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The spatial and temporal patterns of variation of a tropical soft-bottom fish community 
sampled by a shrimp trawl and a fish trawl'were compared at two sites, North and South 
Bay, of St Vincent Bay, New Caledonia. Results indicated that the species richness and 
particularly the species composition were related to the type of trawl. However, the 
overall density and biomass, species diversity, and evenness did not vary significantly as 
a function of gear type. The same species dominated the catches of the two trawl types, but 
differences appeared between density, biomass and mean weight of particular species, 
calculated from the shrimp and the fish trawl catches. The spatial variations of the 
community structure were comparable between the two gear types, though the composi- 
tion of the species assemblages were not the same. Differences appeared for the temporal 
structures. These differences were insignificant in one of the sampled sites (North Bay), 
but more important in the other site (South Bay), where species diversity, size range of the 
individuals, and shape diversity of fishes were more important. However, the major 
differences between the community structures remained the same, independent of sam- 
pling gear type. These results validate studies comparing spatial and temporal patterns of 
variations in general characteristics (i.e. number of species per haul, density, biomass, 
species diversity and evenness) of tropical soft-bottom fish communities determined by 
shrimp and fish demersal otter trawls. This also validates the determination of species 
assemblages especially spatial assemblages. However, important problems may arise 
when more particular points are studied, such as species composition of the communities, 
determina\ion of the characteristic species of the assemblages, or study of a particular 
species. In such studies, the use of several different trawl types, which give a substantially 
enlarged perspective of the community, is an alternative. I 

INTRODUCTION 
' Demersal trawls are widely employed for the sampling and monitoring of fish stocks 

as well as studying species assemblages. However, trawls induce several biases that 
' may distort the image of the demersal fish community, and only relative abundance 

indices can be calculated from trawl catches (Gulland, 1975,1979; Grosslein & Laurec, 
1982). Kulbicki & Wantiez (1990a) showed that the overall catchability of a shrimp trawl 
(number of fish caught/number of fish present) was only 0-103. Moreover, the catchability 
of the trawl varied greatly beveen  species (Grosslein & Laurec, 1982; Kulbicki & 
Wantiez, 1990a$ In addition, Mérrett et al. (1991) have shown that trawl type has an 
important influence on the catfies of a deep de+ersal fish fauna from the North 
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In the tropical Indo-Pacific region, demersal fish stocks are heavily exploited as 
principal targets or as by-catch of trawl fisheries. Management of these fisheries is 
based on data obtained from experimental trawl surveys (fishery-independent sur- 
veys) and commercial landings (Aoyama, 1973; Grantham, 1980; Poiner & Harris, 1986; 
Harris & Poiner, 1991). Unfortunately, these studies do not take into account the 
catchability of the trawl when comparing data sets from different gear types. It is 
generally agreed that the area of the trawl opening, the mesh size, towing speed, power 
of the boat, and whether the net is towed by one warp or two may affect estimates of 
species richness, diversity, size range, density, and biomass (Merrett et al., 1991). While 
this has been verified for a deep demersal fish community of the North Atlantic 
(Merrett et al., 1991), the importance of these biases has not been, examined for a 
shallow, coastal tropical community. The objective of this study is to estimate the 
impact of gear selectivity when studying spatio-temporal variation, and community 
structure of a tropical demersal fish community. 

MATERIAL AND METHODS 

Sampling design 

The study was conducted in St Vincent Bay, an estuarine area of the south-westem 
lagoon of New Caledonia (Figure 1). Monthly cruises (except for July) were conducted 
between January and December 1989 during the last quarter of the moon phase. Two 
stations were chosen at random in both North Bay (mean depth 8.4 m) and South Bay 
(mean depth 16.3 m) and sampled monthly (Figure 1). 

Figure 1. Location of the sampling sites in St Vincent Bay, New Caledonia, 1989. 

At each station, two tows were performed during daytime to avoid diel effects, the 
first with a shrimp trawl and the second with a fish trawl in order to sample the same 
biotope and to maintain a constant fishing procedure. The possibility that the shrimp 
trawl sample may have had some effect on the composition of the fish trawl is minor 
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because the two tows were performed on the same location but not over the same track. 
Tidal effects were not taken into account. However, a previous study found the effects 
of tidal changes on species richness, density and biomass, of a similar soft-bottom fish 
community in Papua New Guinea (Wantiez, 1993), to be insignificant (Quinn & Kojis, 
1987). A total of 88 tows were made. 

Trawling 

The shrimp trawl was a semi-balloon Floridian type with a 14 m headrope and a 2 cm 
bar length mesh cod-end (Le Drezen trade mark, type 14 A no. 5) (Figure 2A). The 
vertical opening of the net, estimated by divers, was 1.2 m and the wing spread was 7 m 
at a speed of 2.3 kt (4.3 km h-l). The trawl was equipped with a tickler chain set between 
the otter boards and towed by two warps. The RV ’Alis’ towed the net at 2.3 50.2 kt (4-3 
50.4 km h-l) for 30 +1 min. The duration of the haul was measured from the moment the 
trawl was on the bottom (winch brakes on) until haulback (winch in gear). The surface 
area of the haul (length of the haul x wing spread) was estimated at 14,300 m2. 

The fish trawl was a large opening demersal otter trawl with a 16.4 m headrope and 
a 2.5 cm bar length mesh cod-end (Le Drezen trade mark, type 16.40/21.20 GO no. 3) 
(Figure 2B). The vertical opening of the net, estimated by divers, was 2 m and the wing 
spread was 12 m at 3 kt (5.6 km h-l). The trawl was equipped with a groundrope with 
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Figure 2. (A) Plan of the shrimp trawl and (8) the fish trawl. The trawl serial types are given. The 
dimensions of the trawls are given in number of mesh. ms, side mesh size (mm); t, thread specifica- 
tions (m kg-’). 

rubber rollers (diameter 20 cm) and towed by two warps. The RV’Alis’ towed the net at 
3 +O-2 kt (5.6 50.4 km h-l) for 23 51 min and covered the same location as the shrimp 
trawl. The surface area of the haul (length of the haul x wing spread) was estimated at 
25,600 m2. 

All fish were sorted to species according to Fisher & Bianchi (1984) and Rivaton et al. 
(1990), counted, and weighed. Undescribed species were referred as sp. 1, sp. 2, etc. 
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Figure 2. (B) Plan of the fish trawl. The trawl serial types are given. The dimensions of the trawls are 
given in number of mesh. ms, side mesh size (mm); t, thread specifications (m kg'). 

Data analysis 

No catchability coefficient was used to relate catch rate to real density (D in fish m-2). 
Therefore, 

P 
D = X  (:) 

i=l 

where p, number of species caught; ni, number of fish of species i, and S, surface area'of 
the haul (14,300 m2 for the shrimp trawl and 25,600 m2 for the fish trawl). 
Biomass (B in g m-2) was estimated in a similar fashion, where wi, weight (g) of species i. 

P B=C (T) 
i=l 

The influence of the gear in determining the global indices that characterize the fish 
community (i.e. species richness, overall density, biomass, species diversity, and even- 
ness) was tested using a x2 test (Siegel & Castellan, 1988) for species richness and a 
paired comparison test (Sokal & RohIf, 1981) for species richness per haul, density, 
biomass, species diversity (Shannon & Weaver, 1949), and evenness (Pielou, 1969). A 3- 
way ANOVA, mixed model (gear and spatial factors treated as fixed and temporal 
factor as random) (Sokal & Rohlf, 1981), was performed to estimate the effect of the gear 
when estimating spatial and temporal variation in the number of species per haul, 
density, and biomass. 
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Multivariate analyses were used to estimate the effect of the gear on the observed 
composition of the species assemblages in the North and the South Bay each month. The 
individual was considered as the elementary functional component in the determina- 
tion of community structure. Consequently, the analysis was performed on densities 
(D) in order to standardize the fishing effort of the two trawls. Rare species (one 
individual fished) were excluded from the analysis and a log (D+1) transformation, 
recommended by Legendre & Legendre (1984) for Poisson-distributed data, was ap- 
plied to clarify projections of objects (samples) and descriptors (species) on the factor 
axis determined by the factorial analysis. The data matrix contained numerous zeros 
because the communities were dominated by few taxa. Consequently, a correspond- 
ence analysis and proportional-linkage clustering (Legendre & Legendre 1984) using 
the xz similarity coefficient were performed. The two analyses are complementary in 
determining spatial groups and characteristic species (Legendre & Legendre, 1984). 

RESULTS 

General characteristics 

A total of 230 species were caught by the two trawls. The fish trawl caught more 
species than the shrimp trawl (Table 1) and the two trawls took partially different parts 
of the fish community. 

Table 1. Global indices of the deinersalfish community, as detemzined byfish trawl and 
shrimp trazo1 catches in S t  Vincent Bay, New Caledonia, 1989. 

Trawl sr sr D B W H E 
- 

Fish 186 30.4 0.097 2.59 39.90 2.43 51.9 
Shrimp 162 27.9 0.120 2.52 32.85 2.74 58.3 
Difference ns ns ns ns ns * 

S, species richness; gr, average species richness per haul; D, density (fish m-*); B, biomass (g m-2); íT, mean 
weight (g); H, Shannon diversity index (bit individual-’) (Shannon & Weaver, 1949); E, evenness (“1.) (Pielou, 
1969). Differences are tested by a c2 test (Siegel & Castellan, 1989) for sr and a paired comparison (Sokal & 
Rohlf, 1981) for D, B, ?i, Hand E. ns, not significant; *, significant at a = 0.05. 

Only 52.2% of the species (120 species) were caught by both of the gears, 28.7% (66 
species) were caught by the fish trawl only, and 19.1% (44 species) by the shrimp trawl 
only. However, 42.4% (28 species) of the species exclusive to the fish trawl and 40.9% (18 
species) of the species exclusive to the shrimp trawl were rare species (one individual). 
The species caught only by the fish trawl were generally large or pelagic species 
(Clupeidae, Serranidae, Carangidae, Lutjanidae, Lethrinidae, Nemipteridae, large 
Mullidae, Scombridae) whereas those caught only by the shrimp trawl were small or 
burrowing species (Platycephalidae, small Apogonidae, Mugiloididae, Gobiidae, 
Bothidae, small Balistidae) (Appendix 1). The dominant species of the community were 
caught by both the fish trawl and the shrimp trawl. The ten most numerous species 
caught with one gear were among the 15 most numerous taxa caught by the other gear 
(Table 2). 
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The density, biomass, diversity, and evenness estimated from catches of the two 
trawls were not sigruficantly different (Table 1). Thus, these global indices of the overall 
characteristics of the demersal fish community of St Vincent Bay appeared the same 
whether estimated from the fish or the shrimp trawl. However, some differences in 
density and biomass did occur for the most numerous species as a function of gear type 
used in sampling. While species density calculated from the fish trawl and the shrimp 
trawl were not significantly different for six of the most numerous species, there were 
differences for six other dominant species, which are all small species (Table 2). The 
density was always greater when estimated from the shrimp trawl catches. That species 
density was not statistically different for the two gear types in spite of very different 
density or biomass for some species, may be explained by the high variability of the 
catches (i.e. Leiognathidae; Table 2). The biomass of the dominant species showed the 
same pattern as species density with the exception of Leiognathus bindus, which is a 
schooling species (Table 2). 

Table 2. List of the ten most numerous species caught by thefish trawl and the shrimp trawl 

SPECIES 
SYNODONTIDAE 
Saurida undosquamis 
LEIOGNATHIDAE 
Gazza minuta 
Leiognathus bindus 
Leiognathus leuciscus 
Leiognutkus rivulatus 
Leiognathus splendens 
Secufor ruconius 
GERREIDAE 
Gerres ovatus 
LETHRINIDAE 
Lethrinus genivitfutus 
MULLIDAE 
Upeneus moluccensis 
Upeneus sp. 1 
POMACENTRIDAE 
Prisfotis jerdoni 

in St  Vincent Bay, New Caledonia, 1989. 

Rf Rs Df Ds d Bf Bs d 

9 7 1.60 3.09 ** 1.33 2.39 ** 

5 8 4.15 2.84 ns 0.92 0.55 ns 
2 3 30.77 10.92 ns 2.93 0.78 * 
4 2 4.24 11.29 ** 0.46 1.04 ** 
7 15 2.27 0.92 ns 0.18 0.06 ns 
1 1 34.83 52.76 * 5.89 7.69 ns 
10 4 1.19 10.28 * 0.05 0.42 ** 

11 6 1.13 3.10 ns 0.47 1.25 ns 

6 9 3.76 2.15 ns 1.63 0.80 ns 

3 5 4.75 9.30 * 1.44 1.95 ns 
13 10 0.96 1.97 * 0.21 0.35 ns 

8 13 2.00 1.33 ns 0.21 0.18 ns 

- _  
Wf w, d 

78.21 71.26 ns 

15.68 14.68 ** 
8.03 6.53 ** 
9.43 8.68 ns 
6.69 6.26 ns 
11.48 9.75 ns 
3.55 3.39 ns 

41.03 31.79 ** 

41.98 40.43 * 

28.87 15.83 *+ 
19.73 16.34 * 

10.71 10.67 ns 

Rf, rank of the abundance of the species in the fish trawl catches; Rs, rank of the abundance of the species in 
the shrimp trawl catches; D, densities (10" fishes m-2) estimated from the fish trawl catches (Df) and the 
shrimp trawl catches (Ds); B, biomasses (10-l g m-2) estimated from the fish trawl catches (Bf) and the shrimp 
trawl catches (Bs); G, mean weight (g) of the fish trawl catches (íGf) and the shrimp trawl catches (Ga); d, 
differences tested by a paired comparison test (Sokal &Roh& 1981). ns, not significant (~0.05); *,significant 
at d.05; **, significant at a=O.Ol. 

The mean fish weight of the fish trawl and the shrimp trawl catches was not 
statistically different (Table 1). Two trends were observed for the dominant species 
(Table 2). The smallest species, including most of the Leiognathidae and Pristotis jerdoni, 
showed no difference in mean weight between the fish and the shrimp trawl catches 
(Table 2). One of the larger species, Saurida undosquamis, showed a similar pattern. Due 
to their fusiform body, the smallest of these individuals might escape through the 



COMPARISON OF FISH ASSEMBLAGES 765 

meshes of the nets. In contrast, most large species, such as Gazza minuta, Gemes ovatus, 
Lethrinus genivittatus and Mullidae, had a higher mean weight in the fish trawl catches 
than in the shrimp trawl catches (Table 2). 

Spatial and temporal variation 

There were large differences in species richness between North and South Bay, with 
the mean number of species per haul being greater in South Bay (Table 3; Figure 3A). 
The second significant factor explaining the variation was the temporal one (Table 3). 
The species richness per haul in January was significantly lower than in November and 
December in North Bay (Tukey-Kramer method for unplanned comparisons among 
means, significant at a = 0.05). However, there were no sigruficant differences in species 
richness in the South Bay. It was not possible to assess the importance of gear selectivity 
because of the significant interaction between gear type and month of trawl (Table 3). 
This interaction pointed out an important problem. The temporal pattern of variation in 
species richness was dependant on the gear type because the two gears sampled 
different parts of the fish community and the temporal occurrence of the species caught 
was different (Figure 3A). 

Density and biomass showed the same pattern of variation (Table 3). Density and 
biomass were significantly greater in South Bay than in North Bay (Table 3, Figure 3B, 
C) while temporal differences were not significant (Table 3). However, mean density 
and biomass were generally low in summer (November to March) and higher in winter 
(April to October) (Figure 3B,C). These temporal patterns of change were globally the 
same with the two trawls (Figure 3B,C); the effect of the gear and its kteractions with 
spatial and temporal factors were not significant (Table 3). 

Table 3. Three-way ANOVA performed on the monthly catches of the shrimp trawl and the 
fish trawl in South Bay and North Bay of St Vincent Bay, New Caledonia, 1989. 

Density Biomass 

1.38 ns 0.05 ns 
7.42 

Month 10 2.60 1.14 ns 1.34 ns 
Gear x month 10 3.93 0.32 ns 0.23 ns 
Bayxmonth 1 2.02 ns 0.94 ns 0.61 ns 

df, degrees of freedom; Sr per haul, number of species per haul; F,, statistical significance of F. ns, not 
significant (a>0.05); *, significant at a=0.05; **, significant at a=O.Ol.  The brackets signify that the statistical 
significance of the F value is only indicative because of a statistically significant interaction. 

Factor df Sr per haul 
F Fs F F S  F F, 

* ** 12.80 
Gear 1 1.25 (ns) 
Bay ** 

* 
** 

1 142.03 

Community structure 

The correspondence analysis showed sampling location to be the major factor re- 
sponsible for differences in community structure (Figure 4). Samples from South Bay 
and North Bay were separated by the first axis (Figure 4). The second axis (not shown in 
Figure 4) distinguished only two particular months: January in both bays with the two 
gears, and March in South Bay for the fish trawl only. Two temporal subgroups 
appeared in each bay (groups A, B, C and D in Figure 4). These subgroups were similar 
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Figure 3. (A) Monthly variations in species richness per haul; (B) density; (C) biomass in South Bay 
and North Bay of St Vincent Bay, as determined by the fish trawl and the shrimp trawl. 

for the two trawls in North Bay. They defined a winter group (group B: April to August) 
and an inter-seasonal and summer group (group A: January to April and September to 
December) (Figure 4). In South Bay, differences in temporal patterns varied more for 
the two trawls. Only seven months were classified in the same temporal assemblages 
(January, September, and October from group C, and March to May and July from 
group D) (Figure 4). Therefore, the effect of the gear was limited to the temporal factor 
in only one of the two sample sites. 
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A Fish trawl - North bay 

o Shrimp trawl - South bay 
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Figure 4. Projection of the samples on the first and the third axes determined by the correspondence 
analysis. The percentage of the total variance explained by the axes are given. (A) Groups the fish 
trawl and the shrimp trawl samples from January to March and September to December in South Bay; 
(B) groups the fish trawl and the shrimp trawl samples from April to July in North Bay; (C) groups 
fish trawl samples from January, September, October and December, and the shrimp trawl catches 
from January, February, June, and September to November in South Bay; (D) groups the fish trawl 
samples from February to June, July and November, and the shrimp trawl catches from March to 
May, July and December. 

The cluster analysis defined four major species assemblages (group 1,2,6 and 7) and 
three small groups (groups 3,4 and 5) of species (Figure 5; Appendix 1). The projection 
of these species groups on the first and third axes of the correspondence analysis 
permits characterization of the communities in each bay. Species groups 1 and 7 
characterized North Bay (Figure 6). They were species caught in abundance in North 
Bay (Secutor r%conius and Geves ovatus) and pelagic piscivores (Carangidae, Splzyraena 
spp., Scomberomorus commerson). North Bay was also characterized by several dominant 
species (Saurida undosquamis, Leiognathus spp., Upeneus moluccemis), which were pro- 
portionally more important in the fish communities of that site. On the other hand, 
species groups 2 to 5 characterized South Bay (Figure 6). The following species were 
abundant in South Bay but scarce in North Bay: Lethrinus genivittatus, Parupeneus 
heptacanthus, Upeneus sp. 1, Asterorlzombus intermedius, Engyprosopon grandisquama, 
Paranzonacan tlzus japonicus, Pseudalutkarius nasicornis, and Caiztlzigaster compressa. Larger 
demersal species (Lethrinidae, Lutjanidae) and several reef species (Pomacentridae, 
Labridae) also characterized this site. The species from group 6 were not characteristic 
species. They were scattered over the two sites (Figure 6) and were minor species in the 
catches. 

The effect of gear on community structure appeared on the third axis determined by 
the correspondence analysis (Figure 4). The separation was clearer in South Bay than in 
North Bay. The species projection on these two axes showed that species groups 1 and 
5 characterized the fish trawl catches, whereas species groups 3,4 and 7 characterized 
the shrimp trawl catches (Figure 6). Species group 2 characterized the fish trawl catches, 
but some of the constituent species overlapped with the shrimp trawl samples. As a 
whole, the species community determined from the fish trawl catches was character- 
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Figure 5. Proportional-linkage clustering (Legendre & Legendre, 1984) of the species caught by the 
fish trawl and the shrimp trawl in South Bay and North Bay of St Vincent Bay, New Caledonia, 1989. 
The species list of the different groups are given in Appendix 1. 

ized by a greater proportion of pelagic species (Leiognathidae, Sphyraenidae) and large 
demersal ones (Serranidae, Lutjanidae, Haemulidae, Lethrinidae) (Appendix 1). Con- 
versely, it was difficult to characterize the species community determined from the 
shrimp trawl catches (species groups 3,4 and 7). It seems that these communities were 
characterized by a greater number of small species in South Bay (group 2) whereas a 
smaller proportion of pelagic and large species were characteristic of the North Bay 
assemblage (Appendix 1). 

-2 1 
1 A Group 1 u Group 2 Group 3 Group 4 o Group 5 + Group 6 A Group 7 I 

Figure 6. Projection of the species on the first and the third axes determined by the correspondence 
analysis. The symbols refer to the cluster groups of Figure 5. The species name are given in Appendix 1. 
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DISCUSSION 

Species composition 

The effect of gear type in estimating species composition of tropical soft-bottom fish 

(Saville, 1978; Grosslein & Laurec, 1982; Kulbicki & Wantiez, 1990a; present study). In St 
Vincent Bay, the fish trawl caught more species, and different species, than the shrimp 
trawl. The fish trawl caught more pelagic species, larger specimens of the major species, 
and generally larger individuals. This may be attributable to the larger swept area 
(25,600 m2vs 14,300 m2 for the shrimp trawl), higher vertical opening (2 m vs 1.2 m for 
the shrimp trawl), and greater towing speed (3 kt vs 2.3 kt for the shrimp trawl) of the 
fish trawl, which allowed this trawl to target more species, catch faster swimming 
individuals, and those located higher in the water column. The use of roller gear 
permitted smaller individuals to escape underneath. On the other hand, the smallest 
species, burrowing species, and generally smaller individuals were caught by the 
shrimp trawl. The shrimp trawl had a tickler chain set between the otterboards which 
disturbed species hiding in the sediment and prevented numerous small fishes from 
escaping underneath the ground rope. The smaller species and individuals were more 
likely to be retained by the shrimp trawl because of its smaller mesh size in the cod-end 
(2 cm vs 2.5 cm for the fish trawl). Consequently, estimates of species composition of 
soft-bottom fish communities is related to the gear, and use of only one trawl type gives 
an incomplete picture of community composition (Merrett et al., 1991; present study). 

, communities is important because trawls sample only a portion of the ichthyofauna 

Density, biomass, species diversity, aizd evenness 

Despite the important differences between the two trawls used in this study, no 
significant differences were evident between global indices calculated from the catches 
of the two gears (density, biomass, species diversity, and evenness). These results 
demonstrate that the choice between a shrimp and a fish trawl may not be as critical 
when the aim of the survey is to determine the general characteristics of a demersal fish 
community. Therefore, inter-study comparisons of these general characteristics are 
probably valid though different demersal otter trawls were used, when the studies 
concerned Indo-Pacific tropical soft-bottom fish communities. However, the effect of 
gear selectivity would certainly be more important if the gear was not adapted to 
sample the fish community. The size of the cod-end and the vertical opening, speed, 
and rigging of the trawl have to be adjusted to the size, shape, and general behaviour of 
the species. Merrett et al. (1991) indicated differences between the catches of three types 
of trawls used to sample a deep-sea fish community in the North Atlantic. These 
authors obtained larger biomass estimates with the largest trawl and greater densities 
with the smallest trawl. These differences were significant because the gears used were 
very different. For example, the mesh size was twice as small on the smaller trawl. Gear 
effects may be less important for tropical soft-bottom fish communities as the variety of 
trawls used have approximately the same shape and do not induce systematic differ- 
ences in catch rate (Rainer, 1984). Rainer (1984) concluded that the overall effect of using 
different trawls would be an increase in the variability of the data. However, this study 
demonstrates that the gear has other significant effects on the data collected. 
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Dominant species 

The dominant species of St Vincent Bay fish community were represented in both the 
catches of the fish trawl and the shrimp trawl. Moreover, the same species are also 
important numbers of the fish communities of numerous other Indo-Pacific tropical 
sites (Kulbicki & Wantiez, 1990b; Wantiez, 1993), suggesting that similarly constructed 
shrimp and fish demersal otter trawls may be used for determining the major species of 
a community. 

Differences in density, biomass, and mean weight between the fish trawl and the 
shrimp trawl were apparent for several dominant species. Thus, inter-study compari- 
sons of such indices may be questionable for these species when the trawls used were 
different. The influence of the individual's size, body shape, and behaviour (e.g. 
schooling species, burrowing species) is important (Gordon, 1986; Merrett et al., 1991; 
Dahm & Wienbeck, 1992). In St Vincent Bay, the perceived density estimates of domi- 
nant species from the shrimp trawl were larger than those from the fish trawl, probably 
because these species were small species that can pass through the mesh or under the 
ground rope of the fish trawl. On the other hand, the density and biomass of 
Leiognathidae were not significantly different between the trawls, as one whould 
expect for these pelagic schooling species. This shows that the selectivity of the trawl 
must be known with great precision in resource management. 

Spntinl and temporal variation 

In St Vincent Bay, gear type was not a significant factor in explaining spatial and 
temporal variation of the general characteristics (number of species per haul, density, 
and biomass) of the soft-bottom fish community. The major variations could be ex- 
plained by spatial factors (depth, distance offshore, substrate composition) (Wantiez, 
1993). This characteristic is common with the North Lagoon of New Caledonia (Wantiez, 
1993), Gulf of Carpentaria (Rainer, 1984), and Queensland, Australia (Dredge, 1989). 
Further, changes in abundance over time were not significantly different between the 
two trawl types. However, as mentioned before, it is better to give no conclusion when 
spatial or temporal variations of the indices are low and differences between gears are 
great. However, in the Indo-Pacific tropical regions this may not be a major issue since 
the general shape of the demersal otter trawls used are relatively similar, thereby 
limiting the extent of this problem (Rainer, 1984; Wantiez, 1990). 

Commzinity s trticture 

Studies of fish community structure are increasingly used for the monitoring of 
demersal fish assemblages (Watson & Goeden, 1989; Watson et al., 1990; Federizon, 
1992; Wantiez, 1993). Therefore, it is essential to estimate gear selectivity in such 
studies. Indeed, it is likely that the relative importance of the different species in trawl 
catches is due to the type of gear (Kulbicki & Wantiez, 1990a). 

The present study indicates that the effect of shrimp and demersal fish trawls was not 
significant in determining spatial assemblages such as those observed in St Vincent Bay. 
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Spatial assemblages were similar when determined from the fish and the shrimp trawl, 
although variation in the species mix were noted. Therefore, spatial variation in the 
environment appears to affect the distribution of the species fished by the two gears in 
a similar manner. The distribution of fish in space is related to physical and benthic 
characteristics of soft-bottoms (Rainer & Munro, 1982; Cannon et al., 1987; Wantiez, 
1993). Modifications of the biotope affect, in a comparable manner, the distribution of 
the other characteristic species fished by only one gear. Consequently, interactions 
between species lead the community structure to react as a whole to themodification of 
the biotope (Wantiez, 1993). This result suggests that comparisons of spatial variation in 
community structure from studies conducted with different demersal otter trawls are 
valid. Thus, a similar nearshore-offshore gradient exists in the inter-reef region of the 
Great Barrier Reef (Cannon et al., 1987; Watson & Goeden, 1989; Watson et al., 1990), the 
Gulf of Carpentaria (Rainer & Munro, 1982), the north coast of Australia (Ramm et al., 
1990), the Philippines (Federizon, 1992), and the North Lagoon of New Caledonia 
(Wantiez, 1993), and is accessible with different trawl types. However, differences 
appear within characteristic species determining the assemblages because the different 
trawls have different selectivity. The species caught by all the trawls generally deter- 
mine the same assemblages whereas the smallest species characterize assemblages 
determined from shrimp trawls (smaller mesh size) and the largest species characterize 
fish trawls (greater speed and vertical opening) (Wantiez, 1993). Consequently, it is 
prudent to take into account the gear specifications when comparing the characteristic 
species of different assemblages (Wantiez, 1993). 

Gear type was more sensitive to temporal than to spatial variation of the species 
structure. In South Bay, the two gears indicated different temporal variations. This can 
be explained by the fact that each gear caught overlapping parts of these communities. 
In South Bay, species diversity, fish size range and shape diversity appeared more 
important than in North Bay. However, both trawls were able to detect the major 
temporal trends. In particular, hurricane Delilah affected St Vincent Bay in January, and 
numerous small pelagic species (mainly Clupeidae) and their predators (Carangidae) 
were caught in March (Wantiez, 1993). Thus one should be cautious when comparing 
temporal patterns between communities sampled by different bottom otter trawls. The 
effect of gear selectivity is generally ignored in temporal studies and comparisons are 
usually made without considering the type of trawl (Rainer, 1984; Kulbicki & Wantiez, 
1990b; Watson et al., 1990). However, major variations remain comparable. 

Conclusions 

This study complements the study of Kulbicki & Wantiez (1990a) who determined 
the catchability of a shrimp otter trawl using visual censuses. Their main conclusions 
were that trawl catches from the soft-bottom fish communities in the tropical Indo- 
Pacific region generally represented 10% of the fish present in the sampled area and that 
catchability varied greatly between species. They also showed that the main character- 
istics of the community (species diversity, dominant species) as determined from the 
shrimp trawl catches were similar to independent observations made by visual cen- 
suses. Another question addressed in the present study regards the validity of inter- 
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studies comparisons of fish communities conducted with different trawl types. The 
present study suggests that the effect the gear selectivity may be a sigruficant factor 
when studying a tropical soft-bottom fish community. From an overall perspective 
(spatial variations of global indices, community structure, and temporal trends), these 
studies and their comparisons are valid. However, the high variability of catches in St 
Vincent Bay (Wantiez, 1993) may have masked the effect of the gear. Thus one should be 
cautious and should estimate the catch variability before comparing different data sets. 
If the aim of the study is to deal with more specific problems (e.g. species composition, 
spatial and temporal variations of selected species, determination of the characteristic 
species) the effect of the gear may be more important. It is also possible that sample data 
would be incomplete if only one gear is used, particularly if the gear is not the most 
appropriate for sampling the fish community. For example, temporal patterns may be 
an artefact if a major species is not caught by the gear. However, the trawl remains the 
most appropriate gear for sampling soft-bottom fish communities where depth and 
turbidity generally preclude the use of visual sampling (Gulland, 1975; Saville, 1978). 
Therefore, when possible, several trawl types should be used to gain an accurate 
estimate of the demersal fish communities (Merrett et al., 1991). 

The author wishes to thank Michel Kulbicki (ORSTOM, New Caledonia) for his comments and 
contribution to the final writing of this article, and Paul Dalzell (South Pacific Commission, New 
Caledonia) for his suggestions and correcting of the English form. 
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Appendix 1. List of the species caught by the shrimp trazul and thefish trazul in S t  Vincent Bay, 
New Caledonia, 1989. Rare species (1 individual caught) are not included in this list. The listing 
follozvs the order given by Nelson (1984), the groups corresponding to the clusters ofFigure 5. 
l, species caught by the shrimp trawl only; 21 species caught by thefish trawl only. 

Group 1 
Rhynchobatus djiddensisl 
Stolephorus indicus 
Saurida utidosquamis 
Epinephelus coioides 
Apogon ellioti 
Apogon sp.1 
Sillago sihama 
Echeneis naucrntes 
Atiile mate 
Scomberoides to1 
Gazza minuta 
Leiognathus bindiis 
Leiognathus equiilus 
Leiognathus leucisais 
Leiognathus splendens 
Secutor ruconius 
Gerres Flamentosus 
Gerres ovatiis 
Pomadasys argenteus 
Upeneus molirccensis 
Upeneus sulphureus 
Upeneiis vittatiis 
Valamigil engelil 
Sphyraena obtrisata 
Sphyraena pufnamie 
Polydactylus microstoma 
Repomucenus sp.1 
Gobiidae spp. 
Ctenotrypmchen microcephalris' 
Trichyurus lepturus 
Amoglossits sp.1 
Arothron stellatus 

Group 2 
Synodus variegatus 
Synodus hoshinonis 
Fistularia petimba 
Hippocampus hystrix 
Dactyloptena orientalis 
Inimicus didactylus 
Onigocia mano1 is 

Apogon catalai 
Lirtjanus vitfiis 
Lethrinus genivittntus 
Lethrinus nebulosus 

Onigocin spinosa P 

Lethrinus semi2inctirs 
Nemipterus peronii 
Scolopsis temporalis 
Parupeneus barberinoides 
Parupeneus heptacanthus 
Upeneirs tragiila 
llpeneus sp.1 
Upeneus sp.2 
Dascyllus aruaniis 
Pristotis jerdoni 
Cheilinus bimaculatus 
Cheilinus orientalis' 
Suezichthys gracilis 
Parapercis cylindrical 
Parapercis sy.1' 
Synchiropirs rametis 
Siganiis argenteus 
Asterorhombus intermedius 
Engyprosopon grandisquama 
Grammatobothus polyophthalmus 
Abalistes stellatus 
Paramonacanthus japonicus 
Pseudnlutarius nasicomis 
Lactoria comuta 
Lactoorin fomasini 
Tefrasomus gibbosus 
Amblyrhynchotes hypselogeneion 
Arothron hispidus 
Arothron manillensis 
Canthigaster compressa 
Lagocephalris sceleratus 

Group 3 
Pterois volitans2 
Carangoides embii Yi2 
~iitjanris liitjanus2 
Parupeneus spirulus2 
Amphiprion clarkii 
Amblyrhynchotes sp.l 

Group 4 
Carangoides gymnostethus2 
Mi~lloides flnvolineatus2 
Chaetodon irifasciatus' 

Group 5 
Epiiiepheliis maculntiis 
Yongeichthys nebirlosus' ' 

Arothron meleagris' 

Group 6 
Dasyatidae spp. 
Dasyatis benefti 
Dasyatis kuhlii 
Taeniura melanospila2 
Gymnothorax buroensis 
Gymnothorax chilospilus 
Amblygaster sirm2 
Dussirmieva acuta 
Diissumiera sp.1 
Herklotsichthys quadrimaculatus 
Herklotsichthys s .12 

Sairrida gracilis1 
Saurida nebulosa 
Synodus dermatogenys' 
Trachinocephalus myops 
Anterinarius sfriatusl 
Antennariidae spp. 
Fistularia commersonii 
Aeoliscus strigatus 
Eutypegasiis draconis' 
Dendrochirus brachyp terus 
Pterois lunulata 
Pterois radiata 
Minous sp.ll 
Aploactis asperal 
Cephalopholis boenack 
Epinephelus areolatus2 
~lectropomus leopardus2 
Pseudanthias hyp~elosoma~ 
Terapon jarbun 
He teropriacan thus critentatus 
Priacanthus manacanthus 
Apogon sp.2 
Fowlerin sp.1' 
Sillago Ciliata 
Carangoides chrysoph ys 
Carangoides orthgrammus2 
Caranx ignobilisl 
Decapterus russellii 
Gnathanodon speciosus2 

Spratelloides sp.1 K 



Selar crumenop1ithalnius2 
LeiognatIiusfasciatus2 
Leiognatlius lirieolatus 
Leiognathus rivulatus 
Lutjanus kasmira2 
Lutjanus quinqueliiieatus 
Syinphorus izeniatoplwrus2 
Diagranima pictuin 
Gymnocranius euanus 
Gyrnnocranius grandoculis2 
Gymiiocranius sp.12 
Lethrinus lentjan 
Peri tapodus nagasakiensis' 
Platax orbicularis 
Chaetodon auriga2 
Chaetodon bennetti2 
Coradion altivelis 
Heiiiochus acumiiiatus 
Centropyge tibicen2 
Amphiprion akindyiiosl 
Chromisfimea2 
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Wascyllus trimacidatus 
Pomaceiitrus sp.1 
Spliyraena flavicauda 
Sphyraena japonica 
Sphyraena novaehollandie 
Sphyraena sp.1 
Spliyraena waittei2 
Cheilinus chloroirms 
Cheilinus sp.1 
Xiphocheilus &pus 
Scarus ghobban2 
Parapercis xatithozoml 
Petroscirtes brevicepsl 
Butis aniboineiisisl 
Exirias puiitangl 
Siganus canaliculatus 
Rastrelliger kanagurta2 
Bothidae spp. 
Bothus pantherinus 
Peudobalistesfuscus2 
Su&+lamenfraenatus 

Lactoria diaphana2 
Ostracion cubicus 
Canthigaster valentinil 
Wiodoii hystrix2 

Group 7 
Sphyma lewirii2 
Albula glossodonta2 
Chiroceittrus dorab2 
Carangoides hdlairdensis 
Carangoides uii 
Megalapsis cordyla2 
Neniipterus sp.ll 
Valanzugil biichanaizil 
Sphyraena jeIloz 
Urarioscopus oligolepis2 
Scomberomorus conimersoii 
Arotliron alboreticulatus 
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