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Abstract

 

Among the critical issues for the management of estuarine fish resources is the
need to adequately identify the extent of use by recreational fishers, and the
allocation of the resource between recreational and commercial users.

Recreational anglers in estuaries often target a similar range of estuarine fish
species to commercial fishers. Prior to the declaration of ‘recreational fishing
havens’ (estuarine waters closed to commercial netting but remaining open to
recreational angling) in many New South Wales (NSW) estuaries in May 2002,
the estuary of the Manning River on the central NSW coast supported the tenth
most productive commercial estuarine net fishery in the State. To quantify the
recreational angling effort in the Manning River estuary, progressive counts
were made of shore-based and boat-based anglers from a small power boat from
June 2001 to May 2002. Sample days (eight per month) were chosen in a
stratified random fashion, taking into account the proportions of weekends, pub-
lic holidays and school holidays in each month. The total recreational angling
effort exerted on the estuary for the 12-month period was 144 892 

 

±

 

 3248 angler-
hours, indicating a low to medium effort compared to other NSW estuaries of
similar size. Over half of the effort was exerted in the section nearest the north-
ern entrance at Harrington. There was relatively little variation in shore-based
angling effort throughout the year, whereas boat-based fishing increased mark-
edly in summer. Months that coincided with NSW school holidays were most
popular, especially January. More recreational fishing effort was exerted in the
afternoons than in the mornings during winter, but this trend was reversed in
summer. Although daily effort was much higher on weekends than weekdays,
the total cumulative effort was generally similar, due to the greater number of
weekdays in the year.

Pilot studies of catch per unit effort indicate that the recreational catch in the
Manning River estuary is probably small compared to the pre-closure commercial
catch. Therefore management strategies aimed at limiting the recreational catch
are likely to have minimal impact on fish stocks in the estuary when compared
with regulation of the commercial sector.
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Introduction

 

Estuaries provide protected water where intertidal
and shallow-water plant communities such as
seagrass, mangroves and saltmarshes are found.
These communities contribute large amounts of
organic material to estuarine food chains, and
provide food and shelter for many animals
(Hutchings and Sanger, 1987). Many important
commercial and recreational fish species use
estuarine plant communities for spawning or as
a nursery habitat and use other parts of the estu-
aries as adult habitat (Kailola 

 

et al.

 

, 1991). The
sheltered waters and shorelines of many estuar-
ies also provide all-weather access to the fish
resource for both commercial and recreational
fishers. The principal commercial target species
of fin fish in New South Wales estuaries are sea
mullet 

 

Mugil cephalus

 

, bream 

 

Acanthopagrus
australis

 

, sand whiting 

 

Sillago cilata

 

, dusky flat-
head 

 

Platycephalus fuscus

 

 and luderick 

 

Girella
tricuspidata

 

 (Gray 

 

et al

 

., 2000; Smith and Deguara,
2002). With the exception of mullet, recreational
anglers generally target a similar range of
estuarine fish species (Henry, 1984; West and
Gordon, 1994; Bourke, unpublished data).

In terms of the proportion of the population
which participates at least once per year, recre-
ational fishing was identified as the second most
popular outdoor recreational activity for adult
Australians (PA Management Consultants, 1984).
The National Recreational and Indigenous fish-
ing survey (Henry and Lyle, 2003) found that in
the 12 months prior to May, 2000, almost one in
five Australians went fishing at least once. Among
the critical issues for the management of recre-
ational fishing is the need to adequately identify
the extent of resource use by recreational fish-
ers, and the allocation of the resource between
recreational fishers and other competing users,
especially the commercial sector (Henry and Lyle,
2003; Steffe and Chapman, 2003). Management
strategies that limit the larger components of the
harvest are likely to be most effective at maintain-
ing or improving fish stocks. ‘Recreational fishing
havens’ (RFHs) were declared in many estuaries
in New South Wales in May, 2002 (NSW Fisheries,
2004). RFHs are areas that are closed to com-
mercial netting but remain open to recreational
angling and bait collection. Prior to the declara-
tion of RFHs the Manning River, on the central
NSW coast, was among the top ten estuaries for
commercial catches of flathead, luderick, bream
and whiting in the State (Gray 

 

et al

 

., 2000).
The principal aim of this project was to quantify

the recreational angling effort in the Manning

River estuary by using progressive counts
(Malvestuto, 1983) over 12 months. The survey
was designed to describe spatial and temporal
patterns of fishing activity, contrasting weekdays
and weekends, different times of the day, and
different sections of the estuary on a seasonal
basis. When combined with the very limited
amount of catch per unit effort (CPUE) data
available (Bourke, unpublished data), the effort
figures can be used to estimate an approximate
annual yield of the recreational fishery in the
Manning River estuary.

 

Methods

 

The study area

 

The estuary of the Manning River extends over
approximately 25.3 km

 

2

 

 (West 

 

et al.

 

, 1985). It
receives freshwater discharge from a catchment
of approximately 8400 km

 

2

 

 (Williams, 1987) and
has a tidal range of up to 1.9 m at the entrance
(Bucher and Saenger, 1989). The main entrance
is at Harrington Inlet (31

 

°

 

53

 

′

 

S 152

 

°

 

43

 

′

 

E), with
a smaller, intermittently-open entrance to the
south at Farquhar Inlet (Figure 1). The tidal limit
is upstream of Wingham. The estuary supports
approximately 3.6 km

 

2

 

 of mangroves and 0.3 km

 

2

 

of 

 

Zostera

 

 seagrass beds (West 

 

et al.

 

, 1985).

 

Measurement of angling effort

 

The method used for measuring recreational
angling effort was the progressive count method
described by Malvestuto (1983) and Pollock 

 

et
al

 

. (1994). This method has been used in several
studies of fishing effort in NSW (Henry, 1984;
West and Gordon, 1994; Steffe 

 

et al.

 

, 1996; Steffe
and Chapman, 2003) and involves keeping a
tally of anglers as they are encountered during
random scans of the study area. The average
tally for each location is then multiplied by the
number of hours in the time interval to give an
estimate of total effort in units of angler-hours.

The estuary was divided into seven sections
for this study (Figure 1). The sections were
then grouped as an inland group (sections 1, 2,
3 and 7) and a seaward group (4, 5 and 6). Each
group took approximately 4–5 hours to sample
(depending on the numbers of anglers encoun-
tered). This meant that the shorter winter and
autumn days could be divided into ‘a.m.’ and ‘p.m.’
sampling sessions with one group of sections
sampled in a single session. Longer days in
spring and summer meant that the day could be
divided into ‘a.m.’, ‘midday’ and ‘p.m.’ sessions
and up to three samples could be completed in
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a single day. Within each session the starting
point and the order in which sections were sur-
veyed were chosen randomly.

Sample days were chosen in a stratified ran-
dom fashion. Public holidays were treated as
weekend days. NSW school holidays that were
not otherwise public holidays or weekends were
treated as weekdays. Sample days were allo-
cated to school holiday periods in proportion to
their occurrence each month.

Every combination of section, session and
day type (weekday or weekend/public holiday)
was replicated twice each month. In order to
complete the autumn sampling within logistic
constraints, and with the same degree of replica-
tion, it was necessary to cover the entire estuary
in a single 4–5 hours sample session. To achieve
this, the upstream limit of section 1 was short-
ened to Tinonee during autumn. Shortening
section 1 reduced the time required to sample it
by over two hours. Negligible fishing effort
had been noted above this point in previous
seasons.

Sampling each section involved recording
progressive tallies of the number of anglers fish-

ing from the shore and from boats, the number
of lines in the water and the number of boats
from which fishing was taking place. Anglers
moving between sites were not counted, unless
they had lines in the water.

Replicate tallies for each combination of sec-
tion, session, and day type were averaged and
multiplied by the number of hours in the ses-
sion. Session averages were added to give daily
totals, and these were multiplied by the number
of days of each type in the month to give
monthly totals. Standard errors of effort esti-
mates were calculated as described by Steffe
and Chapman (2003).

 

Results

 

Sampling effort

 

A total of 936 hours of survey were conducted
over the twelve months of the study. There were
113 weekend days in the year (including nine
public holidays) and 252 weekdays (including
51 school holidays). The sample days repre-
sented 19% of weekdays and 42% of weekends
or public holidays.

Figure 1 Location of the Manning River estuary showing the seven sections defined for sampling purposes.
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Total recreational angling effort

 

Over the twelve months of the study a total estim-
ated recreational angling effort of 144 892 

 

± 

 

3248
angler-hours was exerted on the estuary. When
multiplied by the average number of lines per
angler (1.06) the effort can be expressed as 153
586 line-hours. On a seasonal basis, angling
effort was highest in summer (Figure 2), with an
average of 41 660 angler-hours or 463 angler-
hours/day, and lowest in winter (30 843 angler-
hours or 335 angler-hours/day), although the
differences between seasons were not statistically
significant.

 

Variation in effort with time of day

 

During the warmer months there was a signifi-
cant trend towards greater effort in the mornings
(Figure 3). During winter over 70% of the total
effort was exerted after midday, whereas in sum-
mer, the session before 11:00 a.m. had twice as
much effort as either of the two later sessions.

 

Variation in shore-based and boat-based 
angling effort

 

Overall, similar effort was exerted from the
shore as from boats (53% from boats). There
was a significant trend for more boat-based fish-
ing in warmer months (Figure 4), particularly on
weekends. In winter around 60% of the fishing
was done from the shore. The total effort from
boats slightly exceeded shore-based effort in
summer, but the difference was greater on week-

ends. The average number of anglers per boat
was 1.98.

 

Variation in effort with day type (weekends and 
weekdays)

 

Overall, weekends and public holidays had approxi-
mately twice the average daily fishing effort (632
angler-hours/day) than weekdays (292 angler-
hours/day). However, the greater number of
weekdays meant that the total cumulative effort
was equally divided between weekdays and
weekends (Figure 5). The difference in daily effort

Figure 2 Seasonal and monthly estimates of total recreational fishing effort in the Manning estuary (June 2001–February 2002).

Figure 3 Distribution of fishing effort by time of day
(sampling session). In winter and autumn ‘am’ = dawn–noon,
‘pm’ = noon–dusk. In spring and summer ‘am’ = dawn−11
am, ‘midday’ = 11–3 pm, ‘pm’ = 3–dusk). Error bars are ±1
SE. Seasons in which the differences between sampling
sessions were significant at ∝ = 0.05 are indicated by
asterisks.
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between day types was significant in all seasons,
but greatest in autumn. In most seasons the total
weekday effort was slightly higher than on
weekends. The exception was autumn, when
greater total effort was exerted on weekends
(Figure 5).

 

Spatial variation in effort

 

Section 4 was significantly the most popular
section of the estuary in all seasons (Figure 6),
supporting 44–61% of total fishing effort, fol-
lowed by sections 5 and 1. Almost all of the effort
in section 1 was seaward of Tinonee. A significant
interaction between season and section resulted
from sections 4 and 5 having a greater proportion
of total effort in winter, whereas section 3 had its
highest proportion of total effort in spring and
the popularity of sections 1, 2 and 6 peaked in
summer. Fishing effort in section 7 was consist-
ently very low in all seasons (Figure 6).

Patterns in most variables differed among the
seven sections of the estuary (Table 1). Sections
1, 3, 4 and 7 had a greater effort on weekdays
(but the difference was significant only in section
4), whereas 2, 5 and 6 had greater total effort on
weekends (5 and 6 significantly so). Most effort
was exerted from the shore in sections 1, 2, 3 and
4 (3 and 4 significantly so), whereas sections 5,
6 and 7 were all significantly dominated by
boat-based fishing.

 

Discussion

 

The level of effort in the Manning River is low
compared with other NSW estuaries of similar
size, such as the Richmond and Tweed Rivers
(Table 2).

Seasonal patterns of recreational angling
effort in the Manning estuary were similar to
other studies of estuarine environments in NSW
(Henry, 1984; West and Gordon, 1994; Steffe

 

et al.

 

, 1996; Steffe and Chapman, 2003) in that
effort was greatest in summer, although in this
study the inter-seasonal difference was not

Figure 4 Distribution of average daily fishing effort by fishing platform (shore-based or boat-based). Error bars are ±1 SE.
Seasons in which the differences between fishing platforms were significant at ∝ = 0.05 are indicated by asterisks.

Figure 5 Average daily (top) and total (bottom) recreational
fishing effort in the Manning estuary in each season (left)
and for the whole year (right). ‘Weekends’ includes public
holidays. Error bars are ±1 SE.
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statistically significant, due to high variability
between months within seasons. January had the
most effort of any single month, probably because
of the warm weather and because 19 of the 21
weekdays in January were school holidays. The
return to school in February produced the second-
lowest monthly effort of the study, despite good
weather, long day-length and daylight savings
time. Other months that coincided with NSW
school holidays (July, October and April) were
also popular, indicating that the availability of
leisure time is more important than the seasonal
weather in determining fishing effort, especially
for shore-based fishing.

A national survey of recreational fishing (Henry
and Lyle, 2003) found that shore-based fishing
accounted for 57% of fishing trips in 2000/2001.

In a survey of fishing effort in seven northern
NSW estuaries Steffe 

 

et al

 

. (1996) noted that
shore-based effort exceeded boat-based angling
in all but the large Clarence estuary. Whilst this
was also true of the Manning on a yearly basis,
there were seasonal differences. Boat-based
fishing increased in summer, especially in the
sections more distant from the major population
centres of Taree and Harrington. On Lake
Macquarie, Steffe and Chapman (2003) found
that boat-based fishing exceeded shore-based
fishing in all seasons, but the difference was least
in winter, especially on weekdays.

The tendency to fish in the afternoons in
winter is almost certainly due to cold morning
temperatures (often between 0 and 5

 

°

 

C). How-
ever, in summer the cool of the mornings was
preferred. This was particularly so on weekends.
Sampling was not stratified with respect to state
of the tide, and few sections of the estuary were
likely to be sampled at all states of the tide in
any particular season. However, the relatively
large sample size and random day selection should
have avoided serious bias due to increased effort
on the turn of each tide in the estimated annual
effort. Some angling occurs at night and this
was not included in the present study. Casual
observations indicate that nocturnal angling
effort is likely to be very small in the Manning
compared with diurnal effort. Nocturnal anglers
are mostly shore-based and usually target
mulloway (

 

Argyrosomus japonicus

 

) and garfish
(Hemiramphidae).

Figure 6 Percentages of total seasonal and annual recreational fishing effort in each of seven sections of the Manning estuary
used in this study. Error bars are ±1 SE.

Table 1 Percentages of annual fishing effort in each section
of the estuary by day type and type of fishing. Numbers in
bold indicate significant differences at ∝ = 0.05 using
Student’s paired t-test.
 

 

weekdays weekends shore boat

Section 1 52.4 47.6 58.7 41.3
Section 2 37.4 62.6 52.9 47.1
Section 3 51.0 49.0 61.7 38.3
Section 4 54.7 45.3 60.0 40.0
Section 5 42.0 58.0 34.1 65.9
Section 6 45.2 54.8 34.9 65.1
Section 7 53.7 46.3 29.5 70.5



 

D. J. Bucher:

 

 Spatial and Temporal Patterns of Recreational Angling Effort

 

93

 

© 2006 Institute of Australian Geographers

 

Accurate estimates of fishing effort and its
variation among times and locations is a vital
first step in assessing the yield of a fishery and
ultimately its sustainability. Bourke (unpub-
lished data) interviewed 93 randomly chosen
anglers (mostly in the seaward sections 3, 4 and
5) to estimate catch per unit effort (CPUE) dur-
ing September 2001. The average angler landed
0.63 fish/angler-hour. Of these, 0.41 fish/angler-
hour (67%) were released as being too small or
of an undesirable species. Of the fish retained,
28% were bream, 21% dusky flathead, 14%
luderick and 11% sand whiting. The remaining
26% was composed of a mix of 10 other species
including tailor, tarwhine, flounder and mullet.

Catch and harvest per unit effort (or the rate
at which fish are retained) for September, 2001,
on the Manning River estuary were lower than
annual figures reported for the Richmond and
Clarence estuaries (West and Gordon, 1994) and
Port Jackson (Henry, 1984). However, the high
variability and low sample numbers mean that
the estimate is imprecise and a more thorough
CPUE study is needed to adequately cover all
parts of the estuary, in all seasons. As a first
approximation, if the CPUE figures for September
are taken as representative of annual rates, they
indicate a total annual recreational harvest of
31 876 fish (144 892 angler-hours 

 

×

 

 0.22 fish kept/
angler-hour). Application of the average weights
of retained fish in NSW as estimated by Henry
and Lyle (2003) for sand whiting (220 g), bream
(350 g), luderick (450 g) and flathead (400 g) leads
to an estimated total annual harvest from the Man-
ning River estuary of approximately 11 tonnes.

In contrast to the recreational harvest, the
average annual commercial catch of luderick,
bream, flathead and whiting for the five year
period to 1998–1999 from the Manning River
estuary was around 42 tonnes (estimated from
graphs in Gray 

 

et al.

 

, 2000). Mullet added
approximately a further 70 tonnes (estimated
from graphs in Smith and Deguara, 2002). Even
allowing for large imprecision of the recrea-
tional estimate, the recreational catch was only
a small proportion (less than 10%) of the total
harvest from the estuary prior to the closures
imposed since May 2002.

 

Conclusions

 

The recreational angling effort and harvest in
the Manning estuary is low compared with other
NSW estuaries of similar area. Angling activity
peaks in January and at other times during
school holidays. Over half the effort is exerted
in the section nearest the mouth of the estuary
between Harrington Inlet and Croki. Variations
in time of day, day type and fishing type are
dependent on the season and location. The main
avenue for further work to build on the results
of the effort surveys is for a thorough, year-long
survey of catch rates in all sections of the estu-
ary to accommodate seasonal variations in catch
rates and changes in species composition.

The relatively small yield of the recreational
fishery in the Manning River estuary indicates
that management strategies aimed at further lim-
iting the recreational catch are likely to have
minimal impact on fish stocks in the estuary
when compared with regulation of the commercial

Table 2 Recreational angling effort in studies of NSW estuaries arranged according to estuarine water area as measured for
an inventory of NSW estuaries (West et al., 1985).
 

 

Estuary Water area (km2) Annual Effort 
(angler-hours)

Source

Lake Macquarie 125.50 970 480 Steffe and Chapman (2003)
Clarence River 89.24 709 395 Steffe et al. (1996)

332 316 West and Gordon (1994)
Port Jackson 49.67 836 950 Henry (1984)
Manning River 25.35 144 892 This study
Richmond River 19.07 390 240 Steffe et al. (1996)

223 304 West and Gordon (1994)
Tweed River 17.92 557 413 Steffe et al. (1996)
Brunswick River 2.22 127 200 Steffe et al. (1996)
Wooli River 1.90 60 963 Steffe et al. (1996)
Sandon River 1.41 16 602 Steffe et al. (1996)
Mooball Creek 0.40 28 538 Steffe et al. (1996)
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sector. A recreational fishing haven in this
instance should, therefore, improve fish stocks.
However, as recreational effort increases with
urban expansion of coastal population centres and
commercial production declines as the fishable
area is reduced, it may be that the recreational
catch, at least for some species, may eventually
approach or exceed the commercial catch.
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