.58, p = 0.017). Moreover, spore 
productions by Tetrachaetum elegans determined at the two first sampling dates were 
even better correlated with leaf decay rate (t1 and t2: r = 0.84, p<0.0001). 

 
Algae (all types – diatoms, cyanobacteria, green, red, chrysophytes, etc.) were sampled 
from all the study streams 3 times during the spring and summer of 2006.  From these 
samples, detailed taxonomy and estimation of community composition have been made.  
Some species required special methods, available through UBC, to accommodate Dr. 
Prof. Eugen Rott’s work.  We also have estimates of biomass of these algal assemblages 
for all sampling sessions.  These data have been worked up to the point of poster 
presentations, and will be presented in part at a conference in summer 2007.  From this 
work, at least one new species has been found, and only in the control streams from the 
larger riparian management study that was being used for the first set of streams in this 3 
year project.  
 
 
Implications for management 

 
Our study shows that leaf decomposition in streams responds to forest alterations 

at the catchment level. Accordingly, leaf decomposition could be used to assess the 
functional integrity of streams altered by forestry. In particular, this indicator should be 
implemented into future research programs searching for the best forest practices to 
conserve fishes and water resource in headwater catchments. 
 Fungal assemblages in leaf litter alone may not be suitable to detect the effect of 
forest alteration on streams. However, some synthetic parameters such as spore 
production by the whole fungal assemblage or selected species may be used as a 
surrogate of leaf decay rate. Such fungal parameters could be useful when there is 
suspicion of misestimated leaf decay rate due to extreme flood events that can cause 
intense physical fragmentation of the leaves in mesh bags. Thus, using together, these 
congruent indicators should strengthen the evaluation of forestry effects on detritus 
dynamics in streams. 
 The fact that neither riparian buffers or partial forest harvesting in riparian area 
was apparently efficient to maintain high rate of leaf litter decomposition calls for a need 
of further research to define more appropriate strategies of forest management. In this 



line, it would be worth elucidating the processes and mechanisms that have led to 
reduced leaf decay rate in harvested sites (ongoing work). 
 
 
Leaf experiment with 148 leaf bags 

- Preparation of leaf bags 
- Installation and retrieval of leaf bags 
- Processing of the fresh leaf samples in laboratory 
- Determination of leaf AFDM remaining 
- Analysis of fungal assemblages: Count and identification of 500 spores in 48 

samples  
 
Presentations and manuscripts 
 
Lecerf A. Integrating riparian plant diversity into conservation efforts for headwater 
streams. Oral presentation at the conference Riparian Management in Headwater 
Catchments: Translating Science into Management. Vancouver, Feb. 2007 
 
Rott, E.  Report from research activities at Stream and riparian Research Lab / J. 
Richardson UBC, Vancouver. Hydrobotanisches Seminar / Hydrobotany seminar WS 
2006/07, held at Institut für Botanik, LFU University Innsbruck, ÜR2 Sternwartestrasse 
15, A-6020 Innsbruck  Friday 19th– Saturday 20th January 2007. - poster 
 
Rott, E. Chamaesiphon komáreki species nova, a new benthic freshwater chroococcalean 
species (Cyanophyta/ Cyanobacteria) from western coniferous forest streams in British 
Columbia, Canada.  manuscript submitted 
 
Rott, E. & Richardson, J.S. Highlights from stream research in BC: first results of a 
research semester at UBC, Vancouver.  Austrian SIL, 22 Oktober 2006 – poster 
 
Rott, E.  Rare and interesting benthic diatoms from headwater streams in the Malcolm 
Knapp Research Forest, Maple Ridge, BC, Canada.  – 1st Central European Diatom 
Meeting, Berlin, 22-24 March 2007 - poster 

 
 


