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ABSTRACT 

 A Study on morphometric characters of Hemichromis bimaculatus, an ornamental 

freshwater fish commonly known as jewel fish was conducted. Eleven morphometric 

characters associated with swimming abilities, vision and feeding were measured to nearest 

0.1 mm, using a compound microscope fitted with ocular micrometer. Among the 11 

parameters (Total length (TL), Body length (BL), Head length (HL), Head depth (HD), Body 

depth (BD), Snout length (SL), Eye diameter (ED), Pre-dorsal length (PD), Pre-anal length  

(PA), Trunk length (TRL), Tail length (TAL)) noted, body weight and body length showed 

high level of significant positive relationship with total length when compared to all other 

parameters. This analysis will help to understand the morphometric of different variants 

which is the most easily perceivable means of assessing the evolutionary adaptation of a 

species to its environment. Close monitoring is needed to determine its effects on the local 

environment. The different level of significance between body features of various variants 

reveals the possibility of segregation of variants of this species. 

 

KEYWORDS: Hemichromis Bimaculatus, Chichlid Fish, Morphometric Analysis, 

Morphological Variations. 

 

INTRODUCTION 

 Ornamental fish farming is an important primary industry. Ornamental fish keeping is 

becoming popular as an easy and stress relieving hobby. The unique shape and majestic, 

calm, swimming style of angel fish are just some of the reasons why this fish is one of the 

most popular of all aquarium fish. Angels have been line bred, so now there is a large range 

of colour forms in both normal as well as longfin varieties. Morphometric and meristic study 

are vigorous tools for measuring discreteness of the same species. Indeed, a mathematical 

data of length-weight relationship gained from investigation of different sexes and sizes from 

a specific area is very beneficial tool for research of biology, physiology, ecology, stock 
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assessment, health management and population dynamics (Gharaei Ahmad, 2012). 

Morphometric studies are not only essential to understand the taxonomy but also the health of 

a species (including reproduction) in an environment. The shape and structures are unique to 

the species and the variations in its feature are probably related to the habit and habitat among 

the variants of this species (Manimegalai et al., 2010).  

The study of the initial phases of the life cycle and morphometric studies of the eggs and 

larvae of fishes are fundamentally important for knowing the taxonomy and ecology of a 

species Sanches et al., (1999). The great similarity among different taxonomic groups has 

been the main obstacle for identification of larvae, mainly collected in the natural 

environment. Analysis of morphometric measurements allow us to compare the different 

developmental stages within and between species and together with other characteristics 

which permits correct identification of larvae. 

The newly hatched larvae undergo dramatic changes in their body shape, morphology, 

metabolism, swimming abilities and behaviour during the transformation into a juvenile or 

adult form (Gisbert, 1999; Koumoundouros et al., 1999b). This results in large changes in 

body proportions associated with increasing fish size which is the result of a relative 

differential growth. This relative differential growth is called allometry (Fuiman, 1983). 

According to Osse and vanden Boogart (1995)  allometry is a common feature of larval 

development, ensuring that the most essential organs for primary functions (head and  tail)  

develops at faster rates  followed by the development of organs with lower priority for 

survival.  

Information about the morphological development and growth patterns of young fishes are 

important for fisheries management and aquaculture (Bengtson, 1999). Consequently, 

morphological development and growth patterns of young fish seem to be of importance as 

they may allow us to understand the early life stages, their priorities during early growth, size 

related adaptations and provide insight into fish biology, behaviour and ecology. 

Materials and methods 

Twenty specimens were sampled from 0 dph to 10 dph (days post hatch) daily and every two 

days from 11 dph to 25 dph at random from larval rearing tanks and preserved in 5% 

formalin. To study the level of morphological development based on the degree of flexion of 

the terminal region of the notochord, the terminology (yolksac, preflexion, flexion and 

postflexion larval stages) proposed by Ahlstrom and Ball (1954) and Kendall et al., (1984) 

were followed. The external development of eyes, mouth, nares, gills, fins and the absorption 
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of yolk sac were observed under 5 X and 10 X magnification of a dissection microscope. 

They were photomicrographed using camera attached to Leica 2000 microscope at different 

magnifications. In yolk sac larvae, the diameter (maximum and minimum) of the ellipsoidal 

yolk sac was also measured and the volume (mm³) was calculated using the formula V= 

0.1667 LH², where H is the minimum diameter and L is the maximum diameter of the yolk 

sac mass (Heming and Buddington, 1988).  

Eleven morphometric characters associated with swimming abilities, vision and feeding   

were measured to nearest 0.1 mm, using a compound microscope fitted with ocular 

micrometer. These characteristics were: 1. Total length (TL) (from the tip of the snout to the 

posterior margin of the body) 2. Body length (BL) (from the tip of the snout to the posterior 

end of the notochord) 3. Head length (HL) (from the tip of the snout to posterior margin of 

operculum) 4. Head depth (HD) (measured at the level of the operculum) 5. Body depth (BD) 

(posterior to the anus) 6. Snout length (SL) (from the tip of the snout to the anterior margin of 

the pigmented region of the eye) 7. Eye diameter (ED) (distance across the pigmented region 

of the eye) 8. Predorsal length (PD) (from the tip of the snout to the origin of the dorsal fin) 9. 

Preanal length  (PA) (from the tip of the snout to the posterior edge of the anus) 10. Trunk 

length (TRL) (distance between the outer margin of operculum and the anterior tip of the anal 

fin) 11. Tail length (TAL) (the distance between the anus and the tip of the notochord). 

Before and during notochord flexion, BL was measured from the tip of the upper jaw to the 

end of the notochord.  After notochord flexion, BL was measured from the tip of the upper 

jaw to the posterior margin of the hypurals. All characteristics of larvae were measured along 

lines parallel or perpendicular to the horizontal axis of the body. 

These measurements were subjected to regression analysis. The coefficient of regression (b) 

of three developmental stages (preflexion, flexion, postflexion) was obtained after the log 

transformation of data. ANOVA was used to compare the (b) values of three developmental 

phases at 0.05 level of significance. The mean values of   ratios between several body 

dimensions in relation to total length and head length of three developmental phases were 

compared by using ANOVA. And the differences of the mean values between the 

developmental stages were compared by using Tukey’s test for multiple comparison at 0.05 

level of significance. 

RESULTS 

The metrics of different morphological characters such as total length, body length, head 

length, head depth, body depth, snout length, eye diameter, pre dorsal length, preanal length, 
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trunk length, tail length of jewel fish larvae during the preflexion, flexion and post flexion 

stages are presented in Tables-1 and 2. Comparison of the dimensions (mean  sd) of the 

different body parts of jewel fish larvae are presented in Figs. 1 and 2.  

Comparison of different morphometric characters of jewel fish larvae reveals considerable 

variations in their development during the different larval stages. In this fish proportional 

increase in their body length is recorded, compared to total length in preflexion, flexion and 

post flexion stages. Such a proportional growth of head length in relation to total length is 

also observed in the larval stages of the fish. However, considerable variation is recorded 

pertaining to the development of head depth and snout length of the larvae of jewel fish. This 

variation is more pronounced during the preflexion stage than the flexion and post flexion stage. 

In order to understand the growth patterns of different regions during preflexion, flexion, and 

post flexion stages of larva, the morphometric data is analyzed for regression coefficients (b). 

In general regression coefficient obtained from original data analysis, showed similar trend 

during the three different stages of larval development. However, regression coefficients 

obtained from the log-transformed data are higher than those obtained from non-log 

transformed data in the fish larvae. The differences in the regression coefficient among the 

three different stages of development are more pronounced and statistically significant in log-

transformed data than in non log-transformed data.  

The results of comparison of regression coefficients “b” of larval development in relation to 

total length and head length of jewel fish showed significant as well as non-significant 

differences. The head length, head depth, snout length, pre-dorsal length, pre-anal length, 

trunk length, and tail length showed significant difference and body length, body depth, and 

eye diameter showed non-significant differences at 0.05% level in relation to total length in 

jewel fish. Whereas head depth and eye diameter showed significant difference while snout 

length  showed non-significant difference at 0.05 % level of significance in relation to head 

length (Table-1 and Fig. 1). Comparison of growth coefficient of various body parameters of 

three different stages of jewel fish larvae in relation to total length are presented in Figs. 1-3.  

Ratio of the dimensions of different body parts to total length and head length in angel fish 

and jewel fish larvae are presented in (Tables -1 and 2, Figs. 1 -3). The results of comparisons 

of ratio of dimensions of different body parts in relation to total length and head length of 

jewel fish larvae indicate that all the developmental stages  ie. preflexion, flexion and post 

flexion showed significant difference at 0.05 % level. Ratio of different body parts dimension 

of preflexion, flexion and post flexion of angel and jewel fish larvae are given in Figs. 1-3. 
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Discussion 

Larval period represents a traditional and distinct ontogenetic stage of simultaneous growth 

and development, which causes substantial changes in structure, physiology, size and shape, 

all of which modify the performance and subsequently the ability of the fish to deal with 

challenges to its survival (Fuiman, 1997). As the fish grow the proportions of head, trunk, 

and tail also changes (Osse, 1990). Fuiman (1983) showed that changing proportions during 

larval development are also found in representatives of catostomidae, cyprinidae, osmeridae 

and percidae. This suggests that this changing growth during development of the larvae is a 

general feature and may be functionally significant not only to sections of the body as a 

whole but also their constituent elements change in relative proportions, as evident in the 

changing coefficients of growth of head length, snout length and pectoral fin length.   

The morphometric studies on the larvae of jewel fish indicated that the duration of the 

preflexion stage is shorter compared to flexion and post flexion stage. The total length of 

preflexion stage of jewel fish was 2.8 mm. In this fish variation in body length, head length, 

body depth, eye diameter, pre-anal length, trunk length, and tail length were recorded in all 

the three developmental stages of larva. Body dimensions pertaining to snout length and pre-

dorsal length did not show marked variation in these fishes.  

Coefficients of growth curves of morphometric parameters in larval fish differ significantly 

from those in juvenile fish (Fuiman, 1983; Oikawa and Itazawa, 1985). Also during the larval 

period and metamorphosis, differential growth can be expected (Paine and Balon, 1985). 

During depletion of the yolk sac, new important functions such as food capture, ingestion and 

digestion must be developed. Propulsion both for food capture and predator avoidance is 

crucial (Oikawa and Itazawa, 1985).  

The important aspects on which ontogenic development of fish is focused are development of 

head, sensory organs, digestive system and locomotory structures. During the early 

development of fish, functioning of these structures governs the survival value and behaviour 

of the larval fish. As a consequence of this higher developmental potential is recorded in the 

head and caudal region compared to the trunk region. Such a higher rate of growth and 

development of head specializes the characters such as buccal cavity and its adaptations for 

exogenous feeding, brain and sense organs such as eyes and chemoreceptors which facilitate 

efficient locomotion, for food and feeding adaptations as well as avoidance of predators and 

adverse environmental conditions. Thus there is a natural evolution of ontogenic events, 

which emphasizes environmental adaptability and avoidance of predation. Such an evolution 
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of ontogenic events is truly reflected in the morphometric characters of developmental stages 

of jewel fish larvae. 

In general, total length of jewel fish shows a gradual increase from preflexion to post flexion 

stage while very low growth is recorded in the flexion stage of jewel fish. Vansnik et al., 

(1997) stated that the growth coefficient of the gill area to body mass found in the youngest 

larvae of cyprinis carpio and Clarias was 7. This shows that the gas exchange demands fast 

growth of the gills. To be able to accommodate the rapidly growing gills, head length and 

width must increase proportionally. Another explanation for the fast growth of head is the 

fact that as the yolk sac becomes depleted; the larvae must switch to exogenous feeding and 

thus need a functional food intake apparatus. As the larva hatches with a relatively 

undeveloped head, head length and width increase rapidly in order to allow the uptake of 

food particles of increasing size. The preference for the largest possible food items reflects 

the fact that these are energetically more favorable (Mathias and Li, 1982; Brooks and 

Dodson, 1965).  

From the results of the present study it is inferred that the basic size and shape of the head 

and snout are established during the preflexion stage and only increase in the dimensions of 

these characters takes place during flexion and post flexion stages. In jewel fish low level of 

development is recorded with regard to predorsal in relation to total length of the larvae, 

whereas higher increment in these characters is observed in the flexion and post flexion 

stages. Results pertaining to the development of trunk length in relation to total length show 

substantial variation in the larvae of jewel fish. In the case of jewel fish preflexion stage 

larvae show growth proportion to total length while flexion stage larvae show minimal 

growth compared to total length. However normal proportional growth of trunk length in 

relation to total length of the larvae is observed during post flexion stage. Results suggest that 

minimum development of trunk takes place during flexion stage. In case of angel fish it is 

observed that during preflexion and flexion stage, there is negative growth in the trunk 

length. However normal proportional growth is restored with regard to the trunk when the 

larva transforms from flexion to post flexion stage. Further ontogenic development of eye 

diameter, pre-anal length and tail length of the larvae of angel and jewel fish in relation to 

total length show similarity. 

Growth coefficients results on the developmental flexion stages of jewel fish larvae suggested 

that there is uniform increment in the body length, during preflexion, flexion and postflexion 

stages. However the head length and snout length showed substantial increment during 
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flexion stage compared to either preflexion or post flexion stage. This variation is mainly due 

to the variation in the body shapes of the larval stages of the fishes. Relationship between 

head length and other characteristics of head such as head depth, snout length and eye 

diameter are important in understanding developmental variations of the head during 

different stages of larval development. In the case of angel fish, growth coefficients results 

suggest that there is significance difference in the length of the head in relation to head depth, 

snout length, and eye diameter where as in the case of jewel fish head depth and eye diameter 

show significant difference with head length while snout length shows no significant 

difference. This variation can be attributed to higher morphological changes in the shape of 

the head and snout of angel fish larvae compared to the jewel fish larvae. 

Coefficient of regression for the morphometric characters of larval and adult fish varies 

considerably. While analyzing the coefficient of regression for the growth pattern and 

morphometric characters Negi and Nautiyal (2002) reported that coefficient of regression of 

males of Barilius bendelisis and Barilius vagra as compared with the females had the highest 

values for snout length, followed by pre-dorsal length in relation to total length.  

Gisbert (1999) stated that in Siberian sturgeon Acipenser baeri the head length and height 

showed different growth allometries from hatching (10.5 mm TL) today 9 (20mm TL), head 

length growth was positively allometry (b=1.74) and later on it become isometric b=1.10. 

From hatching to day 40, head height growth was isometric b=0.86. Eye diameter from 

hatching to day 3 was positive allometric b= 4.20, trunk length increased negatively 

allometrically b=0.85 throughout. Tail growth in length was positively allometric b=1.39 

until 20.2mm TL at day 9 and then decreased becoming negatively allometric b=0.89. 

Positive allometric growth of anterior and posterior parts of the larval body,  prior to the 

development of the trunk region, could also be interpreted as an adaptation to reduce costs of 

transport (Vansnik et al., 1997) as these are up to 5 times higher in larvae (Beamish, 1978), 

decreasing rapidly with growth (Kaufmann, 1990). Consequently a fast growth of head and 

tail closely parallels the desirability to reduce drag forces on the body (Osse and Vanden 

Boogart, 1995). Another possible mechanism for reducing drag forces during early life stages 

could be the presence of the pre-anal fin fold after the differentiation of the primordial fin 

fold into unpaired fins. The pre-anal finfold is found in older larvae of many teleost species 

and it is considered an energetically cheap solution to lower the drag coefficient using a 

minimal amount of tissue and reducing turbulence (Vansnik et al., 1997). 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 12, January 2014 

 

274 
www.jiarm.com 

Morphometric ratios may be used to obtain intraspecific variations between field and 

cultivated populations of larvae and juvenile (Suda et al., 1987) as well as supplementary 

criteria for quality assessment and control of reared larvae and juveniles (Koumoundourus et 

al., 1995). However, Ferron and Leggett (1994) emphasized that morphometric indices and 

differential growth of various body parts is characteristic for each species and great care must 

be exercised in drawing conclusions from between species comparisons. 

 Generally length and weight are the functional parameters of growth. Statistical treatment of 

such parameter helps to establish their interrelationship and to arrive at the formulae for 

length related body measurements. This formula will form the basis for interconversion to 

evaluate the age of the animal, size, suitability of environment, biomass of the population etc 

(Manimegalai, et al., 2010).  

 

Table 1: Dimensions of the different body parts during the three developmental phases 
of the Jewelfish larvae 

Developmental 
Phases (n) 

Dimensions in mm (Mean  SD) 

TL BL HL HD BD SL ED PD PA TRL TAL 
Preflexion (13) 2.88 

  
0.37 

2.61 
 

0.29 

0.40
 

0.08

0.59
 

0.12

0.53
 

0.28

0.11
  

0.03

0.26
 

0.05

1.32
 

0.20

1.74 
 

0.24 

1.34 
 

0.22 

1.14 
 

 0.28 
Flexion (36) 4.08  

  
0.56 

3.56  
 

0.42 

1.06 
 

0.28

0.95 
 

0.11

0.59 
 

0.37

0.20 
 

0.06

0.45 
 

0.06

1.58 
 

0.31

2.36  
 

0.28 

1.30  
 

0.10 

1.72  
  

0.31 
Post-flexion 
(55) 

6.66  
  

1.67 

5.31  
 

1.18 

1.95 
 

0.51

1.56 
 

0.47

1.54 
 

0.52

0.38 
 

0.13

0.72 
 

0.19

2.36 
 

0.54

3.74  
 

0.96 

1.79  
 

0.48 

2.92  
  

0.75 
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Fig. 1. Comparison of the dimensions (Mean  SD) of the different body parts of Jewelfish 
larvae 
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Table 2: Comparison of ratios of the different body parts dimensions in relation to 
Total length and in relation to Head length of Jewelfish larvae 

Dimensions of Body 
Parts 

Developmental Stages ANOVA* 

In relation to Total 
Length 

Preflexion Flexion Post-flexion F P Significance** 

Body length 0.91  0.03 0.88  0.02 0.80  0.03 97.92 2.27E-24 Significant 
Head length 0.14  0.02 0.25  0.03 0.29  0.02 207.26 1.78E-36 Significant 
Head depth 0.20  0.03 0.23  0.022 0.23  0.022 7.78 0.001 Significant 
Body depth 0.15 0.02 0.19 0.04 0.23 0.03 37.11 8.25E-13 Significant 
Snout length 0.04 0.01 0.05 0.01 0.06 0.01 29.17 1E-10 Significant 
Eye diameter 0.09 0.01 0.11 0.012 0.11 0.012 28.65 1.4E-10 Significant 
Predorsal 
length 

0.46 0.09 0.39 0.06 0.36 0.03 21.53 1.63E-08 Significant 

Preanal length 0.61 0.071 0.58 0.021 0.56 0.03 9.75 0.0001 Significant 
Trunk length 0.47 0.08 0.33 0.05 0.27 0.03 110.03 4.33E-26 Significant 
Tail length 0.39 0.071 0.42 0.021 0.44 0.03 9.74 0.0001 Significant 

In relation to Head 
Length 

  

Head depth 1.51 0.31 0.94 0.19 0.80 0.07 101.16 7.62E-25 Significant 
Snout length 0.27 0.06 0.19 0.04 2 0.20 0.03 2 25.99 7.83E-10 Significant 
Eye diameter 0.67 0.12 0.44 0.07 0.37 0.02 119.13 2.67E-27 Significant 

*ANOVA – comparing the mean values of the three developmental phases at 0.05 level of 
significance ( 321:  oH )  

**Differences among means significant when P < 0.05 
1Difference between respective preflexion and flexion means not significant (Tukey’s test for 
multiple comparison of means at 0.05 Level of Significance) 
2Difference between respective flexion and post-flexion means not significant (Tukey’s test 
for multiple comparison of means at 0.05 Level of Significance) 
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Fig.2: Comparison of the ratios of the different body parts dimensions 
to the total length in Jewelfish larvae 
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Fig.3: Comparison of the ratios of the different head parts dimensions 
to the head length in Jewelfish larvae 
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