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South European roach, formerly known as Rutilus 
rubilio (Bonaparte, 1837) is a cyprinid species endemic of 
Italy (Tyrrhenian slope from Magra to Bussento drainages, 
Adriatic slope from Chienti to Trigno drainages and Ofanto 
drainage) (Fig. 1) (Crivelli, 2006). Recently a revision of the 
species taxonomy has been proposed and, according to Bian-
co and Ketmayer (2014), the species must be assigned to a 
separated genus and named Sarmarutilus rubilio (Bonaparte, 
1837). Sarmarutilus (Rutilus) rubilio was assessed as “Near 
threatened” according to the IUCN Red List of Endangered 
Species (Crivelli, 2006) and the IUCN Red List of Italian 
Vertebrates (Rondinini et al., 2013); it is listed in Annex II of 
the European Union Habitats Directive 92/43/CEE as a spe-
cies requiring designation of Special Areas of Conservation 
and in the Annex III of Bern Convention. The species has 
disappeared from many lakes (Bianco, 1990; Mearelli et al., 

1990) and is decreasing in many rivers. The introduction of 
alien species – specifically Protochondrostoma genei (Bona-
parte, 1839) and Rutilus aula (Bonaparte, 1841) – represents 
the most serious causes of concern for the survival of this 
species (Crivelli, 2006).

Although this, the knowledge on the biology and ecol-
ogy of this species in its original distribution range is still 
limited. 

Relative weight (Wr) (Wege and Anderson, 1978) is 
an index of condition proposed to measure the well-being 
of fish. Among all the other condition indices, Wr has the 
advantage to enable comparison of fish condition of differ-
ent lengths and belonging to different populations, because 
it is not influenced by changes in body shape (Murphy et al., 
1991). Wr is based on the comparison between the actual 
weight of a fish and a standard weight (Ws). Ws is the weight 

Abstract. – Length and weight data of 21,040 specimens of the Italian endemic species Sarmarutilus rubilio 
(Bianco & Ketmayer, 2014) were collected throughout the area of distribution of the species and used to cal-
culate total length-weight (TL-W), standard length-total length (SL-TL), fork length-total length (FL-TL), and 
standard weight (Ws) equations. The SL-TL equation was TL = 1.153 SL + 4.121; the FL-TL equation was 
TL = 1.037 FL + 0.288. The log-transformed TL-W equation was: log10W = –5.201 + 3.117 log10TL. The Ws 
equation was log10Ws = –4.043 + 1.919 log10TL + 0.315 (log10TL)2 (length-range 60-200 mm). The resulted Ws 
equation was not biased by length and its use is suggested as a way to calculate the relative weight (Wr) for the 
species throughout the area of distribution of the species. These equations represent the first reference for the 
species from its native distribution range and they will be useful tools to increase the basic knowledge on popula-
tion ecology of this species. 

Résumé. – Relations longueur-poids, longueur totale-longueur standard et proposition d’équation pour le poids 
standard (Ws) chez le cyprinidé endémique italien Sarmarutilus rubilio.

Les données de longueur et de poids de 21 040 spécimens de l’espèce endémique italienne Sarmarutilus 
rubilio (Bianco & Ketmayer, 2014) ont été recueillies sur toute l’aire de répartition de l’espèce et ont été utilisées 
pour calculer les relations longueur totale-poids (TL-W), longueur standard- longueur totale (SL-TL), longueur 
à la fourche-longueur totale (FL-TL), et une équation poids standard (Ws). L’équation SL-TL est TL = 1,153 
SL + 4,121 ; l’équation FL-TL est TL = 1,037 + 0,288 FL. Pour l’équation log10TL – log10W on obtient 
log10W = –5,201 + 3,117 log10TL. Enfin, l’équation permettant le calcul du Ws résultant est log10Ws = –4,043 
+ 1,919 log10TL + 0,315 (log10TL)2 (gamme de longueur de 60 à 200 mm). L’équation Ws n’est pas biaisée par 
la longueur et son utilisation est proposée comme un moyen de calculer le poids relatif (Wr) pour l’espèce dans 
toute son aire de répartition. Ces équations constituent les premières références pour l’espèce dans son aire d’ori-
gine et elles devraient permettre d’améliorer les connaissances de base sur l’écologie des populations de cette 
espèce.
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of an ideal fish of the same species and of the same length in 
good physiological condition, predicted by a species-specific 
Ws equation developed for the species using a wide sample 
of specimens collected throughout its area of distribution.

The aim of this research was to provide length-weight 
and length-length equations for South European roach and a 
Ws equation for the evaluation of body condition applicable 
to the entire area of distribution of the species. 

MATERIALS AND METHODS

Dataset selection and development of length-length and 
length-weight equations

Data of length (total length, TL; standard length, SL; fork 
length, FL, to the nearest 1 mm) and weight (W to the near-
est 0.1 g) of South European roach were collected from 140 
locations on 87 different watercourses distributed across the 
area of distribution of the species (Fig. 1). The entire data-
base was accumulated by different monitoring studies car-
ried out from 2005 to 2013 to assess the conservation status 
of the main Italian freshwaters fish species. According to 
this, all fish were returned to their rivers immediately after 
measurements and no specimens were sacrificed. 

The first step was to validate the total dataset by remov-
ing all fish that were large outliers (values diverging more 
than double from the expected value) on the TL-W regres-

sion, since these were probably the result of wrong measure-
ments (Giannetto et al., 2011).

Specific SL-TL and FL-TL linear conversion regressions 
were developed by using the fish (189 specimens) of the 
dataset, in which at least two types of length measurement 
were recorded. 

The next stage was the determination of a suitable length 
range. The minimum TL was determinate by the relation-
ship between the variance/mean ratio for log10W on 10-mm 
total length intervals as the length at which this ratio sharp-
ly decreased (Willis et al., 1991) and was less than 0.01 
(Murphy et al., 1991). The maximum TL was identified 
as the length class for which at least three fish in three dif-
ferent populations were available in the dataset (Gerow et 
al., 2005). All fish outside this suitable length-range were 
excluded from dataset.

The total dataset was thus separated into a larger devel-
opment dataset (used to compute the Ws equation) and a 
smaller validation dataset (utilised to investigate potential 
length-related biases in the Ws equation developed) (Loren-
zoni et al., 2012).

The development dataset was divided into statistical 
populations: data derived from separate locations on large 
waterways were considered as different populations; data 
collected in different years from the same location were also 
considered different statistical populations, with the excep-
tion of locations with small numbers of fish (n < 10) (Ogle 
and Winfield, 2009; Giannetto et al., 2012a). 

Thus, a logarithmic TL-W regression was plotted sepa-
rately for each statistical population (Bister et al., 2000) and, 
according to Froese (2006), all populations showing an R2 
value less than 0.90 or a slope (b) value outside the range of 
2.5-3.5 were removed.

Development and validation of Ws equation
The Ws equation for South European roach was estimat-

ed by means of the Empirical Percentile (EmP) method pro-
posed by Gerow et al. (2005).

To evaluate the reliability of the EmP Ws equation devel-
oped, two different techniques were applied: 1) the Empiri-
cal Quartile (EmpQ) method (Gerow et al., 2004) as modi-
fied by Ogle and Winfield (2009) by means of FSA package 
(Ogle, 2009); 2) the analysis of distribution of residuals ver-
sus fitted values of the Ws equation (Giannetto et al., 2011).

RESULTS

Determination of length-length and length-weight 
equations

A total of 21,040 specimens, size ranging from 20 to 
198 mm (mean ± SE = 78.72 mm ± 0.19) and weight rang-
ing from 0.10 to 95 g (mean ± SE = 7.47 g ± 0.06), were 

Figure 1. - Area of distribution of Sarmarutilus rubilio (in grey) 
(from IUCN, 2013 modified) and localization of sampling stations 
(black points).
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analysed. The standard length (SL)-TL and the fork length 
(FL)-TL equations were (Fig. 2A, B):

TL = 1.153 SL + 4.121 (R² = 0.996; p < 0.01; n = 189)
and

TL = 1.037 FL + 0.288 (R² = 0.999; p < 0.01; n = 189).
For the total dataset, the log-transformed TL-W equation 

was (Fig. 2C):
log10 W = –5.201 + 3.117 log10 TL  
(R2 = 0.953; p < 0.01; n = 21040)

The value of b (3.117) resulted highly statistically differ-
ent by 3 at t-test (Ricker, 1975) (t = 654.648; p < 0.01).

The development dataset consisted of 19,080 specimens 
and the small validation dataset was formed of 1960 speci-
mens. The suitable length range of application was identified 
as 60-200 mm (Tab. I).

Among the 197 statistical populations of the develop-
ment dataset, seven populations were eliminated according 
to Froese (2006) (four because had an R2 value less than 0.90 
while three because the value of the b was higher than 3.5). 

Determination and validation of the Ws equation
The EmP Ws equation for South European roach was 

(Fig. 2D):
log10 Ws = –4.043 + 1.919 log10 TL + 0.315 (log10 TL)2 

(R2 = 0.999; p < 0.01; n = 19080).

The plot between residuals and fitted val-
ues did not show any correlation between Ws 
and TL. The EmpQ method could only be 
applied to fish less than 170 mm (the largest 
TL class of the validation dataset with at least 
three specimens in three different populations) 
and, according to this method, the slope values 
were not significantly different from zero for 
both terms of the Ws equation (pquadratic = 0.835;  
plinear = 0.512).

DISCUSSION

The use of standardized methods to study 
biological characteristics of fish populations can 
allow comparison with populations of the same 
species inhabiting different habitats or biotopes. 
The indices of condition were proposed to evalu-
ate any changes in the status of physiological 
well-being of the fish using a standardized meth-
odology (Copeland et al., 2008). The chance to 
evaluate the well-being, indeed, represents an 
important tool for the conservation of threatened 
species, since it allows evaluating the effects of 
any action planned for management and conser-
vation of their populations. The use of easy and 
not cruel tools such as the relative weight could 

contribute to the management and conservation status of 

Figure 2. – A: Plots of total length (TL)-standard length (SL); B: Plots of TL-
fork length (FL); C: Plots of logarithmic total weight (W)-TL; D: Plots of 
logarithmic standard weight (Ws) TL equations for Sarmarutilus rubilio. For 
each plot: coefficient of determination (R2); value of correlation (p); number of 
specimens (n).

Table I. - Total length (TL) composition per each 10 mm of devel-
opment and validation datasets used to calculate and validate the 
standard weight (Ws) equation for Sarmarutilus rubilio according 
to the Empirical Percentile (EmP) Method. Number of individuals 
per each 10-mm TL class.

Number of individuals 

TL (mm) Development  
dataset

Validation  
dataset

60 2743 773
70 2444 441
80 2366 301
90 2153 158
100 1866 108
110 1461 100
120 914 45
130 588 11
140 321 9
150 197 7
160 93 5
170 38 3
180 14 –
190 6 –
200 3 –
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these species and it is strongly recommended (Murphy et al., 
1991; Blackwell et al., 2000, Didenko et al., 2004). 

By comparing data of different periods, the application 
of the proposed equations will be useful to detect the decline 
in condition of the species and identify potential at risk pop-
ulations at local scale probably as a result of environmental 
alterations (Ogle and Winfield, 2009). Indeed, according to 
Bister et al. (2000) because of the positive correlation exist-
ing between fish growth and environmental quality, Wr could 
be an easy and powerful tool to recognize environmental 
(Gabelhouse, 1991; Hubert et al., 1994; Liao et al., 1995) 
or ecological changes just as the incidence of phenomena 
of inter- or intra-species competition (Johnson et al., 1992; 
Giannetto et al., 2012b).

In this study the Ws equation developed for South Euro-
pean roach can be used for evaluation of Wr of the species 
across the entire area of distribution. In addition length-
length and length-weight equations were also provided for 
South European roach. These equations represent the first 
reference for the species from its native distribution range 
since the only length-weight equations available in the litera-
ture are those provided by Russo et al. (1997) from to a Sicil-
ian lake (Lake Arancio) where the species was introduced 
or refer to environments outside the original range of the 
species (Lake Trichonis and Lake Mikri Prespa in Greece, 
Kleanthidis et al., 1999) where other species were wrongly 
recognized as R. rubilio (Bianco and Ketmayer, 2014). 

The results obtained, then, together with other popula-
tion metrics (e.g., age and growth), will be useful tools to 
increase the basic knowledge on population ecology of this 
species (Murphy et al., 1991; Blackwell et al., 2000). More-
over, according to Froese (2006), only when length-weight 
estimates are reasonably cover geographic and inter-annual 
variation, it is possible to discuss isometric versus allometric 
growth of the species as a whole by using the value of b. In 
this study length and weight data were collected throughout 
the entire range of distribution of South European roach. The 
b value of the TL-W resulted highly significantly higher than 
3 and this supported the assumption of a positive allometric 
growth for South European roach.

REFERENCES

BIANCO P.G., 1990. - Vanishing freshwater fishes in Italy. J. Fish 
Biol., 37A: 235-237.

BIANCO P.G. & KETMAIER V., 2014. - A revision of the Rutilus 
complex from Mediterranean Europe with description of a new 
genus, Sarmarutilus, and a new species, Rutilus stoumboudae 
(Teleostei: Cyprinidae). Zootaxa, 3481(3): 379-402.

BISTER T.J., WILLIS D.W., BROWN M.L., JORDAN S.M., 
NEUMANN R.M., QUIST M.C. & GUY C.S., 2000. - Pro-
posed standard weight (Ws) equations and standard length cate-
gories for 18 warmwater nongame and riverine fish species. N. 
Am. J. Fish Manage., 20: 570-574.

BLACKWELL B.G., BROWN M.L. & WILLIS D.W., 2000. - Rel-
ative weight (Wr) status and current use in fisheries assessment 
and management. Rev. Fish Sci., 8: 1-44.

COPELAND T., MURPHY B.R. & NEY J.N., 2008. - A compari-
son of relative weight and nutritional status among four fish 
species in two impoundments. J. Freshw. Ecol., 23(3): 373-
385.

CRIVELLI A.J., 2006. - Rutilus rubilio. In: IUCN 2013. IUCN Red 
List of Threatened Species. Version 2013.2. www.iucnredlist.
org. Downloaded on 24 Feb. 2015.

DIDENKO A.V., BONAR S.A. & MATTER W.J., 2004. - Standard 
weight (Ws) equations for four rare desert fishes. N. Am. J. Fish. 
Manage., 24: 697-703.

FROESE R., 2006. - Cube law, condition factor and weight-length 
relationships: history, meta-analysis and recommendations. J. 
Appl. Ichthyol., 22: 241-253.

GABELHOUSE D.W., 1991. - Seasonal changes in body condition 
of white crappies and relations to length and growth in Melvem 
Reservoir, Kansas. N. Am. J. Fish Manage., 11: 50-56.

GEROW K.G., HUBERT W.A. & ANDERSON-SPRECHER R., 
2004. - An alternative approach to detection of length-related 
biases in standard-weight equations. N. Am. J. Fish Manage., 
24: 903-910.

GEROW K.G., ANDERSON-SPRECHER R. & HUBERT W.A., 
2005. - A new method to compute standard-weight equations 
that reduce length-related bias. N. Am. J. Fish Manage., 25: 
1288-1300.

GIANNETTO D., CAROSI A., FRANCHI E., PEDICILLO G., 
POMPEI L. & LORENZONI M., 2011. - Proposed standard 
weight (Ws) equation for Telestes muticellus (Bonaparte, 1837) 
in the Tiber River basin. Cybium, 35(2): 141-147.

GIANNETTO D., CAROSI A., FRANCHI E., LA PORTA G. & 
LORENZONI M., 2012a. -Proposed standard weight (Ws) 
equation for European perch (Perca fluviatilis Linnaeus, 1758). 
J. Appl. Ichthyol., 28: 34-39.

GIANNETTO D., CAROSI A., FRANCHI E., PEDICILLO G., 
POMPEI L. & LORENZONI M., 2012b. - Assessing the impact 
of non-native freshwater fishes on native species using relative 
weight. Knowl. Manage. Aquat. Ecosyst., 404: 03.

HUBERT W.A., GIPSON R.D. & WHALEY R.A., 1994. - Inter-
preting relative weight values of lake trout stocks. N. Am. J. 
Fish Manage., 14: 212-215.

JOHNSON S.L., RAHEL F.J. & HUBERT W.A., 1992. - Factors 
influencing the size structure of brook trout populations in bea-
ver ponds in Wyoming. N. Am. J. Fish Manage., 12: 118-124.

KLEANTHIDIS P.K., SINIS A.I. & STERGIOU K.I., 1999. - 
Length-weight relationships of freshwater fishes in Greece. 
Naga, ICLARM Q, 22(4): 37-41.

LIAO H., PIERCE C.L., WAHL D.H., RASMUSSEN J.B. & LEG-
GETT W.C., 1995. - Relative weight (Wr) as a field assessment 
tool: relationships with growth, prey biomass, and environmen-
tal conditions. Trans. Am. Fish Soc., 124: 387-400.

LORENZONI M., GIANNETTO D., MAIO G., PIZZUL E., POM-
PEI L., TURIN P., VINCENZI S. & CRIVELLI A., 2012. - 
Empirical standard mass equation for Salmo marmoratus. J. 
Fish Biol., 81: 2086-2091.

MEARELLI M., LORENZONI M. & MANTILACCI L., 1990. - Il 
Lago Trasimeno. Riv. Idrobiol., 29(1): 353-390.

MURPHY B.R., WILLIS D.W. & SPRINGER T.A., 1991. - The 
relative weight index in fisheries management: status and 
needs. Fisheries, 16: 30-38.



Giannetto et al.	 Standard weight equation for Sarmarutilus rubilio

Cybium 2016, 40(2)	 119

OGLE D.H., 2009. - Data to support Fish Stock Assessment pack-
age: Package FSA. GPL version 2 or newer URL (Available at 
http://www.rforge.net/FSA/ or newest version at http://www.
ncfaculty.net/dogle).

OGLE D.H. & WINFIELD I.J., 2009. - Ruffe length-weight rela-
tionships with a proposed standard weight equation. N. Am. J. 
Fish Manage., 29: 850-858.

RICKER W.E., 1975. - Computation and interpretation of biologi-
cal statistics of fish population. Bull. Fish. Res. Board Can., 
191: 382.

RONDININI C., BATTISTONI A., PERONACE V. & TEOFILI 
C., 2013. - Lista Rossa IUCN dei Vertebrati Italiani. Comitato 
Italiano IUCN e Ministero dell’Ambiente e della Tutela del 
Territorio e del Mare, Roma.

RUSSO G., VIOLANI C. & ZAVA B., 1997. - Observations on the 
dynamics of Rutilus rubilio Cyprinidae in a manmade hyper-
trophic basin (Arancio Lake, southwest Sicily). Ital. J. Zool., 
65: 549-551.

WEGE G.J. & ANDERSON R.O., 1978. - Relative weight (Wr): a 
new index of condition for largemouth bass. In: New approach-
es to the management of small impoundments. (Novinger G.D. 
& Dillard J.G., eds), pp. 79-91. American Fisheries Society, 
Bethesda, MD, Special Publication. 

WILLIS D.W., GUY C.S. & MURPHY B.R., 1991. - Development 
and evaluation of a standard weight (Ws) equation for yellow 
perch. N. Am. J. Fish Manage., 11: 374-380.


