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MONITORING THE EFFECTIVENESS OF FOREST PRACTICES 
CODE HEADWATER STREAM PROVISIONS IN WET DOLERITE 

TERRAIN AT WARRA, SOUTHEAST TASMANIA 
 

1. BACKGROUND   
Small headwater streams in forested catchments of Tasmania constitute as much as 70% of the 
drainage system. Conservation of headwater stream habitats in production forests is currently 
approached through application of the Forest Practices Code provisions for soil and water, and 
prescriptions for the management of habitat for threatened stream fauna, delivered to forest 
planners via a decision support program (Threatened Fauna Advisor, TFA).  

The effectiveness of these headwater stream provisions was raised as an important issue by both 
foresters and the general public during a review of the Soil and Water provisions of the 
Tasmanian Forest Practices Code. It was determined that research should focus on: 

• the intensity of impact within the Class 4 stream itself, with regard to impacts on 
biodiversity and channel stability; 

• the duration of impact in relation to the forest harvesting cycle, i.e. how long any 
impact/recovery trajectories last; 

• the extent of impacts downstream in the stream drainage network, particularly with regard 
to water quality (turbidity), sediment transport/erosions and biological impacts. 

A number of projects were commenced in 2000 to address these stream issues.  Two of these 
projects (ARC/Industry funded PhD projects) commenced in 2002 to look at responses of 
habitat, community structure and ecosystem processes to forest practices in headwater streams 
(J. Gooderham and J. Clapcott, pers. comm.). As part of this work seven experimental streams 
were selected for a Before-After-Control-Impact (BACI) designed project for ongoing 
monitoring of the impacts of clearfell, burn and sow practices on headwater stream ecosystem 
processes and habitat for biota. 
 
2. AIMS AND OBJECTIVES 
The overall aim of this project is to assess the impact of clearfell, burn and sow silvicultural 
practices on streams within coupes where standard Forest Practices Code (2000) provisions 
have been applied. 

Specific objectives are: 

• To document any changes in stream habitat structure that occurs in headwater streams 
following CBS practices in the short, medium and long term. 

• To document any changes in key ecosystem processes that occur in headwater streams 
following CBS practices in the short, medium and long term. 

• To document any changes in macroinvertebrate diversity and community structure that 
occur in headwater streams following clearfell, burn and sow (CBS) practices in the 
short, medium and long term. 

To address these aims and objectives several exploratory and manipulative studies were 
conducted, including a broad-scale spatial survey of Class 4 streams before and 2–5 years after 
harvest in southern and northeastern forests in 2003; a broad-scale spatial survey of Class 4 
streams before and up to 15 years after harvest in southern forests in 2004; inundation 
experiments in WR015F in 2004/2005; and an in-depth seasonal study of natural variability at 
seven streams in the southern forests in 2004 (ongoing). This report focuses solely on data from 
the later study. Information from other studies can be found in Clapcott (2007) and Barmuta et 
al. (2008). 
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3. METHODS 

3.1. Site details 
Seven experimental streams have been established in the southern forests of Tasmania, 
Australia, in or close to the Warra Long Term Ecological Research site (LTER; 43o 30’ S; 146o 
39’ E). To minimise among-stream variability seven first-order study streams were chosen on 
the same dolerite-sedimentary complex geology; with catchments of similar sizes (< 50 ha), old 
growth wet sclerophyll vegetation and little anthropogenic disturbance at altitudes of 150–550 
m above sea level (Table 1). The study streams were labelled A, B and then D through to H. 
Streams A, B, D, and E all flow north into Crystal Creek and join the Weld River. Streams F 
and G flow east into Keoughs Creek and the Arve River, and Stream H flows east-southeast into 
the Picton River (Figure 1; Appendix 1). 

Streams A and B are ‘treatment’ streams subject to CBS with standard Forest Practice Code 
provisions applied. Harvesting occurred in March 2007. The remaining two streams in coup 
WR015F (D and E) will be left as ‘controls’. Streams F, G and H in coup AR009B and coup 
PC085A are not currently on the Huon District tactical plan and therefore will be monitored as 
satellite ‘controls’ until scheduled for logging.  

Figure 1.  Map of the study area in Tasmania’s southern forests showing the location of major river 
systems and seven study streams labelled A, B, and D to H. 

N

5 km

Weld River

Arve River

Picton River

Huon River

Geeveston

E D B A

F G

H

N

5 km

Weld River

Arve River

Picton River

Huon River

Geeveston

E D B A

F G

H



Monitoring the effectiveness of Forest Practices Code headwater stream provisions  

  3
   

 
Table 1  Description of the seven study streams. 

Stream A B D E F G H 

Coup name WR015F WR015F WR015F WR015F AR009B PC009B PC085A 

Location at weir 47°30’ S 
52°35’ E 

47° 28’ 
S 5°2 
35’ E 

47° 27’ 
S 52° 
35’ E 

47° 25’ 
S 52° 
35’ E 

48° 15’ 
S 52° 
19’ E 

4°8 12’ 
S 52° 
19’ E 

47° 58’ 
S 52° 
23’ E 

Catchment area 
(km2) 

0.18 0.12 0.14 0.16 0.12 0.15 0.17 

Altitude (m asl) 450 450 460 470 450 520 150 

Slope (º) range 
(average)  

0-24  
(8.6) 

0-45 
(16.6) 

0-28  
(9.2) 

2-80 
(11.9) 

1-50 
(15.3) 

2-61 
(16.6) 

1-31 
(13.1) 

Dominant aspect N N N N E E E 
 
3.2. Stream hydrology and temperature 

At each of the seven streams a small 90º v-notch weir was installed at the downstream end of 
the study reach (Figure 2). Continuous water stage-height data and in-stream water temperature 
was recorded every 10 m. Data recording began in January 2004 and is anticipated to continue 
until at least 2009. 

   

Stream A – WR015F   Stream B – WR015F 
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Stream D – WR015F   Stream E – WR015F 

    

Stream F – AR009B   Stream G – PC009B 



Monitoring the effectiveness of Forest Practices Code headwater stream provisions  

  5
   

 
Stream H – PC085A 

Figure 2.  Photographs of weirs established at the seven long term research sites. 

Tipping-bucket rain gauges were also established close to WR015F (47o271 S 52o 352 1E) and 
AR009B (48o 121 S 52o 1911 E) sites so that stream flow could be modeled if stream gauging 
equipment failed. 
 
3.3. In-stream habitat distribution 
The distribution of benthic habitats within the wetted area of each study stream was quantified 
using a 50 cm x 50 cm vegetation-sampling grid divided into 100 sections (Figure 3). Wetted 
area was qualified by the dominant habitat present in each grid section recorded, e.g. coarse 
organic debris, depositional sediment or fine organic debris, gravel, rock, bryophyte, coarse 
woody debris, inundated vegetation, roots, algae, bare clay, or dry surface.  
 

 
 
Figure 3.  Photograph of sampling grid used to map in-stream habitat distribution. 
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3.4. Ecosystem processes 
Benthic community level metabolism of four in-stream habitats (depositional sediment, gravel 
sediment, rock, leaves) was measured in 2004 only, using recirculating chambers deployed 
stream-side (Figure 4). Chamber incubations for all habitats were conducted over the same 24 h 
at each stream at each sampling time (February, May, August, November), providing measures 
of gross primary productivity (GPP), daily respiration (R24) and net daily metabolism (NDM). 

 
Figure 4.  Photograph of metabolism chamber deployed stream-side. 
 
Bacterial carbon productivity (BCP) was used to measure specific organism metabolism 
measured at the population level. Bacterial carbon productivity of the coarse gravel and 
depositional habitats was measured in all years using the C14 leucine incorporation into bacterial 
protein assay (see 
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Appendix 2 for analytical method).  
 
Cellulose decomposition potential was selected as an integrative measure of community level 
metabolism. Cellulose decomposition potential of the coarse gravel and depositional habitats 
was assessed in all years using a cotton strip assay and examined in two parts: the percentage of 
threads remaining as an indication of physical processing and cotton tensile strength loss as an 
indication of microbial processing (see Appendix 3 for analytical method). 
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4. PRELIMINARY PRE-HARVEST RESULTS 
  
4.1. Data summary 
Continuous hydrological data is available for January 2004 to August 2007 and water 
temperature for February 2004 to August 2007 (Table 2). Gaps in the data are due to equipment 
failure, vandalism, and natural disturbance such as tree fall.  

Quarterly data is available for bacterial carbon productivity and cotton decomposition potential 
(Table 3). Sediment temperature was also recorded during cotton decomposition incubations 
and sediment samples are collected for determination of total organic carbon, total nitrogen and 
total phosphorus (results not tabulated). Gaps in the data occurred in February 2005 and June 
2006) due to staff unavailability. Two sites (A, B) were inaccessible due to harvest operations in 
March 2007.  

In-stream habitat data has been collected on five to seven occasions for each stream across a 
gradient of flow levels. 
Table 2.  Number of sites where hydrology and temperature has been recorded. 

Variable Year Month 

 2004 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Hydrology  7 7 7 7 7 7 7 7 7 7 7 7 

Temperature  0 7 7 7 7 7 7 7 7 7 7 7 

 2005             

Hydrology  6 5 7 6 7 7 7 7 6 5 5 7 

Temperature  6 7 7 7 7 7 7 6 6 7 7 7 

 2006             

Hydrology  7 7 5 6 6 6 1 1 6 6 6 7 

Temperature  7 7 7 7 7 7 7 7 7 6 6 6 

 2007             

Hydrology  7 7 7 6 6        

Temperature  7 7 7 7 7        

 

4.2. Data analysis1 
Hydrological data was visually checked and formatted prior to analysis. Stage-discharge 
relationships or rating curves were corrected with manual measurements conducted at least 
every three months. Missing values in stream flow data (due to recorder malfunction or rating 
curve discrepancies) were estimated from regression relationships with nearby stream or 
precipitation values. The River Analysis Package (Marsh et al. 2003) was used to explore 
hydrological trends and generate stream flow variables. To date, only 2004 hydrology and 
temperature data have been analysed.  
 
All metabolic variables have been analysed for 2004. Briefly, study streams were treated as 
random blocks, with “time” (the four sampling dates: March, June, September and December) 
acting as plots nested within each block, in a split-plot or multilevel mixed-effects model. 
Within each time the four habitat types (depositional sediment, gravel sediment, rocks, and leaf 
packs) constituted sub plots for each dependent variable (GPP, R24, NDM, BCP, CDP). The 

                                                 
1 Data is administered by Leon Barmuta, School of Zoology, University of Tasmania, Hobart 
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effects of time were examined as orthogonal polynomial contrasts. Results below are discussed 
in Clapcott 2007 and Clapcott (2007) and Barmuta (in prep). 
 
Visual trends in BCP and cellulose decomposition potential data are provided for 2005 and 
2006. 
 

Table 3.  Number of sites where metabolic data has been collected. 

 

 
4.3. Hydrology and temperature 

All seven streams had similar hydrographs during 2004 (Figure 5). From March through to 
December 2004 the range of stream temperatures for all streams in 2004 was 5.8ºC to 9.5ºC 
(Figure 6), with hydrological flashy streams having the greatest range in temperature (e.g. 
Stream B) presumably because of increased surface area interaction, whereas the more 
hydrological stable streams (i.e. streams A and E) had the smallest range in water temperature, 
possibly owing to greater contribution of groundwater. The two eastern streams (F and G) had a 
greater range in stream temperature; both were at a higher altitude and had a more easterly 
aspect and smaller catchment sizes. The average diurnal variation in water temperature for all 
streams was only 0.3ºC, with changes in water temperature more obviously linked to changes in 
flow rather than diurnal patterns. 

 

[] 

Metabolic variable Year Month 

 2004 Feb-Mar May-Jun Aug-Sep Nov-Dec 

GPP & R24  7 7 7 7 

Bacterial carbon productivity  7  7 7 7 

Cotton decomposition potential  7 7 7 7 

 2005     

Bacterial  carbon productivity  0 7 7 7 

Cotton decomposition potential  0 7 7 7 

 2006     

Bacterial  carbon productivity  7 0 7 7 

Cotton decomposition potential  7 0 7 7 

 2007     

Bacterial  carbon productivity  7 5   

Cotton decomposition potential  7 5   
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Figure 5.  Hydrographs of seven study streams in 2004. 
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Figure 6.  Water temperature (ºC) in seven study streams in 2004. 
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4.4. Benthic metabolism 
Metabolic variables showed a distinct difference among in-stream habitats as well as 
polynomial trends over time. There was a significant difference between habitats for GPP 
(F (3, 69) = 11.611, p < 0.001), R24 (F (3, 69) = 11.385, p < 0.001) and NDM (F (3, 69) = 43.457, p < 
0.001), with consistently greater rates of metabolism observed in leaf packs than depositional 
sediments; coarse gravel sediments and cobbles showed the lowest rates (Figure 7).  

Orthogonal polynomial contrasts showed there were no significant differences of GPP relating 
to sampling time (F (3, 18) = 0.394, p < 0.759), but for both R24 and NDM there were significantly 
greater rates of metabolism in the spring and summer months (Figure 8) as demonstrated by 
significant quadratic trends (F (1, 18) = 23.440, p < 0.001, and F (1, 18) = 16.667, p = 0.001, 
respectively). 
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Figure 7.  Box plots of gross primary production (GPP), daily respiration (R24) and net daily metabolism 
(NDM) of in-stream habitats for all seven streams (mg C m-2 d-1). 
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Figure 8.  Daily respiration (R24) and net daily metabolism (NDM) of in-stream habitats for seven study 
streams (mg C m-2 d-1; + standard error). 
 
 
4.5. Bacterial carbon productivity 
Average bacterial growth in depositional habitats (0.016 – 3.787 mg C m-2 d-1) was consistently 
greater than in gravel habitats (0.207 – 3.106 mg C m-2 d-1; F (1, 24) = 20.025, p < 0.001), 
although winter productivity was similar in both habitats. Bacterial carbon production displayed 
a quadratic trend over time (F (1, 24) = 20.025, p < 0.001) with increased levels of bacterial 
growth in both habitats in the warmer months (Figure 9). 

 
Figure 9.  Box plots of bacterial carbon production (BCP, in mg C m-2 d-1) of two in-stream habitats in 
seven study streams. 
 
4.6. Cellulose decomposition potential 
The reduction in cotton strip width over time showed a slight quadratic trend (F (1, 18) = 3.676, p 
= 0.071) corresponding with a larger number of threads remaining in both substrates at the end 
of winter (i.e. September; Figure 10). There were consistently more threads remaining in 
depositional (87%) than gravel (79%) habitats (F (1, 24) = 12.371, p = 0.002).  

Cotton tensile strength loss showed no effect of time (F (3, 18) = 0.689, p = 0.570), nor any 
interaction between time and substrate (F (3, 24) = 1.757, p = 0.182). This is in contrast to the 
expectation that the microbial activity contributing to cotton tensile strength loss would respond 
to a seasonal variation in temperature. This suggests a high degree of variability among streams 
for this measure. But a consistently greater loss of tensile strength occurred in depositional (30.5 
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kg) rather than gravel (29.1 kg) habitats (F (1, 24) = 10.212, p = 0.004; Figure 10) and the 
December difference was the most marked. 

 
Figure 10.  Box plots of the number of threads remaining and cotton tensile strength loss (CTSL, in kg) 
of cotton strips from two in-stream habitats of seven study streams. 
 

4.7. 2005 - 2006 trends 
Trends for BCP (Figure 11) and cellulose decomposition potential (Figure 12) in subsequent 
years suggest ongoing temporal trends that are likely to be affected by changes in climatic 
variables. For example, increased BCP over time may be due to above average temperature and 
reduced rainfall experienced in 2005 and 2006. 
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Figure 11.  Bacterial carbon production (BCP, in mg C m-2 d-1) of two in-stream habitats in seven study 
streams over time. Boxes represent standard error among streams. Time 1 = February 2004, Time 12 = 
December 2006. 
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Figure 12.  Cotton tensile strength loss (CTSL, in kg) and percentage of threads remaining from two in-
stream habitats of seven study streams. Boxes represent standard error among streams. Time 1 = February 
2004, Time 12 = December 2006. 

 

5. CONCLUSION AND RECOMMENDATIONS 
The low temporal range in GPP, R24 and NDM values confirmed the highly heterotrophic nature 
of small headwater streams throughout the year and were similar to values observed elsewhere 
in similar streams. Leaf litter clearly dominated benthic metabolism. Bacterial carbon 
production (BCP) was most tightly linked to seasonal temperature variability. Both benthic 
metabolism and bacterial carbon production showed strong relationships with environmental 
variables such as temperature and sediment chemistry (data not shown).  

Percentage of threads remaining suggested the presence, and inversely, absence, of shredders 
was responsible for the observed variation between stream replicates, patches, and over time in 
the physical processing of cotton. Without a direct comparison to shredder abundance at each 
sample time it is impossible to substantiate this observation. However, physical breakdown was 
greatest in gravel sediments where larger sediment size, and hence larger interstitial spaces, may 
have facilitated access by shredding invertebrates. The microbial contribution to cotton 
decomposition potential (CTSL) showed the most variability of all metabolic measures within 
small headwater streams. In contrast to the physical breakdown of cotton, on average microbial 
breakdown was greatest in the depositional sediment. It appears that the CTSL variability is due 
to a combined influence of localised microbial activity as well as the influence of mobile in-
stream invertebrates. 

Surveys of stream metabolic responses to forest harvest and burning (Clapcott 2007) showed 
that shortly after harvest and burning there is a significant change in the metabolism of small 
headwater streams; an increase in autotrophy suggested a lack of metabolic resistance to this 
type of disturbance. In the medium term, a sustained change in the metabolism of small 
headwater streams was observed and suggested a lack of metabolic resilience to forestry 
disturbance. An important finding from these surveys was that the highly variable metabolic 
response appeared to be dependent on the nature of the change in environmental conditions, for 
example, whether there was an increase in sedimentation, temperature or light. A BACI study 
allows for the assessment of environmental conditions before and after an impact and is likely to 
provide a greater understanding of the causal mechanisms involved. 
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The three-year trends in BCP and cotton decomposition potential suggest that the environmental 
conditions that shape these metabolic measures change over time. This deduction is likely to be 
substantiated following the analysis of environmental data. To date, in terms of sensitivity, 
accuracy and repeatability, bacterial carbon production provides a focused measure of 
population-level metabolism that displays predictable temporal variability with strong 
relationships to environmental variables. This suggests bacterial carbon production is an ideal 
tool for the future examination of metabolic response to changes in environmental drivers. In 
terms of ease of application, cotton strip assays to measure the cellulose decomposition 
potential of stream sediments require minimal resources and training, and provide two 
complementary assessments of organic matter processing. Both microbial and invertebrate 
shredder contributions to organic matter processing, and their response to disturbance, can be 
obtained using the cotton strip assay. Therefore the continued use of sampling for bacterial 
activity and cellulose decomposition potential is recommended for the long-term assessment of 
heterotrophic processes in the ongoing BACI study. 

To reiterate, metabolism provides an integrative measure of ecosystem integrity and metabolic 
measures illustrate how headwater stream ecology is affected by forest operations. Determining 
this relationship is important not only for maintaining the intrinsic properties of both small 
headwater streams and downstream systems, which are reliant on headwater streams for key 
ecosystem processes such as organic matter and nutrient delivery, habitat refuge, and 
temperature and flow regulation. 
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Recommendations for future sampling regime and budget 2007/08, 2008/09 

 

Ecosystem processes every 3 months  

   (Sept, Dec, Mar, June) 

Hydrology and temperature logger 

   download 

Habitat monitoring every 6 months  

   (Oct and April) 

 

Total 

 

$521 (consumables) + 80 hrs labour 

 

Incorporate into ecosystem process sampling 

 

Incorporate into ecosystem process sampling 

+ 32 h labour 

 

$2084 per year 

 

In kind support needed: 
FPA specialist time, FPA Scientific Officer and technical support.  
FT – GIS, operation supervision etc.  
AST– sediment and water chemistry analysis discount.  
UTas– design, data analysis and write-up.  
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Appendix 1 Maps of study catchments 

 
Appendix 1a – Streams A, B, D and E. 
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Appendix 1b – Streams F and G. 
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Appendix 1c – Stream H. 
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Appendix 2 C14 leucine incorporation into bacterial protein assay methodology 

Field method 

Between 20 and 30 sediment samples were collected from within a sample reach from the top 
10 mm of the sediment. Samples were gently combined and particles greater than 5 mm 
removed. Four 0.5 mL sediment aliquots were transferred to test tubes, being three replicates 
and one control. Three drops of buffered formalin (1 % sodium pyrophosphate) were added to 
the control test tube before 0.5 mL of C14 leucine was added to all replicates. Test tubes were 
placed in an opaque container in-stream to incubate for 60 min after which time incubations 
were stopped by the addition of 1 mL 50 % TCA (trichloroacetic acid) and 8 mL water. Test 
tubes were placed on ice and transported to the laboratory for protein extraction (Figure 13). 

 

Figure 13.  Photograph of sediment samples returned to laboratory for protein extraction. 

Laboratory method 
Protein was extracted following the method of Buesing and Gessner (2003). Briefly, each 
sample was sonicated for 60 s with an MicrosonTM ultrasonic probe (Heat Systems, New York, 
USA) prior to centrifugation (2500 relative centrifugal force) for 10 min, hence maximising the 
detachment of bacterial cells from substrates. The supernatant was drawn off and filtered 
through a 0.2 μm Isopore TM polycarbonate filter (Millipore, Massachusetts, USA) and 
discarded. The remaining sediment pellet was subject to a series of washes: 5 % TCA (x2), 
40 mM leucine, 80 % ethanol, and nanopure water. At each stage 1 mL of reagent was added to 
the test tube, vortexed, centrifuged for 10 min, with the resulting supernatant passed through the 
filter. Following the final rinse with water, the filter was placed in the test tube with the 
cleansed sediment and 2 mL of alkaline solution (0.5 M NaOH, 25 mM EDTA, 0.1 % SDS) was 
added. The sample was then heated in a dry block heater at 90°C for 60 min. When it was 
returned to room temperature a 0.1 mL aliquot was added to 2.5 mL EcoLite TM scintillation 
fluid (Biomedical Inc, Ohio, USA) and allowed to rest overnight. Radioactivity was then 
measured on a Beckman LS6500 scintillation counter (Beckman Coulter, California, USA). 
 
Bacterial carbon production: The moles of leucine incorporated into bacterial protein were used 
to calculate bacterial carbon productivity (BCP) as follows (Simon and Azam 1989): 

86.012.131073.0 ××××= incLBCP  

Where Linc is the amount of leucine incorporated (in mol), 0.073 is the mol percentage of 
leucine in protein, 131.2 is the gram molecular weight of leucine, 1 is the theoretical isotope 
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dilution when isotope dilution is unknown (i.e. assumes all incorporated leucine is exogenous), 
and 0.86 is the best estimate of the ratio of cellular carbon to protein. 
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Appendix 3. Cellulose decomposition potential methodology 

Field method 

Unbleached cotton fabric (EMPA, St Gallen, Switzerland) was cut into 100 thread width strips 
(35x60 mm) and two strips were attached to plastic rulers (160x40 mm) with rubber bands. 
Rulers were then inserted perpendicularly into the top 200 mm of stream sediments 
(depositional and coarse gravel). After four-week incubations, cotton strips were gently 
removed and rinsed in stream water and returned to the laboratory for analysis. Additional strips 
of varying thread counts were attached to rulers, transported to and from the field, gently wetted 
in stream water and processed in the laboratory as procedural controls. 

 

Figure 14.  Photograph of cotton strips following retrieval. Nb rulers half this length with only two cotton 
strips were used in this study. 
 
Laboratory method 

Cotton strips were air-dried and the remaining threads counted, recorded as the percentage of 
threads remaining. Cotton strip tensile strength was measured using a tensiometer (University of 
Tasmania, Australia) constructed with a Salter Electro Samson scale (Kent, UK). Strips were 
inserted individually into paired 40 mm jaws, leaving an area of 35x40 mm cotton to be tested 
(Figure 15). Cotton tensile strength (kg) was logged at the breaking point of the strip. Results 
were recorded as the relative cotton tensile strength loss (CTSL) by deducting the tensile 
strength of incubated strips from that of the procedural controls. 
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Figure 15.  Photograph of tensiometer used to break cotton strips. 


