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SUMMARY 

Movement of the Common Coral Trout, Plectropomus leopardus 

i. 

ii. 

. . . 
111. 

iv. 

V. 

vi. 

vii. 

Five tagging exercises have been completed over a period of 22 months from April 1992 
to February 1994 on the cluster of reefs south of Innisfail (Beaver, Taylor, Farquharson, 
Little Potter (17 060 and 17 06 1) and Potter Reefs) in the Cairns Section of the Great 
Barrier Reef Marine Park which have been zoned for the Effects of Fishing Program Reef 
Experiment. 

A total of 4627 P. leopardus have been tagged and released on the five reefs with a total 
of 443 returns to date from the public (300) and the four tag-recovery exercises (143). 

Ninety-nine per cent of the research returns of P. leopardus were returned from their reef 
of release. One inter-reef movement was recorded from Taylor to Beaver Reef. The 
results of the research recovery exercises indicate movement of P. leopardus among reefs 
is negligible and unlikely to confound treatment effects in the proposed Effects of Line 
Fishing Experiment. 

Thirty-six per cent of the public returns were returned from reefs other than the one on 
which they were released. The majority of inter-reef movement from the public returns 
was from Beaver (Closed) to Taylor Reefs and from Potter Reef to other reefs in the 
cluster. On the basis of the public returns, frequency of inter-reef movement of 
P. leopardus varies significantly among reefs within the cluster and ranges from 12% at 
Farquharson Reef to 40% at Potter Reef. 

It is suggested that the disparity in the extent of inter-reef movement of P. leopardus 
from Beaver Reef between the public and research returns is largely due to infringements, 
rather than a high level of movement from Beaver Reef. If this is the case, it is suggested 
that the level of fishing effort on Beaver Reef, in the form of infrequent pulse-fishing, 
may be enough to negate the potential effects of protection from fishing (i.e. higher 
abundance and protection of larger size classes of major target species). The catch per 
unit effort (CPUE) and length frequency data for P. leopardus tend to support this. 

Such a level of infringement on reefs zoned Marine Park ‘B’, which are theoretically 
closed to fishing, questions the validity of using these reefs as ‘unfished’ or ‘control’ 
treatments for large-scale manipulative experiments designed to investigate the effects of 
fishing, as the treatment effect size is likely to be small. 

Infringements do not explain the difference between estimates of inter-reef movement 
from research and public returns for the other reefs, and Potter Reef in particular. 
Furthermore, the research returns demonstrated a significant level of movement of 
P. leopardus among blocks within reefs which may represent movement of P. leopardus 
to spawning aggregations. Consequently, it is recommended that the movement study be 
continued as an integral part of the proposed manipulative experiment in order to: i) 
resolve the disparity between the estimates of inter-reef movement from the public and 
research returns, and ii) quantify the effect of a known change in abundance on the 
patterns of movement of P. leopardus. 

Comparison of T-bar Anchor Tags and Standard Dart Tags 

i. The frequency of tag loss of dart and t-bar tags differed significantly for returns from the 
research recovery exercises but not for the public returns, with the frequency of loss of 
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t-bar anchor tags being significantly lower for returns from the research exercise. This 
suggests that although the rate of shedding of dart tags is higher than t-bars, the dart tags 
are more likely to be detected and returned by the public. 

ii. There was no difference in the frequency of loss of the different coloured t-bar tags used. 
Therefore, given the lower frequency of shedding, greater ease of application and lower 
cost of the t-bar anchor tags, it is recommended the t-bar anchor tags be used in future 
tagging programs of demersal reef fish on the Great Barrier Reef. 

Catch Composition, Catch Per Unit Effort and Size Structure of Catch from Line Fishing 

i. 

ii. 

. . . 
111. 

iv. 

V. 

vi. 

A total of 8043 fish were caught from the five reefs over five trips. Catch was dominated 
by Serranidae, Lutjanidae and Lethrinidae which comprised greater than 97% of the total 
catch. Sampling by line-fishing was found to be very selective, with six species, P. 
leopardus (57%), Cephalopholis cyanostigma (12%), L&anus carponotatus (6%), 
Lutjanus bohar (3%), Lethrinus miniatus (3%) and Lethrinus atkinsoni (4%) dominating 
the catch. 

Catch composition varied significantly among trips and reefs. P. leopardus comprised a 
greater proportion of the catch on the trips done during the spawning season (September 
1992 and October 1993). This may be indicative of an increase in the catchability of P. 
leopardus during the spawning season and warrants further investigation. 

The difference among reefs was mainly due to the higher proportion of C. cyanostigma 
and L. bohar and the lower proportion of L. miniatus and L. carponotatus at Taylor and 
Potter Reefs compared to the other reefs in the cluster. Catch per unit effort of 
P. leopardus varied significantly among trips and within reefs. However, there was no 
significant difference in CPUE among reefs. The pattern of CPUE among trips and within 
reefs indicates that the increase in CPUE occurs during the spawning season and is likely 
to be the result of an increase in the catchability of P. leopardus when the fish are 
aggregated to spawn. 

It is strongly recommended that the temporal and spatial variation in catchability of 
P. leopardus by line fishing be investigated over a range of abundances of P. leopardus. 
Such information is essential for an accurate interpretation of changes in relative 
abundance from commercial line-fishing log book data and research surveys. 

The average size (mean length to caudal fork) of P. leopardus decreased significantly 
over the five trips, with a monotonic reduction in average size from April 1992 to 
February 1994. Mean size of P. Leopardus varied significantly among reefs and blocks 
(block = within reef strata, 2-2.5 km stretch of reef perimeter) also, with Taylor Reef 
having a significantly greater average size than the other reefs and Beaver Reef having a 
significantly smaller average size than all other reefs. 

Although the overall reduction in mean size of P. leopardus across all reefs is indicative 
of growth overfishing and cause for concern, in the absence of size-at-age information it 
is not possible to accurately interpret these effects in terms of differences in the 
population dynamics of P. leopardus. The significant effect of block on mean length of 
P. leopardus suggests that there may be significant differences in age-structure within 
reefs also. These results highlight the need for rigorous and powerful sampling programs, 
which include within reef strata, for monitoring changes in age-structure of target species. 
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INTRODUCTION 

The use of permanent spatial closures, or fisheries refugia, as a management technique for 
coral reef fisheries has recently received substantial attention (Russ 1991; Plan Development 
Team (PDT) 1990; Russ et al. 1994, DeMartini 1993). Marine refugia have often been invoked 
when more conventional techniques, such as effort or gear restrictions, have failed to achieve 
the desired management objectives, particularly in regions where the fisheries are subject to 
intense and unmanageable fishing pressure (e.g. Russ 1991; PDT 1990). In other cases, such as 
the Great Barrier Reef Marine Park, fisheries refugia have been used to separate potentially 
conflicting uses of the coral reef environment and its limited resources (e.g. extractive and 
nonextractive activities, such as fishing and SCUBA diving, respectively). The relative ease 
with which spatial boundaries may be defined in coral reef systems and their apparent isolation 
from each other, has prompted several authors to suggest that individual coral reefs may be 
ideal experimental units for manipulative experiments to investigate the effects of fishing on 
coral reef fish communities (Hilbom and Walters 1992; Walters 1986; Sainsbury 1988; Russ 
1991). 

A fundamental assumption underlying much of the theory of fisheries refugia is that there is 
limited exchange among individual spatial strata (reefs) (Hilbom and Walters 1992; Walters 
and Sainsbury 1990; Caddy 1993). In the light of the common perception of coral reef fish as 
sedentary, territorial animals, whose movements may be measured in the order of 10s to 100s 
of metres (Sale 1991), this assumption appears well justified. However, there is relatively little 
quantitative information available on the degree to which species of large reef fish commonly 
targeted by fisheries move within or among individual coral reefs (see appendix B of PDT 
1990). A general feature of these studies is that the recapture effort is often unknown and the 

.majority of the returns are recaptured shortly after release in close proximity to the release site. 
However, there are many examples of large scale movements of individual fish (lo-100 km) 
and the existence of spawning migrations, particularly by large epinephiline groupers, has been 
widely documented (Manooch 1987; Johannes and Squire 1988; PDT 1990; Colin 1992). 

In 1989 the Great Barrier Reef Marine Park Authority (GBRMPA) commissioned Professor 
Carl Walters and Dr Keith Sainsbury to develop and compare alternative experimental designs 
for a large scale manipulative experiment to investigate the effects of line and trawl fishing on 
the fish communities of the Great Barrier Reef. The design proposed by Walters and Sainsbury 
(1990), which incorporated line fishing treatments applied at a level of reef, assumes that the 
fish communities of individual reefs are independent. Walters and Sainsbury (1990) suggested 
that movement of adult fishes among individual reefs in excess of 25% yr’ would be sufficient 
to confound the effects of the proposed manipulation of fishing effort. Given the equivocal 
nature of the present information on the extent of inter-reef movement by large reef fish, they 
recommended that a tagging study, designed to estimate the rate of movement of target species 
among individual reefs within the experimental clusters, be performed as part of a pilot study 
preceding the main experimental program. This report presents the results, conclusions and 
recommendations of such a tagging study. 

The main objective of this study was to determine the extent to which large reef fish, 
principally the common coral trout, Plectropomus leopardus, move among individual reefs. 
This was achieved through a large scale tagging study done on five reefs south of Innisfail, in 
the Cairns Section of the Great Barrier Reef Marine Park, from April 1992 to February 1994. 
The main aims of the study were to determine: 

0 what was the extent of movement among individual reefs; 
ii) what proportion of the population moved among reefs; 
iii) whether movement among reefs was related to the spawning season of P. leopardus. 
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Additional aims of the study included a comparison of two types of tag commonly used for reef 
fish on the Great Barrier Reef and the collection of catch composition, catch per unit effort and 
length frequency data for the dominant species in the Great Barrier Reef line fishery. 

This study differed from previous studies of movement of large reef fish in two ways. Where 
logistically feasible, the tagging effort was spread across the entire area of each of the five 
reefs sampled, so that tagged fish were relatively evenly distributed through the population. 
Secondly, returns were obtained from the recreational and commercial fishing communities 
and from subsequent research tag-recovery exercises. This meant that, at least for the research 
returns, the recapture effort was known and, secondly, it also provided two independent data 
sources for estimates of rates of inter-reef movement which could be used to interpret potential 
biases in the tag return data. 
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METHODS 

Study Site 

The study was done on a cluster of five reefs (Beaver, Taylor, Farquharson, 17 060/17 061 
(Little Potter) and Potter Reefs) adjacent to the southern boundary of the Cairns Section of the 
Great Barrier Reef Marine Park (figure 1). The estimated shortest distances between adjacent 
reefs within the cluster ranges from 200 m, between Beaver and Taylor Reefs, to 1500 m, 
between Farquharson and Little Potter Reefs (figure 2). These reefs have been zoned Fisheries 
Experimental reefs for the purposes of the Great Barrier Reef Marine Park Authority’s Effects 
of Fishing Program following the revision of the Cairns Section Zoning Plan in 1993, with 
Beaver Reef closed to fishing and the other reefs open to line and spear-fishing. 

Cairns Section 
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Little Potter Reef e/5. c 

Farquhanon Reef 
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\ Beaver Reef 
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Figure 1. Location of study area and study reefs for the large-scale movement study on the 
Great Barrier Reef 
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Figure 2. Location of sampling blocks within each reef of the cluster 

Sampling by Line-fishing 

Fish were caught by commercial line-fishers using 80 lb (36 kg) handlines rigged with a 
running sinker, and a single 8/O or 9/O hook, baited with a whole Western Australian pilchard 
(Surdinops neopilchardus). Fishing was done from 4.1 m aluminium dories, with one fisher 
and one tagger per dory, and from one commercial mother vessel, with two fishers and one or 
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two taggers. For convenience, any combination of vessel, fishers and taggers will hereafter be 
referred to as ‘dory’ and the process of a dory anchoring and fishing will be defined as a 
‘hang’. In order to distribute the effort of each dory more evenly within defined spatial strata, 
minimum (10 min) and maximum (30 min) hang times were set. The location, depth and start 
and finish times of each hang were recorded onto prepared data sheets and maps. 

Tag Type 

Standard t-bar Anchor (TBA) tags and standard dart tags, both manufactured by Hallprint@ 
(Holden Hill, SA), were used in this study. Tags were labelled with an individual number, a 
toll-free telephone number and the words ‘RESEARCH-REWARD’. The standard TBA tags 
were colour-coded for each reef in the study whilst the dart tags were yellow and were used 
with yellow TBA tags only. 

Tagging Technique 

All fish were double tagged. The first tag was applied between the third and fourth dorsal spine 
approximately 051.0 cm below the base of the dorsal fin. The second tag was applied 
approximately 1 cm posterior to the commencement of the soft dorsal fin, on the same side as 
the anterior tag. All tags were tested to ensure that they were secure and any tag which was not 
secure was removed and a new tag applied. During the first four tagging exercises all species of 
serranid, lutjanid and lethrinid were tagged. For the final recovery exercise only P. leopardus, 
C. cyanostigma, L. bohar, L. carponotatus, L. atkinsoni and L. miniatus were tagged. 

A minor objective of this study was to compare the effectiveness of standard TBA tags and dart 
tags for use on large reef fish, as the opinions of researchers on the merits of the two types of 
tag differ (G. MacPhearson pers. comm.; L. Squire pers. comm.; C.R. Davies, pers. observ.). 
Approximately one-third of the total number of P. leopardus and L. miniatus greater than 35 
cm fork length were tagged with one standard TBA tag and one dart tag. The locations of the 
tags were the same as described above and the relative positions of the two types of tag were 
alternated. All other fish were tagged with two standard TBA tags. 

Captured fish were dehooked by the fisher and placed in either the kill bin, a self-draining bin 
permanently fixed to the centre of the dory, or a plastic bin (600 x 400 x 400 mm), filled with 
water. Fish were taken from the bin with a piece of foam rubber and placed on a 1 m wooden 
measuring board where they were measured, tagged and released. The following data were 
recorded for each fish: species, length to caudal fork (to the nearest mm) and standardised 
comments on the condition of the fish at release. The entire process generally took less than 45 
seconds to complete. 

Sampling Protocol 

The perimeter of each reef was divided into a series of blocks, approximately 2-2.5 km long, 
which were used to distribute the sampling effort as evenly as possible around the reef. The 
number of blocks varied between reefs according to the area of the reef (figure 2). The 
boundaries of the blocks were buoyed on the initial tagging exercise and their location mapped 
and recorded with Global Positioning System (GPS). Following the second tag-recovery 
exercise, prominent reef features were used to delineate the blocks as the process of deploying 
the buoys required too much time which could otherwise be used sampling. 

The number of dories and total sampling effort varied between trips, however the sampling 
protocol was the same. Teams of 2-3 dories were assigned to a block which they fished during 
a session (average duration = 4 h). In order to distribute the effort evenly within blocks, dories 
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commenced fishing at opposite ends of the blocks and fished towards each other. Two or three 
blocks were sampled during each session, although this varied between reefs and according to 
the total number of dories on each trip. 

Generally the blocks within each reef were fished sequentially as this minimised travelling 
time and therefore maximised sampling effort. However, following the initial tagging exercise 
and on the advice of the commercial fishermen, the order in which blocks were fished was 
timed to coincide with the ‘run on’ side. The ‘run on’ side of a reef is the side where the tide is 
pushing up onto the reef from the deeper off-reef water. Conversely, the ‘run off’ side of a reef 
is the side where the tide is flowing off the top of the reef into the deeper reef slope water. The 
‘run off’ side of a reef becomes the ‘run on’ side when the tide reverses. The fishers believe 
that there is a substantial difference in catch rates between the ‘run on’ and ‘run off’ tides with 
catch per unit effort (CPUE) being higher on the ‘run on’ side. Therefore, it was decided to 
stratify the sampling effort with respect to tide in order to maximise CPUE. 

Sampling Schedule and Distribution of Effort 

Five sampling trips were done over the duration of the study. The number of fishers and 
duration of each trip is given in table 1. The April 1992 trip was done during neap tides whilst 
the latter four trips were done during either new moon or full moon spring tides. In April 1992 
and 1993, it was not possible to fish the exposed areas of any of the reefs, with the exception of 
Beaver Reef, due to prevailing sea conditions. This resulted in the total effort for each reef 
being distributed amongst the back reef blocks (table 2, figure 3). In September 1992 and 
October 1993 all blocks of all reefs were fished, except for block 5 at Beaver Reef in October 
1993 (table 2). The sampling effort for the April 1993 trip was reduced by more than 1.5 days 
due to mechanical breakdowns to both charter and fishing vessels and, as a result, 17 060 reef 
was not fished and only one 4 h session was done at Farquharson Reef. 

Table 1. Starting date, duration, number of dories and tidal state for each research sampling 
trip 

Trip 
a 
b 
C 

d 
e 

Starting date 
1 April 1992 
23 September 1992 
16 April 1993 
22 October 1993 
9 February 1994 

Duration (d) 
10 
6 
6 
6 
6 

No. Dories 
10 
8 
8 
6 
6 

Tide 
neap 

spring 
spring 
spring 
spring 

The distribution of the sampling effort for the February 1994 trip differed from the previous 
trips. Rather than distributing the total effort evenly between the five reefs, the effort was 
concentrated in those areas where there was the greatest difference between the level of 
movement indicated by the public and research returns. 
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