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Abstract 

Fish in the semi-enclosed Moreton Bay in southern Queensland, Australia, were 
sampled at-nine sites uSing an otter trawl monthly during daylight. Of 112 recorded 
species 20 (17 .8%) were recognized food species. They were, however, of little 
commercial value because of their small size. Six species (5% of total species) were most 
abundant, and accounted for 76% of the catch; 91 s�es (81 %) were very rare making 
up only 8% of the catch. Shannon�Wiener diversity indices ranged from 1.1 to 2.5, with 
estuarine sites showing higher diversity than oceanic sites. Similarity analysis 
(Kendall's coefficient of association) showed that the fish fauna at oceanic sites was 
different to that of inner, estuarine sites. Four faunal zonations in Moreton Bay are 
proposed: two oceanic, a Central and an estuarine zone. 



Introduction 

Otter trawls were first introduced to Moreton Bay, Queensland 
(Fig. 1 ), in the 1950s (Maclean 1973) for catching shrimp. The shrimp 
fishery has developed to the extent that trawling is the dominant 
commercial fishing method in the Bay (Williams 1980). The by-catch 
of crabs and fish by trawlers has --caused concern among both 
professional and recreational fishermen- in the Bay (Pashen and 
Quinn 1984), which is semi-enclosed by four sand islands with three 
main openings to the Pacific Ocean. 
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About half of the species with commercial value were each 
represented by only a few (<20) fish of small size. Seven commercial 
species were represented each by more than 100 fish (Table 2). Most 
individuals of these seven species (Table 3) were juveniles of little 
commercial value. The exceptions were some large (>18 cm) Pseu• 

dorlwmbusjenynsii (Bleeker), Pseudorhombus arsius (Buchanan) and 
Sillago maculata (Quoy & Gaimard). Only S. maculata was caught in 
significant numbers. It is usually regarded as a useful by-catch. 
Trawlers retain large S. maculata for sale to help defray expenses, 
particularly when shrimp catches are seasonally low (April to 
September). It occurs throughout the year, with larger individuals in 
the deeper waters (Weng 1986).

Two commercially valuable species (S. maculata and P. arsius) 

occurred throughout the year, but the remaining five were highly 
seasonal (Table 2). In particular, large numbers of juvenile 
Chrysophrys auratus (Bloch & Schneider) (Table 3) occurred during a 
short period from November to January, mostly in the vicinity of the 
South Passage (Fig. 1) where there is strong oceanic influence. 

Dominance of species 

According to the criteria described above, the five levels of 
abundance are listed in Table 4. There was a high percentage of the 
"very rare" species. The few "very abundant" species represented a 
high percentage of the total catch. 

Four of the six "very abundant" species (Table 2) were by-catch 
species (called "trash" fish in Australia because they are discarded) 
which predominated in catches throughout the year. Length. 
frequency data of the six most common by-catch species are shown in 
Table 3. They were mostly small fish with varied spatial distributions 
and seasonal occurrences (Table 2). 

Species diversity 

The number of species and individuals, and the species diversity 
index at each sampling site are shown in Fig. 2. The number of 
species ranged from 19 at KO to 66 at K6, and the number of 
individuals from 448 fish (29 species) at K8 to 7,196 fish (43 species) 
atK3. 
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Table 3. Size range, mean size, standard deviations and life history stage (Juve
nile (J)-Adult (A)) of the seven most common commercially valued (Nos. 1-7) 
and six by-catch (Nos. 8-13) fish species taken by trawl in Moreton Bay. 

Species· No. of Size range Mean Ilise Life history 
fioh (cm) (X± S.D.) Btaae 

1 Ch,y,ophty, au,utua 1,087 7-14 10.8±0.9 J 

2 Upeneua trt;I/JUla 928 4-15 9.2±1.2 J 

3 Sil/ago ma,,dato 532 6-24 15.2± 3.2 J-A

4 Arnaglo,oua ...U.i 857 6-12 8.1 ±0.9 J

6 Polynemus multiradiatus 238 3-19 9.2±3.6 J
6 l'llcudorhombus jenynsii 130 8-25 14.4±2.2 J-A
7 Pseudorhombua arsius 111 8-25 15.8± 2.8 J-A
8 Monocanthus oblon{pu 7,716 4-13 8.2±1.2 J-A
9 Lovamia fasciato 3,824 3-12 7.6±0.9 J -A

10 Cmtropogon rnarmorutus 1,329 5-9 6.8± 0.5 J
11 Pelatu quadrilwams 1,066 7-16 10.4±2.1 J-A
12 Gerruovatu• 311 9-16 12.2±1.4 A
13 Spheroidu squami<auda 297 5-12 7.8± 1.2 J-A 

Table 4. The five levels of abundance of trawl-caught fish in Moreton Bay, based on the 
criteria of abundance descnOed in this paper. 

Category Range ofno. No. offish Species % of all 
offish per sample No. % individuals 

Very rare <102 <l 91 81.3 8.3 
Rare 103-204 1-2 8 7.1 5.6 
Common 205-408 2-4 6 5.4 7.8 
Abundant 409-816 4-8 1 0.8 2.5 
Very abundant > 817 >8 6 5.4 75.8 

Site K3 (close to the center of the Bay) had an extremely high 

number of individuals (7,196 fish), which was due to the presence of 
the three most abundant by-catch fish (Table 2). Next in numerical 

order was K6. Although KS appeared to be a similar type of habitat 
(Table 1) to K2 and K4, this site presented very different numbers of 
species (29) and individuals (448) (Fig. 2). 

Species diversity indices ranged from 1.1 at Kl to 2.5 at K2 (Fig. 
2). The estuarine sites (K2, K4 and KS) tended to show higher 

diversities than the oceanic or outer sites (Kl, K3 and K5). The 
indices at Kl and K3 were lowest due to the presence of the most 
abundant species (M. oblongus) which represented the majority of the 

catch (Table 2) at these sites. 
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Fig. 2. Numbe.r of species (S, solid column), number of individuals (N, open 

colum'n) and the species diversity index (H, shaded column) at each sampling 

site (KO to KS) in Moreton Bay. 

Faunal similarity 
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The number of common species (the species occurring at both 
sites) at any two neighboring sites varied from a minimum 7 out of 52 
species (13.5%) between KO and K2 to a maximum 20 out of 47 
species (42.6%) between K5 and K7. 

Kendall's coefficients of association between site pairs (Fig. 3) 
were of two groups, one from 0.01 to 0.46 and the other of negative 
values. These negative values indicated a high degree of faunistic 
dissimilarity between the estuarine sites (K4, K6 and KS)· and the 
oceanic sites (KO and Kl). 

Sin.ce the critical value of Tab for significance (Te) was 0.18, one
third of the association values (Fig. 3) were not · statistically 
significant. The higher values (Tab > Te) related to adjacent sites. 
Values exceeding 0.30 inferred similar habitats except for two 
outstanding cases. One was a high Tab (= 0.34) which occurred 
between two distant, dissimilar sites, K2 and K5; the other was a low 
Tab (= 0.14) between two close sites, Kl and K5. Part of K5 was 
seagrass vegetation (Table 1) · which might account for the 
outstanding results of these two cases. 

Low significance offaunal similarity (Tab= 0.19) between sites 
KO and K7 indicates a s;gnificant difference between fish groups of 
the two main entrances of Moreton Bay to the Pacific Ocean (Fig. 1). 
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Discussion 

Otter trawls are designed to catch demersal animals, but the 
effectiveness of this fishing gear in obtaining representative samples 
has long been questioned (Cleve et al. 1966; Fay et al. 1978; Uzmann 
et al. 1977). A number of workers hold the view that the variability in 
catch is unavoidable (Roessler 1965; Stephenson et al. 1982a, 1982b; 
Suzuki 1973; Taylor 1953), while others consider that the catch 
provides representative samples (Barnes and Bagenal 1951; Oviatt 
and Nixon 1973; Perret and Caillouet 1974). Fay et al. (1978) 
concluded that approximately 100 hauls, timed to include each 
season, were needed to obtain specimens of about 95% of catchable 
species of fish from an area of soft bottom in Santa Monica Bay, USA 
Such an intensive sampling method had not been commonly 
practiced. 

The trawl net used in this study caught predominantly small 
fish. Observations during this study on the fishermen's operation of 
gill nets and tunnel nets in Moreton Bay indicated that there were 
large fish of various species in the Bay. Whether these large fish 
could avoid the trawl by fast-swimming action or by swimming above 
the net has not been verified. 

Sales from shrimp trawlers in Moreton Bay consist almost 
entirely of shrimp (Penaeus spp. and Metapenaeus spp.) and sand 
crab (Portunus pelagicus (L.)) (Williams 1980). Maclean (1973) and 
this study found that trawls in Moreton Bay caught mainly by-catch 
fish and very small quantities of some commercially important fish, 
apart from an important by-catch of S. maculata. The work by Penn 
(1977) off Western Australia recorded similar results; mainly small or 
juvenile fish were caught except for considerable numbers of large 
Sciaena antarctica Castlenau, which might be a species vulnerable to 
trawls. 

The species abundance analysis showed that only six (5%) of the 
112 species collected were dominant species. These species comprised 
76% of the catch. Oviatt and Nixon (1973) found a similar pattern in 
the fish community of Narragansett Bay, USA The six dominant 
species in Moreton Bay were found throughout most of the Bay. Of 
them, M. oblongus and L. fasciata were common throughout the year. 
The remainder appeared seasonally (Table 2). The majority (81 %) of 
species of trawl-caught fish in Moreton Bay were considered to be 
very rare, together making up only 8% of the catch. The specimen 
records in the Queensland Museum and the comments of Marshall 
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(1964) agreed with this study in the abundance classification of those 
of"very rare" species. 

Only 18 of the 112 species collected were found throughout the 
year. The remaining species were either highly seasonal or rare. Ten 
of the 112 species were widely distributed in Moreton Bay (Table 2) 
and the rest were mostly rare fish. 

Interesting patterns of distribution were noted for the following 
species: Centropogon mannoratus was a characteristic species in K3 
as it was found in high numbers in the area, but only from June to 
October (colder months of the year). Chrysophrys auratus and 
Upeneus tragula occurred mostly from November to January in areas 
(mainly in K5, K6 and K7) close to the entrance connected to the 
Pacific Ocean. These appearances inferred the recruitment season of 
the species, but whether Moreton Bay is their juvenile ground or is on 
their migration route is yet to be investigated. Pe/ates quadrilineatus
and Gerres ovatus occurred mainly along the mangrove fringe 
(author's unpublished data). 

Based on the night trawl data ofMaclean (1973) and the present 
daytime trawls in Moreton Bay, Lovamia fasciata and Chrysophrys

auratus are abundant on the bottom during both day and night; 
Monacanthus oblongus appears to descend during the day and rise by 
night; Plotosus anguillaris seems to show opposite diurnal 
movements. However, there may be other factors affecting the 
catchability of these species. 

Edgar (1983) compared the nature of various diversity indices. 
He grouped the Shannon-Wiener index as one intermediate between 
those primarily influenced by (or sensitive to) dominance and those 
by number of species. Burgess (1980) found diversity values to be of 
limi.ted value. In the present study, application of the Shannon
Wiener index is seen to be adequate to describe the differences 
between the samples collected. 

A higher Shannon-Wiener index value means higher diversity, 
indicating a tendency for equal numbers of most species; low diversity 
implies marked dominance of a single species (Clifford and 
Stephenson 1975). Further examination of the prominent indices of 
this study, namely the !owe.st (1.1 at Kl) and the highest values (2.5 
at K2), agrees with the · above statement. Station K2 had a 
codominance . of three species (Lovamia fasciata, Pe/ates

quadrilineatus and Spheroides squamicauda) represented by 255, 260 
and 270 fish, respectively. Ip. contrast, Kl had one extremely 
dominant species (Monacanthus oblongus).
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The diversity index values of the estuarine sites were higher 
than those of the oceanic sites. Estuarine areas had approximately 
equal numbers of most fish species although some minor abundant 
species were also present. In contrast, the oceanic stations had a 
large number of fish represented by a few very abundant species. 

Although Moreton Bay is small (approximately 1,400 km2) and 
shallow ( < 30 m), the large volume and tidal exchange in the Bay 
ensure that the salinity on the oceanic side of the Bay does not drop 
significantly even in flood conditions (Stephenson 1968). The 
estuarine side of the Bay is subjected to increased turbidity and 
reduced salinity (Blaber and Blaber 1980), particularly in times of 
heavy rainfall from November to March. The northern part of the Bay 
is wide and open; the southern part is narrow and scattered with 
islands. The physical differences (Maxwell 1970) between the north 
and the south do not result in large differences in fish fauna. Instead, 
a high degree of similarity (0.32 <Tab> 0.43) was observed, i.e., K2 
versus KS (Tab= 0.32) and Kl versus K7 (Tab = 0.43). Hydrological 
differences (Milford and Church 1977) may account for dissimilarity 
between fish fauna of the eastern and the western regions, i.e., KO 
and Kl versus K4, K6 and KS. Overall, 64 species were found in the 
eastern oceanic area and 75 species in the western estuarine area. 
However, only 27 of the 112 species sampled occurred in both areas. 

Oviatt and Nixon (1973) found that depth, sediment, 
temperature and wind speed were significant in explaining 
distribution of fish. Hoff and Ibara (1977) regarded temperature and 
salinity to be the most important factors affecting the fish fauna 
diversity. The present study shows that the seasonal occurrence and 
habitat preference of most species, and the large numbers of rare 
species in Moreton Bay (Table 4) contribute notably to the varied 
catches of fish fauna. This is also reflected· in the fish recorded by 
Bradbury (1978), Burgess (1980) and Stephenson et al. (1982a, 
1982b). 

Bradbury (1978) investigated a demersal fish community of a 
small, uniform area which was part of the central zone of this study, 
and stated that "the community is insensitive to . difference in the 
scale of the environment". His conclusion cannot be applied to 
Moreton Bay as a whole because, as Weng (1986) and this study 
demonstrated, most fish species in Moreton Bay exhibit habitat 
preferences and seasonality. Stephenson et al. (1982a) in evaluating 
the effects of sampling alternatives found that the "site" factor was 
the most important sampling variable. They (Stephenson et al. 
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1982b) also stated that most of the species-in-sites showed significant 

annual cycles. More importantly, the taxa in the lists of the above 

studies as well as Maclean's (1973) conclusion agree with this study, 
that the trawl-caught species in Moreton Bay were mostly by-catch 

fish and of little commercial value. 

Acknowledgements 

Many thanks go to the staff of the Fisheries Research Branch, 
who participated in the sampling work. Mr. R.J. McKay, Curator of 

Fish at the Queensland Museum, helped with identification of fish. 

Dr. I.W. Brown kindly assisted in computation of the data, Dr. J.P. 

Beumer and Mr. B.J. McMahon reviewed an earlier draft. Drs. I.W. 
Brown, R. Watson, R. Lewis and Messrs. M. Dredge, W. Sumpton and 
S. Hyland also contributed comments on the manuscript. They have
my sincere appreciation.

References 

Barnes, H. and T.B. Bagenal. 1951. A statistical study of variability in catch obtained 
by short repeated trawls taken over an inshore ground. J. Mar. Biol. Assoc. 
U.K. 29:649-660. 

Blaber, $.J.M. and T.G. Blabcr. 1980. Factors affecting the distribution of juvenile 
estuarine and inshore fish. J. Fish Biol.17:143-162. 

Bradbury, R.H. 1978. Complex systems in simple environments: a dcmcrsal fish 
community. Mar. Biol. 50:17-28. 

Burgess, D.A. 1980. Numerical analyses of demcrsal fish assemblages in northern 
Moreton Bay, Queensland. University of Queensland, Australia. M.Sc. thesis. 

Cleve, R.V., R.Y. Ting and J.C. Kcnt.1966. A new device for sampling marine dcmcrsal 
animals for ecological s�. Limnol. Occanogr.11 :4384443. 

Clifford, H.T. and W. Stephenson. 1975. An introduction to numerical classification. 
Academic Press, New York. 

Edgar, G.J. 1983. The ecology of south--east Tasmanian phytal animal community. III. 
Patterns of species diversity. J. Exp. Mar. Biol. Ecol. 70:1814203. 

Fay, R.C., J.A. Vallee and P. Brophy.1978. An analysis offish catches obtained with an 
otter trawl in Santa Monica Bay, 1969-73. Calif. Fish Game 64(2):104-116. 

Hoff, J.G. and R.M. Ibara, 1977. Factors affecting the seasonal abundance, composition 
and diversity of r1Shes in a southeastern New England estuary. Est. Coast. 
Mar. Sci. 5:665-678. 

Kendall, M.G.1970. Rank correlation methods, Fourth Edition. Gritlln, London. 
Maclean, J.L. 1969. A study of the biology of winter whiting, Sillaf!o maculc.ta (Q. & G.) 

in Moreton Bay. University of Queensland, Australia. M.Sc. thesis. 
Maclean, J.L. 1973. An analysis of the catch by trawlers in Moreton Bay (Qld.) during 

the 1966-67 prawning seaaon. Proc. Linn. Soc. N.S.W. 98(1):35-42. 
Marshall, T.C. 1964. Fisheries of the Great Baffler Reef and coastal waters of 

Queensland. Angus and Robertson, Sydney. 






