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SUMMARY 

Five small forested sub-catchments of the Wallagaraugh River near Eden in south-eastern New South 
Wales were instrumented in April 1977 to examine the effects ofintensive forest harvesting on streamflow 
and water quality. One of the catchments was partly logged in 1978 and, before logging was completed, 
a high intensity wildfire swept through the area in January 1979. Catchments were burnt to varying degrees 
and in one of the catchments burnt by high intensity fire complete salvage logging was carried outto present 
a maximum level of forest disturbance. A sixth catchment was instrumented in 1979. Studies of soil 
formation, vegetation and on-slope soil movement have also been carried out in the catchments. This 
report provides an overview of the project by presenting results previously published in a range of reports 
and papers, some of which may not be readily available. 

The effects of logging or wildfire of moderate intensity alone on streamflow and water quality were 
relatively minor and short lived. Logging without wildfire resulted in a minor increase in total runoff which 
returned to pre-logging levels within one to two years. In an adjacent catchment where logging was 
followed by operational post-logging burning, as is normal management practice, the effect on runoff was 
more pronounced and lasted three to four years. 

After the 1979 wildfire and logging there were pronounced increases in streamflow, peakflow and total 
runoff. Most runoff characteristics had returned to pre-fire levels by 1986 although higher peak flows 
persisted at least until 1988. Where logging did not accompany wildfire, all runoff characteristics had 
returned to pre-fire conditions within four years. No real evidence of a fall in water yield below pre-wildfire 
levels has yet been detected in the regenerating catchments. 

Suspended sediment concentrations of streams in undisturbed catchments were very low and storm 
dominated. Both before and after disturbance, concentrations displayed a number of different hysteretic 
response patterns to stream discharge. Sediment exhaustion was also a common feature suggesting the 
general absence of sediment delivery from the broader area of severely disturbed catchments. After 
logging and wildfire, increases in suspended sediment concentrations were only associated with storms 
and, whilst changes to total load were significant, they were small relative to the increase in concentration 
during stormflow. Studies of erosion across the logged and wildfire-affected catchments showed that high 
levels of soil movement occurred in the early post-fire period, although it was suggested that sediment was 
only moved short distances. The fact that suspended sediment concentration rose and fell quickly during 
storms and that bedload accumulation did not increase dramatically, suggested that delivery of eroded soil 
to streams was much less than the actual rates of soil movement within the catchment. 

Mean turbidity levels rose following the wildfire and logging, more so where logging intensity was 
greatest. However they had fallen to pre-disturbance levels within two years and by five years were below 
pre-disturbance levels due to the greater level of catchment protection afforded by a dense ground cover 
of pioneer plants and regenerating forest. 

Overall the impacts of what was regarded as "worst case" catchment disturbance were considerably less 
than might have been expected. Certainly streamflow increases were pronounced and in some cases 
detectable almost ten years later whilst changes to stream water quality parameters were relatively small 
and generally persisted for no more than five years. 
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INTROD ueT/ON 

A woodchip export industry developed in the far south-eastern native forests of New South Wales during 
the late 1960s and early 1970s. Initially, compartments or several compartment blocks (about 220 - 400 
ha) were logged to supply hardwood timber to local sawmills and a chipmill which had been established 
near Eden in 1969. Approximately 5,000 ha of a 300,000 ha resource of Crown timber land was to be 
harvested annually on a sustained yield basis. Over half of the woodchip concession area lies over rocks 
of the Bega Batholith which support soils characterized by poor structure and high to very high erodibility. 
In the mid 1970s, recognising the possible impacts on water quality and quantity, the then Forestry 
Commission of New South Wales adopted an alternate coupe logging system to reduce the proportion of 
catchments affected by logging at anyone time. The Eden Catchment Project was initiated soon after in 
1976 to examine the resultant effects of logging on water quality and quantity at the catchment scale. 

Now tenned the Yambulla Catchments Project, after the forest in which it is located, the project also 
involved the Geography Department of the University of New South Wales (Duntroon), the Commonwealth 
Scientific and Industrial Research Organisation (Division of Wildlife and Rangelands Research and 
Division of Water and Land Resources) and the Soil Conservation Service of New South Wales. The joint 
venture was to examine soil characteristics, soil erosion, hillslope hydrology, runoff, water quality and 
vegetation within several research catchments being partially subjected to clearfelling operations by 
alternate coupes. The ultimate aim was to quantify the actual effects ofintegrated logging on water quality 
and quantity and identify the most environmentally sensitive methods of forest harvesting on these 
erodible granite soils. Results from the hydrology project and other studies undertaken in the catchments 
have been reported in a number of published and unpublished reports. This report describes the project, 
presents a consolidated overview of the results so far reported and a small amount of previously 
unpublished data. 
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STUDY AREA 

1. LOCATION 

The Yambulla catchments are located in far south-eastern New South Wales 30 km from the coast and 
50 km south-west of Eden. The catchments lie within Yambulla State Forest at a latitude of 37° 20' S and 
longitude of 14~ 35'E (Figure 1). All six streams have a general easterly aspect and flow into the 
Wallagaraugh River. Slopes range from undulating to steep, primarily between 10° and 20°, while the 
catchments range in size from 75.9 ha to 225.1 ha and cover an elevation between 145 m and 476 m above 
sea level (Table 1). 

, 
I 
I 

1 I 
1 ____ L_ 

I 

Figure 1. Location of the Yambulla Research Catchments (Mackay and Robinson 1987). 

2. CliMATE 

The area has a temperate maritime climate with a mean annual rainfall in the vicinity of 900 to 1000 mm 
(Olive and Rieger 1987). The closest long-tenn station (Timbillica) has an annual average of 939 mm. 
Annual and monthly rainfall totals for individual years are highly variable. Large scale, long duration 
stonns are commonly associated with stationary depressions off the New South Wales south coast and 
thunderstonns are quite common in the summer months (Mackay and Cornish 1982). 

According to Mackay (1984)1 who analysed the long-tenn rainfall record from Timbillica, very wet 
months, which can represent a large proportion of the annual rainfall, occur relatively frequently. For 
example, over half the annual rainfall can occur in two consecutive months, on average, once every five 
years. Monthly totals exceeding 30% of the annual rainfall occur once every 3.7 years. 

1 Mackay, S.M. (1984). Summary of Forestry Commission Hydrological Research. In Eden Catchment Project 1984 Review. 

pp. 51-55. For. Comm. NSW Mise. Paper No. 964 (unpuh. report). 
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Temperatures range between a mean summer maximum of 27.3°C and minimum of 11.5°C and a mean winter maximum of 11.6°C and minimum of 3.1 °c (Mackay and Robinson 1987). The warmer months of the year experience stronger winds originating predominantly from the south-east or south-west 

Table 1. Summary details of the Yambulla catchments and their treatments. 

Catchment Name Area 
(m) 

Elevation Measurement Treatment 
number (ha) range 

1 Pomaderris 75.9 235 ~ 341m 

2 Geebung 79.6 170- 330 m 

,Peppermint 127.5 235 - 476 m 

> Grevillea 92.5 145 - 385 m 

5 Sfringybark 140 230 ~' 476m 

6 Germans 225.1 255 - 440 m 

commenced 

1977 

1979 

1977 

1977 

1977 

1977 

- 1972 pre-study wildfire 

- 19TI control 

• 1972 pre-study wildfire 

• 1979-1987 control 

• Jan 1987-April1987 34% 
integi-ated medium alternate 
coupe logging followed by 
post-logging burning 

- J30 1979 wildfire, 20% high 
intenSity bum, 60% low 
intensity bum with 1 m flames 
and a scOrch height of four 

, metres, 20% unbumt 

- Dec1986-June 1987 39% 
integril.tciJniedirim altemate cOupe logging " ., .. 

• ]30 1919Wildfire,95~ tii8tt 
iritensit}i>bum :3ridkrtUlirider .: ••• :... . ... 
bad 1:5 'mtlarneswitbisoorcH .,. 

:.' beightof6Sm ' ,:.: 
'.' .' .;:.:'" ;"', .,' " . ·~r· ':'" .;.'.;. 
,,' - May 1978·Ianl979, 36% 
integrated small alternate coupe 
logged with a 40 mIDter strip 
- Jan 1979 wildfire, 100% high 
intensity bum ' 

- Jan 1979 wildfire, 80% high 
intensity bum, 10% low intensity 
bum, 10% unbumt 

• June 1979-Dec 1979 complete 
salvage logging of 86% with a 
20 m fllter strip 
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3. GEOWGY AND SOILS 

TIle underlying geology is dominated by granite-allies that are part of the exposed Bega Batholith which 
was intruded between the late Ordovician metasediments and the middle Devonian Eden rhyolite about 
388 to 390 million years ago (Beams and Hough 19772). TIle catchments are located upon the pluton of 
the Wallagaraugh adamellite where outcrops of coarse-grained pink biotite adamellite are found in all the 
catchments. The granitic bedrock of the catchments is considered to be impervious which, in the absence 
of any faults, eliminates the possibility of deep seepage water loss. 

Ryan (1993) developed a geomorphological model of soil development on the Wallagaraugh adamellite 
from detailed sampling of soils in the Wallagaraugh catchment (Figure 2). A summary of the model is as 
follows. The small area of residual crests have sandy mottled-yellow duplex soils with a high clay content 
in the B horizon. Ridges and the middle to upper degraded slopes are dominated by shallow grey sandy 
loams with a low (-10%) clay fraction and a large (-50%) coarse grain fraction. TIle more common great 
soil groups in the upper degraded slopes are lithosols and brown and yellow earths. On these upper slopes 
rock outcrops and large adamellite tors are also prominent. The lower degraded slopes have deeper layered 
yellow earths and yellow podzolic soils. Below the lower degraded slopes are the well drained aggraded 
slopes which are typified by seasonally wet bleached sands and podsols with thick layers of coarse sandy 
colluvium accumulation in lower positions. In the lowest parts of the landscape, the lower aggraded slopes 
generally contain deep yellow podzolic, humic gley and gley podzolic great soil groups. 

STABLE 
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RC 

DEGRADED 

TRANSPORTATIONAL 
I 

Upper Lower 

I DS2 
I 

AGGRADED 

DEPOSITIONAL 
Well I Poorly 

Drained Drained 

AS1 

I 

I 

AS2 

t~~~';:~--:--~W.R4J 
, . (1-., 1- -\. -t ) 

Wallagaraugh 
Adamellite 

Figure 2. A geomorphological model of the Wallagaraugh Adamellite (Ryan 1993). 

2 Beams, S.D. and Hough, D.l (1977). Explanatory notes to accompany geological map of the South-East Forestry 

District, New South Wales. For. Comm. NSW Internal Report (unpub. report). 
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Some small areas of red duplex soils are also found within Catchments 5 and 6 which Beams and Hough 
(1977) believe to be the result of rocks with a higher hornblende content. Mackay and Cornish (1982) noted 
the poor structure and low nutrient status of soils in the Yambulla catchments which have an approximate 
depth of one metre overlying about two metres of weathering granite. Swampy areas also exist within the 
catchments on the lower aggraded slopes with a thick organic layer that overlies a heavily leached horizon 
dominated by poorly sorted quartz particles (Rieger et al. 1979). These observations are generally consistent 
with the Ryan model. 

In terms of nutrient status, soils of the Yambulla catchments are similar to those described by Kelly and 
Turner (1978) which were low in major nutrient elements (Kelly and Turner 1978, Turner and Lambert 
1986). Ryan (1993) noted that the top 15 cm of soils formed from Wallagaraugh adamellite have the 
highest nutrient content and that aluminium is the dominant cation at depths up to one metre. The rocks 
underlying the Yambul1a catchments have been found to be higher in sodium and magnesium and lower 
in calcium than the Wallagaraugh Adamellite as a whole (Cornish and Binns 1987). The degraded slopes 
have greater spatial variation in their soil cation exchange properties with a general decline in variation 
downslope (Ryan 1993). 

4. VEGETATION 

Vegetation in the catchment is generally dry sclerophyll forest with a tall open structure between 25 m to 
30 m high (Mackay and Cornish 1982). Silvertop ash (Eucalyptus sieberi) is the dominant tree, making 
up 40% of the canopy, while the stringybark species E. agglomerata makes up 20%. Ridgetop sites are 
dominated by E. sieberi, the mid to upper slopes are preferred by E. agglomerata, while E. muellerana and 
E. cypellocarpa are found predominantly in the wetter gully sites (Binns 1984). Mackay and Cornish 
(1982) also reported a sparse understorey with some dense stands of Casuarina littoralis on the ridges and 
slopes and Melaleuca squarrosa in the wetter areas. Ground cover is sparse with different varieties of 
grasses and sedges, such as Caustisflexuosa, Gahnia clarkei and G. sieberiana. 
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CATCHMENT TREATMENT 

Five small experimental sulrcatchments of the Wallagaraugh River catchment were instrurnented in April 
1977 (Figure 3). A paired catchment approach was planned whereby two catchments were to remain 
undisturbed as controls with the remaining three to be logged and monitored using current harvesting 
techniques. However wildfire imposed different 'treatments' to some of the catchments and enforced the 
recruitment of an additional catchment for control purposes. Summary details of the catchments and their 
final treatments are provided in Table 1. 

Streamflow and sediment monitoring of the five original catchments began in 1977 and after a twelve 
month period of calibration logging in Catchment 5 commenced in May 1978 using a small alternate coupe 
technique. Logging continued through the remainder of 1978 resulting in canopy removal across 
approximately 36% of the catchment. At this stage seven out of nine coupes intended for logging had been 
completed. Upon completion the other two catchments marked for treatment were to have been logged 
during the next two successive years. However, on January 9, 1979 a high intensity wildfire swept through 
the experimental area. Catchments 4, 5 and 6 were the worst affected experiencing almost complete crown 
scorch throughout. Catchment 3 was less affected and Catchment 1 was not affected at all (fable 1). In 
June of 1979 Catchment 6 was salvage logged (completely clearfelled) to examine a worst possible case 
scenario. Catchments 3 and 4 were left to recover from the wildfire. Thus the catchment treatments were 
now considerably more complicated with the inclusion of varying degrees of wildfire and logging intensity 

combinations. For control purposes a sixth catchment (Catchment 2)3 was instrurnented in 1979. 

Thus, from 1980 to December 1986 the treatments consisted oftwo undisturbed catchments (Catchments 
1 and 2), two catchments naturally regenerating after wildfire without being logged (Catchments 3 and 4) 
and two burnt catchments that had also been logged either before or after the wildfire (Catchments 5 and 
6 respectively). Between December 1986 and June 1987 almost 40% of one of the naturally regenerating 
catchments (Catchment 3) and 34 % of the previously undisturbed Catchment 2 were harvested by alternate 
coupes. In Catchment 2, the normal operational procedure of winter post-logging burning was carried out 
whilst Catchment 3 was not subjected to any post-logging burning. 

In all logging operations, standard erosion control measures were implemented. These included the 
construction of drainage cross banks on snig tracks every 20 rn, minimum disturbance around all drainage 
lines, a 20-40 meter unlogged filter strip to act as a buffer on each side of the major streams (the width 
increasing with slope gradient) and upslope siting oflog dumps to prevent a downhill converging snig track 
pattern which in turn causes the undesirable convergence and concentration of runoff onto vulnerable log 
dump areas. 

3 The catchment numbering system was not implemented until after this catchment had been instrumented. Prior to this the 
catchments were simply known by their creek names as shown in Table 1. 
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Figure 3. The Yambulla Catchments study area (adapted from Olive and Rieger 1987). 
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RESULTS 

1. RAINFAIL 

The year to year variation in annual rainfall since catchment instrumentation has been high ranging from 
just on 400 mm to a little more than 1600 mm (Figure 4). On only two occasions has the annual rainfall 
been within 100 mm (10%) of the inferred long-term average and on only four occasions within 200 mm. 
This high variability served to provide highly unfavourable conditions for the pre- and post-wildfire 
comparisons. The main period of pre-treatment, 1978, was an extremely high rainfall year (15l3 mm) 
whilst the succeeding four years were very low rainfall years with 1979, the immediate post -treatment year, 
being the lowest since instrumentation began. The 1983 to 1985 period contained average to high annual 
rainfall (1985 having the highest since instrumentation began) whilst the following two years were again 
well below the long term annual average. 

Monthly rainfall for the 1977 to 1994 period has been variable, with some recognizable seasonal patterns 
(Figure 5). Lower rainfall has tended to occur from mid winter to early spring while the summer months, 
especially January, have received higher rainfall, probably due in large to the more frequent thunderstorms. 

Key rainfall events during the pre- and early post-wildfire years were identified by Mackay and Cornish 
(1982). The main pre-treatment falls in July 1977 (60 mm), September 1977 (68 mm) and May 1978 
(203 mm). Rainfall during logging of Catchment 5 was high with the most significant storm event 
occurring in June 1978 (339 mm). Although the post-treatment period was relatively dry, there were three 
major storm events occurring in March 1979 (l40mm), January 1980(116 mm) and May 1981 (168 mm). 
Rainfall leading up to logging of Catchment 2 and 3 was variable. During 1984 and 1985 heavy storms 
were recorded with events in Decem ber 1985 totalling over 400 mm, though monthl y storm rainfall in 1986 
rarely reached 100 mm. An important storm occurred in January 1987 (104 mm), as it occurred just before 
the logging of Catchments 2 and just after logging began in Catchment 3. Further substantial storm events 
of more than 100 mm occurred in April and November, 1988. 
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Figure 4. Annual rainfall for the YambulIa Catchments from 1977 to 1995. (* 1977 April to December 

only). 
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Figure 5. Monthly rainfall in the Yambulla Catchments from April 1977 to December 1995. 

2. EROSION 

Erosion resulting from logging disturbance was examined in C~tchment 5 during the period prior to the 
January 1979 wildfire by Chalmers (1979). This work was mainly observational in nature but concluded 
that the construction and use oflogging roads and snig tracks had a much larger impact on soil erosion than 
did disturbance in the general logged area or the removal of trees per se. Rowdy Road, situated on the lower 
and less steep slopes of Catchment 5, was poorly located and inadequately drained. During large rainfall 
events, such as the 339 mm storm in June of1978, Rowdy Road was shown to be responsible forup to 95 % 
of the sediment deposited in drainage lines. 

Mackay et al. (1985) reported results from a network of erosion pins established in Catchment 5. The pins 
were installed in February 1979 immediately after the wildfire and before any significant rainfall. The first 
substantial storm events after the fire occurred in March 1979. Approximately 350 erosion pins were 
placed at the intersects of a grid network with 40 m x 40 m grid cells in three separate blocks covering over 
50% of the catchment (Figure 6). Ground surface levels at each pin were re-measured in May 1979 and 
again in April 1980 and August 1981. Further measurements made in 1984 and 1988 have not been 
reported in detail. 

Pin measurements were either negative (erosion) or positive (deposition) and a mean value significantly 
lower than zero would therefore indicate that net soil loss from the slopes to the stream network was 
occurring. However the mean land surface change was not significantly negative at any measure and at 
the first measure represented net deposition (Figure 7) which Mackay et al. attributed to a lower bulk 
density of deposited material compared to that of in situ soil. The mean change does not give an indication 
of the overall movement of surface soil. This is better done by considering the pins registering erosion and 
deposition separately. Mean values of change for both erosion and deposition were in the order of 5 to 
10 mm with individual measurements commonly ranging up to 70 to 80 mm and occasional values well 
in excess of these. The proportion of pins showing no erosion or deposition was generally less than 15 % 
(Figure 6). 

STATE FORESTS OF NEW SOUTIl WALES 
RESEARCH PAPER NO. 33 

A REVIEW OF FINDINGS FROM TIlE Y AMBULLA CATCHMENTS 
FOREST HYDROLOGY RESEARCH PROJECT 1977-1990 9 



3 months (May 1979) 

2 years (August 1981) 

After 5 years (1984) 

o Erosion • Deposition x No change I 

Figure 6. Erosion pin locations within Catchment 5 showing erosion, deposition and no change at 
three months, two years and five years after the 1979 wildfire (previously unpublished). 
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Figure 7. Erosion pin measurements of mean land surface change in logged and unlogged portions 
of Catchment 5 between 1979 and 1988 (Mackay 1989). 

These data clearly show that soil movement by water erosion on the burnt and disturbed areas was 
widespread and pronounced. However the lack of evidence fornet erosion strongly suggests that very little 
·sediment was transported to the streams from the broad up-slope areas of the catchment. Erosion within 
the immediate vicinity of the stream or the stream banks would therefore be the most likely sources of any 
measured increases in stream sedimentloads (see Section 4 of this chapter). The apparent lack of sediment 
transport efficiency was probably due to the high natural inflltration rates of the catchments (50-100 mml 
hr), a predominance of readily deposited large particle sizes in the soil and the use of erosion control 
measures. 

Mackay et al. found site factors such as slope and disturbance category were generally poorly correlated 
with erosion or deposition although trends indicated that the distribution of erosion sites was greater in the 
logged portions of the catchment with steeper slopes and areas of higher soil disturbance. However the 
weakness of this trend was -possibly more noteworthy than its existence. According to conventional 
expectations, either steep slopes or high soil disturbance alone should have caused demonstrably more 
erosion than lesser categories of either factor. However this was not the case, perhaps. due to high 
variability and a relatively low incidence of these categories compared to the lesser ones. Similarly there 
was little evidence, either statistically or in Figure 6, that erosion and deposition were related to slope 
position. 

Mackay et al. observed that the data collected five years after the 1979 wildfire indicated increased soil 
stability and Mackay (1989) reported that by 1988 there were considerably higher rates of deposition 
compared to erosion which is also evident in Figure 7. 
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3. RUNOFF 

(a) Pre-disturbance 

Patterns of catchment runoff in undisturbed catchments has reflected the highly variable annual rainfall, 
with most of the runoff occurring within three or four large storms a year. Annual runoff in Catchment 1 
has varied between 2.4% of rainfall in 1981 (663 mm rainfall) and 31.7% in 1978 (1499 mm rainfall). 
Moore et al. (1986b) found runoff source areas to be small due to the very high surface soil hydraulic 
conductivity which tends to confine saturated areas around drainage lines for small to medium storms. 
Runoff coefficients for individual storms varied between5% and 20%, though large storms associated with 
wet antecedent conditions increased the runoff coefficient to as high as 60% (Mackay and Cornish 1982). 
Overall, the runoff response is closely associated with overland flow on saturated source areas that expand 
and contract and are fed from the rapid subsurface flow from upslope (Mackay 1989)4. 

(b) Effect of logging 

The period of progressive logging (May 1978 to January 1979) represents the only period to consider the 
effects oflogging alone on runoff in Catchment 5. For 1978 Catchment 5 recorded a higher annual runoff 
ratio (runoff/rainfall) than Catchments 1,3 and 6 (Figure 8) and the differences appeared to increase during 
the period. Both total runoff and baseflow appeared to increase relative to the control Catchment 1 during 
the period oflogging. Figures 9 and 10 indicate that logging had a greater impact on cumulative baseflow 
than it had on cumulative total runoff when compared to the undisturbed Catchment 1. 
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Figure 8. Annual runoff ratio (total runoff/total rainfall) for Catchments 1,3,5 and 6 between April 
1977 and December 1980 (Mackay and Cornish 1982). 

4 Mackay, S.M. (1989). Yambulla catchments: Summary of erosion and hydrological research. Unpublished Internal Report 

for Workshop on Hydrology and Forest Practice. Forestry Commission of New South Wales. Sydney. 
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Figure 9. Double mass plot of cumulative total runoff of Catchment 5 against undisturbed Catchment I 
(Dashes represent January of each year) (Forestry Commission of New South Wales 1988). 
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Figure 10. Double mass plot of cumulative base flow of Catchment 5 against undisturbed Catchment 1 
(Dashes represent January of each year) (Forestry Commission of New South Wales 1988). 
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Figure 11. Cumulative runoff double mass plot of Catchment 3 against undisturbed Catchment 1 (1983 
to 1990). Dots represent January of each year (Cornish 1991). 

The increases in annual runoff ratio and cumulative baseflow cannot be conclusively attributed to the 
logging in Catchment S as the pre-treatment calibration period was very short (approximately nine months) 
and some of the data record for late 1978 was lost due to instrument failure. In addition, several of the major 
storms, particularly the largest in June 1978, occurred when only a small amount of the catchment had been 
logged. It is possible that the higher annual runoff in CatchmentS compared to Catchments 1,3 and 6 would 
have occurred even without logging. However, canopy removal, roading and soil disturbance due to 
logging are likely to have contributed. Moore et al. (1986b) considered compacted areas from logging 
activities, such as snigging tracks and log dumps, to be the primary source of overland flow in the Yambulla 
area as a result of reduced natural infiltration from the disruption and depletion of soil macropores. 

Catchment 3, logged December 1986 to June 1987, showed runoff trends similar to those of Catchment S 
during the period between logging and wildfire (Cornish 1991). Cumulative runoff in the 1986-1987 
period for Catchment 3 increased slightly during logging but by 1988 the double mass plot had returned 
to its pre-treatment slope (Figure 11), The effects of logging on streamflow were therefore minor, 
inconclusive and short lived. 

(c) Effect offire 

Very dry antecedent conditions prevailed when the first storm to follow the wildfire occurred in March 
1979 (Table 2). There were rapid runoff responses with peak flows exceeding predicted undisturbed levels 
by a factor of two in Catchment 3 and between four and six in Catchment 6 (Mackay and Cornish 1982). 
Figure 12 illustrates the difference in runoff rate between the burnt and undisturbed catchments during the 
March 1979 event The runoff ratios of Catchment 6 and 3 were about three times and two times greater 
than the event runoff ratio of 9% observed in Catchment 1. The greater runoff rates and runoff ratio from 
Catchment 6 compared with Catchment 3 reflected the difference in catchment area affected by fire (80% 
and 20% respectively). 
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Table 2. Event rainfall and runoff (mm) for Catchments 1,3,5 and 6 (1977 - 1981) (Mackay and 
Cornish 1982). 

Catchment 1 Catchment 3 Catchment 5 Catchment 6 

Period Rainfall Runoff RainfaD Runoff Rainfall Runoff Rainfall Runoff 

July 77 60 11 51 12 55 8 57 10 

Sept77 68 22 65 15 62 12 65 16 

May7S· 203 124 190 tl4 180 111 184 140 

Mar 7') 141 13 139 291 138 621,2 139 431 
;";' .:. 

J8080 118 7 116 201 114 511,2 116 491,2 

MayS1 110 ···· 18 165 211 163 581,2 113 681,2 

1 = after wildfire 2:: after logging 

Processes affecting runoff after the fire were discussed by Mackay and Cornish (1982). Increased storm 
runoff after the 1979 wildfire were thought to be the result of lower infiltration rates (heat induced 
hydrophobicity), lower transpiration (greater soil water storage) and less interception leading to increased 
overland flow per unit of rainfall received. Mackay and Cornish believed these factors also caused higher 
peak flows and storm flow volumes and a modified runoff response. However, for the March 1979 storm 
specifically, Mackay and Cornish suggested that high soil moisture deficits would have minimised the 
impact of reduced evapo-transpiration on runoffindicating that reduced infiltration and interception would 
have been the dominant causes of increased runoff. 

Mackay (1989) found that approximately 3.5 years after the wildfire, event runoff ratio and peaktlows had 
returned to pre-fire levels in Catchments 3 and 4 due to rapid revegetation and canopy recovery. This had 
presumably restored interception, transpiration and inflltration rates to levels similar to those which had 
existed before the fire. 

TIle limited evidence available suggests that the 1979 wildfire caused a greater increase in catchment 
runoff than logging alone in Catchment 5 prior to the wildfire and later logging in Catchment 3. However 
the comparison with Catchment 3 should be treated cautiously due to the large time separation of the two 
disturbance events. 

(d) Effect of fire and logging 

Substantial changes to runoff were observed in the two burnt and logged catchments in the period following 
the 1979 wildfire and associated salvage logging of Catchment 6. Mackay and Cornish (1982) reported 
the results from a number of storms in the early post-fire period. For a storm in March 1979 runoff in 
Catchment 5 exceeded its expected undisturbed total volume by a factor of four and expected peakflows 
were higher by a factor of eight to ten (Figure 12). The total runoff in Catchment 5 was over 4.5 times 
greater than in Catchment 1 during this event despite very similar amounts of rainfall in each catchment 
(Table 2). 
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Figure 12. Hydrographs from a 140 mm 
stonn in March 1979 after logging and burning 
of Catchment 5 and burning of Catchments 3 
and 6 (Mackay and Cornish 1982). 
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Figure 13. Hydrographs from a 116 mm 
stonn in January 1980 after logging and 
burning of Catchment 6 and burning of 
Catchment 3 (Mackay and Cornish 1982). 

A stonn event one year after the fire produced similar total runoff and peak rates in Catchment 5 to the stonn 
in March 1979 (Figure 13, Table 2). Mackayand Cornish suggested that any recovery in vegetation had 
been insufficient to have caused any significant reduction in stonn runoff generation. The runoff ratio in 
Catchment 6 was approximately 40% in this event, up from 30% in the March 1979 stonn before salvage 
logging had occurred. The event runoff ratios were relatively constant between the two events in the other 
catchments suggesting that salvage logging had caused a further increase in runoff above that caused by 
the fire. 

The double mass plots of cumulative total runoff and baseflow for Catchment 5 plotted against the 
undisturbed Catchment 1 (Figures 9 and 10) clearly illustrate the sudden increase in both parameters after 
logging and wildfire. 

Baseflow between rainfall events also suddenly increased in Catchments 5 and 6 after treatment when 
compared to the undisturbed Catchment 1 (Figures 14 and 15 respectively). During 1980 and 1981 mean 
daily flows in Catchment 5 increased by factors of up to fifty. Catchment 6 recorded even higher levels 
of increased non-event flow with increases still apparent in 1988. Non-event flow in Catchment 5, 
however, fell below pre-fire levels by 1987 (Figure 14). The difference between the two catchments 
presumably resulted from the different extent of logging in each. 
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Figure 14. Log scale graph of the ratio of Catchment 5 to Catchment 1 for non-event flows from 1977 
to 1988. Annual1abels represent January of each year (Cornish 1990). 
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Figure 15. Log scale graph of the ratio of Catchment 6 to Catchment 1 for non-event flows from 1977 
to 1988. Annual labels represent January of each year (Cornish 1990). 
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Mackay and Cornish showed that a stOIm in May 1981 (168 mm), shown in Figure 16, resulted in runoff 
ratios in Catchments 5 and 6 that were still three to four times greater than would have been expected before 
treatment (fable 2) and peak flows to be higher by a factor of four. This indicates that transpiration and 
infiltration had undergone little recovery or, if they had, that soil moisture levels had not yet been drawn 
down. 
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Figure 16. Hydrographs from a 168 mm stoIm in May 1981 for Catchments 1,3,5 and 6 (Mackay 
. and Cornish 1982). 

Mackay (1989) reported that by 1986 runoffbehaviourin Catchments 5 and 6 had largely returned to pre
disturbance levels although higher peak flows were still occurring. This was generally supported by further 
analyses presented by Cornish (1990) which show that in Catchment 5 mean daily flow and stoImflow had 
returned to pre-disturbance levels by about 1985 whilst peakflows remained high until the end of 1989 
(Figures 14, 17 and 19). In Catchment 6, however, his analyses show that elevated mean daily flow and 
peakflow persisted until 1988 (Figures 15 and 18) whilst stonnflow had fallen to pre-disturbance levels 
by early 1986. These trends in runoff properties do not fit a broadly acceptable interpretation. Mackay 
(1989) explained the persistent high peakflows by comparatively low transpiration rates in Catchments 5 
and 6, even though vegetation recovery had been rapid. Under a low transpiration regime we would also 
expect higher total runoff as seen in the mean daily flow ratio data for Catchment 6 (Figure 15). !fthe fact 
that Catchment 5 did not follow the same trend is to be interpreted as a function of transpiration, then we 
must conclude that transpiration rates in Catchment 5 increased at a greater rate than in Catchment 6. The 
suggestion that mean daily flow was lower in Catchment 5 than before the fire supports this interpretation, 
but the period of observation before the fire was too short to draw anything other than tentative conclusions. 
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Figure 17. Log scale graph of the ratio of observed to modelled peakflow in Catchment 5 from 1971 to 
1988. Annual labels represent January of each year (Cornish 1990). 
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Figure 18. Log scale graph of the ratio of observed to modelled peakflow in Catchment 6 from 1977 to 
1988. Annual labels represent January of each year (Cornish 1990). 
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Figure 19. Log scale graph of the ratio of observed to modelled stormflow in Catchment 5 from 1977 
to 1988. Annual labels represent January of each year (Cornish 1990). 

Low transpiration should also have been reflected in high storm flow which was not the case in either 
catchment after about 1985 (Figures 19 and 20). The recording of higher peaktlows beyond this period 
is somewhat anomalous as we would expect peaktlow and stormflow to follow like patterns. That they 
did not might be explained by soil infiltration rates remaining low on soil compacted during logging and 
not necessarily by transpiration characteristics. Therefore the only evidence thus far reported from the data 
that transpiration rates had not returned to at least pre-fire levels by 1988 was the higher mean daily flow 
ratios in Catchment 6. 

For the data analysed and reported to date (until 1989), there has been no real evidence of a fall in total water 
yield below pre-disturbance levels as reported for other regenerating forest research catchments (Bosch 
and Hewlett 1982, Cornish 1993, O'Shaughnessy and Jayasuriya 1987). However the data record 
presented extends only to the time when such falls might begin to be evident. As mentioned above, there 
may be a suggestion of such a fall in the 1987 to 1989 mean daily flow ratio in Catchment 5 (Figure 14) 
so more analysis is needed to reveal any further development of this trend. 

The treatment of Catchments 2 and 3 offers the only data from the project which reflects current logging 
practices for this area. The only treatment difference between the Catchments is that the standard practice 
of post-harvest burning was excluded from the treatment of Catchment 3. Logging and burning in 
Catchment 2 between January 1987 and April 1987 appear to have produced a greater increase in water 
yield than the logging alone in Catchment 3 (Figure 21 and Figure 11). Ittook unti11990 for runoff to return 
to near pre-disturbance in this catchment, two years longer than Catchment 3 (Cornish 1991). A study by 
Crapper et al. (1989) found that for a given soil moisture content (approximated by the antecedent 
precipitation index), post-logging baseflow was up to five times higher than pre-Iogging baseflow in 
Catchment2. They suggested that no systematic change in the form of the relationship occurred between 
the runoff ratio (quickflow Inet rainfall) and baseflow as a result oflogging. 0 'Loughlin et al. (1982) also 
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reported this phenomenon in a study concerning the effects of wildfire on a small eucalypt catchment in 
the Brindabella Range, Australian Capital Territory. They proposed that any change in the runoff ratio, 
as a result of disturbance, is adjusted by a complementary change in baseflow and vice-versa. It should 
be noted however that analysis and reporting of the data from Catchments 2 and 3 is incomplete. 
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Figure 20. Log scale graph of the ratio of observed to modelled stormflow in Catchment 6 from 1977 
to 1988. Annual labels represent January of each year (Cornish 1990). 

In summary, the effects of logging and wildfire caused large increases in all runoff characteristics. After 
several years the effects subsided to levels closer to the pre-fire conditions, though residual effects 
remained after 10 years in the most intensively disturbed catchments. Important information relating to 
the longer term runoff and water yield trends, specifically whether they will decline below pre-disturbance 
levels, are yet to be revealed from the data. 
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Figure 21. Cumulative runoff double mass plot between Catchments 2 and 1 from 1983 to 1990. Dots 
represent January of each year (Cornish 1991). 

4. SUSPENDED SEDIMENT AND SOLUTES 

Reporting of suspended sediment and solute data has so far been primarily limited to the early years of 
the project up to about 1985. This has mainly been by the same authors, Olive and Rieger (1984)5, 
Olive and Rieger (1985), and Olive and Rieger (1987), whilst Olive et al. (1988) reported early results 
for the logging of Catchments 2 and 3. 

(a) Pre-disturbance 

The natural concentration of suspended sediment within streams draining the Yambulla catchments was 
described as low by Olive and Rieger (1987) at 0-160 mg L -1. They also reported that suspended sediment 
transport is dominated by storm events where response patterns are both variable and complex. Seven 
different suspended sediment response patterns in stormflow from undisturbed catchments were identified 
by Olive and Rieger(1985) after analysing thirty-nine individual stormhydrographs (Figure 22). Theloop 
plots indicate the sequential relationships between suspended sediment concentration and discharge over 
time. Three general response groups were found: Firstly, the single rise events dominated by small, simple 
and short duration storms with sediment lead (Figure 22a), lag (Figure 22b) and correlation (Figure 22c); 
Secondly, the multi-rise events associated with larger, more intense storms of longer duration with 
sediment lead (Figure 22d), lag (Figure 22e) and both (Figure 221); and thirdly the events with an 
unrecognizable response pattern (Figure 22g) generated by a wide range of storm sizes and intensities. 
Occuning 41 % of the time, the third was the most commonly observed response pattern. 

5 Olive, L.I. and Rieger. W.A. (1984). Sediment transport and the impact of clear-fell logging and fire. In Eden Catchment 

Project 1984 Review. pp. 38-46. For. Comm. NSW Mise. Paper No. 964. (unpubl. report). 
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Figure 22. Suspended sediment response types for stonn events (Olive and Rieger 1985). 

Olive and Rieger (1985,1987) also found suspended sediment production in undisturbed catchments to 
be supply limited, illustrated by a marked decline over multiple stonn rises. They argued that the limiting 
factor for suspended sediment in undisturbed catchments was a reduction in fine particle detachability after 
soil wetting. This would certainly contribute to sediment exhaustion, particularly ifmost excess rainfall 
reached flowlines and streams as rapid, shallow sub-surface flow as suggested by Moore et al. (1986b). 

Olive and Rieger (1987) reported high solute concentrations prior to catchment disturbance, with low-flow 
concentrations ranging between 90 and 300 mg VI. Individual ions were not assessed. The solute 
concentration response during large stonns was found to be less variable than that of suspended sediment, 
though there were still six generalized response patterns identified (Figure 23). The most common 
response was a clockwise hysteretic loop where solute concentrations became increasingly diluted with 
greater discharge. Olive and Rieger (1987) argued that the solute loads were high in comparison with 
suspended sediment loads. The combination of high solute loads and low suspended sediment lends some 
further support to the interflow runoff delivery mechanism theory since it would not be expected to lower 
solute levels as much as it would suspended sediment. This assertion depends to some extent on which 
ions were in the water and unfortunately this has not been reported. 
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Figure 23. Generalised solute storm response patterns (Olive and Rieger 1987). 
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(b) Effect of logging 

As noted earlier, logging in Catchment 5 occurred during a very wet period between May 1978 and January 
1979. Olive and Rieger (1987) found that during this period suspended sediment concentrations increased 
by up to 300% relative to the undisturbed catchments, with a peak concentration of 793 mg L-1 in the June 
1978 stonn of 339 mm (Table 3). In the May 1978 stonn of203 mm, suspended sediment load was 150% 
higher in Catchment 5 compared to Catchments 3 and 6 which were undisturbed at that time. In a stonn 
of72 mm in July 1978, the suspended sediment load was only 100% higher than in undisturbed catchments, 
but whether this was due to the smaller stonn size or to some decline in sediment availability is unclear. 
Despite the increases in concentration and load, the stonn response patterns were similar to those recorded 
before logging occurred. 

Table 3. Peak suspended sediment concentrations during logging of Catchment 5, compared to 
Catchments 1,3,4 and 6 (Olive and Rieger 1987) . 

. Peak concentration (mg VI) 

»·>«·i9;~191.~ . 

June 191& 

}.aJuly 1918 

.{19 September 1918 

Catchment 5 Mean of otbetfoiir 

179 

793 

91 . 

121 

. catcilmertts 

TIle harvesting of Catchments 2 and 3 in 1986/87 resulted in suspended sediment and solute responses 
within the natural variation of undisturbed catchments. Several factors may have contributed to these 
lower impacts compared with the earlier logging in Catchment 5 such as there being only several low 
intensity stonns in the immediate post-treatment period, the improved location and drainage of snig tracks, 
log landings and roads and better harvesting techniques (Olive et al. 1988). Although it is difficult to be 
conclusive about why the effect on suspended sediment was greater in the earlier logging, there was 
certainly strong observational evidence that erosion from Rowdy Road was the principal cause of elevated 
suspended sediment levels (Chalmers 1979). 

Solute concentrations in Catchment 5 showed no evidence of change under stonn conditions during the 
period oflogging. Solute loads increased but were considered by Olive and Rieger (1987) to be relatively 
minor and due more to changes in discharge than disturbance. TIle increase in suspended sediment during 
stonns, within Catchment 5, in association with little change in solutes is consistent with the previous 
assertion that suspended sediments were derived from a relatively small area, such as a road. 

(c) Effects of fire 

TIle expression of hydrologic changes due to the 1979 wildfire were possibly attenuated by the period of 
drought between 1979 and 1982. However, suspended sediment concentrations and total load did increase 
by 200% to 400% across the various burnt catchments depending on the severity of the wildfire (Olive and 
Rieger 1987). This is clearly indicated on the double mass curves (Figure 24) where the gradient of the 
line has increased substantially for the two severely burnt Catchments 5 and 6. TIle solute concentration 
response was minimal in Catchments 3 and 5 while only a small increase in stonn solute load was detected 
in association with higher peak flows (Olive and Rieger 1987). 
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Figure 24. Cwnulative suspended sediment load double mass curves for Catchments 3, 5, and 6 against 
the undisturbed Catchment 1 showing the wildfire impact (Olive and Rieger 1987). 

(d) Effect o/fire r;znd logging 

Far and away the greatest changes to suspended sediment were recorded in burnt and logged catchments. 
Catchment 5 recorded the highest increase in suspended sediment concentrations of 800% to 1000% in 
March of 1979 (Figure 25), with a maximwn of2,540 mg VI (Olive and Rieger 1984, 1987). Suspended 
sediment loads showed increases of similar magnitude. Olive and Rieger (1987) found that whilst the 
burnt-only catchments returned to pre-treatment suspended sediment levels after three years, Catchments 
5 and 6 took over five years. In the case of solutes, however, changes were still relatively minor as response 
patterns and concentration remained relatively unchanged while loads underwent small increases in 
relation to changes in discharge. Within six months solute levels had returned to pre-treatment conditions. 

Overall, the dynamics of sediment transport were unchanged by wildfire and logging with no simple 
relationship identified between suspended sediment responses and stream discharge. One unexpected 
observation was the very low suspended sediment loads relative to the increase in instantaneous suspended 
sediment concentrations and discharge. This was largely a function of the rapid and short-lived response 
of suspended sediment concentrations to discharge as illustrated in Figure 25 (Olive and Rieger 1987). The 
rapid response of suspended sediment concentration during storms was most likely due to a large increase 
in the amount of runoff reaching streams via overland flow paths and the removal of surface organic layers 
which would, in undisturbed conditions, have a slowing effect on overland flow. Such paths did not appear 
to exist after logging alone, except perhaps from roads, and even when they were introduced by the fire 
there was still quite pronounced sediment exhaustion as shown in Figure 25. 
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Figure 25. Suspended sediment and discharge response to the March 1979 storm (140 mm) for 
Catchment 5 (Olive and Rieger 1985). 

5. STREAM BEDLOAD 

Accumulated sediment, or bedload, has been collected from the weir ponds periodically since mid-1977, 
although no results have been published previously. Catchments 2 and 3 had the longest pre-treatment 
records (five and eight years respectively) and a comparable post-treatment record of six years. Figure 26 
indicates an increase in the average bedload accession in both catchments after treatment, although each 
record is the total of only a few measures providing insufficient data to allow statistical comparison. Olley 
et al. (1996) suggest that bedload sediment sampled from Catchment 2 was predominantly derived from 
stream banks. It is possible that higher peak flows following logging activities in Catchments 2 and 3 
(Crapper et al. 1989), could have led to higher rates of stream bank erosion. The rainfall record (Figures 
4 and 5) does not suggest that differences in the pre and post-treatment rainfall alone could explain the 
difference. It is interesting to note that although the suggested increases are several-fold, the resulting 
bedload accessions, if viewed as an erosion rate, are extremely low at about 10 to 20 kg ha-1 y-l. 
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Figure 26. Actual bedload accession (tlyr) for the periods before and after logging for Catchments 2 
and 3. 

Cumulative bedload accession has been comparatively low within the Yambulla catchments both before 
and after disturbance. Was son (1994) developed regression equations with data compiled from a variety 
of sources to relate annual sediment yield to basin area for the major geomorphic provinces and climatic 
zones across Australia (fable 4). The equations were applied to the Yambulla catchments and suggest that 
actual bedload delivery rates for the Yambulla catchments are a fraction of the predicted accession rates 
for similar sized catchments in the Southern Uplands region (Gippsland and Central Uplands of Victoria, 
the Snowy Mountains and the Southern and Central Tablelands of New South Wales). Where the latter 
had accession rates of about 30 t km-2 y-l, the Yambulla catchments have had rates of 1 tkm-2 y-l or less. 
This comparison is for the Southern upland catchments after settlement. Prior to settlement these areas 
had accession rates between 1 and 2 t km-2 y-l so the Yambulla catchments accession rates were still 
generally two to three times lower (fable 4). 

The fact that bedload accession remained low along with the small increases in suspended sediment 
loads, suggests that there was very limited delivery of eroded sediment from the broader catchment 
area to the major streams and drainage channels. Any significant delivery of particles larger than fine 
sand would have been expressed in large increases in sediment accession in the weir ponds. 
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Table 4. Bedload accession in Yambulla catclunents compared with predicted sediment accession 
rates for similarly sized catclunents of the Southern Uplands region (Cornish, pers. comm.). 

Catchment . Area No. years 
recorded Dumber (ha) 

l 

2 

3 

75.4 15.8 

19.6 11.5 ... 
. . .... Pre:logS~l . 

Post-log~A 

127.5 15.9 ....•... 

YahtbuJla 
actual bedload 
accession rate 

(t/balyr) 

0.002 
0.012 
p.OOS 
0.018 

Region la 
(tlhalyr) 

0.337 

0.334 

0.326 

Region 2b 
(tlbalyr) 

0.017 

0.017 .... 

O.()lS 
. Pre-log .9..6 .. 
Post.log~~3 

9·006 
().003 
h0l4 

··· 14.0 

15.5 

............... 14.7 

a Accession rate: Southern Uplands (Wasson 1994) 

0.009 

<0.004 

\ 0.001. 

0.333 

· 0.323 

. 0.315 . 

0~017 

· 0:015 

.·. 6.014 · 

b Accession rate: Southern Uplands. pre settlement (Wasson 1994). 

6. TUBIDITY 

Streamwater turbidity in the Yambulla research catclunents has been consistently low in undisturbed 
catclunents with the lowest readings occurring during drought years (Table 5). Logging and wildfire 
increased mean turbidity levels in Catclunents 5 and 6, with the effect being more pronounced in 
Catchment 6, although in both cases the effect had disappeared within two years (Figure 27). Between 
1979 and 1984 the two logged and burnt catclunents showed a higher proportion of turbidity values greater 
than 10 Nephelemetric Turbidity Units (N.T.U) which suggests a slight increase in peak turbidity levels 
(Cornish and Binns 1987). 

Several years after the 1979 wildfire, turbidity levels in the severely burnt catclunents fell below those of 
the control catclunents as shown in Figure 27. Cornish and Binns (1987) attributed this to the better 
catchment protection afforded by vigorous re-vegetation and associated development of litter layers. 

Although logging had an immediate impact on streamwater turbidity in the Yambulla catclunents, it was 
short-lived and did not, in practical terms, reduce water quality. The low clay content of the catclunent 
soils and the predominance of interflow are the likely explanation for the relatively minor changes in 
turbidity following catclunent disturbance. 
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Table 5. Annual median turbidity values for Catchments 1 to 6 between 1977 and 1984 (Cornish 
and Binns 1987). 
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Figure 27. Annual means of differences between paired turbidity values from Catchments 5 or 6 and 
Catchments 1 and 2. L indicates the year of logging and F the year of wildfire (Cornish 
and Binns 1987). 
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7. NUTRIENTS 

During the 1977 to 1984 period, changes in streamwater cation concentrations occurred due to variable 
rainfall and to hydrologic changes associated with logging and wildfire. Wildfire in 1979 resulted in a 
decrease in concentrations of the cations of magnesium (Mg) , sodium (Na) and calcium (Ca) in Catchments 
3, 5 and 6 relative to the undisturbed Catchment 1 (Figures 28 to 30) due to a dilution response brought 
about by the increase in runoff (Cornish and Binns 1987). Catchment 4 only recorded a relatively small 
and brief decline inMg and Ca concentrations (Figures 28 and 30). Mackay and Robinson (1987) reported 
potassium (K) cation concentration to be an exception to the dilution response with up to a 60% increase 
in the first year after the wildfire (Figure 31). This was attributed to ash dissolution and a decline in nutrient 
uptake by vegetation. 

Mackay and Robinson (1987) also found that nitrate concentrations increased by a factor often during 
storms in the three severely burnt catchments (Catchments 4, 5 and 6) as a result oflow nutrient uptake 
by vegetation and greater runoff levels. They found that chloride concentrations also increased by 20% 
to 40% within the first five months after the 1979 wildfire in all burnt catchments, again due to ash 
dissolution (Mackay and Robinson 1987). One year after the fire the severely burnt, but unlogged 
Catchment 4 experienced further rises in nitrate concentrations while Catchments 5 and 6 showed 
declining concentrations. 

Mackay and Robinson (1987) showed that logging in Catchment 6 after the fire resulted in no differences 
in the range of nitrate concentrations compared with the two burnt and unlogged catchments (Catchments 
3 and 4). By 1983 they found that nitrate and chloride levels had returned to pre-fire conditions in the two 
logged catchments, though nitrate levels remained slightly elevated in Catchment 4. During 1983 and 1984 
chloride rose slightly above the predicted control level in all the burnt catchments. 

By 1984 Mg, Na and Ca cation concentrations in Catchments 3, 5 and 6 had reverted to pre-disturbance 
conditions when discharge had returned to levels more in line with those existing pre-disturbance (Figures 
28 to 30). Low concentrations of Ca cations and high concentrations of N a were recorded in Catchment 
4 in 1984 as shown in Figures 30 and 29 respectively (Cornish and Binns 1987). During the fifth and sixth 
year afterthe wildfire there was an increase inMg and Na concentrations in all burnt catchments of between 
20% and 60% above the control Catchment 1, possibly due to changes in the nutrient uptake of regenerating 
vegetation (Mackay and Robinson 1987). Despite the various fluctuations, cation concentrations 
remained within the natural variation of Catchment 1. 

Compared to the other catchments, Catchment 4 displayed a different behaviour of cation concentrations 
(Figures 28 to 30) suggesting a difference in the ratio of monovalent to divalent cations in the streamwater. 
This would reflect a difference in the dominant bedrock type within the catchments. Cornish and Binns 
(1987) also noted that the natural concentration of Mg in Catchment 4 was higher than in the other 
catchments. During the drought following the wildfire, the monovalent to divalent cation ratio declined 
in all catchments and only Catchments 1 and 5 regained their pre-treatment balance by 1984 as seen in 
Figure 32. In Catchment 4, however, the ratio increased well above pre-disturbance levels indicating a 
different geochemical influence, possibly due to the influence of different minerals from a small basalt 
dyke within the catchment (Cornish and Binns 1987). These changes are only reflected within the 
relatively small Yambulla research catchments and are completely obscured within the larger Wallagaraugh 
River catchment (Cornish and Binns 1987). 

The impact of logging alone on nutrient exports of Ca, Mg, K and N a cations was difficult to detect due 
to the short period of record. Wildfire, however, raised the levels of these nutrient exports in the burnt 
Catchments 3,4,5 and 6, compared to control Catchment 1 in the followingtbree years (fable 6). Increases 
in K, however, were greater than the relative increase in runoff levels in all catchments until 1981 (Mackay 
and Robinson 1987). Salvage logging of Catchment 6 resulted in further rises inMg, Na, Ca and K exports 
(Table 6). A rise in Mg and N a exports in the fifth and sixth year after the wildfire was also apparent even 
though runoff levels had returned to nonnal in unlogged catchments and 10% to 20% above nonnal in 
logged catchments (Mackay and Robinson 1987). Changes in the uptake of nutrients by regenerating 
vegetation are thought to be the cause of this trend. 
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Figure 28. Annual means of differences between paired Mg+ concentration values from Catchments 3, 
4,5 or 6 and from Catchment 1. F indicates the year of wildfire (Cornish and Binns 1987). 
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Figure 29. Annual means of differences between paired Na+ concentration values from Catchments 3, 
4, 5 or 6 and from Catchment 1. F indicates the year of wildfire (Cornish and Binns 1987). 
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Figure 30. Annual means of differences between paired Ca2+ concentration values from Catchments 
3, 4, 5 or 6 and from Catchment 1. F indicates the year of wildfire (Cornish and Binns 
1987). 
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Figure 31. Annual means of differences between paired K+ concentration values from Catchments 3, 
4, 5 or 6 and from Catchment 1. F indicates the year of wildfire (Cornish and Binns 
1987). 
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Figure 32. Annual means of the ratio of monovalent to divalent cations in stream water from 
Catchments 1,3,4,5 and 6 (Cornish and Binns 1987). 
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Table 6. Yearly cation exports (kg ha-I) from 1977 to 1984 (Mackay and Robinson 1987). 

Cations · :' Year Catcb. 1 

Calcium 

•. ::: y 

··; .• i;··:·::}:.:. 

:.: 

1977· 
1978 
1979 
1980 

1981 

1982 

1983 
· 1984 · 

Total 

. 1977· 
···< J918 

1979 
.. :: ••••.• 1980 
.. :::· 1981 

1982 .. ," ..... '-:.;.:.;. 

/ 1983 .. 

1984 
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1.130 
4.627 

0.843 

0.364 
0.269 

0.485 
2.768 

1.842 
12.329 

1.076 

6;332 
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0.315 

0.288 
0;445 
4;435< 

2.150 

15.799 

1.278 

5A95 

. ... 

.. 

Catcb.3 

1.558 
6.073 

2.160 
0,948 

0.806 
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3.507 

2618 
/::}8;264· 

01.286 
8;671 
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1.094 

0:801 
<1441 ::.: 

< ~.468 :.· 
2.878 

22.492 · 

1399 · 

·. 6.97.3<:: 
1.326 · t;81T 

. .}: ?~6:? .:.: .:.: ...••••..•.•..•. : •• : ••. : ••.•.•..••.•.•• ::! .•. : •. : •. :. ig87:.: 

SOdium 
.. 
: 

.. 

":-.-

.~ .:...: .~ ,:.:::.: ......... · 0.5031;4.~· 

:: · .. ··:·:·>O.Sil O~74S 
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i978 
.. 1979 ···· 
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. :.' 

::: 3.810 . 

1.744 .. 

15.354 

15.428 

67.763 
:. 13.766 .. 

6.076 

4.751 

6.137 

30.134 
24.893 

168.947 

\· 4~9Ti ".· 
:\)3.399 .•... 

23:123 
:J5.835 
89.701 
28.604·· . 

:" 12913 

12.200 
1.270 

43.781 

33.240 

243.004 

• Data for 1977 commenced at 1 April. 

Catch. 4 Catch. 5 
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1.091 1.714 
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5.168 /:. 

...... ;::..... . .';:,' .. :.:. ;4:SS2 . 
:·:: 32:073 ·:::: 

2.162 :::: 

0.734 · 2.549 . :.:: ::; 3~g55 

0.997 . 1.7021819:/ . 

.:: 0.618 •. :. :.: ...••••• :::::::.:: :o.8.Ss<:::::}< :.·.·.· ••. ·:,£002 
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Specific conductivity varied considerably in the 1977 to 1984 period (Figure 33) as a result of hydrologic 
changes after logging andIor wildfire and fluctuations in rainfall patterns. The specific conductivity 
patterns of Catchments 3, 5 and 6 were similar to those observed for cation concentration, with Catchment 
4 again showing different and varied responses to treatment relative to the control catchments (Cornish and 
Binns 1987). Olange in pH values of all the Yambulla catchments did not exceed or fall below 5% of their 
normal range in the post-treatment period, although there were signs of a slight overall pH increase in the 
catchments in the six years following the 1979 wildfire (Mackay and Robinson 1987). 
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Figure 33. Annual means of differences between paired specific conductivity values from Catchments 
3,4,5 or 6 and from Catchment 1. F indicates the year of wildfire (Cornish and Binns 1987). 

8. VEGETATION STUDIES 

The results of vegetation studies for Catchments 1 to 5 were reported by Binns (1984)6 for the period from 
1977 to 1984. All the catchments that were either burnt or logged and burnt recorded a reduction in the 
number of trees per plot, though the variability of different species remained relatively unchanged. All 
the burnt catchments were characterized by dense, rapid and extensive regeneration after the 1979 wildfire. 

By 1980, CatchmentS had experienced a doubling in density of Opercularia varia (fable 7), amat -forming 
herb and a common local colonizer following disturbance. Tree recovery was also rapid with the stocking 
rate of all tree species over two metres in height increasing by 7,500 stems per hectare between 1980 and 

6 Binns. D. (1984). Summary of vegetation studies. In Eden Catchment Project 1984 Review. pp. 16-34. For. Comm. NSW 
Mise. Pap. No. 964 (unpubl. report). 
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1984 (Cornish and Binns 1987). Most trees were either E. sieberioroneoftwo species of Acacia(A.longi/olia 
andA. terminalis). The stocking rates of these species in Catchment 5 in 1984 were close to 3,00Q for each 
of the Acacias and over 1,300 for E. sieberi compared with stocking rates in the low to mid hundreds for 
all three species in Catchments two and three (Table 7). 

By 1984 the percentage vegetation cover in Catchment 5 had increased to comparable levels with the 
control catchments and litter cover had also increased considerably (Cornish and Binns 1987). Although 
Catchment 6 was never measured, general observation suggests that it had similar revegetation patterns 
to Catchment 5. Recovery of the two burnt only catchments was less dense and slower (Cornish and Binns 
1987). 

The rapid establishment of O. varia may have been a significant factor in explaining the decline in turbidity 
levels discussed earlier. In the early years it may have been the main factor although after several years 
the protection from a growing lower canopy of E. sieberi, A.longi/olia and A. terminalis may have became 
the dominant protective influence through reduced raindrop impact, increased canopy interception and 
increased litter cover (Cornish and Binns 1987). 

The influence of stocking and growth rates on water yield trends is a feature of the data from this study 
yet to be examined. Further measurements of stand characteristics and tree water use are needed to more 
fully explore this aspect of the hydrological response. 

Table 7. Vegetation changes between Catchments 1,2 and 5, 1977 to 1984 (Cornish and Binns 
1987). 

Opercuiarfa varia 

.. Units Catchment 1 

a 

b 

c 

a 

. 1980. 

15.,· ,.,. 
23 •• · , •.•••. 

880.})< . 748 } 

,50 ·' 48 , 
3() .. ,..... 48 

87 

15 

7 

26 

12 

.. : 

··'.··.· 60~. 
23 

10 

28 

22 

. Catchment 2 

10 

13 
.. "'22 

'·· ••.. , •••.• ,. ~s •••. , . 
i ~(r ·'·' 

4",. 

11 

29 

Catchment 5 ' 

9 

,.,'·' n.~ . . ::-

3 

2S 

a Percentage of 10 m2 plots containing at least one plant of this species < 2 m tall. 

63 

1.362 

b Percentage of 100 m2 plots containing at least one plant> 2 m and < 20 cm diameter at breast height over baric. 
These 100m2 plots were nested around the 10m2 plots. 

c = Average stocking rate (stems!ha) over the catchment for plants> 2 m. 

n.m. = Not measured. 
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------------- - --- --- --

CONCLUSIONS 

Findings from the Yambulla Catchments Project suggest that many of the impacts of alternate coupe 
logging and wildfire on streamflow and water qUality have fallen within natural variation. The more 
significant changes, notably to streamflow and peak suspended sediment concentrations, were of relatively 
short duration. The coincidence oflogging in the most severely burnt catchments meant that comparison 
of the effects oflogging and wildfire cannot be readily made, however the data published to date suggest 
that the hydrologic impacts associated with the 1979 wildfire were more substantial than those associated 
with logging alone. 

The most prolonged effect of logging and wildfire was increased runoff. This raised the potential for 
sediment transport on disturbed areas and the erosion pin study in Catchment 5 revealed high levels of soil 
detachment and local movement. However the general balancing of erosion and deposition meant there 
was little evidence of net soil loss from the bare slopes of the catchment. Such losses would have been 
expressed as much higher suspended sediment load and bedload accession rates than were recorded. The 
high rates of soil movement suggested by the erosion pins means that sediment transport mechanisms must 
have been interrupted resulting in minimal delivery of sediment to streams. One cause for this may have 
been the implementation of erosion mitigation procedures such as filter strips, drainage banks and the 
concentration of logging activity upslope. However the dominance of large particles within the soil and 
high infiltration rates could also have been a major cause of inefficient sediment transport. 

Harvesting of Catchments 2 and 3, associated only with routine post-logging burning (Catchment 2) rather 
than wildfire, resulted in small increases in suspended sediment, solutes and bedload accumulation. 
Logging combined with wildfire, on the other hand, caused the largest increases in suspended sediment. 
It can thus be concluded that removal of vegetation and surface litter cover in filter strips was the most likely 
reason why Catchments 5 and 6 were so different in comparison with Catchments 2 and 3. The implication 
is that where filter strips remain intact, such as in Catchments 2 and 3, by far the dominant pathway for 
excess rainfall to enter streams is as shallow sub-surface flow. 

Increases in runoff led to greater exports of all the major cations examined, although concentrations 
declined through dilution effects. The most significant changes to stream water chemistry occurred in the 
year following the 1979 wildfire, but these were relatively minor and levels generally returned to normal 
as revegetation returned. Turbidity also fell in line with vegetation recovery and even fell below pre
disturbance levels five years after the wildfire. 

Total runoff in the burnt and logged catchments returned to pre-disturbance levels within eight years of 
major disturbance. It is yet to be determined whether water yields have or will fall below pre-treatment 
levels due to increased evapotranspiration of regeneration within the logged and/or wildfire affected 
catchments. Future analysis of the Yambulla catchments data will be focused on examining overall water 
yields and examining changes in relation to forest growth parameters and catchment rainfall. Such 
information will be of considerable value to long-term, landscape-scale modelling of the hydrological 
impacts of major forest disturbances such as fire and logging. The processes of sediment generation and 
transport and site recovery can be understood in more detail by using slope scale studies (eg Croke et al. 
1997) than catchment scale studies such as these. 
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