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Abstract: Intraspecific morphological variation in fish is typically associated with sexual dimorphism, or one of three 
common environmental gradients: variation in intensity of predation, variation in water velocity, or variation in feeding 
niche. The preponderance of examples of environment-associated morphological variation within fish species has been 
documented in freshwater systems. It is not clear whether environment-associated intraspecific morphological variation is 
less common in marine fishes or whether there has just been a lack of investigation. We used geometric morphometric 
analysis to quantify shape variation in two species of South African marine fish commonly harvested for human consump-
tion, Pterogymnus laniarius (panga), and Argyrosomus inodorus (silver kob). Neither species exhibited significant sexual 
dimorphism, but both species exhibited significant intraspecific morphological variation. This variation appears consistent 
with patterns expected from variation along the benthic-pelagic feeding niche continuum.  

Keywords: Argyrosomus inodorus; feeding niche, geometric morphometrics; intraspecific variation; marine fish; morphology; 
Pterogymnus laniarius. 

INTRODUCTION  

Fishes exhibit a wide range of intraspecific morphologi-
cal variation that has been shown to be ecologically and evo-
lutionarily important [1, 2]. Many fishes exhibit sexual di-
morphism [3, 4]. In addition, intraspecific morphological 
variation has been observed in a variety of fish species asso-
ciated with variation in habitat, diet, and other factors [5-10]. 
In many cases this variation has been shown to be heritable. 
Formation of different morphologies within the same species 
that specialize in different uses of resources is thought to be 
a major force in the evolution of new species [1].  

Most non-sexual intraspecific morphological variation in 
fish can be associated with separation along one of three 
common environmental gradients. First, the presence of 
predators has a strong effect on morphology of fishes. For 
example, western mosquitofish (Gambusia affinis) from 
habitats with high intensities of predation have a larger cau-
dal region and shallower head/body region than mosquitofish 
from habitats with lower intensities of predation [11]. These 
changes in morphology allow higher burst swimming speeds 
which aids in avoiding predation. In Eurasian perch (Perca 
fluviatilis), high-intensity predation is associated with a 
deeper, downward bent body shape, while perch in areas 
with low predation intensity have a comparatively shallower, 
upward bent body shape [12]. The deeper body shape de-
creases mortality from gape-limited predators. Second, water 
velocity affects morphology of fishes [13]. For example, 
brook charr (Salvelinus fontinalis) inhabiting high-velocity 
water have larger caudal fins and more slender bodies than  
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those inhabiting low velocity water [14]. The slender body 
shape decreases drag and the larger caudal fins increase 
thrust, helping the fish to cope with the higher water veloci-
ties. The third, and possibly most commonly studied, pattern 
of environmental variation corresponds to the benthic-
pelagic feeding niche continuum. This phenomenon of hav-
ing benthic and pelagic forms coexisting has been docu-
mented many times in lacustrine environments [1, 15, 16]. 
Benthic and pelagic morphologies within the same species 
are present in systems as diverse as whitefish (Coregonus 
lavaretus) [17], brook charr (Salvelinus fontinalis) [18], or-
angespotted sunfish (Lepomis humilis) [19], and threespine 
sticklebacks (Gasterosteus aculeatus) [20]. This variation is 
characterized by the position of the mouth and the size and 
shape of the body. Mouths are usually downturned in benthic 
feeders, terminally placed in pelagic feeders, and upturned in 
surface feeders [21, 22]. Benthic morphs usually display a 
more robust body shape with a broad rounded snout, whereas 
pelagic morphs usually exhibit a more fusiform slender body 
[23, 24]. Individuals that feed on the benthos benefit from 
increased feeding efficiency associated with the broad 
rounded snouts and downturned mouths [1, 21].  

Morphological variation in fish along all three of these 
environmental gradients has mainly been observed in iso-
lated, relatively depauperate, freshwater systems. Such pat-
terns have been poorly documented in marine systems. A 
recent search of the literature on non-sexual intraspecific 
morphometric variation in fishes yielded forty-five examples 
documented in freshwater fishes, but only three examples in 
marine fishes. All three of these examples in marine fishes 
occurred in populations separated by large geographic dis-
tance, and none showed different morphologies occurring in 
sympatry. This preponderance of freshwater examples may 
be the result of fundamental differences between freshwater 
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and marine systems, such as isolation or low species richness 
that are more common in freshwater systems. Or it may be 
the result of a lack of investigation of non-sexual variation in 
intraspecific fish morphology in marine systems.  

We tested for non-sexual intraspecific shape variation in 
two common South African marine fishes used for human 
consumption, Pterogymnus laniarius (i.e., panga), and Argy-
rosomus inodorus (silver kob). These are sought after spe-
cies that are caught in large numbers off the coast of South 
Africa. We quantified shape variation within populations of 
these two marine species and compared it to patterns of mor-
phological variation commonly associated with the three 
environmental gradients described above.  

METHODS  

To quantify shape variation, we used digital photographs 
of P. laniarius and A. inodorus caught by commercial fish-
ermen in a small-scale artisanal fishery in South Africa over 
a two month period. All fish were caught within about a 20 
km radius from the East London Harbor in Eastern Cape, 
South Africa. We assume, based on the relatively close prox-
imity of the fishing that these samples do not represent geo-
graphically distinct subpopulations. Within this area, fishes 
may inhabit somewhat different habitats, but there do not 
appear to be any distinct barriers to fish movement. We ob-
tained usable full body, lateral view photographs of 44 P. 
laniarius and 41 A. inodorus.  

We used landmark based geometric morphometrics [25] 
to quantify the morphological differentiation between indi-
viduals of each species. We chose 16 landmarks for P. lan-
iarius as follows: (1) posterior extension of the maxilla with 
mouth closed, (2) tip of nose, (3) anterior origin of dorsal fin, 
(4) dorsal outline halfway between the tip of nose and ante-
rior origin of dorsal fin, (5) posterior insertion of dorsal fin, 
(6) dorsal outline halfway through dorsal fin, (7) dorsal ori-
gin of caudal fin, (8) dorsal outline halfway between the pos-
terior insertion of dorsal fin and dorsal origin of caudal fin, 
(9) ventral origin of caudal fin, (10) ventral outline halfway 
between ventral origin of caudal fin and posterior insertion 
of anal fin, (11) posterior insertion of anal fin, (12) anterior 
origin of anal fin, (13) anterior origin of pelvic fin on ventral 
outline, (14) posterior most point on operculum, (15) junc-
ture of the ventral edge of operculum with the ventral out-
line, and (16) anterior most point of the eye (Fig. 1). We 

treated landmarks 4, 6, 8, 10, and 16 as sliding semiland-
marks. Sliding semilandmarks are used to define an outline 
where only variation in one dimension is important, such as 
the outline shape of a smooth surface. Sliding semiland-
marks are placed at some interval between two other land-
marks and then the semilandmark is mathematically “slid” or 
adjusted on one axis (the uninformative axis) to be at the 
same location for all individuals in the sample. However, 
variation in the other axis is retained uniquely for all indi-
viduals [26].  

We chose16 landmarks for A. inodorus as follows: (1) tip 
of nose, (2) posterior extension of maxilla with mouth 
closed, (3) juncture of ventral edge of operculum with the 
ventral outline, (4) anterior origin of pelvic fin on ventral 
outline, (5) anterior origin of anal fin, (6) ventral origin of 
caudal fin, (7) dorsal origin of caudal fin, (8) posterior inser-
tion of dorsal fin, (9) anterior origin of dorsal fin, (10) ante-
rior most point of the eye, (11) posterior most point of oper-
culum, (12) ventral outline between anterior origin of pelvic 
fin and anterior origin of anal fin, (13) ventral outline be-
tween anterior origin of anal fin and ventral origin of caudal 
fin, (14) dorsal outline halfway through dorsal fin, (15) pos-
terior most point of head on dorsal outline, and (16) dorsal 
outline halfway between posterior most point of head and tip 
of nose (Fig. 2). We treated landmarks 10, 12, 13, 14, 15, 
and 16 as sliding semilandmarks.  

We used the “unbend” function in tpsUtil [F. James 
Rohlf, http://life.bio.sunysb.edu/morph/index.html] to elimi-
nate variation in shape resulting from bendiness in the caudal 
region. We used routines in tpsRelW [F. James Rohlf, 
http://life.bio.sunysb.edu/morph/index.html] to superimpose 
landmarks and to create shape variables in the form of partial 
warps (W matrix, or weight matrix), and then to summarize 
those in the form of relative warps. Relative warps allow 
visualization of a large proportion of shape variation in 
fewer dimensions. We characterized and inspected shape 
variation along the first two major axes of shape variation 
(relative warp 1 and relative warp 2) which accounted for 
47.8% of the variation in P. laniarius and 67.0% of the 
variation in A. inodorus. We used thin-plate spline represen-
tations of observed shape variation for visual illustration 
[27].  

 
Fig. (1). Morphometric landmark locations for P. laniarius.  
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We tested for sexual dimorphism in both species with 
multivariate analysis of covariance (MANCOVA) in a mixed 
model design [28]. Shape, as measured by the first twelve 
relative warps (includes 95% of variation in P. laniarius, and 
97% of variation in A. inodorus), was the response variable. 
Sex was considered a fixed effect in the model and centroid 
size (i.e., a multivariate measure of body size) was used as a 
covariate. In a multivariate mixed model design, relative 
warps are treated as repeated measures within individuals, 
thus individual is treated as a random variable in the analy-
sis. Analysis was done with the MIXED procedure in SAS 
(SAS Enterprise Guide v. 4.3, SAS Institute Inc., Cary, NC, 
USA) [29, 30].  

RESULTS  

In P. laniarius the first major axis of shape variation 
(relative warp 1) accounts for 33.4% of the total variation. It 

describes a change from an upturned head and mouth, low 
dorsal hump, and shallower more fusiform body shape to a 
downturned head and mouth, higher dorsal hump, and deeper 
more robust body shape. The second major axis of shape 
variation (relative warp 2) which accounts for 14.4% of the 
total variation describes a flattening and stretching of the 
head and trunk (Fig. 3).  

In A. inodorus the first major axis of shape variation 
(relative warp 1) accounts for 55.6% of the total variation. 
Similar to P. laniarius it describes a change from an up-
turned head and mouth, low dorsal hump, and slender fusi-
form body shape to a downturned head and mouth, higher 
dorsal hump, and a deeper more robust body shape. The sec-
ond major axis of shape variation (relative warp 2) accounts 
for 11.3% of the total variation and shows a lengthening and 
flattening of the head region (Fig. 4).  

 
Fig. (2). Morphometric landmark locations for A. inodorus.  

 
Fig. (3). Location of individual P. laniarius on relative warps 1 and 2, with thin plate splines showing visualizations of the shape change 
associated with each axis. For clarity, shape change was magnified two times. Photos show examples of the two extreme morphotypes from 
the samples used in the analysis.  
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Neither species exhibited significant sexual dimorphism 
in shape (P. laniarius, F11,184 = 0.81, P = 0.63; A. inodorus, 
F11,170 = 1.20, P = 0.29). In addition, centroid size was not a 
significant predictor of shape in either species (P. laniarius, 
F11,184 = 1.53, P = 0.12; A. inodorus, F11,170 = 0.85, P = 0.59).  

DISCUSSION  

Both species we investigated showed a substantial range 
of non-sexual morphological variation comparable to that 
documented in other fish species [17-20]. This result was 
somewhat surprising because intraspecific morphological 
variation is not well documented and often not anticipated 
among marine fishes. One reason that it is not anticipated in 
marine systems is that it is assumed that there are fewer bar-
riers to gene flow than in freshwater systems [31, 32]. With-
out physical barriers to gene flow there is less opportunity 
for local adaptation to occur which could result in more ho-
mogenous populations. Another reason intraspecific morpho-
logical variation is often not anticipated is because marine 
systems often have more diverse communities than freshwa-
ter systems [32]. With this greater diversity there are fewer 
opportunities for ecological variation. Both P. laniarius and 
A. inodorus are common marine fishes with no characteris-
tics setting them apart as more likely than other species to 
exhibit such morphological variation. If intraspecific mor-
phological variation can be found in these common marine 
fishes, it is likely that it exists in other marine fishes. The 
lack of documentation of such variation in marine fishes may 
be the result of a lack of investigation rather than fundamen-
tal differences between freshwater and marine systems. This 
may be a fruitful area of future research.  

The morphological variation seen in P. laniarius and A. 
inodorus is similar to variation seen in freshwater popula-
tions associated with the benthic-pelagic feeding niche con-
tinuum. The dominant axis of shape variation (first relative 
warp) for both species describes a change from a more slen-
der body with an upturned head and mouth and a low dorsal 

hump to a more robust body with a downturned head and 
mouth and a higher dorsal hump. Classic freshwater exam-
ples that exhibit morphological variation associated with the 
benthic-pelagic gradient such as whitefish, threespine stick-
lebacks, and brook charr show these same patterns [1, 6, 17, 
18]. For variation to occur along the benthic-pelagic gradient 
there must be different resources available in the benthic and 
pelagic zones that can be better exploited by individuals with 
different morphologies. These ecological factors that pro-
mote variation along the benthic-pelagic gradient are present 
in both freshwater and marine systems so it is not surprising 
that the variation we saw in P. laniarius and A. inodorus fits 
with this gradient.  

An alternative explanation for this shape variation is a re-
sponse to predation intensity by gape-limited predators. 
Similar to the example of Eurasian perch (Perca fluviatilis) 
[12], deeper body shape as seen in both species, may de-
crease mortality from gape-limited predators. However, the 
position of the mouth (especially in P. laniarius), and the 
lack of variation in the caudal peduncle region does not cor-
respond to the pattern expected from a predation gradient 
[11]. In addition, it seems unlikely that the range of variation 
from low to high predation intensity would exist in marine 
systems within small geographic areas.  

Fundamentally, adaptation to predation intensity or water 
velocity requires some form of isolation and allopatry on 
some scale that will create alternative selective environ-
ments. Variation in feeding niche, on the other hand, is based 
on behavior of the individual, and as such, can arise under 
sympatric conditions. Variation along the benthic-pelagic 
continuum seems likely to occur in marine systems; whereas, 
variation with predation intensity and water velocity seem 
unlikely to occur in marine systems. Thus, the lack of docu-
mentation of intraspecific morphological variation in marine 
systems along the benthic-pelagic axis is likely due to a lack 
of investigation. However, lack of documentation of mor-
phological variation associated with environmental variation 

 
Fig. (4). Location of individual A.inodorus on relative warps 1 and 2, with thin plate splines showing visualizations of the shape change as-
sociated with each axis. For clarity, shape change was magnified two times. Photos show examples of the two extreme morphotypes from 
samples used in the analysis.  
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in predation or water velocity may be the result of funda-
mental differences between freshwater and marine systems.  

We know that morphological variation occurs in P. lan-
iarius and A. inodorus, however, we do not know whether 
this variation is a heritable, genetically based trait or whether 
it is due to phenotypic plasticity. There are a variety of fac-
tors that can induce non-genetically based phenotypic varia-
tion in fishes [33, 34]. None of these factors have been ex-
perimentally tested with P. laniarius or A. inodorus, so it 
cannot yet be determined whether the morphological varia-
tion observed is heritable or a result of phenotypic plasticity. 
More research on intraspecific morphological variation 
among marine fishes is necessary to determine the genetic 
basis for such variation.  
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