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Introduction and Objectives 
 
 
 
 

In stream ecology sciences, very few papers are focused on features of 
high elevation streams. Indeed mountain effects on stream ecology are 
misunderstood because less studied than stream ecosystems in lower 
elevations. For instance, issues as altitudinal trends and fauna taxonomic 
patterns in a Nepalese river have been treated by Ormerod S.J & Rundle in 1994 
or ecology of glacial mountain streams have been studied by Snook D.L. & 
Milner in 2001 and by Winterbourn & Al. in 1994. But there is still many questions 
such as are water temperature, slope or power of flow influencing the patterns of 
benthic ecosystems? 

The aim of this study was to determine if the elevation has an impact on 
aquatic benthic communities in the coastal temperate rainforest of British 
Columbia (CA). The experiment tried to assess the benthic biodiversity variation 
in streams at different levels of elevation by aquatic invertebrates trapping and 
organic matter decomposition rate (litter bag technique).  

The study has been made in three similar local parks of British Columbia 
from August 2008 to December 2008. This period fits with the autumn season. 
Nevertheless, it was a relatively dry autumn for British Columbia in 2008. With 
the data coming from the samples harvested, we tried to figure out a linear 
relationship between leaf breakdown and elevation and between biodiversity and 
quantity of macroinvertebrates and elevation. 
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I- Sites of study 
 

1- University of British Columbia and Laboratories 
 
The University of British Columbia (UBC) of Vancouver prepares students to 
become exceptional global citizens, promotes the values of a civil and 
sustainable society, and conduct outstanding research to serve the people of 
British Columbia, Canada, and the world in many different fields. 
 
One of them is Forestry. It is the science, art and practice of understanding, 
managing and using wisely the natural resources. These resources include 
timber, water, fish, wildlife, soil, plants, and recreation. The utilization and the 
management of all of these resources is part of the cultural heritage of British 
Columbia. Finding a balance between the multiple uses, while sustaining and 
conserving forest resources, is the basis of the Forestry Faculty. 
 
The Faculty of Forestry is housed on UBC’s spectacular campus in the Forest 
Sciences Centre, one of the campus' newest buildings. (Cf. Fig 01: Picture of the 
Forest Science Centre) 

 

  
 
 

 

 
 
  

 
Fig 01: Pictures of the Forest Sciences Centre and the Stream and Riparian 

research laboratory 
 

 
In the Forest Sciences Department, the Stream and Riparian research laboratory 
works on issues related to the mechanisms that structure streams and riparian 
areas, and how various land-use practices affect those systems. It tries to figure 
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out how the multiple sets of interactions combine to affect population sizes and 
community structure (benthic invertebrates, amphibians, fishes…). Those kinds 
of questions are important for being able to predict the effects of human impacts 
on natural systems. 
Some of the current research projects include: 
Effects of riparian management on streams and riparian areas; Tailed Frogs; 
Pacific Giant Salamanders; Benthos communities as indicators of stream 
ecosystem responses to forest practices in the boreal forest; Resource limitation 
in streams and the role of organic matter source; Eco-toxicology in streams. 
The supervisor of the Stream and Riparian research laboratory is Dr J. 
Richardson, Professor in aquatic and riparian area ecology. Facilities available 
for his research program are two furnished laboratories and UBC trucks. (Cf. Fig 
01: Picture of the Stream and Riparian research laboratory) 
 

2- BC`s Coastal Temperate Rainforests 
 
The coastal British Columbia zone is, on average, the rainiest area in Canada. It 
typically has cool summers (although hot dry spells can be frequent) and mild 
winters. Mean annual temperature is about 8°C and ranges from 5.2 to 10.5°C. 
Mean annual precipitation ranges from about 1400 mm to as much as 5000 mm: 
areas of coastal British Columbia are among the wettest non-tropical areas on 
earth. Consequently forests are relatively unimpacted by fire as a stand-replacing 
disturbance. This allows development of multi-aged, multi-canopy, old-growth 
forests with large volumes of living and dead wood. These forests, structurally 
and biologically complex, are called coastal temperate rainforests. 
 
Coastal temperate rainforests make up only a small portion (2–3%) of the area of 
the world’s temperate forests. Approximately half of the world’s coastal 
temperate rainforest is located on the northwestern maritime margin of North 
America, and almost half of the North American coastal temperate rainforests are 
in British Columbia (MacKinnon et al, 2003). The vast areas of old-growth 
rainforest in the central and coastal areas of British Columbia are the best (and 
some of the last) remaining examples of this kind of forest on the planet. (Cf. Fig 
02: Temperate rainforests world distribution)  

 
Fig 02: Temperate rainforests world distribution 
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In British Columbia, these forests cover much of Vancouver Island, the Queen 
Charlotte Islands, and the Coast Mountains where they occupy elevations from 
sea level to 1000 m. 
 
British Columbia’s coastal temperate rainforests are overwhelmingly coniferous. 
The most common tree species in coastal temperate rainforest is western 
hemlock (Tsuga heterophylla). Other common coniferous tree species are 
western red-cedar (Thuja plicata) and douglas-fir (Pseudotsuga menziesii). 
Stands dominated by deciduous tree species are often confined to riparian 
zones. Maple tree (Acer rubrum) and red-alder (Alnus rubra) are the kind of 
deciduous trees that lines streams in the BC`s coastal temperate rainforest. 
 

3- Areas of the experiment 
 
Three sites in Coastal Mountains have been chosen for their range of elevation, 
forest features and accessibility. Indeed, all of them are less than two hours drive 
from the UBC. Their top mountain is not more than 1600 m high. And they are all 
covered by the BC costal temperate rainforest. (Cf. Fig 03: General Map) 
 
The first one, Cypress Provincial Park (Park A), is situated in North-West 
Vancouver.  It is one of the small ski resorts very close to Vancouver city. It is 
actually one of the 2010 Winter Olympic Games spot.  
The second one is the Seymour Provincial Park (Park B). It is also a small ski 
resort situated in North Vancouver. 
The third one is the Golden Ears Provincial Park (Park C), which is situated in 
Est Vancouver. Contrary to the two other parks, Golden Ears is much far from 
Vancouver and from the sea. Consequently it is less a coastal forest mountain 
than the two other spots.  
 

4- Spots and streams features 
 
First of all, for the experiment, a gradient of elevation has to be used. As the 
highest elevation easily accessible by walk on our Regional Parks is 1200 m, we 
used a gradient of elevation from 400 m (elevation at the entrance of the parks) 
to 1200 m. 200 m high have been arbitrarily chosen between each spot. The 
result is that for each park, 5 elevations have been experimented (400, 600, 800, 
1000 and 1200 m). 
 
All of those stream spots have been first found on topographic maps using level 
lines. Then once on the field, elevation has been checked using a GPS. If the 
elevation was right, power of the flow has been checked too. Indeed, all the 
streams used for the experiment had low flow and small width. Width is an 
efficient way to characterize the power of the flow. We also tried to respect the 
same local features as exposure, vegetation and slope.  
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Streams with special features such as pollution by garbage or toxic inputs 
(agriculture or ski ways) have been avoided.  
 
All of the spots chosen for the experiment are located in the appendices bellow: 
App 01; 02; 03 and 04. 
 
 

 

 

 
 

 
Fig 03: General map 
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II- Methods and Experimental Procedures 
 
In view to make the reading easier, the process of the experiment has been 
divided in 5 steps: the upper stream phase, the stream phase, the down stream 
phase, the leaf decomposition phase and the macroinvertebrates phase. The all 
procedure is explained in a diagram in appendix, App 05: Leaf bag process 
diagram. 
 

1- Upper stream phase 
 

a- Organic material: Alder leaves 
 
The organic matter used for the experiment is Red Alder leaves. Red Alder 
A.rubra (Cf. Fig 04: Red Alder) is a well spread out tree on the west coast of 
North America. Actually, it is the largest specie of alder in North America and one 
of the largest in the world. The name derives from the bright rusty red color that 
develops in bruised or scraped bark. 
 
In western British Columbia, red alder grows on cool and moist slopes and 
mostly along streams and swamps. It is a common tree in BC and especially in 
costal temperate rainforest which is present in all of the elevation we are working 
on. 
 
The organic matter used for the experiment is alder leaves. The leaves are 
ovate, 7-15 cm long, with bluntly serrated edges and a distinct point at the end. 
Alder leaves are deciduous (not evergreen), alternate, simple, and serrated. (Cf. 
Fig 04: Red Alder) 
 

 

 
 

 

 
Classification of Alnus rubra 

 
 

Kingdom Plantae 

Division Magnoliophyta 

Class Magnoliopsida 

Order Fagales 

Family Betulaceae 

Genus Alnus 

Subgenus Alnus 

Species A. rubra 

 
Fig 04: Red Alder 
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b- Sample preparation 
 
Alder leaves are collected and prepared for sampling. They are sorted of any 
other organic and inorganic matter. Then they are dried at free air. Leaves are 
weighted for 5 g heap at the nearest 1%. So all set have an Air Dry Mass (ADM) 
contained between 4.95 g and 5.05 g. Before placing weighed leaves in bags, 
they were wetted with tab water from a vaporizer to prevent breakage during 
handling and transport. 
 
Pre-weighed leaves are placed in each labeled leaf bag (Barlocher F. & Gessner 
2005). Bag code is explained in Fig 05: Table of the bag code and App 06: 
Picture of a leaf bag. The mesh size of the litter bags is enough to allow a great 
leaves colonization by macroinvertebrates. The bag size is 19.1 ! 38.1 cm and 5 

! 5 mm mesh. 

 
Four replicates, named ";#;$;% are prepared per sampling spot plus two extra 

sets. One extra set to convert Air Dry Mass to Oven Dry Mass (ODM) and 
another set to determine handling losses (see below conversion factors). In total, 
it is more that 75 bags that have been used. 
 

 

Regional Park Cypress A Seymour B Golden Ears C 

Alt 400 m A1 B1 C1 

Alt 600 m A2 B2 C2 

Alt 800 m A3 B3 C3 

Alt 1000 m A4 B4 C4 

Alt 1200 m A5 B5 C5 

 
Fig. 05: Table of the bag code 

(Stream spot B3: four replicates bags (";#;$;%) plus one handling losses bag at 

800m high in Seymour park) 
 

 
3- Stream phase: Fixing the leaf bags 

 
For each regional park, 5 spots are chosen at different elevation Cf. above. 
Features like stream width, slope, vegetation, exposure and access are taking 
into account in the choice of each stream spot. Those features are picked out on 
the datasheets in appendix App 07: Datasheet Park A, B & C. We tried to respect 
the most similar features between the streams. 
 
Four leaf bags are anchored into the streambed (Cf. Fig 06: Picture of the bag 
into the stream). They were tied up to a well fixed spike with fish lines (0.3 mm 
diameter) and stones were placed on the top of the bags to maintain them into 
the water. In order to ensure natural invertebrate colonization, all bags have been 
randomly distributed into pool areas. Indeed, pool areas enhance macro-
invertebrate colonization because of their low flow and their stability.  
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Care has been taken not to place bags too close to each other, because this may 
drastically change current patterns and affect colonization by microorganisms 
and invertebrates. 
Bags were submerged in different, same or tributary streams in the same 
regional park. (Cf. App 01; 02; 03 and 04: Map of each park and stream spots) 
 
Furthermore, one temperature logger has been placed into the water for each 
spot. These temp loggers are recording water temperature each 15 min all along 
the experiment. (Cf. App 08: Picture of a temperature logger). 
 

  

 
 

Fig 06: Picture of the leaf bag into the stream 
 

 
4- Down stream phase: Sampling and Processing 

 
The leaf bags were retrieved from the streams after 31 days. Retrieved leaf bags 
were transported to the laboratory in ice and processed within 12h to avoid 
breakdown leaves and invertebrates activity out of the stream. 
 

a- Leaf decomposition phase 
 
Leaf samples were cleaned with tab water over a sieve, dried at 60°C for 48h 
(until mass remain constant), and weighed to the nearest 0.01 g. Final Ash Free 
Dry Mass (AFDM final) was determined after combustion of the samples at 
550°C for 3h in a muffle. (Cf. Fig 07: Leaf decomposition phase) 

Leaf 
Bag 
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Indeed, after an exposure in a stream, leaves can carry sediments from the 
streambed. When leaves are burned in the muffle, only the inorganic parts of the 
leaves and the potential sediments are staying. Using Ash Free Dry Mass is a 
way to take into account this inorganic matter weight. 
  

        Final 

 

Oven 
48h, 60C 

Oven 
Dry 

Mass 

Muffle 
3h, 550C 

 
Ashes 

 ODM 
- 

Ashes 

 
= 

Ash 
Free 
Dry 

        Mass 
 

Fig 07: Leaf decomposition phase 
 

 
The aim is to reach the % of Remnant Ash Free Dry Mass (RAFDM) for analysis. 

% of Remnant Ash Free Dry Mass = (AFDM Final) / (AFDM Initial) 
This value is the percentage of organic matter which has not been eaten by 
animals of the streams.  

 
For calculating the Initial Ash Free Dry Mass, we had to use conversion factors. 
Those conversion factors have been calculated following the process bellow. 
 
Conversion factors process (Cf. Fig 08: Conversion Factors) 
  

Initial  Initial  Initial  Initial 
Air Dry  Oven Dry  Oven dry  Ash Free 
Mass  X D1 Mass  X DH Mass  X D2 DryMass 

Before  Before  After  After  
Handling  Handling  Handling  Handling 

 
Fig 08: Conversion factors 

 

 
The Initial Oven Dry Mass before handling of each leaf bag brought to the 
streams is estimated by multiplying the measured Air Dry Mass before handling 
by the average correction factor D1. (See below) 
 
The Initial Oven Dry Mass after handling of each leaf bag brought to the streams 
is estimated by multiplying the calculated Initial Oven Dry Mass before handling 
by the average correction factor DH. (See below) 
 
The Initial Ash Free Dry Mass after handling of each leaf bag brought to the 
streams is estimated by multiplying the calculated Initial Oven Dry Mass after 
handling by the average correction factor D2. (See below) 
 



Elevation effects on aquatic benthic communities and leaf breakdown in British Columbia’s 
coastal temperate rainforests. 

 

Emile Faye Page 10 24/02/09 

- Factor D1 & D2: To correct Air Dry Mass of all leaf bags for humidity, 5 
air dry weighted leaf sets have been dried at 60 °C for 2 days (until mass 
remains constant) and weighted. Then their organic matters have been burned in 
a muffle during 3h at 550C and weighted. (Cf. Fig 09: D1/D2) 
 
An average correction factor for the Oven Dry Mass is calculated like. 

D1 = (Oven Dry Mass W2) / (Air Dry Mass W1). 
(Cf. App 09: Conversion factors datasheet) 

 
An average correction factor for the Ash Dry Mass is calculated like 

D2 = (Ash Free Dry Mass W3) / (Oven Dry Mass W2) 
(Cf. App 09: Conversion factors datasheet) 

  

         Ash 

 

Air 
Dry 

Mass 

Oven 
48h, 
60C 

Oven 
Dry 

Mass 

Muffle 
3h, 

550C 

 
Ashes 

 W2 
- 

Ashes 

 
= 

Free 
Dry 

Mass 
X 5 W1  W2      W3 

 
Fig 09: D1 / D2 

 

 
- Factor DH: The 15 handling losses bags that have been recovered 

immediately upon exposure in the stream are processed to estimate the losses 
due to handling during the experiment. (Cf. Fig 10: Handling Losses and App 09: 
Conversion factors datasheet)  
 

 

 
Fig 10: Handling Losses 

 

?  

  

?  

 
Oven   Air  Handling Air Oven Oven  

DryMass  Dry Mass  Dry Mass  DryMass 
Before 

Handling 
 Before 

Handling 

To stream After  
Handling 

48h, 60C After 
handling 

Wbh  Wa  Wb  Wc 

 
These leaves have been dried at 60 °C for 2 days (until mass remains constant) 
and weighted to the nearest 0.01g (= Oven Dry Mass after handling Wc). Oven 
Dry Mass before handling (Wbh) has been calculated using the D1 factor 
establish above: 

Wbh = (Air Dry Mass before handling Wa) X D1 
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Then an average correction factor for the handling losses DH is calculated : 
DH= (Oven Dry Mass after handling Wc) / (Oven Dry Mass before handling Wbh) 

 
The use of these three factors allowed us to estimate an Initial Ash Free Dry 
Mass after handling. This data can be compare to the Final Ash Free Dry Mass 
after handling using the Remnant Ash Free Dry Mass. 
 

b- Macroinvertebrates phase 
 
Litter from stream blocks contained in the leaf bags has been rinsed over nested 
sieves (250 µm) to collect macroinvertebrates and remove sediments and debris. 

So, for each bag, macroinvertebrates have been collected with crowbar and 
stored in 70% ethanol until counted and identified. Then, aquatic 
macroinvertebrates have been counted and identified by microscope to the 
lowest taxonomic level possible (order, family and genus when possible).  
Only the larvae have been considered (cf. Fig 11: Picture of a Plecoptera 
Nemouridae). The identification have been made using the Tachet H, Invetebres 
d`eau douce, systematique, biologie et ecologie, CNRS editions, 5-581 (2002). 
Body size, empty cases and excuviae have not been taken into account; neither 
spiders, lombrics and adults invertebrates because they are terrestrials. 
 
Some of the bags were floating on the water at the end of the month spent in the 
streambed. Floating bags have not been used for the macroinvertebrates 
analysis because benthic communities at the surface of the stream are not the 
same than on the stream floor. 
 

 
Fig 11: Picture of a Plecoptera Nemouridae 
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Results and pictures of the abundance and biodiversity of macroinvertebrates in 
the studied streams are presented in the App 10: Macroinvertebrates Datasheet.  
 

4- Materials 
 
- Autumn Alder leaves (air dried) 
- Leaf bags (10 x 10 cm, 0.5 mm mesh size) 
- Drying oven (60°C) 
- Furnace Muffle (550°C) 
- Balance (±1 mg precision) 
- Temperature loggers  
- Microscope  
- Statistics software SAS 
- Sigmaplot software 
 
 
 
 
III- Results and analysis 
 
For knowing the effect of elevation on macro benthic communities, few 
parameters have to be used. We decided to take into account ones which are 
likely significant in having an effect on macro benthic communities: so as 
percentage of Remnant Ash Free Dry Mass, macroinvertebrates identified, 
elevation, site, width and water temperature. 
 
All the data results for those parameters are stored in the appendices. 
 

1- Graphic results 
 
Before all statistical analysis, plots can be used for primary analysis and trends. 
All the plots made are stored in the appendices too. Only the most interesting 
ones are showing up here in figures. 
 

a- Leaf decomposition  
 
In general, all the leaf bags have been more or less decomposed. Besides a 
huge variation of Remnant Ash Free Dry Mass in the replicates for some spots 
(B4 or A3 for instance), a general trend is observed for the three sites. Indeed, 
Remnant Ash Free Dry Mass declines as altitude increases (Cf. Fig 12: Remnant 
Ash Free Dry Mass Vs Elevation). Spots A4 and A5 variations are explained in 
the discussion. 
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Remnant AFDM on Seymour Park
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Remnant AFDM per spot on Cypress Park
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Fig 12: Remnant Ash Free Dry Mass Vs Elevation 
 

 
 
 

This trend could be explained by the level and the flow of water which is lowest in 
high elevation than in lower elevation. When there is less flow in a small stream, 
the stability of the water is enhanced. This allows a better macroinvertebrates 
activity. So organic matter is more decomposed. 

 
Remark: In this experiment, we voluntary do not take into account the 
mechanical and abiotic decomposition of the organic matter. Because we 
guessed that the quantities decomposed in one month by this way were to small 
in comparison to quantities decomposed by macroinvertebrates. Moreover, it 
forces to use other sets of bags as witnesses, which complicates the process: 
how can we separate the biotic activity from the mechanical one? 
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b- Macroinvertebrates 
 
Because of the lost and the floating bags, only 47 samples have been used for 
the macroinvertebrates study (Cf. App 10: Macroinvertebrates datasheet). 
Families and quantities have been studied. In average, we found in the leaf bags 
after one month in the streambed, between 3 and 8.5 families and between 9 and 
130 animals (Cf. Fig 15: Table of results 1). The most recurrent families were: 
Nemouridae (O. Plecoptera), Chironomidae (O. Diptera), Rhyacophilidae (O. 
Tricoptera) and Leptophlebiidae (O.Ephemoptera).  
 
A light trend can be shown up. The fig 13: Number of families/Final Ash Free dry 
Mass VS elevation per site seems to demonstrate that taxon richness declined 
across the spots as elevation increased.  
 

 
 

Fig 13: Number of families/Final Ash Free dry Mass VS elevation per site 
 

 
c- Water temperature 

 
Water temperature result shows a non-surprising trend. Indeed the mean 
temperatures were quit stable on this month of September 2008. Variations were 
at most of 3°C for the same spot. And we found a good relationship between 
water temperature and elevation. Indeed, stream water was colder as elevation 
increased. Nevertheless, the temperature ranges from 12°C at 400 m to 6°C at 
1200 m high. (Cf. Fig 14: Water Temperature per Spot on Seymour Park and Fig 
15: Table of the results 1) 
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Water Temperature per Spot on Seymour Park
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Fig 14: Water Temperature per Spot on Seymour Park in Sept 2008 
 

 
 

Spot Elevation 
Mean 

RAFDM (%) 
Number 
Animals Families Mean T (°C) 

Number 
Days 

A1 400 57,2 72,0 8,5  - 33 

A2 600 89,4 32,8 5,5  - 33 

A3 800 41,5 35,5 5,0  - 33 

A4 1000 53,3 88,0 8,0  - 33 

A5 1200 77,48 16,5 3,5 8,59 33 

B1 400 47,90 57,3 8,0 11,15 29 

B2 600 74.16 61,5 5,8 9,52 29 

B3 800 75,49 82,3 7,5 9,02 29 

B4 1000 57,25 18,0 4,7 8,64 29 

B5 1200 37,73 9,0 3,3 9,92 29 

C1 400 90,08 34,0 5,0 11,53 33 

C2 600 87,48 129,3 6,3 6,20 33 

C3 800 75,98 94,3 6,0 7,69 28 

C4 1000 6,21 28,3 5,3 6,56 28 

C5 1200 37,61 13,3 5,3 6,75 28  
 

Fig 15: Table of results 1 
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2- Satistical results 
 
The data harvested have been treated by statistical analysis by Sas and 
Sigmaplot. The aim of the model was to explain the variation of Remnant Ash 
Free Dry Mass and the number of macroinvertebrates by the parameters 
assessed in the streams (elevation, temperature, width, site, number of days). 
Ancova and Multiple regressions have been run to test the different models. 
 

a- Model Construction  
 
The Remnant Ash Free Dry Mass, as a function of time, is most often 
approximated by an exponential decay model (Hanson B., Cummins K. & Carter 
M 1984):                  -kD 
 WD = W0 e 
Where WD = mass after D days; W0 = mass at time 0; k = exponential decay 
coefficient; and D = time in days.  
 
The exponential decay equation is typically converted to a linear form before 
regression is performed: 

ln[WD ] =  ln[Wo ] - kD 
In this equation, the effect of the temperature is not taken into account. We have 
seen that temperature is related to elevation. Indeed, higher spots were colder 
than lower spots (cf. above). This variation could have an effect on 
decomposition by changing macroinvertebrates activity. So temperature has to 
be added to the equation.   
 
So another regression model has been used to include temperature effects. It 
has been suggested that, over temperature ranges from 0 to 20°C, weight loss is 
proportional to temperature (Hanson J. Boyd & Al). This relationship indicates 
that the exponential decay coefficient k may be a linear function of temperature 
rather than a constant as in the model above.  
 
Then the model could be rewritten as:               - K(T) D 

WD = W0 e 
Where T = Average Daily Temperature in degree 
If K(T) is expanded as a linear function: K(T) = b0 +b1 T where b0 = intercept 
and b1 = slope 
 
the equation looks like:  

ln[WD] = ln[W0]  - b0D - b1TD 
TD here has been used as the summation of the average daily temperatures or 
degree days (Hanson J. Boyd & Al). 
 
The significance of adding temperature to the model is determined by running a 
multiple linear regression and an Ancova tests the model. 
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b- Leaf decomposition 
 
Lot of linear model has been tested by Ancova, using various combinations of 
explicative variables. We also tested models with one explicative variable. For 
each of them, the aim was to reach a P-value less than 0,05% and a maximum 
R-square. This indicates how much the variance among the data is due to the 
relationship between the X and Y values. It shows if the variation of RAFDM is 
due to the explicative variables that you have in your model. 
We finally found that water temperature and elevation were positively correlated. 
So we can get rid off temperature parameter. We found that the variations 
between sites have no effect on the variation of Ash Free Dry Mass. The best 
linear model we found RAFDM = Number of days, has a P- Value of 0.0796 and 
a R-square of 0.21 (Cf. App 11: Leaf decomposition statistic). 
 
Finally, because of the trends showed by the non-statistical analysis (see above), 
a non-linear relationship has been run with Sigmaplot. By a quadratic model with 
only one explicative variable (elevation), we reach good values.  
The model RAFDM = a (elevation) + b (elevation)2 for Golden Ears Park has a P-
value less than 0.001 and a R-square of 0.74. This model fits at 74% with the 
observed values. (Cf. Fig 16: RAFDM Vs Elevation on Golden Ears Park). 
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Fig 16: RAFDM Vs Elevation on Golden Ears Park 
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The same model ran for the other sites and a mean of all sites gives the results 
in Fig 17: Table of the results 2. 
 

 Cypress Seymour GoldenEars All sites 

R-square 0.1089 0.3489 0.7387 0.1551 

F 1.2356 5.8223 27.8559 1.9746 

P-value 0.05617 0.0126 < 0.0001 0.0469  
 

Fig 17: Table of the results 2 
 

The not enough good results for Cypress and by consequence for all sites are 
explained in the discussion. 
 
Finally, the experiment does not allowed to confirm a linear relationship between 
the Remnant Ash Free Dry Mass and the elevation. However, a quadratic model 
seems to explain more the variation between those two parameters. The 
accuracy of a quadratic model is discussed bellow. 
 

c- Macroinvertebrates 
 
No linear or quadratic relationship between number of macroinvertebrates or 
families and elevation, site, width and days can be found with the pool of data 
that we worked on. Actually, the number of samples (47) that has been treated 
for the experiment was too low to manage a normal statistical analysis.  
Finally, no correlation can be found, by a statistical analysis, between 
macroinvertebrates (number or family) and elevation or between 
macroinvertebrates per gr. of organic matter (macroinvertebrates/FAFDM) and 
elevation.  
 
IV- Discussion 
 
Results found can be discussed because lots of the features of the experiment 
do not allowed a focus analysis. 
 
Indeed, on the field we lost leaf bags and temperature loggers (almost 12 leaf 
bags and 6 temp loggers). It was probably due to a problem of fixation in the 
streambed but also because of an increase of the water level and flow power 
during the month of September 2008. The consequence was an important lost of 
data on leaf decomposition and also macroinvertebrates. Furthermore, also 
because of the fixation, some of the bags were floating on the water when we 
came for recovered it. Those bags cannot be used for macroinvertebrates 
analysis: benthic communities on the streambed and at the surface of the water 
are different. So you cannot compare any values collected. 
 
Then we had difficulties to find small streams with enough water (and with the 
features we wanted) at the higher elevations. For instance, spots A4 and A5 in 
Cypress Park were very small streams with almost no flow. They were more 
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pools than real streams (Cf. Pictures in appendix 07). The water temperature 
range for those spots was very large (probably because of the sun effect on a 
closed water system). Consequently, organic mater decomposition and 
macroinvertebrates communities are changed. That is why we found strange 
results at the top of Cypress (Cf.above).  
 
Moreover, for the top of Golden Ears Park, we did not manage to reach the 
elevation we wanted (because of time and accessibility). By the way, we fixed the 
leaf bags in two spots at the same elevation (1000 m high). But we took into 
account this change in the analysis.  
 
It is also interesting to look after another problem we had: we coped with a huge 
difference of the water level and the flow power between August and September. 
Actually, summer 2008 was a quit dried and it rained a lot in September. That is 
also why we lost so many bags and temperature loggers. But this problem shows 
up an interesting point: what is the effect of seasons on macroinvertebrates 
ecology and leaf decomposition? Indeed, in this experiment, we used only one 
sampling date. We should use multiple sampling dates for two issues: to assess 
the seasonal effect and to figure out the evolution of leaf decomposition versus 
time.  
 
Last but not least, we finally found that a quadratic model was more accurate 
than a linear one to explain the effects of elevation on leaf breakdown and 
benthic communities. But how relevant a quadratic model is in an ecological 
study. What kind of hypothesis could explain those polynomial trends?  
 
Finally, a lake of time to perform the experiment in better conditions is regretted. 
More data are needed to conclude with accuracy on the topic. 
 
Conclusion 
 
During this experiment, aquatic benthic communities linked with features as 
elevation, water temperature, organic matter decomposition and sites have been 
studied. Finally, no linear relationship, which could explain variation of leaf 
decomposition or aquatic macroinvertebrates by elevation, has been found. 
However, a quadratic relationship could explain the leaf decomposition variation 
by elevation. Now we should wonder what is the relevance of a quadratic model. 
The same quadratic analysis should be made for the macroinvertebrate features 
with more data than we had.  
The following experiment on the subject should increase the number of samples 
to enhance the analysis accuracy.  
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