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ABSTRACT
Morphometric characters of two species of lizardfishes viz., Saurida pseudotumbil Dutt and Sagar, 1981 and  
Saurida tumbil (Bloch, 1795), were studied to delineate the species using multivariate techniques. Specimens were collected 
from Parangipettai and Cochin waters, southern India, for recording data on 21 morphometric characters. Principal component 
analysis (PCA) was done after log transformation and the first three components explained 93.36% of the total variation. 
The most important morphometric characters determined using the eigenvectors (coefficients) of these components were 
post-orbital length, snout to pectoral, snout to pelvic, snout to anal, anal fin base and dorsal fin base, which showed high 
loading (≥0.8) in the three components. The overlapping ratio between these species ranged from 42.59 to 89.28%. The 
PCA data cloud of S. pseudotumbil and S. tumbil also reflected the same trend. Therefore, canonical analysis of principal 
coordinates (CAP) was done which clearly separated the species with maximum case allocation success (100%) for both  
S. pseudotumbil and S. tumbil, which clearly showed that both the species are different. 

Keywords: Canonical analysis of principal coordinates (CAP), Lizardfishes, Morphometry, Multivariate analysis,
Principal component analysis (PCA), Synodontidae, Taxonomy

Morphometric and meristic characters have been 
reported to be useful in delineating the stocks of various 
exploited species of fishes (Murta, 2000; Silva, 2003; 
O’Reilly and Horn, 2004; Turan, 2004; Turan et al., 2004; 
Quilang et al., 2007; Kumar et al., 2012; Mir et al., 2013a). 
Morphometric characters have been used as a primary 
tool in fish taxonomy for centuries, and still remain the 
primary means of describing new species (King, 1993; 
Inoue and Nakabo, 2006; Iwatsuki et al., 2006; Kume 
and Yoshino, 2006; Sakai and Nakabo, 2006; Tseng et al., 
2009). Morphological variations can be used to identify 
a discrete fish stock which is important for fisheries 
management purposes (Elliot et al., 1995; Begg et al., 
1999; Begg and Waldman, 1999; Palma and Andrade, 
2002, 2004). Faunal investigations using classical 
approach have led to the description of many new cryptic 
fish species which also included resurrection of several 
synonymised ones in well-studied groups of fishes (Victor, 
2007, 2010; Baldwin et al., 2009, 2011; Tornabene et al., 
2010; Baldwin and Weigt, 2012). Species that are closely 
related to each other will have more similarity in view 
of their shared evolutionary history (Felsenstein, 1985; 
Ruber and Adams, 2001; Rosenberg, 2002; Guill et al., 
2003). Descriptive statistics and univariate techniques 

were reported to be found wanting in the separation of 
such species (Bose and De, 2013). However, multivariate 
techniques such as principal component analysis (PCA), 
factor analysis, cluster analysis and discriminant analysis 
were found to be quite useful in the delineation of species 
(Mamuris et al., 1998; Mir et al., 2013b).

Lizardfishes belonging to the family Synodontidae 
include 74 species under four genera (Eschmeyer, 2018). 
They are widespread in tropical and subtropical regions 
besides the continental shelves (Golani, 1993). Saurida 
pseudotumbil Dutt and Sagar, 1981 is a lesser known 
and poorly documented species, often misidentified as  
Saurida   tumbil   (Bloch, 1795).  The    name    S. pseudotumbil     
was given to this species because of its marked 
resemblance to S. tumbil. Both S. pseudotumbil and 
S. tumbil are indistinguishable and highly similar 
morphologically, leading to misidentification (Dutt and 
Sagar, 1981; James, 2010; Najmudeen et al., 2015). The 
morphometric analysis of lizardfishes from different parts 
of India was undertaken by Rao (1977) in Saurida spp. 
occurring in the Waltair Coast and by Nandha (1980) 
from Parangipettai waters. No work on the morphometric 
analysis of S. pseudotumbil is available globally, except 
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that of Dutt and Sagar (1981) who discovered the species 
more than three decades ago using conventional methods. 
No further attempts were made on the taxonomy of this 
species post its discovery. Therefore, the present study 
was undertaken on the morphological characterisation and 
species delineation of S. pseudotumbil and S. tumbil using 
multivariate tools.

Specimens of S. pseudotumbil were collected 
from Mudasalodai landing centre (11˚29′25.55′′N; 
79˚45′38.62′′E) Tamil Nadu, south-east coast of India 
and of S. tumbil from Cochin backwaters (9°58’08.41”N, 
76°14’40.78”E), Kerala, south-west coast of India for 
comparison. Identity of S. pseudotumbil was established 
following Dutt and Sagar (1981) and that of S. tumbil 
using the FAO species identification sheets for fishery 
purposes (Western Indian Ocean, Fishing Area 51).

Morphometric characters were measured following 
Shindo and Yamada (1972) and Inoue and Nakabo (2006). 
Logging of measurements was done to the nearest 0.5 mm 
by making use of live fishes (as far as possible) with fine 
draftsman dividers (Holden and Raitt, 1974). Twenty 
one morphometric characters namely fork length, total 
length, standard length, head length, snout length, upper 
jaw length, lower jaw length, eye diameter (horizontal), 
post-orbital length, head depth, snout to pre-opercle, body 
depth, dorsal fin base length, anal fin base length, snout 
to dorsal fin, snout to adipose fin, snout to pectoral fin, 
snout to pelvic fin, snout to anal fin, dorsal to adipose 
fin and pectoral length. The overlapping ratio of the 
above morphometric characters between the species was 
determined using the following formula:

Percentage of overlapping =
      Overlapping ratio
 Extreme overlapping ratio ×100

where, Overlapping ratio = Maximum value of species A 
- Minimum value of species B and Extreme overlapping 
ratio = Maximum value of species B - Minimum value of 
species A.
Statistical analysis

For determining the most important morphometric 
characters that can be used in further analysis, principal 
component analysis (PCA) was done using PAST v2.14. 
With these important characters, species delineation was 
attempted employing canonical analysis of principal 
coordinates (CAP) using PERMANOVA+ for PRIMER.

The log transformed data were subjected to PCA, 
in which the first three components explained 93.36% of 
the total variation (Table 1). The first, second and third 
axes explained 73.31, 14.85  and 5.19% of the variation 
respectively.

The eigenvectors (coefficients) in these three 
components were used to determine the morphometric 

Table 1. Eigen value and percentage of variance explained by 
PCA for the morphometric characters of S. pseudotumbil 
from Parangipettai waters

Principal 
component

Eigen value % Variation Total variation (%)

1 4.39 73.31 73.31
2 0.89 14.85 88.17
3 0.31 5.19 93.36
4 0.24 4.15 97.52
5 0.14 2.47 100

characters that may be of use in separating the species. 
Characters such as post-orbital length, snout to pectoral, 
snout to pelvic, snout to anal and anal fin base showed 
high loading of  ≥0.8 in the first component (Fig. 1) and 
the dorsal fin base had high loading (Fig. 2) in the second 
component. These characters were used subsequently in 
the analysis. 

Fig. 1. Loading for factors in the first principal component based 
on 21 morphometric characters of S. pseudotumbil and 
S. tumbil

Fig. 2. Loading for factors in the second principal component 
based on 21 morphometric characters of  S,  pseudotumbil 
and S. tumbil
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The overlapping ratio of the six morphometric 
characters between the two species was in the range of 
42.59-89.28% (Table 2). The percentage of overlapping of 
post-orbital length between the two species was 56.66%; 
that of snout to pectoral 42.59%; snout to pelvic 73.33 %; 
snout to anal 62.93%; anal fin base 89.28% and dorsal 
fin base 75%. The points representing the morphometric 
characters of S. pseudotumbil fell on the right side and 
those of S. tumbil on the left side of the PCA plot (Fig. 3). 
However, overlapping of the data cloud of the two species 
was quite apparent. Hence the PCA analysis was not found 
helpful in separating the species. So canonical analysis of 
principal coordinates (CAP) was used to distinguish these 
congeners (Fig. 4).
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Fig. 3. Scatter diagram of principal component analysis (PCA) 
for morphometric data of Saurida spp. (Green - S. tumbil; 
Blue - S. pseudotumbil)

C
om

po
ne

nt
 2

Component 1

ST
SP

-0.4       -0.2               0               0.2             0.4          0.6           

CAP 1

Sp
ec

ie
s

SP

ST

Fig. 4. Scatter diagram of CAP for morphometric data of Saurida 
spp. SP - S. pseudotumbil; ST - S.  tumbil

Table 2. Percentage of overlapping of body proportions between the species of Saurida
Species Percentage of overlapping ratio

Pol Sn. to pec Sn. to pel Sn. to anal Anal fin base Dorsal fin base
S. pseudotumbil vs  S. tumbil 56.66 42.59 73.33 62.93 89.28 75.00

The results of CAP analysis are given in Tables 3 and 
4. The subset of axes (m) in the data cloud of Saurida spp. 
explained higher percentage of variation (100%). 
The allocation success (Table 4) of the morphometric 
characters to the correct species was also on the higher 
side (100%). In the CAP plot (Fig. 4), morphometric 
data of the two species did not overlap. While the data of  
S. pseudotumbil were found at the top, those of S. tumbil 
were at the bottom. Thus, CAP analysis separated the two 
species of Saurida clearly.  The disadvantage of univariate 
approach is its inability to incorporate the hidden  
co-variation among morphometric parameters directly 
into the analysis. However multivariate approach does not 
have this limitation (Mir et al., 2013a).

Analysis of morphological variability indicated 
significant differences between S. pseudotumbil and  
S. tumbil in external shape. Post-orbital length, snout to 
pectoral, snout to pelvic, snout to anal and anal fin base as 
well as dorsal fin base accounted for all these differences, 
which could possibly be attributed to habitat variability 
(Nicolsky, 1963). In the present study, S. pseudotumbil 
and S. tumbil were found to share morphometric characters 
and therefore overlapping persists in all six characters 
considered for the analysis. However the overlapping 
ratio was less in the snout to pectoral length (42.59%) 
whereas high overlapping ratio was observed in anal fin 
base (89.28%) of both species.

S. pseudotumbil was reported by Dutt and Sagar 
(1981) in Indian waters and it differs from S. tumbil 
with respect to the following characters: pectoral fins 
not reaching near base of pelvic fins in S. pseudotumbil 
and reaching or just short of base of pelvic fins in  
S. tumbil; caudal peduncle compressed in S. pseudotumbil 
and depressed in S. tumbil; inner surface of operculum 
black in S. pseudotumbil and  grey in S. tumbil and dark 
grey stomach in anterior 2/3 portion of S. pseudotumbil 
and white in S. tumbil (Fisher and Whitehead, 1974). 
The findings of this study agree with those of Dutt and 
Sagar (1981). Besides the above, the present study found 
characters such as post-orbital length, snout to pectoral, 
snout to pelvic, snout to anal, anal fin base and dorsal fin 
base useful in delineating S. pseudotumbil from S. tumbil. 

Many other species belonging to the genus Saurida 
have been documented by various authors. Norman (1935) 
reviewed nine species of lizardfishes of genus Saurida 

Species delineation of lizardfishes using multivariate tools
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Table 3. DIAGNOSTICS done by CAP for the morphometric 
data of Saurida spp.

M prop.G ssres d_1^2 % correct
1 0.9614 1.2695 0.0206 50
2 0.9926 6.5185E-2 0.9691 100
3 0.9977 6.5426E-2 0.9771 100
4 0.9989 5.954E-2 0.9929 100
5 0.9992 4.9493E-2 0.9956 100
6 0.9995 5.0315E-2 0.9957 100
7 0.9996 5.7548E-2 0.9959 100
8 0.9998 5.4218E-2 0.999 100
9 0.9999 3.5875E-2 0.9994 100
10 1 3.4719E-2 0.9999 100
11 1 3.4719E-2 1 100

m = Subset of axes, prop.G = Proportion of variation in the data cloud 
described, ssres =  Leave-one-out residual sum of squares, d_1^2 = Size 
of the first squared canonical correlation, % correct = Percentage of the 
left-out samples that were correctly allocated to their own group

Table 4. Cross validation of CAP results for morphometric data 
of Saurida spp. of Parangipettai waters [Leave-one-out 
allocation of observations to groups (for the choice of 
m: 2) classified]

Orig. group S. t S. pseu Total % Correct
S. t 6 0 6 100
S. pseu 0 6 6 100

Total correct: 12/12 (100%)
Mis-classification error: 0%.

from Indo-Pacific region. Norman (1939) described a 
new species of S. longimanus from the Gulf of Oman. 
Nandha (1980) documented the morphometric characters 
of lizardfishes from Parangipettai waters. Morphometric 
analysis was carried out for four species of lizardfish from 
Atlantic by Anderson et al. (1966). Dobzansky (1970) 
opined that composite effect of genotype and environment 
bring out changes in the morphometric characters as 
natural selection favours them. Shindo and Yamada 
(1972) recognised the species S. filamentosa as a valid 
one and described three new species viz., S. isarankurai 
and S. micropectoralis in Gulf of Thailand and S. wanieso 
in East China Sea. Golani (1993) studied morphometric 
characters of S. undosquamis from Mediterranean waters 
and made comparison with the indigenous confamilial 
Synodus saurus. Russell (1999) revised the key characters 
of Synodontidae of Western Central Pacific region. The 
morphological characters of Trachinocephalus myops 
occurring in Chennai waters were studied by Kizhakudan 
and Gomathy (2007). Golani and Bogorodsky (2010) 
described the morphometric characters of three species 
belonging to genus Saurida from Red Sea. Russell (2011) 
did the morphometric analysis of S. golanii, a new deep-
water lizardfish species occurring in the Gulf of Aqaba, 

northern Red Sea. The morphometric and meristic 
characters of S. tumbil were derived by Rahimibashar et al. 
(2012) from north of the Persian Gulf. A systematic study 
was made by Frable et al. (2013) from Caribbean waters 
on a new species of western Atlantic lizardfish, Synodus 
bondi. All the studies carried out reported the existence 
of shared morphology and overlapping of morphological 
characters. 

Similarly, higher overlapping in the morphometric 
characters of the Synodontid fishes, particularly among 
the species belonging to genus Saurida, was reported by 
Rao (1977), Dutt and Sagar (1981) and Russell (2011). 
Hence, CAP analysis was made use of here. CAP is a tool 
which carries out the analysis employing the principal 
coordinates. CAP finds axes in the multivariate cloud of 
data that are good in differentiating the priori groups. 
The advantage of this constrained tool is that it finds out 
the real differences among a priori group which is not 
possible with the unconstrained ordination methods such 
as PCA, multi-dimensional scaling (MDS) and principal 
coordinates analysis (PCO). One added advantage of this 
procedure is that once it has been done for a set of data, 
new observations that are made from the same area or other 
areas can be fit into the existing groups. When the model 
has been developed for various species of fishes belonging 
to a particular group, given a new fish that has values for 
each of these same measures, it can allocate or classify that 
fish into one of the groups using this routine (Anderson  
et al., 2008). Taking into consideration this advantage, this 
tool was employed in the present study to separate the two 
species of Saurida (Rahman et al., 2013). What is worthy 
of taking note is the 100% allocation success for both  
S. pseudotumbil and S. tumbil which clearly showed that 
both the species are different, as pointed out by Dutt 
and Sagar (1981). As this study has established separate 
identity of S. pseudotumbil, fishing strategies could be 
evolved for this species also for judicial management of 
stocks. 
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