
  

Data Analysis 
Although syngnathids were collected from all three nets during the survey, only the 
syngnathids that were present in the middle net were used in the analysis. This made the 
syngnathid collection comparable to the samples of the community composition which 
were only collected from the middle net. Unlike the middle net the port and starboard nets 
had excluder devices fitted and the use of the syngnathids from these nets may have 
biased the results for this objective of the study. 

The catch rate of each species and habitat character was determined for each trawl shot 
using the equations:  

For each “monster” and syngnathid species removed from the middle net catch prior to 
sub-sampling: 

  OR DXCRW sisi ÷= DXCRN sisi ÷=  

For all species and habitat character within the sub-sample: 

 D
SSW
TW

XCRW
i

i
sisi ÷×= )(  OR D
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where  

CRW is the catch rate as grams per nautical mile (g n.mile-1) of each species or 
habitat character s in trawl i 

CRN is the catch rate as numbers per nautical mile (numbers n.mile-1) of each 
species or habitat character s in trawl i 

X is the total weight (for CRW) or number of individuals (for CRN) collected from 
the sub-sample for species or habitat character s in trawl i 

TW is the total weight of the catch from the middle net in trawl i 

SSW is the sub-sample weight in trawl i  

D is the distance of trawl i  

The frequency of occurrence was calculated for each species and habitat characters, 
those that occurred in less than 5% of the trawls were omitted from further analysis in 
order to reduce the stress of the analysis of large data sets. Stress increases not only 
with reducing dimensionality but also with increasing quantity of data and is essentially a 
measure of the “goodness of fit” of the data in the MDS plot (Clarke and Warwick 2001).    

The catch rate of individual species and habitat characters from each trawl was used in 
multivariate analysis using PRIMER (Plymouth Routines in Multivariate Ecological 
Research) by Clarke and Warwick (2001). The catch rate data were square root 
transformed to produce similarity matrices using the Bray-Curtis index of similarity. The 
similarity matrices were analysed using multidimensional scaling (MDS) to investigate 
patterns in the species (including habitat characters) composition of each trawl sample by 
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visually representing the relative “closeness’ of the composition between each sample 
(Clarke and Warwick 2001).  

A Similarity of Percentages (SIMPER) analysis was performed on observed clusters 
shown on the MDS plots. The SIMPER identifies species (including habitat characters) 
principally responsible for the observed clusters (Clarke and Warwick 2001).  

The combined catch rates for the syngnathid species (CRW and CRN) of each trawl were 
visually superimposed over each trawl sample on the MDS, as a technique of noting 
consistent differences in the syngnathid abundance between each of the observed 
clusters. However, after eliminating the species that occurred in less than 5% of trawls, 
the only syngnathid species remaining was Solegnathus hardwickii and Solegnathus 
dunckeri and as such only their catch rates were combined and superimposed over each 
trawl sample. It is important to note that the survey was designed to sample all 
syngnathid species from the middle net by removing them prior to sub-sampling, in order 
to provide more accurate catch rates of these rarely caught species. Although the 
majority of syngnathids were removed from the middle net, some were also collected in 
the sub-samples. Therefore, the catch rate of each syngnathid species was determined 
by the summation of the two separate catch rates, calculated using the equations above.  

A draftsmen plot was performed for the Solegnathus spp. (pipehorses) and the 
community composition to provide an indicator of mutual correlation between all pairs of 
variables (Clarke and Warwick 2001). The 50 most frequently occurring species 
(including habitat characters) were analysed to provide information on those with which 
Solegnathus spp. are positively and negatively correlated.  
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Results 
A total of 433 species and habitat characters were identified from the sub-samples and 
individuals removed prior to sub-sampling (monsters and syngnathids) from the 85 trawls 
(Appendix 1). This included fifty-seven syngnathids comprising four species 
(Hippocampus tristis, Solegnathus dunckeri, Solegnathus hardwickii, Trachyrhamphus 
bioarctatus) and eight ‘monsters’. Nemipterus theodorei (Theodore’s threadfin bream) 
and Lepidotrigla argus (gunard) were the two species most frequently encountered (75 
and 71% of trawls respectively) (Table 1). However, Sillago robusta (stout whiting) had 
the highest overall mean catch rate according to weight (Table 1). 

Table 1. The 25 most common species (including rubble) collected within the sub-samples 
of 85 trawls from the syngnathid survey (Dodt 2005). 

Species Name Frequency 
(%) 

Average 
Catch 
Rate 

(g/n.mile) 

Total 
Number 

Collected 

Total 
Weight 

Collected 
(g) 

Minimum 
Recorded 

Length 
(mm) 

Maximum 
Recorded 

Length 
(mm) 

Nemipterus theodorei 75 4391.18 2770 98544.96 14 210 

Lepidotrigla argus 71 3908.72 6248 100368.72 27 195 
Ambiserrula jugosa 69 1226.01 859 26952.81 26 292 

Saurida undosquamis 60 2483.61 445 55507.60 74 479 

Sepia plangon 57 1831.63 1030 26088.80 19 116 

Paramonacanthus otisensis 56 428.38 449 7469.34 30 143 

Engyprosopon grandisquama 55 802.83 1503 16648.62 50 150 

Penaeus plebejus 54 533.55 498 11794.65 15 57 
Rubble 54 1645.05 ─ 42692.93 ─ ─ 

Tetrosomus concatenatus 51 771.48 1410 13926.45 10 149 

Dactyloptena papilio 47 239.92 339 4052.47 29 125 

Portunus rubromarginatus 45 344.10 274 4553.07 12 60 

Sillago robusta 45 5448.59 2053 85416.50 35 193 

Trachypenaeus curvirostris 45 108.96 877 1988.53 4 28 
Portunus sanguinolentus 44 2263.27 391 29895.86 19 143 
Uroteuthis (Photololigo) cf 
chinensis 43 401.44 93 4802.58 38 292 

Parapercis nebulosa 40 605.57 111 6515.57 60 211 

Platycephalus longispinis 38 823.04 466 13051.13 52 221 

Upeneus asymmetricus 37 1441.59 549 20242.20 39 178 

Calliurichthys scaber 35 309.58 157 3065.41 44 205 

Ibacus chacei 34 694.32 119 8708.50 12 75 
Torquigener altipinnis 33 226.17 306 3241.94 26 110 

Apogon nigripinnis 32 101.54 104 1137.73 25 81 

Portunus argentatus 32 103.97 318 1119.08 11 34 

Amusium balloti 31 2697.22 653 20590.70 32 118 

There were three main clusters observed when the species and rubble composition was 
plotted by catch rates (CRW) (Figure 2). The first cluster includes trawls two and three, 
the second cluster is trawls 44 and 43 and all the remaining trawls are within the third 
cluster.  
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Figure 2. Multidimensional scaling of species (including habitat characters) composition 
(based on weight catch rates) presenting the observed clusters of trawls from the Dodt 
(2005) syngnathid survey (April and May 2005). 

Syngnathid abundance (CRW) per trawl overlayed on the MDS (Figure 3) illustrates that 
the trawls in the 44 and 43 cluster were the trawls of highest observed syngnathid 
abundance. Trawls 2 and 3 are also separated from the main cluster, but as they have 
zero syngnathid abundance have not been analysed further.  

 
Figure 3. Multidimensional scaling of species (including habitat characters) composition 
(based on weight catch rates) with the syngnathid abundance (by weight) overlayed for 
each trawl of the Dodt (2005) syngnathid survey (April and May 2005). 
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A SIMPER analysis comparing the species (including habitat characters) composition of 
trawls 44 and 43 to all other trawls indicates Nemipterus theodorei, rubble, Sepia plangon 
(striking cuttlefish) and Choerodon venustus (venus tuskfish), account for approximately 
70% of the similarity between the two trawls (Table 2). The draftsmen plot’s correlation 
coefficients indicate that the first two species and rubble are also correlated with 
Solegnathus species. 

Table 2. A Similarity of Percentages (SIMPER) analysis to show the species (including 
habitat characters) that account for the most similarity between trawls 44 and 43 based on 
weight catch rates (CRW). The correlation coefficient shows those that are most correlated 
to Solegnathus spp. 

Species 
Average 

Abundance 
(g/n.mile)  

Average 
Similarity 

Contribution 
% 

Cumulative 
Contribution % 

Correlation 
Coefficient 

Nemipterus theodorei 24793.39 14.63 36.26 36.26 0.504 
Rubble 6704.08 4.74 11.74 48.00 0.227 

Sepia plangon 4322.92 4.72 11.71 59.71 0.194 

Choerodon venustus 3698.81 3.96 9.82 69.52 – 

Neosebastes insicipinnis 9591.59 3.95 9.80 79.32 – 

Lepidotrigla argus 5369.35 2.43 6.03 85.35 - 0.089 

Parupeneus spilurus 1695.52 1.24 3.08 88.43 – 
Glaucosoma scapulare 8976.87 1.03 2.56 90.99 – 

The SIMPER indicates that Nemipterus theodorei, Neosebastes insicipinnis (black 
spotted gurnard perch), rubble and Glaucosoma scapulare (pearl perch) account for 
approximately 40% of the dissimilarity between the trawls 44 and 43, and the remaining 
trawls (Table 3). Where the dissimilarity divided by standard deviation of the SIMPER is 
above 1.50 they are a good discriminating species (or habitat character) of the 
dissimilarity between the groups (Clarke and Warwick 2001). These species include, 
Nemipterus theodorei, Neosebastes insicipinnis, rubble, Sepia plangon, Choerodon 
venustus, Upeneichtys lineatus, Paraupeneus spilurus and Solegnathus spp.. 
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Table 3. The between group dissimilarity, comparing the group with high syngnathid 
abundance, which includes shot 44 and 43 and the group with low or no syngnathid 
abundance which includes all other trawls. 

Average Abundance 
(g/n.mile) 

Species Group with 
low or zero 

syngnathids 

Group with 
high 

syngnathids 

Average 
Dissimilarity

Dissimilarity/
Standard 
Deviation 

Contribution 
% 

Cumulative 
Contribution 

% 

Nemipterus theodorei 3453.73 24793.39 17.49 2.58 20.46 20.46 
Neosebastes insicipinnis 73.46 9591.59 7.35 2.26 8.60 29.06 
rubble 717.36 6704.08 6.90 1.54 8.07 37.13 
Glaucosoma scapulare 7.89 8976.87 6.27 1.20 7.34 44.47 
Saurida grandisquamis 262.10 3215.77 3.95 0.99 4.62 49.09 
Lepidotrigla argus 3284.52 5369.35 3.71 1.46 4.34 53.44 
Tetrosomus concatenatus 352.42 5324.77 3.63 1.23 4.25 57.68 
Sepia plangon 842.83 4322.92 3.46 2.08 4.05 61.74 
Choerodon venustus 11.75 3698.81 3.46 3.26 4.05 65.79 
Sillago robusta 3027.00 0  2.60 0.62 3.04 68.83 
Amusium balloti 985.38 1898.93 1.84 0.91 2.16 70.99 
Upeneus filifer 147.01 2542.13 1.78 1.45 2.09 73.07 
Saurida undosquamis 1807.55 1302.72 1.74 0.73 2.04 75.11 
Upeneichthys lineatus 2.50 2096.38 1.61 2.23 1.89 77.00 
Ibacus chacei 259.45 1295.79 1.52 1.01 1.78 78.78 
Parupeneus spilurus 28.00 1695.52 1.43 5.63 1.67 80.46 
Ratabulus diversidens 9.88 935.89 1.15 0.97 1.34 81.80 
Cleidopus gloriamaris 30.34 875.88 1.07 0.97 1.25 83.05 
Portunus sanguinolentus 1229.43 0 1.02 0.51 1.19 84.25 
Ambiserrula jugosa 1038.33 245 0.85 0.70 1.00 85.24 
Trachurus novaezelandiae 56.29 966.62 0.66 1.02 0.78 86.02 
Sepia whitleyana 211.53 871.91 0.64 1.08 0.75 86.77 
Upeneus asymmetricus 658.50 0 0.60 0.36 0.70 87.48 
Lethrinus genivittatus 61.66 431.26 0.56 0.89 0.66 88.14 
Pelates sexlineatus 884.83 0 0.55 0.12 0.64 88.78 
Solegnathus spp. 3.65 503.45 0.52 1.74 0.60 89.38 
Engyprosopon 
grandisquama 545.13 0 0.50 0.45 0.58 89.96 

Portunus pelagicus 604.03 0 0.48 0.29 0.56 90.52 

The observed clusters plotted by numerical catch rates (CRN) (Figure 4) differ from the 
clusters plotted by weight (CRW) (Figure 2). The separate cluster of trawls 44 and 43 in 
Figure 2 are within the main cluster of trawls in Figure 3. 
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Figure 4. Multidimensional scaling of species (including habitat characters) composition 
(based on numbers catch rates) with the syngnathid abundance (by numbers) overlayed for 
each trawl of the Dodt (2005) syngnathid survey (April and May 2005). 

A SIMPER analysis on the similarity between trawls 44 and 43 for CRN showed that 
Nemipterus theodorei and Sepia plangon account for approximately 50% of the similarity 
between the two trawls. The difference between the SIMPER analyses of species 
(including habitat characters) composition by weight catch rates (CRW) and numbers 
catch rates (CRN) is that habitat characters (e.g. rubble), for which no numbers were 
recorded, are eliminated from the CRN similarity comparison. 

Table 4. A Similarity of Percentages (SIMPER) analysis to show the species that account 
for the most similarity between trawls 44 and 43 based on numbers catch rates (CRN).  

Species 
Average 

Abundance 
(numbers/n.mile) 

Average 
Similarity Contribution % Cumulative 

Contribution % 

Nemipterus theodorei 394.61 11.27 31.57 31.57 
Sepia plangon 131.37 6.44 18.04 49.62 

Lepidotrigla argus 205.56 5.36 15.04 64.65 

Neosebastes insicipinnis 72.96 2.15 6.01 70.67 

Choerodon venustus 35.87 2.03 5.68 76.35 

Amusium balloti 43.14 1.61 4.51 80.86 

Upeneus filifer 75.08 1.07 3.01 83.87 
Solegnathus spp. 14.50 0.79 2.21 86.08 

Apogon capricornis 13.32 0.68 1.89 87.97 

Upeneichthys lineatus 24.67 0.54 1.50 89.48 

Parupeneus spilurus 14.38 0.54 1.50 90.98 
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Discussion  
The MDS provides a simple picture of the relationship between each trawl by forming 
clusters of samples. A stress level is given to each MDS plot as a measure of the 
“goodness-of-fit” (Clarke and Warwick 2001). To reduce the stress level for a 2-
dimensional MDS plot species and habitat characters that occurred in less than 5% of 
trawls were removed. This removed rarely caught species and habitat characters (and 
therefore prone to random and uninterpretable fluctuations) that may co-occur with 
Solegnathus spp., yet occur in such low numbers that their contribution to the clustering 
of samples would be extremely minimal.  

The cluster of trawls (44 and 43) where high syngnathid abundance was present may 
include species and habitat characters important in defining syngnathid abundance and 
distribution. The species and habitat characters that caused the majority of the similarity 
between the trawls may provide information on a particular habitat type or composition 
that could in turn be relevant to syngnathid distribution and abundance. They are not 
however species and habitat characters that are definitely associated or co-occur with 
syngnathids. If any of these species and habitat characters are correlated with 
syngnathid abundance then it can be assumed that they are likely to be associated 
(Courtney et al. 2003).  

The species that accounted for catch rate (CRW) similarities within trawls 44 and 43 that 
correlated with syngnathids include Nemipterus theodorei, which is a benthic species that 
occurs on sand or mud bottoms (Carpenter and Niem 2001a), Sepia plangon, which is 
found from shallow intertidal zones to depths of 80 m (Carpenter and Niem 1998) and 
rubble (a general habitat characteristic). The correlation with rubble would suggest that 
syngnathids are associated with rocky areas that have a higher level of benthic structure. 
It is also interesting to note that species such as Neosebastes insicipinnis, Choerodon 
venustus, Upeneichtys lineatus and Paraupeneus spilurus are shown as contributing to 
the separation of trawls 44 and 43 from the remainder of the trawls and that these 
species are commonly representative of sponge-algal mixed reef and rocky reef areas 
(Carpenter and Niem 1999, 2001a and 2001b; Kuiter 1996). The species and rubble 
composition of trawls 44 and 43 suggest that syngnathids occur in rocky, structured 
benthic areas. These areas are not typically targeted by trawlers, which is further 
supported by the result from the initial report which suggested that syngnathids were 
more commonly found in low effort trawl areas (Dodt 2005).  

Catch rate units were shown to cause variation in the cluster formation on the MDS plots. 
The use of weight for determining the catch rates in this type of survey is supported as it 
includes habitat character components of the catch that could otherwise not be counted. 
The results demonstrated that catch rates based on numbers removed many species and 
rubble from the composition and therefore from the analysis. This is caused when pieces 
are not able to be identified as belonging to one particular individual. The species that 
commonly break apart in the sub-samples include marine plants and invertebrates, which 
can be important to indicate habitat type and structure of the trawls that form particular 
groupings in the MDS.  
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