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ABSTRACT 
 

Because of methodological uncertainties and experimental confounding of covariables, different opinions 
exist as to the importance of macroinvertebrates in the breakdown of leaves in water. Careful attention to and 
avoidance of many of these problems in the present study allowed for examination to be made of whether any 
empirical relationship existed between macroinvertebrate colonization and leaf breakdown rates in different 
lakes. The breakdown rates of six species of leaves in four oligotrophic boreal lakes were found to be 
independent of the food-related colonization abundance of macroinvertebrates. These results support earlier 
studies which have inferred that macroinvertebrates may play only a minor role in the breakdown of leaves in 
lakes and large rivers. 
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Introduction 

 
Energy flow in low order streams and oligotrophic lakes often depends on the input of allochthonous 

particulate organic matter from riparian forests (Cummins, et al. 1973; France, 1995). Determining the rates of 
litter breakdown and understanding the forces which influence these rates are therefore important for estimating 
the potential contributions of terrestrial plants to the functional ecology of aquatic systems (Boling, 1975; 
Hanlon, 1982). Opinions differ, however, as to the relative importance of macroinvertebrates in the overall 
process of leaf breakdown in freshwaters (Webster, 1986). 

A large part of the confusion as to whether macroinvertebrates play a major or a minor role in contributing 
toward leaf breakdown is due to methodological confounding. In particular, these problems often entail any or 
all of: lack of a cross-system empirical approach, inadequate experimental design, and use of inappropriate 
statistical analyses. 

The majority of studies investigating the role of macroinvertebrates in leaf breakdown are based on 
comparisons made between different litter types or exposure times, usually at only a single study location. 
Iverson (Iverson, 1975), however, in a break from this established methodology, attempted to determine whether 
any empirical relationship could be found between macroinvertebrate colonization and the breakdown rates of 
beech leaves placed in 6 streams. Development of such empirical relationships, which are the cornerstone of 
predictive limnology (Peters, 1986), are essential for addressing managerial concerns and environmental 
problems in aquatic ecology (Naiman, et al. 1995). The present study outlines such an empirical approach for 
examining the role of macroinvertebrates in leaf processing. Application of this methodology is demonstrated 
with an example involving 6 species of leaves with known differences in breakdown rates that were placed 
within 4 oligotrophic lakes characterized by having different zoobenthos abundances. 

 
Methods: 

 
Outline of Empirical Methodology:  
 

The most common experimental approach for assessing the importance of macroinvertebrates in leaf 
breakdown is to use litter bags of contrasting mesh size. The reduction in breakdown rates within certain bags as 
a result of their small mesh openings is frequently attributed to the exclusion of large grazers, scrapers and 
shredders from access to the plant litter. However, confounding due to alterations in the immediate 
hydrodynamic environment and accumulation of sediments, both of which are associated with use of small mesh 
litterbags, precludes identification of macroinvertebrates as being the sole manipulated variable. This problem is 
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particularly significant as many breakdown studies have been conducted in environments of high water 
turbulence that may itself play a role in the processing of leaves located therein. In the present methodology, 
contrasting differences in macroinvertebrate abundance were obtained by placing litterbags within lakes of 
differing zoobenthos communities rather than by using mesh-exclusion bags at a single study location.   

Most calculations of leaf breakdown rates are based on fitting mathematical models to temporal weight loss 
data including that caused by leaching within the first week of immersion. It is inappropriate, however, to 
include the often considerable weight losses primarily associated with abiotic process in investigations of the 
role of macroinvertebrates in leaf decomposition. Breakdown rates determined in the present methodology are 
based, therefore, on only those weight losses that occur following the initial period of abiotic leaching and early 
microbial conditioning.  

Failure to recognize the temporal non-independence of multiple measures is one of the most common of all 
statistical errors (Fowler, 1990). As a result, analysis of breakdown rates in the present methodology rely upon 
use of nonparametric trend analyses developed for serially autocorrelated data (France, et al. 1992). 

Many studies of leaf breakdown rates have been based on submersion of leaves which were pre-dried in 
order to obtain initial weights. However, such pretreatment of leaves is artificial and alters the pattern of 
breakdown expected to occur in natural situations (Gessner, 1991; Gessner, 1989). Therefore, because pre-
drying of leaves will bias calculation of breakdown rates (Boulton, 1991), this process is avoided in the present 
methodology.  

Although often assumed in the literature, it is actually erroneous to consider that all macroinvertebrates 
colonizing leaves in litterbags do so solely for purposes of feeding (Dobson, 1991; Street, 1982). For the present 
methodology, use is therefore made of inert plastic leaves and needles in order to identify and then remove the 
colonization attraction of litter as a habitat resource. 

In summary, the present empirical methodology is based on the use of different types of leaves replicated in 
systems of contrasting macroinvertebrate abundance, used controls to remove habitat colonization effects, 
ignored early weight losses primarily attributable to abiotic leaching and pre-drying of leaves, and used 
appropriate statistical methods in which to analyze breakdown rates.  

 
Description of Study Lakes:  
 

The study area is situated within the boreal forest of northwestern Ontario, located on the Canadian Shield 
45 km northwest of the town of Atikokan and about 100 km southeast of the famous Experimental Lakes area 
(maps are shown in France et al. (1998), Patterson et al. (1998) and Steedman (2003)).  Details concerning 
vegetation, litterfall, topography and soil properties of this area are presented in France (1995a, 1997a, 1998a), 
France and Peters (1995) and France et al. (1996, 1998). The study lakes are small, proximally located, 
headwater basins characterized by ionically dilute waters, low nutrients, and cold temperatures. Importantly for 
purposes of this study, these oligotrophic lakes were of similar physio-chemistry (Knapp, et al. 2003; Steedman, 
2000; Steedman, 2000; Steedman, et al. 1998; Steedman, et al. 2001). As characteristic of Canadian Shield 
lakes elsewhere (France, 1990; France, 1997c), biodiversity and abundance of littoral zoobenthos in the study 
lakes are low, with animals, in the absence of extensive regions of macrophytes, being instead concentrated in 
areas having accumulations of sediments and wood (France, 1997b). Macroinverebrates in these lake actively 
colonize allochthonous litterfall (France, 1997c; France, 1998a), no doubt at least partially due to the fact that 
they have been shown, through stable isotope analysis, to rely substantially upon external sources of carbon 
derived from terrestrial organic matter (France, 1998b; France, 1996; France, 1995b).  Most importantly for 
purposes of the present study, macroinvertebrate abundance, in contrast to physio-chemistry, did display marked 
differences among the four study lakes, being highest in Lake 26, intermediate in Lakes 42 and 20, and lowest in 
Lake 39 (R. France, unpubl. data; (France, 1997b)).  

 
Experimental Description:  
 

Breakdown rates and colonization abundance of macroinvertebrates were determined for 6 species of trees 
common to riparian forests around boreal lakes in northwestern Ontario (France, et al. 1998): black spruce 
(Picea marina), jack pine (Pinus banksiana), eastern cedar (Thuja occidentalis), trembling aspen (Populus 
tremuloides), white birch (Betula papyrifera) and speckled alder (Alnus rugosa). Study methods are detailed in 
France (1998a). Briefly, leaves were obtained immediately before their abscission from several trees, and 12 g 
(wet wt) undried amounts were placed within litterbags (16 x 24 cm; mesh openings of 0.5 cm). Twenty-nine 
bags per litter type were then tethered to wood planks which were anchored at depths of 0.5-1.5 m within 
sheltered embayments in the littoral zones of the four small oligotrophic lakes during the last week of August 
(i.e. at the time of the commencement litterfall). Accumulations of plastic leaves and needles within litterbags 
were used as references in which to separate colonization motivated by habitat from that motivated by terrestrial 
plant food. Samples were collected following a 2 wk period determined from laboratory studies of leaching 
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kinetics (France, et al. 1996; France, et al. 1997), and at 1 mo (before freeze-up), 9 mo (after ice break-up), 11 
mo and 12 mo intervals. To compensate for presumed increases in variance with time, sample sizes were 
elevated accordingly: 3, 4, 5, 7 and 10 litterbags. Using SCUBA, litterbags were gently raised from the substrate 
and quickly sealed within plastic bags. The occasional presence of highly motile small fishes indicated that there 
was little likelihood that more sessile macroinvertebrates escaped collection.  Samples were transported back to 
the field station where live organisms were removed from leaves and litterbags within 2 days of collection. 
Because of the extensive sampling effort (i.e. almost 700 litterbags), macroinvertebrate identification was 
limited to broad taxonomic categories as in France (1990, 1997b, 1997c, 1998a, 1998b). Due to the very low 
diversity of macroinvertebrates in softwater, olgotrophic lakes on the Canadian Shield, each taxonomic order is 
composed of fewer than half a dozen species (France, et al. 1991).  For the present study, only predominantly 
non-predatory orders were used in the calculation of mean macroinvertebrate colonization abundance. Plant 
weight loss was determined as differences in oven-dried (48 hr, 60o C) values of litter from measurements of 
weight loss in other samples which had been wet-weighed, transported to and from the lakes, and then oven-
dried. Leaf breakdown rates were calculated using Kendall's nonparametric trend slope estimator (France, et al. 
1992). 

 
Results and discussion 

 
Litterfall colonization abundances of macroinvertebrates in these study lakes are related to actual densities 

(R. France, unpubl. data; (France, 1997b)). For the present comparisons, colonization abundance was ranked 
highest in Lake 26 for 5 of the species of leaves and second highest for the remaining species (Table 1). In 
contrast, colonization abundance was ranked lowest in Lake 39 for two of the species of leaves and second 
lowest for the remaining 4 species. Table 1 shows that food-related colonization abundance of 
macroinvertebrates per litterbag (i.e. total number per litterbag containing leaves subtracting abundance per 
litterbag containing appropriate plastic substrates (France, 1998a)) ranged from a low of 0.1 for both spruce and 
alder in Lake 20 to a high of 6.1 for spruce in Lake 26. Leaf breakdown rates were greatest for alder in Lake 39 
(6.9 % mo-1) and lowest for spruce in Lake 26 (0.4 % mo-1). Despite such wide ranges in both measured 
variables, only a single positive relationship (nonparametric Freidman test, p < 0.05) was observed between the 
abundance of macroinvertebrates colonizing plant litter for food and the breakdown rates of leaves in these 
oligotrophic boreal lakes. Presence of such a positive relationship would suggest a role of detritivory in 
decomposition. This, however, only occurred for cedar. No other positive relationships were found between 
marcoinvertebrate colonization abundance and leaf breakdown when examined either for the same plant species 
across the study lakes or for different species of plants within any single study lake.  

 
Table 1: Relationship between annual breakdown rates (“B”; in % per month) and food-related macroinvertebrate colonization abundance 

(“A”; as average # per litterbag) for 6 species of leaves placed in the littoral zones of 4 oligotrophic boreal lakes (arranged from 
top to bottom in order of increasing average breakdown rates for all species). 

 Alder Birch Aspen Cedar Pine Spruce 
 B         A B         A B        A B         A B         A B         A 
Lake  39 6.9      0.5            4.0      0.7 2.2      0.7 4.1      1.2 1.0      0.7 6.7      0.2 
Lake  42 5.1      1.1            4.6      1.8 3.0      1.5 3.4      0.5 2.8      1.2 5.9     1.5 
Lake  20 3.7      0.1 3.7     0.2 5.5     1.6 2.6      1.1 3.3      4.0 2.9      0.1 
Lake  26 5.4      1.8            4.5     5.3 3.3      4.2 4.1      1.3 0.4      6.1 3.9     1.9 

 
The results of the present study obtained through using the empirical methodological approach pioneered by 

Iverson (Iverson, 1975) offers support for the contentions of Hanlon (1982) that macroinvertebrate colonization 
is unimportant to litter breakdown in north-temperate, oligotrophic lakes. Other work has also suggested that 
macroinvertebrates may play only a minor role in the breakdown of leaves in some rivers (Mathews, 1969; 
Webster, 1986). It may be that the allochthonous supply of litter to large bodies of water such as lakes and high 
order rivers is insufficient to enable the development of an extensive resident community of leaf-consuming 
detritivores as is frequently found within small forested streams (Webster, 1986). The present results therefore 
support the belief that in oligotrophic lakes differences in leaf breakdown rates are probably much more likely to 
result from physio-chemical differences in plant material (e.g. ligin, cellulose, and nitrogen contents, shape, size 
and cuticle characteristics) and the ambient environment (water turbulence, temperature, and nutrient 
concentrations, inorganic sediments etc.). With respect to the present group of proximal lakes characterized by 
having many similar physio-chemical characteristics, differences in leaf breakdown rates might be related to 
differences in wave energy or in the rates of microbial processing, both of which were not measured in this 
study.  Such factors may be more likely candidates to explain differences in leaf breakdown rather than variable 
levels of (generally quite low) macroinvertebrate colonization and inferred differences in their decomposition 
capabilities. Adoption of the present empirical methodological approach to other systems characterized by 
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having greater absolute abundances of macroinvertebrates than oligotrophic boreal lakes would be a profitable 
direction worth pursuing further. 
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