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NON-TECHNICAL SUMMARY 

 
An assessment of the trout fishery in Oberon Dam and the Fish River 

 

 
 
PRINCIPAL INVESTIGATORS: Lee Baumgartner and Leo Cameron 
 
ADDRESS: Narrandera Fisheries Centre 
 PO Box 182 
 Narrandera    NSW    2700 
 Telephone: 02 6959 9021;   Fax: 02 6959 2935 
 
OBJECTIVES: 

 To assess whether rainbow trout stockings within Oberon Dam have been successful. 
 To report trends in fish spawning condition over time. 
 To provide recommendations for future stocking events. 

 
 
NON TECHNICAL SUMMARY: 

Stocking is used worldwide as a management tool to maintain and enhance recreational fisheries or 
help to conserve species following a decline. Various species of trout and salmon have been 
stocked into Australian systems to establish recreational fisheries. These activities commenced in 
the mid-1800s and over 63,700,000 trout have been stocked into NSW over this time. There has 
been relatively little monitoring of stocking success over that period, so the relative efficiency of 
these stocking practices is poorly understood. 
 
Oberon Dam is a water storage of 45,390Ml located 200km North West of Sydney. The dam was 
constructed in 1949, and impounded the upper sections of the Fish River in New South Wales. 
Approximately 985,000 rainbow trout have been stocked into Oberon Dam since 1980. Since 2000, 
the lake has been annually stocked with 20,000 Rainbow trout from the Gaden Hatchery. The only 
recorded stocking of brown trout took place in 1998 when 5,000 individuals were released. 
 
Annual spawning migrations of trout into the Fish River were assessed between 2000 and 2007 to 
identify any changes in the biology and structure of the trout populations. The aim of these surveys 
was to determine any changes to the trout populations that might require management intervention 
to prevent a collapse. To achieve this, a number of metrics were monitored annually for seven 
years. Annual spawning runs were monitored by electrofishing to ascertain whether spawning fish 
were of appropriate condition. Secondly, the ratio of wild fish to stocked fish in the spawning run 
(determined by the previous fin-clipping of stocked fish) was annually monitored to ensure natural 
recruitment was contributing to the fishery within the Fish River. 
 
Results demonstrated that annual spawning runs of rainbow trout were exclusively by wild fish, 
with no finclipped fish captured over the study period. This observation suggests that natural 
recruitment is dominating fish production in the Fish River. Analysis of size class information 
revealed the presence of juvenile cohorts in each year, suggesting that some degree of recruitment 
occurred annually. Larger size classes were also present, and were of ‘good’ to ‘fair’ condition. 
Both of these observations suggest the rainbow trout population is in a relatively healthy condition 
and is not reliant upon stocking. 
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Brown trout have not been stocked since 1998 but a broad range of size classes were collected 
during the study. Strong year classes of juvenile fish were observed in four out of seven years and 
large adults migrated annually. Fish were in ‘good’ to ‘fair’ condition during the spawning 
migration and the population appeared to be in good health. Given the length of time since 
stocking, the brown trout population currently can safely be assumed to be self-sustaining. 
 
Assessments of both trout populations in the Fish River demonstrate good evidence for natural 
recruitment into the fishery. Whilst recruitment may not occur each year, juveniles of both species 
were observed in at least four out of seven years. A healthy population of mountain galaxiids was 
sampled during the survey despite few reports of co-existence in other streams in South Eastern 
Australia. This suggests that the current levels of trout stocking and recruitment have, so far, 
provided suitable conditions for co-existence of all species. The apparent strength of natural 
recruitment in trout and the abundance of native fish suggest there is no need to modify the 
stocking density within Oberon Dam. 
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1. INTRODUCTION 

Salmonids have been stocked into waterways worldwide to establish recreational fisheries 
(MacCrimmon, 1971). In many cases there are self sustaining populations, but there is often a need 
for ongoing stocking to augment natural recruitment (Van Der Walt and Faragher, 2003). Four 
species of salmonids have been introduced into Australia with two, rainbow trout (Oncorhynchus 
mykiss) and brown trout (Salmo trutta) forming the basis for recreational fisheries. Since the initial 
introduction, trout have established populations in Western Australia, New South Wales, the 
Australian Capital Territory, South Australia, Victoria and Tasmania. Self-sustaining trout 
populations occur in most tableland streams within New South Wales, particularly above 600m 
altitude (Weatherley and Lake, 1967). Stocking practices were initially uncontrolled, but are now 
controlled by government legislation to prevent overstocking or to limit the distribution of fish in 
areas of high conservation significance. 
 
Trout exist in either lentic or lotic habitats but require access to oxygen-rich water with a gravel 
substrate to successfully spawn (Tilzey, 1972). Rainbow trout were introduced into Australia, from 
New Zealand, in 1894. In areas of marginal habitat, or where spawning conditions are not always 
suitable, stocking is required to maintain the population (Cadwallader, 1996). Rainbow trout are 
relatively short-lived and spawn between two and three years of age (Faragher et al., 2007). 
Spawning generally occurs between July and September. 
 
Brown trout were introduced into Tasmania in 1864 from the United Kingdom. They were 
subsequently introduced into New South Wales and other parts of Australia in the late 1800’s 
(Clements, 1988). Brown trout are long-lived, and can spawn up to nine years of age (Faragher et 
al., 2007). Spawning usually occurs between April and July and coincides with rainfall events 
(Cadwallader, 1996). The eggs take a number of weeks to hatch depending on temperature. 
 
Since 1980, over 64 million trout (of various species) have been stocked into NSW waters. In that 
time, very few scientific assessments have been undertaken to determine stocking success. Without 
regular assessment of stocked fish populations, management of future stocking events cannot be 
accurately determined (Faragher et al., 2007). Factors such as age structure, recruitment success, 
angler take and population dynamics should be quantified to ensure the development of efficient 
stocking practices. 

Oberon Dam 

This report documents the findings of an assessment into the trout fishery of Oberon Dam, and the 
Fish River (its major tributary). Oberon Dam (33°44`S; 149°52`E; altitude 1067m) is a water 
storage of 45,390Ml located near Oberon, 200km North West of Sydney (Figure 1). The dam was 
constructed in 1949, and extended in 1957 (Scribner, 1987) on the upper reaches of the Fish River 
in New South Wales. All inflows enter the dam via Fish River, a moderate-sized stream which has 
headwaters extending 20km upstream of the full supply level of the lake. 
 
Lake levels dropped substantially between 2002 and 2003 due to a substantial reduction in inflows 
associated with drought conditions (Figure 2). During this period the lake level dropped from 85% 
to 48% capacity. Inflows stabilised in 2004-2007 but were still insufficient to increase water levels 
within the dam. Since then there has been a downward trend to approximately 20% capacity in 
2008. 
 
Approximately 990,000 trout have been stocked into Oberon Dam since 1981 (Table 1). Since 
2000, the lake has been annually stocked with 20,000 rainbow trout from the Gaden Hatchery. The 
only recorded stocking of brown trout took place in 1998 when 5,000 individuals were released. 
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Figure 1. Map of the study area highlighting Oberon Dam, the location of the study site 

(bold) and the Fish River weir. 
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Figure 2. Lake levels within Oberon Dam over the study period. Dots represent sampling 
activities. 
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Table 1. Date, numbers and origin of rainbow and brown trout stocked into Lake Oberon and 
Fish River since 1980 with size stocked, percentage finclipped and finclip location (L 
= left; R = right; FLU= finclip location unknown). Note: the Oberon Dam Stocking 
Program begun in 2000. 

 
Approximate 

numbers stocked
Year 
eggs 
hatched 

Release 
date 

Hatchery 
of origin 

Brown Rainbow 

Size at stocking % finclipped 
& fin location 

1980 
1981 

Oct 1980 
Nov 1981 

Oberon 
Gaden 

 8 000 
7 000 

Fry 
Fry 

0 
0 

1984 Dec 1984 Gaden  110 000 Fry/ 
Fingerling 

0 
0 

1987 Jul 1988 Gaden  1 000 Fingerling 0 
1990 Nov 1990 Gaden  110 000 Fingerling 0 
1993 Oct 1993 Dutton  100 000 Fry  
1993 1993 Gaden  100 000 Fry/ 

Fingerling 
0 
0 

1994 Aug 1994 Gaden   Eyed Eggs 0 
1995 1995 Gaden  50 000 Eyed Eggs 0 
1995 Jun 1996 Gaden  100 000 Unknown 0 
1996 Apr 1997 Gaden  50 000 Eyed Eggs 0 
1997 Mar 1998 Gaden 5 000  Unknown 100% FLU 
1998 Oct 1998 Gaden  2 000 Unknown 0 
1998 Nov 1998 Gaden  30 000 Unknown 0 
1999 Sep 1999 Gaden  9 000 Unknown 0 
1999 Oct 1999 Dutton  98 000 Unknown 0 
1999 Dec 1999 Oberon  50 000 Fry 0 
1999 Feb 2000 Gaden  20 000 Fingerling 25% L Pelvic 
2000 May 2001 Gaden  20 000 Fingerling 25% L Pectoral 
2001 May 2002 Gaden  20 000 Fingerling 25% R Pelvic 
2002 May 2003 Gaden  20 000 Fingerling 25% R Pectoral 
2003 May 2004 Gaden  20 000 Fingerling 25% L Pelvic 
2004 May 2005 Gaden  20 000 Fingerling 25% L Pectoral 
2005 May 2006 Gaden  20 000 Fingerling 25% R Pelvic 
2006 May 2007 Gaden  20 000 Fingerling 25% R Pectoral 

 
 
 
A monitoring program was established in 2000 to determine the effectiveness of trout stocking in 
Oberon Dam. This involved the collection of data on three population parameters to determine 
whether management intervention was required to improve the recreational fishery. First, the 
relative abundance of fish was assessed by collecting fish during their annual spawning migrations. 
Second, spawning fish were studied directly to ascertain whether they were of appropriate 
condition. Third, the ratio of wild to stocked rainbow trout was monitored annually to determine 
the degree of natural recruitment in the system. All of this information was collated between 2000 
and 2007 to determine the overall condition of the fishery within Oberon Dam and the Fish River. 
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2. METHODS 

Fish collection methods 

Fish were collected twice each year, once in April-July, during the brown trout spawning 
migration, then again in August-September, during the rainbow trout spawning run. Scientists were 
contacted by locals as soon as spawning fish were seen migrating to ensure catch rates were 
maximised. Fish were collected using a Smith-Root Model 12 backpack electrofishing unit (Figure 
3). Sites were fished in a downstream direction and sampling activities were undertaken by two 
staff. One staff member operated the backpack unit whilst the second dip-netted any fish stunned 
by the unit. Where the river channel was less than 10m wide, banks were fished in a ‘zig-zag’ 
pattern. In areas where the river channel was wider, shots were alternated between banks. At the 
completion of each electrofishing operation, all fish were identified, counted, measured and 
checked for fin clips. 

Fishway trapping 

Trout within Oberon Dam undertake annual spawning migrations into the Fish River. These 
spawning migrations are often obstructed by a small weir located approximately 3km upstream of 
the dam at full capacity. In 2007, a small pool-type fishway was constructed on the weir to 
facilitate the passage of spawning fish (Figure 4). The fishway was assessed using a combination of 
top and bottom sampling. Migratory success was assessed using a fyke net (double cone; 6mm 
mesh; 5m wings) which was stretched across the fishway exit to capture any fish that successfully 
moved through the structure. The bottom of the fishway was also trapped to determine if any fish 
were attempting to migrate, but unable to ascend the fishway. 

Condition factors 

Fork lengths, weights and the sex of each fish were recorded. Fish were subsequently released 
downstream of the capture site. Only fish above 300mm fork length were used in the analysis of 
mean length, weight and condition factor. Most fish smaller than 300mm are sexually immature 
and therefore would not be in spawning condition. 
 
Lengths and weights of each fish were used to measure Fulton’s condition factor, k, by application 
of the following formula: 

3

510
l

wk ×
=  

 
 
Trout starve at condition factor values below 0.75. Values of 0.8 indicate ‘extremely poor 
condition’, 1.0 reflects a ‘poor’ fish, 1.2 is considered a ‘fair’ fish, 1.4 represents a well 
proportioned ‘good’ fish and 1.6 reflects an ‘excellent’ fish, considered as a trophy class fish 
(Barnham and Baxter, 1998). The average condition factor of fish in spawning condition is usually 
higher than that of fish outside the spawning season or post spawning, due to increased weight of 
gonads. Average condition factors were compared among years to determine if changes in 
reproductive success could be expected. 
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Figure 3. Undertaking backpack electrofishing of trout spawning migrations in the Fish 
River. 

 

Ratio of wild to stocked fish 

A percentage (25%) of hatchery-bred YOY rainbow trout were anaesthetised with the use of 
benzocaine (35 mg/L)¹ and finclipped at Gaden Trout Hatchery (Table 1). A different fin (left or 
right pectoral or left or right pelvic) was clipped each year (2000 to 2007) before release so that the 
year classes of fish could be identified. Finclipping enables identification of age and growth when 
fish are trapped in the spawning runs 2 to 4 years later. Finclipped rainbow trout were released into 
Oberon Dam between January and April each year (2000 – 2007). 

Data analysis 

Data were analysed using the S-Plus and Microsoft Excel statistical packages. Analyses were done 
to determine the population structure of migrating brown and rainbow trout into the tributary of 
Oberon Dam. Monitoring also involved the calculation of condition factors to determine if the 
relative condition of fish varied among years. Condition factors can also vary among sexes, 
therefore the variation in condition factor was also tested for any significant differences between 
male and female fish. Where these factors were compared between species (or sexes within each 
species) and then among years, a two-way ANOVA was used. Data were log x+1 transformed to 
stabilise variances and Quantile-quantile plots of the residuals (Insightful, 2001) confirmed that log 
x+1 transformed data were approximately normally distributed. 
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3. RESULTS AND DISCUSSION 

Spawning run surveys 

A total of 1,902 fish were sampled from the Fish River during the annual spawning run between 
2000 and 2007 comprising rainbow trout (n = 609) (Table 2) and brown trout (n = 987) (Table 3). 
Mountain galaxias (Galaxias olidus), a small-bodied native fish known to inhabit upland streams, 
were also collected during routine sampling (n = 306) (Table 4). Numbers of all species varied 
greatly among years. Relatively high abundances of rainbow trout were collected from 2000 – 2002 
(Figure 5), but these were substantially lower during a low-level period from 2003 – 2007. Brown 
trout were most abundant from 2001 – 2003, with a moderate increase in abundance during 2007. 
 
The total number of fish collected from Fish River could be considered low, especially for rainbow 
trout where large numbers of fish were stocked over the study period. The spawning period of trout 
can stretch over an extended period if conditions are suitable (Tilzey, 1972). Rainbow trout can 
spawn over 12 weeks, but the sampling design used was designed to only capture a representative 
sample during one week each year. Such a design may underestimate the total number of fish in a 
spawning run, but is sufficient to gain information on population metrics such as length, weight and 
condition factor. 
 
 

 
Figure 4. The weir and fishway on the Fish River upstream of Oberon Dam. The fishway 

was completed in April 2007 to facilitate the passage of spawning trout (Photo: 
Peter Byrom). 
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Figure 5. Total number of rainbow (grey) and brown (white) trout caught during sampling of 
annual spawning runs between 2000 and 2007. 

 
 
Migrations of brown and rainbow trout are largely influenced by a combination of day length, 
water temperature and water flow (McKeown, 1984). In Australian streams, Brown trout generally 
migrate earlier in the season than Rainbow trout (Faragher et al., 2007). Brown trout are also 
known to spawn successfully during particularly low flow events in Tasmania (Davies and Sloane, 
1987). This resilience to flow conditions may explain why more Brown trout were collected from 
annual spawning runs in the Fish River despite drought conditions over most of the study period 
(Figure 5). The subsequent lack of flow from 2004 – 2006 likely failed to provide an adequate cue 
for Rainbow trout and fewer were collected (Figure 5). 
 
Average length of rainbow trout varied little between years, although mean size decreased in 2006 
(Table 2). Length-frequency distributions however, demonstrated a shift in size among years. In 
general, two size ranges were collected during sampling. A proportion of fish between 50 – 200mm 
were sampled on an annual basis, except during low-flows in 2003 (Figure 6). Juvenile trout of this 
size generally migrate downstream sometime after hatching, and do not return to riverine reaches 
until mature and ready to spawn (Bjornn, 1971). These juveniles collected in the Fish River are 
therefore likely to be natural recruits because all stocked fish were released into Oberon Dam. 
These stocked fish would not be expected to migrate upstream until in spawning condition at two 
or three years of age when at a much larger size. 
 
The second cohort of fish collected, 350 – 500mm, is likely to represent two and three year old fish 
performing spawning migrations from Oberon Dam. These fish could comprise both stocked and 
wild fish. In most years, excluding 2007, there was an absence of 200 – 250mm fish. These fish are 
likely to be sub-adult immature fish that are resident within the dam but unlikely to appear in 
spawning runs. However, further sampling within the dam itself would be required to confirm this 
assertion. Although, the low flow conditions likely contributed to an apparent reduced number of 
spawning migrants, it may have resulted in greater natural recruitment. In Europe, marble trout 
(Salmo marmoratus) are known to exhibit optimal recruitment when egg density is low (Vincenzi 
et al., 2007). This situation provides less competition among fry and results in greater survival of 
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naturally-spawned fish. The appearance of juvenile rainbow trout during each year of sampling in 
the Fish River is consistent with this theory. From 2003 onwards, the relative number of spawning 
migrants collected in the Fish River was relatively low. Data collected however, demonstrated that 
juvenile fish were produced each year and suggests that wild recruitment did occur. 
 
A single stocking of brown trout occurred in Oberon Dam in 1998. Individuals collected from the 
Fish River however, were from a broad range of sizes (80 – 650 mm) (Table 3). Juvenile fish (< 
120 mm) were best represented in samples collected in 2000, 2001, 2005 and 2006 (Figure 7). 
These observations provide evidence of at least four recruitment events during the study period. 
Brown trout live longer, and grow larger, than rainbow trout in Australian streams (Faragher et al., 
2007). Long-lived species may not require annual recruitment to support an effective population. 
This assertion assumes that recruitment, when it occurs, is sufficient to offset any natural and 
human-induced mortality affecting the population. The presence of both spawning and juvenile fish 
suggests that the degree of natural recruitment is currently sufficient to maintain a population of 
brown trout in the Fish River. The resumption of stocking activities for brown trout therefore 
appears unnecessary at this time. 
 
The relative abundance of mountain galaxias is generally accepted to be negatively correlated with 
brown trout abundance (Tilzey, 1976; Jackson and Williams, 1980). In some Victorian streams, the 
trout introduction resulted in the complete elimination of mountain galaxias (Jackson and Williams, 
1980). We identified co-occurrence of galaxias and trout species in 2006 and 2007. No data exists 
to demonstrate the relative abundance of mountain galaxias in the Fish River before trout were 
introduced. Trout therefore may have had an initial impact on the abundance of mountain galaxias, 
but this cannot be adequately quantified in the absence of such data. 
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Figure 6. Length-frequency distributions of rainbow trout sampled from the Fish River 

between 2000 and 2007. 
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Figure 7. Length-frequency distributions of brown trout sampled from the Fish River 

between 2000 and 2007. 

 
 
It is important to note that the abundance of galaxiids was not recorded during fish collections prior 
to 2005. Some species of Galaxiids are known to co-exist with salmonid species in various areas of 
New Zealand (Glova and Sagar, 1993). Galaxiids are also known to recolonise quickly and 
efficiently once salmonids are eliminated (Lintermans, 2000). The observed abundance of galaxiids 
during 2006 and 2007 therefore could have represented an opportunistic increase in recruitment 
arising from a reduction in predator abundance. Nevertheless, the present situation in the Fish River 
demonstrates that there is also considerable potential for co-existence under certain conditions. 
 
The potential for co-existence is likely enhanced by relatively low abundance of trout in the Fish 
River, compared with other streams such as the Eucumbene or Thredbo River (Faragher et al., 
2007). This situation has provided conditions that support a viable recreational salmonid fishery, 
but has also enabled the maintenance of a galaxiid population. The present stocking regime 
involves the introduction of modest numbers (20,000 per annum) of only one salmonid species. 
Under these circumstances, the co-existence of salmonids and galaxiids has persisted within the 
Fish River. 

Fishway trapping 

The new fishway was trapped for four paired days in June and August 2007. This limited sample 
yielded brown trout (n = 15) and rainbow trout (n = 3). In addition, mountain galaxias (n = 7) also 
used the fishway. Brown trout were predominantly large spawning fish (478 – 585mm FL) and 
were trapped on both sampling occasions. Rainbow trout (394 – 437mm) were only sampled during 
August and all fish were in spawning condition. No small trout ascended the fishway and mountain 
galaxias were mainly adult individuals (80 – 102mm FL). 
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Table 2. Summary of population statistics for Rainbow trout sampled during spawning runs in 
2000 – 2007. Lengths are given as fork length, weight is measured in grams and SD 
refers to one standard deviation. 

 
Year Total Caught Mean length 

(± SD) 
Length range 

(mm) 
Mean weight 

(± SD) 
Weight range 

(g) 

2000 135 341 ± 18 100 – 470 559 ± 31 14 – 1996 
2001 151 346 ± 21 72 – 428 557 ± 22 4 – 1200 
2002 108 423 ± 42 100 – 570 906 ± 32 12 – 1622 
2003 39 449 ± 28 385 – 530 1042 ± 55 630 – 1375 
2004 13 335 ± 19 160 – 505 911 ± 53 50 – 1290 
2005 68 301 ± 22 100 – 515 850 ± 227 30 – 1500 
2006 67 255 ± 22 86 – 485 485 ± 48 6 – 1380 
2007 28 381 ± 36 172 – 502 718 ± 12 69 – 1538 

Total: 609     
 
 
 
Table 3. Summary of population statistics for Brown trout sampled during spawning runs in 

2000 – 2007. Lengths are given as fork length, weight is measured in grams and SD 
refers to one standard deviation. 

 
Year Total Caught Mean length 

(± SD) 
Length range 

(mm) 
Mean weight 

(± SD) 
Weight range 

(g) 

2000 59 187 ± 24 80 – 600 691 ± 108 6 – 2430 
2001 174 248 ± 11 14 – 625 439 ± 42 6 – 2736 
2002 204 462 ± 53 124 – 630 1139 ± 30 18 – 2454 
2003 199 440 ± 42 135 – 650 962 ± 20 32 – 2904 
2004 64 436 ± 22 100 – 550 1074 ± 39 84 – 1610 
2005 62 322 ± 17 88 – 590 1158 ± 95 22 – 2344 
2006 84 362 ± 18 105 – 605 832 ± 71 15 – 2000 
2007 141 461 ± 38 104 – 605 1158 ± 49 18 – 3013 

Total: 987     
 
 
 
Table 4. Summary of population statistics for mountain galaxiids collected in 2000 – 2007. 

Lengths are given as fork length and SD refers to one standard deviation. 
 

Year Total Caught Mean length 
(± SD) 

Length range 
(mm) 

2000 1 60 60 – 60 
2001 1 75 75 – 75 
2002 0 - - 
2003 0 - - 
2004 0 - - 
2005 13 57 ± 1 45 – 70 
2006 176 67 ± 1 48 – 105 
2007 115 71 ± 1 52 – 115 

Total: 306   
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The Fish River fishway assessment provides an initial indication that some fish are able to migrate 
upstream during the spawning season. Fishways have been useful in facilitating the passage of 
spawning salmonids in the Northern Hemisphere (Jensen & Per Ass, 1995). The major benefits 
provided by the fishways are increased access to spawning habitat for brown and rainbow trout. 
Secondly, the passage of mountain galaxias may result in increased distribution throughout the Fish 
River system. The fishway has a steep gradient which may limit the passage of small-bodied 
individuals during low-flow periods. 
 
A limited four-day assessment is insufficient to determine whether the fishway is contributing to 
improvements in the Fish River. The fishway is one of a few that have been specifically designed 
for salmonids on tableland streams. Ongoing long-term assessments would be useful to determine 
its operating parameters and ability to pass a wide range of size classes and species. Such 
monitoring could provide useful information to facilitate the construction of fish passage facilities 
at other sites in New South Wales. 

Condition factor of spawning fish 

Condition factors of rainbow trout varied substantially among sexes and years (Figure 8). Female 
fish reported significantly higher condition factors than males in all years except 2005 (ANOVA: 
F2,455 = 12.20, P < 0.01). Female fish, in general, report higher condition factor values than males as 
body weight increases substantially during gonad development (Nicholls, 1957). In all instances, 
mean condition factors of both sexes were above 0.9 (‘poor’ classification) for males and 1.3 for 
females (‘fair’ classification). These observations are consistent with spawning conditions of fish 
collected from Lake Eucumbene and Jindabyne over the same period (Faragher et al., 2007). 
 
Brown trout also exhibited differences in condition among sexes and years (Figure 9). Significant 
differences between sexes were largely attributed to decrease in condition of spawning males from 
2000 to 2003 (ANOVA: F2,455 = 5.39, P < 0.05). Male conditions factors were over 0.9 during each 
year. These observations are consistent with information on spawning trout in Tasmanian streams, 
where males generally return lower values than females during the spawning season (Davies and 
Sloane, 1987). No significant gender-based differences occurred between 2004 and 2007 because 
the condition of females significantly decreased. 
 
Spawning condition is known to decrease substantially with time during the migration period 
(Davies & Sloane, 1987). This suggests that fish will be in greatest condition early in the migration 
season but will decrease with time as gonads are spent. During each year of sampling, researchers 
subsequently commenced sampling early during the migration period to prevent any spawning-
related bias in the assessment of condition factors. Although fish were in ‘fair’ to ‘good’ condition 
when collected, average condition factor values are likely lowered because the sample included 
individuals that may have already spawned. 
 
Collecting and identifying the presence of migrating fish may provide a useful indication of adult 
fish condition but reveals little about recruitment success or egg production. Survival of trout 
larvae is inversely-related to substrate particle size (Chapman, 1988) and poor survival has been 
demonstrated when substrate particle size is below 6mm (Grost and Hubert, 1991). Changes to 
substrate in the Fish River are therefore a key process influencing the long-term viability of trout 
populations in Oberon Dam. Habitat assessments and egg surveys would represent a useful 
mechanism to identify spawning habitat which could then be protected from future development 
that could affect the trout fishery. Such data should be used to augment condition factor values to 
provide an additional indicator for annual spawning success. 
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Figure 8. Mean (+/- one standard error) condition factors of male (grey) and female (white) 
rainbow trout sampled from the Fish River between 2000 and 2007. 
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Figure 9. Mean (+/- one standard error) condition factors of male (grey) and female (white) 
brown trout sampled from the Fish River between 2000 and 2007. 
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Ratio of wild and stocked fish 

Marked rainbow trout were first released into Oberon Dam in 2000. A proportion of these fish were 
finclipped (25%) for later identification if re-captured in the field (See Table 1). Spawning 
migrations were monitored for migrating fish from 2000 – 2007 but no fin-clipped fish were re-
captured. The absence of fin-clipped fish could arise for a number of reasons. Firstly, it may 
represent poor survival of stocked fish. Secondly, it is also possible that finclipped rainbow trout 
were ‘missed’ during sampling. However, the likelihood of this is minimal as finclipped fish have 
been collected at other study sites (Lakes Jindabyne and Eucumbene) every year during a similar 
study using the same methods for finclip identification. The absence of sampling within Oberon 
Dam (the stocking location), makes it difficult to ascertain survival of stocked fish. It is therefore 
also possible that these stocked fish are residing within the lake but have not been detected in 
spawning runs due to low sample sizes in some years. 
 
Oberon Dam is relatively small in terms of volume, and the stocking density, excluding any 
estimate of natural recruitment, is considerably higher (0.5 fish per ML at full capacity) than 
similar fisheries in Lake Eucumbene (0.03 fish per ML) or Lake Jindabyne (0.08 fish per ML). 
Prior to 2003, the storage volume in the lake was high (over 80%) which coincided with greater 
abundance of spawning fish. The number of spawning fish substantially declined when the lake fell 
below 50% in 2003. Under such conditions, the stocking density (again excluding natural 
recruitment) would have subsequently increased (2.20 fish per ML; Figure 10) and habitat 
availability declined. Density is known to be one of the most important factors influencing the 
survival of stocked fish (Papoutsoglou et al., 1987). However, optimal rates are well-known in 
aquaculture situations, but poorly-defined in impoundments. The influence of stocking density on 
the survival of fish in Oberon Dam may be substantial, especially during periods of water level 
fluctuation. Therefore, to ensure stocking is undertaken in a sustainable manner the influence of 
stocking density on survival warrants further investigation. 
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Figure 10. Relative density of rainbow trout stocked into Oberon Dam between 2000 and 
2007. Although 20,000 fingerlings were released each year, decreasing water levels 
affected the density of fish released. Note: This figure does not account for natural 
recruitment. 
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The data collected during our study suggest that natural recruitment is substantial in the Fish River. 
Juvenile fish were collected in every year of sampling and large spawning adults were also well 
represented. In the Eucumbene and Thredbo Rivers wild fish contribute to over 75% of the biomass 
in the annual spawning run (Faragher et al., 2007). This suggests that stocked fish partially 
contribute to, rather than dominate, annual spawning migrations in some Australian streams. The 
lack of recaptured fish may also indicate poor fin-clipping techniques. This is unlikely as fish fin-
clipped as part of this study were also stocked into Lake Eucumbene and Jindabyne where good 
recapture rates of hatchery fish were reported (Faragher et al., 2007). The fish stocked were 
therefore subjected to the same tagging technique and if present in the spawning runs, fin-clipped 
fish should have been observed. 
 
The fin-clipping technique is extremely tedious and requires substantial manual effort to provide 
information on wild/stocked ratios. There are more efficient techniques now available that could 
enable all stocked fish to be marked quickly and inexpensively, rather than a small proportion. Two 
techniques that may be able to be used in future work are Calcein or Alizarin Red-S marking 
(Crook et al., 2006). For these techniques, fish are immersed into a low-concentration solution at 
an early age. Fish are then stocked into a waterway. If fish are re-captured at a later date, 
determining hatchery origin is then a simple case of using a field fluorometer to scan the bone 
structure of the fish. A positive result indicates hatchery origin, a negative indicates a wild fish. 
Both techniques are currently in the final stages of approval by the Food Standards Authority of 
Australian and New Zealand (FSANZ). Once finalised, these techniques should replace fin-
clipping as the preferred marking technique for hatchery-produced trout. 
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4. CONCLUSIONS 

Assessments of the trout populations in the Fish River demonstrate strong natural recruitment for 
both species. Rainbow trout have been stocked annually but no finclipped fish were re-captured in 
the annual spawning run although juveniles were sampled in most years, indicating that natural 
recruitment was occurring. Brown trout were only stocked once in 1998, yet adult fish were 
sampled each year and juveniles were sampled four times over the sampling period. Whilst 
recruitment may not occur each year, it appears that existing levels are sufficient to maintain an 
effective fishery. The condition factors of both species suggested that spawning fish were in fair to 
‘good’ condition each year of the study. 
 
The new fishway will likely improve opportunities for fish recruitment and increase the amount of 
habitat available for spawning fish. Ongoing long-term assessments of the fishway would be useful 
to determine its operating parameters and ability to pass a wide range of size classes and species. A 
healthy population of mountain galaxias were sampled during the survey despite few reports of co-
existence in other streams in South Eastern Australia. This situation suggests that the current levels 
of stocking and recruitment have, so far, provided suitable conditions for co-existence between 
species. The apparent strength of natural recruitment in trout and the abundance of native galaxiids 
suggest there is no need to increase rainbow trout stocking density within Oberon Dam. 
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