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Data from the scale measurements were used to determine a linear relationship between 
SL and scale radius (Rs). The following relationship was found: SL = 37.191 + 31.893 Rs  
(r = 0.92; R2 = 0.84; p = 0.000). Back-calculated lengths were greater in females (Table 1) 
than in males (Table 2), even in the younger age-classes; the difference in length between 
the sexes being highly significant on the t-test (p<0.01) for all age-classes. With regard to the 
Lee phenomenon, the back-calculated lengths reached by females at the various ages showed 

Fig. 2. Seasonal growth with confidence limits (95%). 

Table 1. Back-calculated lengths of females.

Age n
Lengths at age (mm):

I II III IV V
1 55 76.22
2 105 77.84 110.76
3 127 80.49 111.44 135.48
4 28 80.40 110.39 133.54 153.31
5 1 79.62 106.41 133.93 157.13 170.57
Mean 78.74 111.02 135.12 153.46 170.57
Confidence limits (95%) ±0.83 ±1.40 ±1.87 ±3.07

Table 2. Back-calculated lengths of males.

Age n
Lengths at age (mm):

I II III IV
1 30 70.81
2 22 67.98 91.24
3 2 62.50 83.19 109.43
4 1 67.49 87.40 110.66 127.87
Mean 69.42 90.34 109.84 127.87
Confidence limits (95%) ±1.91 ±3.61 ±7.15
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highly significant differences for age 1 in favour of the older specimens (mean ± 1SD:  
SL1 = 76.22±5.67 mm; SL1+i = 79.36±7.17 mm) (U = 3.52; p = 0.000). By contrast, no 
significant differences emerged among males; in this latter case, however, the analysis 
may have been conditioned by the paucity of the sample. The theoretical growth in length 
determined by means of back-calculated SL (mm) was Lt = 218.29 (1 – exp (-0.268(t + 0.615)))  
(R2 = 0.99) for females and Lt = 161.54 (1-exp (-0.320 (t + 0.700))) (R2 = 0.99) for males. The value of 
Φ’ was 2.106 for females and 1.921 for males. 

C a t c h e s

In the period 1999–2000, a total of 2 069 fish were caught, for a total biomass of 412.37 kg. 
In the 2004–05 season, 4 297 specimens were caught, weighing 783.10 kg. With regard 
to species of commercial interest, from 1999–2000 to 2004–2005 a decline was seen in 
catches of eels (1999–2000 = 28.20% of the biomass; 2004–05 = 14.60%) and brown trout 
(1999–2000 = 4.80%; 2004–05 = 1.96%). European perch stocks have continued to dwindle 
in spite of programmes to support the population, a trend which has been underway for many 
years (L o r e n z o n i  et al. 2007) (1999–2000 = 11.61%; 2004–05 = 5.32%). Among the 
species of no commercial interest, cyprinids and the ruffe showed the greatest increases; the 
ruffe caught in 1999–2000 accounted for 1.90% of the total number of specimens and for 
0.40% of the biomass, while in 2004–05 these percentages had risen to 20.95% and 4.96%, 
respectively. The most specimens of this species were trapped by gill-nets (37 specimens in 
1999–2000 = 94.87% of the total and 782 specimens in 2004–05 = 85.87%) and fyke nets 
(1999–2000 = 4.13%; 2004–05 = 0.45%). The long-lines for eels (1999–2000 = 0%; 2004–05 

Fig. 3. Breakdown of gill-net catches into SL classes.
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= 13.78%) proved to be less effective, and no ruffe was captured by means of the electric 
stunning device. Subsequent comparisons were based exclusively on the data regarding the 
gill-nets, as the samples caught by the other devices were too small. The increase in the ruffe 
population is indicated by the increase in standardised catches (CPUEs): in 1999–2000, the 
mean (±95% C.I.) CPUEs for the gill-nets were 0.006±0.003 ind h-1 m-2 and 0.27±0.01 g h-1 
m-2, while in 2004–2005 these values had risen to 0.051±0.019 ind h-1 m-2 and 2.07±0.81 g h-1 
m-2. On the t-test, the difference between the sampling years proved to be highly significant 
with regard to both CPUEs N (t = 10.646; p = 0.002) and CPUEs B (t = 9.886; p = 0.003).

The ruffe has proved able to colonise all the environments in Lake Piediluco rapidly and 
successfully; in 2004–2005, the mean (±95% C.I.) CPUEs of the gill-nets were 0.046±0.015 
ind h-1 m-2 and 1.73±1.18 g h-1 m-2 for those set in the lotic environment, 0.055±0.033 ind h-1 
m-2 and 2.45±1.47 g h-1 m-2 for those located in the pelagic zone, and 0.046±0.055 ind h-1 m-2 
and 1.67±1.85 g h-1 m-2 for those positioned in the paludal area. No statistically significant 
difference emerged from the comparison conducted by means of analysis of variance with 
regard to either CPUEs N (F = 0.116; p = 0.890) or CPUEs B (F = 0.426; p = 0.657). For 
what concerns the differences observed in the various sampling seasons, spring proved to 
be clearly the most propitious season for the use of gill-nets: the mean values (±95% C.I.) 
of the CPUEs reached in this season were 0.092±0.044 ind h-1 m-2 and 4.04±1.96 g h-1 m-2; 
subsequently, these values steadily declined to 0.068±0.054 ind h-1 m-2 and 2.33±1.90 g h-1 
m-2 in summer, 0.020±0.014 ind h-1 m-2 and 0.88±0.51 g h-1 m-2 in autumn and 0.013±0.011 
ind h-1 m-2 and 0.52±0.36 g h-1 m-2 in winter. Analysis of variance revealed highly significant 
differences among the sampling seasons with regard to both CPUEs N (F = 6.196; p = 0.002) 
and CPUEs B (F = 6.832; p = 0.001).

In the gill-net catches of ruffe no specimen was caught by the 30 and 45 mm mesh nets, 
as these meshes were too large. The ruffe caught by the 20 mm mesh nets displayed a mean 
(±1SD) value of 127.17±16.27 mm; these specimens varied from 50 to 190 mm in length, 
the most numerous being of 130 mm SL (22.09%) (Fig. 3). The catches were seen to become 
significant from the 90 mm SL class (2.65%) upwards, to increase for the 100 mm SL class 
(6.75%), and to become abundant especially for the classes from 110 to 140 mm SL (72.60% 
of the total). The gill-nets with a 28 mm mesh caught a very small number of ruffe; the SL 
interval of these specimens was narrower, varying from 70 to 170 mm, with a mean value 
(±1SD) of 140.96±22.67 mm; while the modal class proved to be 140 mm SL (4.10%), the 
catches were significant only for the classes from 140 to 150 mm SL (7.10% of the total). 
The differences between the mean standard length calculated for the two different mesh sizes 
proved to be highly significant on the t-test (t = 42.96; p = 0.000).

C o n d i t i o n

The mean value (±1SD) of the condition factor (K) of the entire population was 1.24±0.17; 
the mean K was 1.34±0.17 for the females and 1.23±0.15 for the males. Although the t-test 
did show a highly significant difference between the values recorded in males and females 
(t = 21.73; p = 0.000), the subsequent analyses were nevertheless performed without taking 
into account the differences between the sexes, owing to the small number of specimens. 
Comparison of the condition factor among the various age-classes revealed an increasing 
trend during growth; the mean value of K (±1SD) was lowest in the youngest age-class (0+) 
(1.17±0.17), rose to fairly similar levels in the two subsequent classes (1+ = 1.21±0.18) (2+ = 
1.22±0.16), increased more sharply in 3+ specimens (1.32±0.15), and then fell back slightly 
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in the 4+ class (1.31±0.15). Analysis of variance showed the differences between the mean K 
values in the age-classes to be highly significant (F = 14.50; p = 0.000). 

The mean value (±1SD) of the somatic condition factor (Ks) of the entire population 
was 1.23±0.19; the mean somatic condition proved to be better in females (1.86±0.249) 
than in males (1.15±0.16), the differences being highly significant on the t-test (t = 15.43;  
p = 0.000). The monthly trend in the mean values of K and Ks in the sample of females 
(Fig. 4) revealed that the somatic condition reached its peak at the end of the summer and 
remained at a high level throughout the autumn. By contrast, the somatic condition was at 
its lowest in January, increased in February, but then remained low throughout the spring 
and for much of the summer, with particularly low values of Ks being recorded in May and 
July. A very similar trend was seen with regard to K, which reached its highest mean values 
in February and August and its lowest value in July. Comparison of the trends in K and Ks 
yielded useful information on the seasonal development of the ovary, as well as the duration 
of the reproductive period. While the differences between K and Ks began to emerge in 
September, they increased considerably in February and were particularly marked in May, 
when ovary development is maximal. The disparity between the two indexes began to shrink 
in June and continued to do so in July; the mean values of K and Ks were almost identical in 
August, when the gonads are quiescent. 

R e p r o d u c t i v e  b i o l o g y

The mean GSI (±1SD) was 6.83±5.27 for the females and 5.09±4.11 for the males, the 
differences between the sexes being significant on the t-test (t = 2.53; p = 0.012). The 
trend in the mean value of the GSI in females over the various months of the year (Fig. 5) 
substantially confirms the results of the analysis of the condition factor; i.e. the GSI values 
peaked in April and May, declined in June and July, and fell to their lowest levels in August. 
This was confirmed by examination of the ovaries; in April, 100% of the ovaries were at stage 

Fig. 4. Annual trend of K and Ks in females with confidence limits (95%).
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IV or V of maturation, in May 91.96% of the ovaries were at stage V, in June the percentage  
was 46.87%, while in July all the females had reproduced (stage VI). Macroscopic 
examination of the gonads showed that sexual maturity was reached in the first year in both 
sexes; indeed, all specimens observed, both male and female, presented stage V gonads from 
the 1+ age-class onwards. 

Egg diameter varied considerably, ranging from a minimum of 0.71 mm to a maximum of 
1.59 mm, and displaying a mean (±1SD) value of 1.12±0.19 mm (Table 3). Analysis of linear 
regression between egg diameter (in mm) and SL (in mm) of the females led us to conclude 
that, in the ruffe population in Lake Piediluco, egg diameter is not directly proportional to 
the size of the female specimens; indeed, the relationship found was: δ = 1.298 - 0.0014 SL 
(r = -0.110; R2 = 0.03; p = 0.150). 

The number of eggs produced by each female varied from a minimum of 550 to a maximum 
of 52 160, with a mean (±1SD) of 11 961.40±9 239.99. The relationship between fecundity and 
length was multiplicative: n of eggs = 0.0004 SL3.458 (r = 0.81; R2 = 0.65; p = 0.000). 

Relative fecundity, expressed as n eggs g-1 of body weight of the females, displayed a 
fairly broad interval, from a minimum of 72.37 eggs g-1 to a maximum of 513.58 eggs g-1, 

Fig. 5. Trend in monthly mean GSI values in females. 

Table 3. Descriptive statistics for egg diameter (mm) in the sample broken down by age-class.

n Mean Minimum Maximum Median Std deviation
1+ 20 0.94 0.89 1.03 0.94 0.07
2+ 100 1.20 0.83 1.39 1.21 0.15
3+ 155 1.14 0.79 1.48 1.17 0.19
4+ 45 0.94 0.81 1.05 1.00 0.11
5+ 5 1.15 1.15 1.15 1.15 0.00
all 325 1.12 0.71 1.59 1.12 0.19
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with a mean (±1SD) of 239.41±111.67 eggs g-1. Relative fecundity did not depend on size, 
the linear regression between the number of eggs g-1 and the SL being: n of eggs g-1 = 200.93 
+ 0.29 SL (r = 0.07; R2 = 0.004; p = 0.588).

Discussion

Recently introduced into Lake Piediluco, the ruffe has adapted very well to the environmental 
conditions of the lake and has proliferated rapidly to become one of the dominant species in 
the fish community. Similar patterns of rapid population growth have been recorded in other 
newly established ruffe populations (M a i t l a n d  & E a s t  1977, P r a t t  et al. 1992, 
D e v i n e  et al. 2000). As a result of its broad ecological adaptability and its ability to feed 
even in conditions of poor visibility, which are typical of eutrophic lakes (J a n s s e n  1997, 
S c h l e u t e r  & E c k m a n n  2006), the ruffe has successfully colonised the entire lake. 

The analyses carried out provide further insight into the biological characteristics of the 
ruffe population in Lake Piediluco, which may prove to be particularly important in drawing 
up plans for the containment of this population (B u s i a h n  1996). 

The ruffe in Lake Piediluco have a maximum lifespan of over 6 years and a greater 
maximum size (SL = 191.0 mm; W = 141 g) than that recorded in other Italian populations 
(C a r o s i  et al. 1998). The lifespan of this species does not generally exceed 6–7 years 
(F e d o r o v a  & V e t k a s o v  1974, L i n d  1977, H o l k e r  & H a m m e r  1994), 
though exceptionally it may reach 11 years (O g l e  1998); the maximum length attained 
by the ruffe only rarely exceeds 250 mm TL (L e l e k  1987, O g l e  1998), and is normally 
around 150 mm (L i n d  1977). In Lake Piediluco, the ratio between the sexes in the overall 
sample is markedly skewed in favour of the females (84.93% females, 15.07% males; 1 male 
for 5.63 females), and appears even more unbalanced in the older age-classes; males are 
very scarce in the 3+ and 4+ classes and totally absent from the subsequent classes. The sex 
ratio is also influenced by the time when the fish are caught, though this may be the result of 
differential mortality between the sexes, to the detriment of the males. 

The regression coefficient of the SL – W relationship – 3.08 in the overall sample, 3.10 in 
females and 3.11 in males – was always significantly greater than 3, a value which indicates 
isometric growth (B a g e n a l  1978).

Analysis of the scales utilised for back-calculation showed that in the ruffe only one 
annulus per year is formed (J a m e t  & D e s m o l l e s  1994), and that its formation 
occurs around April, in concomitance with the beginning of the reproductive period. Sexual 
dimorphism in the growth of the ruffe has already been indicated in previous studies 
(F e d o r o v a  & V e t k a s o v  1974, K o l o m i n  1977, H o l k e r  & H a m m e r  1994) 
and in Lake Piediluco comparison between the sexes showed that the females were bigger 
than the males at all ages. The theoretical growth in length, evaluated on the basis of back-
calculated SL (in mm), was Lt = 218.29 (1 – exp (-0.268 (t + 0.615))) for females and Lt = 161.54 (1 – 
exp (-0.320 (t + 0.700))) for males. The Φ’ value was 2.106 for females and 1.921 for males. 

Our analysis of growth in the various age-classes revealed that growth in length does 
not take place in a constant manner throughout the year; rather, it mainly occurs in spring 
and autumn, while in the summer it may still suffer the consequences of the reproductive 
effort. No growth stasis was observed in the winter period; however, it is possible that the 
increase in length recorded during the winter may not be due to the real individual growth 
of the specimens, but rather to an increase in the mean size of the population as a result of 
differential mortality which penalises the smaller specimens. 
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In Lake Piediluco, female ruffe generally appeared to be in better condition than males, 
and displayed higher mean values of both K and Ks. The condition of the specimens tended 
to improve with age: however, this may be due to the fact that, in the presence of allometric 
growth, the value of K is influenced by the form variations that occur during a fish’s 
development (W e a t h e r l e y  1972). 

The seasonal pattern of the condition factor is probably linked to the biological cycle 
of the species and to variations in some environmental factors, especially temperature. In 
the ruffe, the lowest Ks values are observed in spring, i.e. during the period of reproduction; 
indeed, during the reproductive period many species of fish markedly reduce their food 
intake and increase their energy expenditure, which impoverishes their physical condition 
(W e a t h e r l e y  1972). The condition of the ruffe population in Lake Piediluco is at 
its best at the end of summer and in autumn, when optimal climatic conditions favour 
the growth of the specimens. In addition, once reproduction has taken place, the fish’s 
bodyweight is further reduced as a result of the emptying of the gonads. The fact that the 
lowest mean values of Ks and K are recorded in spring supports the hypothesis that the 
ruffe’s feeding activity is reduced during reproduction. 

Analysis of the reproductive biology of the ruffe population in Lake Piediluco revealed 
that the reproductive period is chiefly concentrated in May and June, when the temperature 
of the water is about 14°C. The minimum GSI value was recorded in August, when the 
gonads are quiescent. The ovaries begin to develop in September, at first fairly slowly, and 
then more rapidly from January onwards; their maximum development is reached in April 
and May, when reproduction begins. 

In Lake Piediluco, sexual maturity is reached early: within the first year in both sexes, 
and at an SL of about 70 mm in males and 75 mm in females. In general, the ruffe matures 
at the age of 2 or 3 years, though some populations are reported to reproduce at 1 year 
(F e d o r o v a  & V e t k a s o v  1974, W i l l e m s e n  1977, N e j a  1988, R o s c h  & 
S c h m i d  1996, O g l e  1998). Early sexual maturity may be the result of the very rapid 
growth of the ruffe in Lake Piediluco (D e v i n e  et al. 2000), as the first reproduction 
in many fish species appears to be determined more by size than by age (A l m  1953, 
A d a m s  & T h o r p e  1989) and the factors that promote growth modify the probability 
of maturation. Nevertheless, the possibility that eutrophication may influence the early 
attainment of sexual maturity by increasing the rate of development of the specimens 
(H a r t m a n  1975) cannot be ruled out. 

The mean size of the eggs of the population analyzed was in line with that reported 
in the literature; in the ruffe, egg diameter is normally slightly larger than 1 mm, though 
it may vary from 0.34 to 1.31 mm (K o v a l e v  1973, F e d o r o v a  & V e t k a s o v 
1974, K o l o m i n  1977, J a m e t  & D e s m o l l e s  1994, O g l e  1998). In many fish 
species, older females produce larger eggs than younger specimens. We did not observe 
this phenomenon. In the Lake Piediluco population, the mean number of eggs produced per 
female was about 12 000, ranging from a minimum of 550 to a maximum of about 52 000, 
and fecundity was highly correlated with size. The relative fecundity observed in our sample 
was almost 240 eggs per g of weight, ranging from a minimum of over 72 eggs g-1 to a 
maximum of 513 eggs g-1, regardless of the size of the specimen. 

In dealing with invasive species, eradication is obviously the favoured strategy and 
several studies have demonstrated its success. However, success has been limited to small, 
isolated biotopes, on a local scale and in the early stages of invasion (Z a v a l e t a  et al. 
2001). Fishery experts concur that eradication of the ruffe is not possible (B u s i a h n 
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1996), as the species is capable of rapid population increase and range expansion. Reducing 
the numbers of ruffe by using appropriate technologies has, however, proved to be 
possible, though this is difficult as the species implements various adaptation strategies to 
compensate for high mortality rates (O g l e  1998). Reproducing ruffe populations may 
be vulnerable to physical removal (N e u m a n  & K a r a s  1988, B u s i a h n  1996); 
in lakes, netting probably remains the most common and effective method (R o s c h  & 
S c h m i d  1996), although this requires substantial effort. Indeed, a removal rate of 50% 
would not effectively reduce the population of a prolific species like the ruffe (B u s i a h n 
1996). Ideally, surveillance and monitoring programmes should make use of a variety of 
sampling gear (E d w a r d s  et al. 1998). The small size of ruffe makes gill-nets with a 20 
mm mesh particularly effective, as these are able to capture specimens of all sizes, from 
first-time reproducers upwards. While spring and summer are the most favourable periods 
for the use of such nets (N e u m a n  & K a r a s  1998), in Lake Piediluco they also display 
some measure of success even in winter. Unfortunately, the other types of fishing tackle did 
not prove to be so efficacious in catching ruffe. Electro-fishing and fyke-nets would have 
considerably reduced damage to non-target species (E d w a r d s  et al. 1998). However, the 
bottom-living habits of the ruffe and its reluctance to swim close to the shore, even during 
the reproductive period, limit the capturing capacity of these devices.

Conclusions

Ruffe populations in Italy have not been studied exhaustively. The present research highlights 
some of the most important and, as yet, little-known aspects of the biological characteristics 
of these populations. One of the indications that emerge from the study is that some intra-
species or inter-species interactions (inter-species competition and predation) may prove to be 
of particular importance in the ecology of the population present in Lake Piediluco. Indeed, 
it would appear that differential mortality occurs, to the detriment of smaller individuals and 
males, which grow more slowly than the females. 

In the ruffe, competition for food resources could cause greater mortality among smaller 
specimens, especially those of 1 year of age, as shown by the inverse Lee phenomenon. 
This mortality occurs chiefly in winter, when the conditions are harshest. Size-dependent 
selective mortality during the first winter of life would also explain the differences recorded 
in seasonal growth trends. In the light of the above considerations, size-dependent mortality, 
rather than the lack of growth in certain individuals, would seem to be the best explanation. 
Winter is a critical period for many fish species, owing to increased mortality, particularly 
among smaller, undernourished specimens as a result of intra- and inter-species competition 
(B u i j s e  & H o u t h u i j z e n  1992, E c k m a n n  2004). 

This situation increases concern for the state of the population of European perch, a 
species already waning in Lake Piediluco as a result of environmental deterioration, and 
which is likely to suffer further, especially if ruffe stocks continue to grow at their present 
rate. Ruffe have the potential to compete with native fishes and perch (F u l l e r t o n  et al. 
1998, S c h l e u t e r  & E c k m a n n  2006), and, indeed, recent research (L o r e n z o n i 
et al. 2007) has uncovered a strong negative interaction with the European perch in Lake 
Piediluco. 

In Lake Piediluco, the resumption of professional fishing, of which the European perch is 
one of the main resources, seems to be conditioned by a set of complex problems that require 
a whole ecosystem approach. The most important steps to take are to alleviate the effects 
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of eutrophication by reducing the inflow of nutrients into the lake and to control stocks of 
some of the recently introduced species. The information yielded by the present research will 
certainly contribute to the realisation of any plans that may be drawn up in order to control 
the ruffe population. 
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