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Abstract: Standard (SL), fork (FL) and total lengths (TL) of three common freshwater fish species, goldfish 
Carassius auratus (L.), gibel carp Carassius gibelio (L.) and common carp Cyprinus carpio (L.) were examined to 
determine the most consistent length measurement of fish and possible bias source of multiple measurements 
of the same sample by different persons based on statistical comparisons. Index of Average Error (IAE) sug-
gested that measurement of TL had significantly lower average errors compared to SL and FL for all species 
(p<0.001). The length–length linear regressions were all highly significant (p<0.001) and analysis of covari-
ance (ANCOVA) revealed no significant differences in the slope of length–length relationships of the meas-
urements among researchers for all fish species (p>0.05). Analysis of variance (ANOVA) results indicated that 
there was no significant difference between the personal measurements of different type of lengths. The best 
length measurement of fishes is discussed.  
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Introduction 
 
To identify and classify fish species, morphologi-
cal, physiological, behavioral, and biochemical 
characteristics have been widely used. Neverthe-
less, using metric (e.g. body length, body depth, 
head length, eye diameter, jaw length) and meris-
tic (e.g. fin ray, scale, teeth, gill raker, and lateral 
line pore counts) measurements is much more 
common (Howe 2002). In sampling programs, 
body length is often used because it is relatively 
easy and fast to measure in the field (Martin-Smith 
1996, Morey et al. 2003) and it is important for: 1) 
life history and morphological comparisons of fish 
populations from different locations (Petrakis & 
Stergiou 1995); 2) the estimation of weight for in-
dividual fish and for length classes of fish; 3) esti-
mation of standing-crop biomass when the length-
frequency distribution is known and calculation of 
condition indices is to be determined (Anderson & 
Gutreuter 1983, Petrakis & Stergiou 1995); and 4) 
conversion of growth-in-length equations to 
growth-in-weight for prediction of weight-at-age 
and use in stock assessment models (Pauly 1993). 
Body length is usually expressed as a proportion 
of standard (SL), fork (FL) and total length (TL). 
The precision of length measurements is usually 
neglected as processing high numbers of speci-
mens is considered to be more important. How-
ever, there has been a lack of standardized meth-
ods which has hampered attempts to synthesize 
the data as many researchers have used different 

fish length measurements (e.g. Echeverria & Le-
narz 1984). Although some information seems to 
be available on conversion of different length 
measurements of fish (Gaygusuz et al. 2006, 
Froese & Pauly 2008), the choice of the most con-
sistent one still remains unclear.  

In this paper we examine three different 
length measurements (SL, FL, and TL) of three 
common cyprinid fish species in order to find the 
most consistent measurement based on statistical 
comparisons. We also determine the bias of multi-
ple measurement of length from the same sample 
by different researchers. 
 
 
Materials and Methods 
 
Between March and May 2008, three species of cyprinid, 
goldfish Carassius auratus (Linnaeus, 1758), gibel carp 
Carassius gibelio (Bloch, 1782) and common carp Cyprinus 
carpio (Linnaeus, 1758) were collected from the shorelines 
of Lake Ula (Mugla, SW Turkey) using an electroshocker 
(Samus 725 MP). These cyprinids were chosen for this 
work because they allow easy measurements of all kinds 
of body lengths indices and because their body shape is 
similar to that of many other fish species. It is likely, 
therefore, that the best length measurement for these cy-
prinids would also be suitable for many other species. 

After collection, the fish were transported to the 
laboratory and were either examined fresh or were frozen 
and examined later after defrosting. In the laboratory, 
length measurements were independently taken to the 
nearest millimeter in a straight line via meter board by 
four experienced ichthyologists. All measurements were 
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performed using the following procedure (Laevastu 
1965): 

- TL = from the anterior tip of the longest jaw to the 
most posterior part of the caudal fin 

- FL = from the anterior tip of the longest jaw to the 
median point of the caudal fin. (This may need to be clari-
fied further) 

- SL = from the anterior tip of the longest jaw to the 
tip of the hypural bone (urostyle) 

Agreement among measurements was expressed as 
Index of Average Error (IAE) (Beamish & Fourner 1981), 
calculated as; IAE = 1/N Σ (1/RΣ (|Xij - Xj|/ Xj)), where 
N is the number of fish measured, R the number of times 
each measurement is taken, Xj the average length for the 
jth fish, and Xij the ith measurements of the jth fish. 

The significance of the regression was assessed by 
analysis of variance (ANOVA) testing the hypothesis 
Ho:β = 0 against HA: β ≠ 0. It was also used to test signifi-
cant differences among individual’s measurements. We 
used analysis of covariance (ANCOVA) to test differences 
of the slopes of the length - length relationships. Student’s 
t – test was also used to compare average IAE between 
measurements (Zar 1999). 
 
 
Results 
 
IAE results determined that measurement of TL 
had significantly lower average error than that of 
SL and FL for all species (p<0.001) (Table 1). IAE of 
SL and FL was very similar within species (p>0.05) 
(Table 1). When the data sets were compared by 
truncating them equally from the lower and upper 
end, IAEs did not change. The length – length lin-
ear regressions were all highly significant 

(p<0.001) (Table 2) and ANCOVA revealed no sig-
nificant differences in the slope of length – length 
relationships of the measurements among re-
searchers for all fish species (p>0.05). ANOVA re-
sults indicated that there was no significant differ-
ence between the personal measurements of dif-
ferent type of lengths (p>0.05) (Table 3). Indeed, p 
value was highest in TL, followed by FL and SL. 
 
 
Discussion 
 
Differences between the length data mostly de-
pend on the sample quality. For example in fish, 
there might be defections (e.g. lost or damaged tail 
either by predators or samplers). Preservation 
techniques likely have the most profound effect on 
fishes which may cause considerable sample 
shrinkage (e.g. Quiñonez-Velázquez 1996, Thor-
stad et al. 2007). Indeed, in fish collections SL is 
preferred as the caudal fin becomes brittle over 
time and may break off. Thus, if measurements on 
a museum specimen over time were compared, SL 
would have a lower error range than TL and FL. 
Some other fishes have different kinds of body 
shapes that confuse which equipment and/or 
measurement type should be useful to take length 
measurements. For instance, in species with rigid 
caudal fins such as tuna and billfish, FL is fre-
quently used instead. However, all of these factors 
caused variation among measurements taken by 
different  observers even  on the  same sample.  In  

 
 

Table 1.  IAE values for three examined fishes.  
TL were significantly lower than SL and FL at P = 0.001 for all species. 

 

Species Goldfish (n= 70 ) Gibel carp (n= 98 ) Common carp (n= 42 ) 
Measurement type SL FL TL SL FL TL SL FL TL 
IAE 2.27 2.31 1.23 1.68 1.58 1.23 1.59 1.68 1.22 

 
 

Table 2.  Conversion formulas of three examined fishes. 
 

Goldfish Gibel carp Common carp 
TL = 1.3574*(SL) – 5.7059 TL = 1.2602*(SL) + 2.136 TL = 1.2645*(SL) + 2.7014 
FL = 1.0963*(SL) + 5.3622 FL = 1.1284*(SL) + 2.1338 FL = 1.0695*(SL) + 5.8308 
FL = 1.2259*(TL) – 10.974 FL = 1.1157*(TL) – 0.1301 FL = 1.1815*(TL) – 4.073 

 
 
Table 3.  Descriptive statistics and ANOVA results for personal measurements of different type of lengths for three ex-

amined fishes. All comparisons gave no significant result (p>0.05). 
 

Species Goldfish Gibel carp Common carp 
Measurement type SL FL TL SL FL TL SL FL TL 
Min-Max 75-125 88-143 104-158 50-122 59-142 66-157 93-172 104-187 119-217 
F 1.389 0.197 0.315 0.205 0.039 0.178 0.052 0.139 0.064 
P 0.246 0.890 0.815 0.892 0.989 0.911 0.984 0.937 0.979 
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that case, scientists need the most reliable body 
length measurement method for all samples in-
cluding damaged ones. 

There may be a number of factors which affect 
the proportion of SL, FL, and TL of fishes includ-
ing growth phase, food availability and quality, 
size range, health and general fish condition and 
preservation techniques as well as sampling pro-
cedure, namely sample size and length range (e.g. 
Gaygusuz et al. 2006). Even in measurement of the 
same fish species, many discrepancies could ap-
pear because of precision and accuracy of the in-
strument used to measure the specimen (dial cal-
lipers vs. needle pointed dividers) or the dis-
agreement in standardized protocol to measure 
the lengths (Howe 2002). For instance, there are 
many different definitions or methods for stan-
dard length which make the standardization quite 
difficult (Howe 2002). However, based on the re-
sults of this study, it can be suggested that per-
sonal length measuring errors could be neglected 
if the researcher is experienced and the protocol 
well designed.  

This study suggests that, at least for a stan-
dard body shape (i.e. most of cyprinids), TL 
should be used rather than SL or FL. However, 
analyses in this study should be expanded to in-
clude other type of body shapes and find out 
which length measurement should be taken into 
consideration for each body shape. Also, the re-
sults encourage the taking of multiple measure-
ments of the same fishes from one population as 
long as the measurers have sufficient experience to 
measure fish. Finally, if possible, taking each 
length measurement and giving the conversion 
formulas in the papers, will certainly be helpful 
for the researchers to compare their results espe-
cially when the relevant equations are not suitable 
to establish for rare species in a specific locality.  
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