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Summary

Age, growth and reproductive characteristics of creole perch,

Percichthys trucha, were investigated in the Negro River,
southern Argentina from samples collected seasonally, Decem-
ber 1994–December 1995. Age was estimated via scale and

whole otolith reading methods. Total length (n = 413) ranged
from 103 to 432 mm, and weight from 12 to 1042 g. Significant
differences between the length-weight relationships of males

and females were detected (P < 0.05). Isometric growth was
observed in juveniles and males, whereas total population and
females exhibited positive allometric growth. The marking
pattern in scales and otoliths followed an annual rhythm, with

the formation of only one annulus in scales and only one
hyaline band in otoliths during autumn-winter. The oldest
males were 5 years old whereas maximum age in females was

12 years from scales and 15 years from otoliths. Because scales
were found to underestimate age in individuals older than
4 years, otoliths were considered to be the best structures for

creole perch age determination. Gompertz growth parameters
based on otolith data were L¥: 428.0 mm, k = 0.46 and
t0 = 0.43 for total population (r = 0.90), L¥: 410.7 mm, k =
0.42 and t0 = 0.46 for males (r = 0.91), and L¥: 434.1 mm,

and k = 0.49 and t0 = 0.43 for females (r = 0.91). Lengths at
first maturity (TL50) were 260 and 241 mm in males and
females, respectively, both of which corresponded to ages

between 1 and 2 years. Macroscopic gonad inspection and the
high percentage of juveniles captured during summer indicated
that spawning begins at the end of spring.

Introduction

Creole perch, Percichthys trucha, a member of the south
temperate perch family Percichthyidae, is endemic to southern
South America. It lives in freshwater rivers and lakes in central
and southern Chile and Argentinean Patagonia (Arratia, 1982,

2003). In Argentina, this species is distributed from 38� to 55�S
(Arratia et al., 1983).
Percichthys shows a high morphological variability through-

out its range to the extent that, to date, seven living species
have been described. Studies conducted by López-Arbarello
(2004) proposed that only five of the species are valid, namely,

P. trucha, P. colhuapiensis and P. laevis in Argentina, and
P. chilensis and P. melanops in Chile. On the other hand, and
based on mtDNA and nuclear sequence analysis, Ruzzante

et al. (2006) claimed that only two species of Percichthys are
valid, namely the widely distributed P. trucha and a Chilean
species with a more restricted distribution, P. melanops.
Creole perch has not been thoroughly investigated. The

majority of studies on this species have focused on its

distribution (Arratia, 1982, 2003; Baigún and Ferriz, 2003)

and systematic aspects taking into account morphological
(Campos and Gavilan, 1996; Cussac et al., 1998; López-
Arbarello, 2004) as well as biomolecular (Ruzzante et al.,

2006; Paterson et al., 2008) data. Biological knowledge of this
species is scarce. Some authors have evaluated its trophic
polymorphism, habitat, dietary aspects, relative abundances

and ecological behaviour (Ruzzante et al., 1998, 2003; Macchi
et al., 1999; Logan et al., 2000; Scasso and Campos, 2000;
Lopez Cazorla and Tejera, 2003–2004; Buria et al., 2007; Aigo
et al., 2008). However, little is known about other biological

traits. Only a few studies, have, in fact, been carried out on age
and growth taking into account scale (Guerrero, 1991) and
otolith (Dománico and Guerrero, 1990) readings in some

Patagonian freshwater systems. Still, no studies of this type
have been carried out in the Negro River basin, Argentina.
The scarcity of data available on the ecology of P. trucha

prompted an investigation regarding its life history including
age validation, growth, and reproductive parameters. These
ecological aspects were examined in an attempt to understand
the life cycle strategy of this fish on the one hand, and to

compare information with other species of percichthyids, on
the other.

Materials and methods

Creole perch specimens were obtained from five sampling

stations distributed along the Negro River, southern Argentina
(39�–41�S; 63�–68�W; Fig. 1). A thorough description of the
study area is available from Lopez Cazorla and Sidorkewicj

(2008).
Surveys were conducted on a seasonal basis, covering an

annual cycle: (i) spring (9-17 ⁄ XII ⁄ ¢94); (ii) summer (6-19 ⁄
III ⁄ ¢95); (iii) autumn (25 ⁄ V-9 ⁄ VI ⁄ ¢95); (iv) winter

(23 ⁄ VIII-7 ⁄ IX ⁄ ¢95); and (v) spring (20 ⁄ XI-4 ⁄ XII ⁄ ¢95).
Fish were caught by using seven 30–105-mm mesh size gill
nets. For all specimens collected (n = 413) total length (TL,

mm) and weight (W, g) were recorded. Sex was determine by
macroscopic observation of gonads (n = 401) and maturity
stages of adults were classified as: I, immature; II, developing;

III, spawning; and IV, resting.
Fish length-weight relationships were estimated by the

model W = axLb. Parameters a and b were calculated by
least-squares on log-transformed data. The hypothesis of

isometric growth was tested with t-test. Length at first sexual
maturity (TL50) was calculated by the method proposed by
Hernández and Cordo (1986).

Scales (n = 396) were removed from the area just above
the lateral line, and the sagittal otoliths (n = 393) extracted.
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Both structures were preserved dry. Readings were carried
out twice by independent readers without prior information
on sex, length, or capture time. Scale reading was carried out
at the anterior field using binocular lenses and a microfiche

reader (22.5·). The zone where growth was interrupted was
labelled as a presumed annual mark. Otoliths were placed
in water and examined under a binocular microscope (10·)
with reflected light against a dark background. The number
of hyaline (translucent) bands was recorded over the
rostral area.

Marking periodicity of scales was determined by analysing
seasonally the edge type (scales with and without growth edge),
whereas for otoliths changes in the proportion of opaque and

hyaline edges were examined. Each specimen was assigned to a
year class taking into account the number of marks counted,

date of capture, birth date, and edge type; 1 January was
considered as the birth date to assign individual ages to age
groups. The index of average percent error (IAPE, Beamish
and Fournier, 1981) and the coefficient of variation (CV;

Campana et al., 1995; Campana, 2001) were used to determine
the level of precision of age interpretations. Systematic
differences in estimated age (bias) within and between ageing

structures were assessed by age bias plot.
Sizes-at-ages were used to fit the growth models of

Gompertz (CURVEURVEEXPERTXPERT, version 1.3) and von Bertalanffy

(Maximum Likelihood method). Age was expressed as a
decimal number whose decimal part represents the proportion
of the year from the birthday of the species to the date of

capture of the specimen. The length-at-age data for juveniles
were included in the curves of both sexes. To test the overall

Fig. 1. Negro River study area sites (1–5) where Percichthys trucha samples were collected December 1994–December 1995
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growth performance, phi-prime indexF¢ was calculated (Pauly
and Munro, 1984):F¢ = log10 k + 2 log10 L¥.

Results

Even though P. trucha was captured during all samplings,
different abundances were observed throughout the year.
Juveniles were captured mostly in summer (39%) whereas
adults were most abundant in spring 1995 (males: 63% of the

total male capture; females: 58%). Fish ranged from 103 to
432 mm TL and from 12 to 1042 g, the highest values
corresponded to females; maximums registered in males were

395 mm and 835 g.
Length-weight relationships were significant for total pop-

ulation, juveniles and sexes (P < 0.01 in all cases) (Fig. 2),

with significant differences between males and females
(ANCOVAANCOVA, P < 0.05). Juveniles and males exhibited isometric
growth, whereas total population and females were character-
ized by positive allometric growth, as expected from longer

and heavier females than males.
Scales had clear alternating patterns of active growth, on

which circulli were deposited, and growth interruption (annu-

lus). One year of life was assigned to each of these marks. The
high percentage of scales with growth edge during spring and
summer, and the sharp declination in autumn-winter indicated

that marking may occur during this period (Fig. 3a). Age
ranged from 0 to 12 years, and a strong difference in the
maximum age attained by sexes was observed (Tables 1 and 2).

The age structure of the total population was found to be
unimodal, with the highest abundance in age 2 (40%), and
with the same tendency observed in the separate sexes.
Otoliths showed alternating narrow opaque and broad

hyaline bands, which became progressively narrower and of
similar width as the number of bands increased. A clear annual

cycle in the seasonal evolution of the edge type was observed,
with the highest percentage of opaque margins in spring and

the lowest values in autumn (Fig. 3b). These data indicate that
only one hyaline band is formed yearly mainly during this
season, and that the opaque band is deposited during late

spring-summer. The range of otolith-based ages was 0–15, and
maximum ages registered for adults corroborated the sex
differences observed with scales (males: 5 years; females:
15 years) (Tables 1 and 2). Age 2 was again the most

important for the total population (41%), males (42%) and
females (44%).
Age bias plots showed no systematic bias between the two

readers for each ageing method (Fig. 4a,b). The low values of
IAPE and CV from both types of structures indicated the good
level of precision of our readings. However, the age bias plot

for ages estimated from scales compared to those from otoliths
revealed a notorious discrepancy between the two reading
methods, scales tending to seriously underage fish older than
4 years (Fig. 4c).

A consistent pattern of increase in length with age was
generally observed (Tables 1 and 2). The main increments of
TL at age occurred up to age 3–4 years with a subsequent

decrease. Notwithstanding the underageing of fish older than
4 years with scales, the Gompertz and von Bertalanffy growth
models were applied to data from both reading methods. Best

estimations were obtained with the Gompertz equation on
otolith-derived data, as indicated by the highest values of the
correlation coefficients and the lowest standard errors (Fig. 5).

Growth performance index F¢ based on both reading methods
was of similar magnitude for males, females and sexes
combined, ranging from 4.85 to 4.97.
Gonad inspection revealed a similar tendency in both sexes

throughout the year (Fig. 6). Immature males (stage I) were
registered during all seasons except in summer whereas females
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of this stage were observed all year. Developing stages (II)
increased from autumn to spring, completely disappearing in

summer. Mature individuals (III) appeared only in autumn

and winter with similar frequencies in both seasons (approx-
imately 30% for males; 10% for females), whereas stage IV
(resting) were present mostly in summer. These results,
summed to the high percentage of juveniles captured during

summer samplings, indicate that the spawning season seems to
occur at the end of spring.

Length at first maturity was not significantly different in

males (TL50 = 259.64 mm TL, r = 0.78) and females
(TL50 = 241.42 mm TL; r = 0.90) (P = 0.07) and occurred
at ages between 1 and 2 years. Total sexual maturation is also

attained at the same time in both sexes, at 3–4 years (320 and
340 mm TL for males and females, respectively).

Discussion

Findings from our study extends the previously estimated life
span of P. trucha from 9 to 10 years (Dománico and Guerrero,

1990; Guerrero, 1991) to 15 years in the base of otolith reading
(the most accurate method for ageing creole perch, as
explained below), and may allow the conclusion that it could

be considered a relatively long-lived species. The notorious
differences in longevity found between sexes (females: 15 years;
males: 5 years) were not reported in the previous work of the

above mentioned authors, and could reflect an effective ability
of older males to avoid our sampling nets, some sex-specific life
history trait, or simply the absence of older age classes in our
study area.

To our knowledge, there is a general scarcity of studies
about maximum ages attained by percichthyids in South
America. Habit and Belk (2007) and Aedo et al. (2009)

reported a maximum age of 4 years for the Chilean species
Percilia irwini in the Andalién River and Biobı́o River basins.
In Argentina, work performed on the largemouth perch

Percichthys colhuapiensis in the Negro River, demonstrated a
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Fig. 3. Seasonal evolution of Percichthys trucha edge type (a) scales
and (b) otoliths. Number of specimens examined per season indicated
above each bar

Table 1
Number of specimens and mean length-at-age (±standard deviation)
corresponding to total population and juveniles of Percichthys trucha
in the Negro River according to scale and otolith readings

Age

Scales Otoliths

n
Mean TL
(±SD) (mm) n

Mean TL
(±SD) (mm)

Total
0 14 153.5 (±41.3) 13 134.0 (±30.7)
1 74 209.3 (±40.4) 76 203.2 (±29.1)
2 160 276.3 (±41.0) 163 265.7 (±32.6)
3 88 305.8 (±51.6) 59 314.0 (±30.4)
4 38 348.2 (±42.1) 57 352.7 (±22.9)
5 15 361.1 (±30.9) 16 381.6 (±23.2)
6 2 349.5 (±46.0) 4 366.7 (±51.1)
7 3 384.3 (±18.1) 2 394.0 (±9.9)
8
9 1 432.0 1 420.0
10
11
12 1 431.0
13 1 432.0
14
15 1 431.0

Juveniles
0 6 125.8 (±31.3) 8 121.6 (±27.6)
1 11 177.6 (±40.2) 15 192.9 (±27.2)
2 8 204.7 (±33.1) 6 187.0 (±12.4)
3 2 229.5 (±72.8) 1 281.0

Table 2
Number of specimens and mean length-at-age (±standard deviation)
of male and female Percichthys trucha based on scale and otolith
readings

Age

Scales Otoliths

n
Mean TL
(±SD) (mm) n

Mean TL
(±SD) (mm)

Males
0 2 171.5 (±23.3) 1 155.0
1 10 241.1 (±45.0) 12 224.5 (±26.0)
2 53 284.0 (±33.1) 46 277.3 (±23.5)
3 21 312.6 (±37.9) 22 311.6 (±27.0)
4 17 341.6 (±34.5) 23 345.8 (±26.0)
5 6 347.7 (±15.6) 5 369.6 (±18.8)

Females
0 6 175.2 (±41.6) 4 153.5 (±30.7)
1 53 210.0 (±35.0) 49 201.2 (±28.2)
2 99 278.0 (±40.2) 111 265.1 (±30.6)
3 65 306.0 (±53.7) 36 316.4 (±32.5)
4 21 353.5 (±47.5) 34 357.3 (±19.6)
5 9 370.0 (±35.9) 11 387.0 (±23.7)
6 2 349.5 (±46.0) 4 366.7 (±51.1)
7 3 384.3 (±18.1) 2 394.0 (±9.9)
8
9 1 432.0 1 420.0
10
11
12 1 431.0
13 1 432.0
14
15 1 431.0
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longevity of 11 years for this fish (Lopez Cazorla and
Sidorkewicj, 2008), which extended the maximum age of
8 years previously reported for the species in other Patagonian
environments, the Ramos Mexı́a dam (Guerrero, 1989) and the

Limay River and Neuquén River basins (Guerrero, 1984). It
has been largely discussed if P. colhuapiensis, commonly found
co-occurring with creole perch, is a different species (López-

Arbarello, 2004) or a sympatric morph of P. trucha (Ruzzante
et al., 2003, 2006). Ruzzante et al. (2006), based on molecular
evidence, claimed that �morphological variability has not been

able to unambiguously resolve species issues for Percichthys�
and that in Argentina there exists only one perch species,

P. trucha. However, solely with the base of morphological
differentiation of both perch, the strong differences we have

encountered between them in the maximum ages observed, i.e.
11 years for P. colhuapiensis (Lopez Cazorla and Sidorkewicj,
2008) and 15 years for P. trucha (present study), could provide

new evidence for the possible solution of the problematic issue
in the systematics of the genera.
A key problem in ageing studies is to select the most suitable

and accurate structure to determine the age of fish. Although

scales have been widely used for ageing because of the ease of
collection, little time involved in their processing and reading,
and the advantage of performing non-destructive monitoring

studies, their use has been disputed mainly because the ages of
older fish are frequently underestimated (Beamish and McFar-
lane, 1987; Carlander, 1987). Otoliths have been considered to

render more accurate age determinations than scales because
the former have a higher priority in the utilization of calcium
(Carlander, 1987) and, unlike scales, they continue to grow as
the fish ages (Beamish and McFarlane, 1987; Casselman,

1990). From the results of the present study, it was evident that
for specimens shorter than 300 mm TL (approximately age 3),
both scales and otoliths could be used for ageing P. trucha.

Nonetheless, owing to the clear advantages of scale over
otolith reading, scales could then be the preferable structure to
age small fish. On the contrary, for larger sizes the sole use of

otoliths is recommended for this species because scales have
been found to seriously underage individuals, leading to an
underestimation of fish longevity (12 vs 15 years). These

results were opposite to those reported for P. colhuapiensis in
the same riverine system, with use of scales as the most suitable
structures (Lopez Cazorla and Sidorkewicj, 2008).
The largest P. trucha sizes captured in the Negro River

during the present work were similar to those reported by
Dománico and Guerrero (1990) in the Ramos Mexı́a dam
(430 mm), indicating that creole perch could attain similar

sizes in lentic and lotic systems. In the present study, length-
weight relationships revealed significant differences between
sexes; these differences were evident also in the allometric

coefficient b. The allometric growth pattern of females result-
ing in a heavier body weight and, hence, a higher b value, seem
to indicate that they were in a better condition with respect to
males, as is common among teleosts.

Although all growth functions applied in the present study
provided accurate descriptions of somatic growth for creole
perch, the Gompertz model based on otolith-age data was the

best. The growth rates obtained were higher than those
reported for the species in other Patagonian freshwater bodies,
however the F¢ values were very much alike (Table 3). This

confirms the accuracy of our growth estimations, since the
overall growth performance has minimum variance within the
same species because it is independent of growth rates. On the

other hand, the high variability in the values of L¥ summar-
ised in Table 3 seems either to indicate different trophic status
of the waterbodies, as stated by Guerrero (1991), or owe to the
method involved in growth estimations. In fact, the authors

cited in Table 3 obtained growth parameters from mean
retrocalculated sizes at ages, a method commonly used in
growth studies but that renders less precise estimates.

Males and females of P. trucha become part of the repro-
ductive stock early in their lives, at 1–2 years old, with the
entire population completely mature at ages 3–4 years. The

time at which creole perch reaches maturity coincides with the
reduction in growth rate, indicating that once maturity is
attained, much of the available energy is used for reproduction
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rather than for somatic growth. A similar growth pattern was
verified for P. colhuapiensis in the Negro River (Lopez Cazorla
and Sidorkewicj, 2008). For creole perch, the small size at

maturity with respect to adult size, as well as the long growth
phase found, is concomitant with the life history strategy of the
order Perciformes (Rochet, 2000). Although other important
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readings. r: correlation coefficient; Se:
standard error; n: pairs of data
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issues, such as fecundity and mortality, must be analysed to
further learn about the whole life strategy of this species, it
could be assumed that a long growth phase requires early

maturity (before the growth period ends) to produce enough
offspring.
Based on the period of gonad maturation (autumn-winter)

and the maximum appearance of juveniles during summer, it

seems evident that creole perch in the Negro River has a single
annual spawning period at the end of spring. The latter is in
agreement with observations from Buria et al. (2007) regard-

ing this species in the Lake Moreno system, in the northern
Argentine Patagonia. This timing also agrees with spawning
periods observed for P. colhuapiensis in the Negro River

(Lopez Cazorla and Sidorkewicj, 2008), for Percilia irwini in
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Table 3
Growth parameters (L¥, k, t0), growth performance index (F�) and age range of Percichthys trucha from different study areas of southern
Argentina. Ageing structure (S, scales; WO, whole otoliths; SO, sectioned otoliths), sex (TP, total population; M, males; F, females) and sample
size (n) included

Area
Ageing
structure Sex n L¥ k t0 F¢

Age range
(years) Author

Negro River S TP 396 414.4 0.41 0.45 4.85 0–12 Present study
Negro River S M 136 371.1 0.59 0.63 4.91 0–5 Present study
Negro River S F 287 427.6 0.45 0.43 4.92 0–12 Present study
Negro River WO TP 393 428.0 0.46 0.43 4.93 0–15 Present study
Negro River WO M 139 410.7 0.42 0.46 4.85 0–5 Present study
Negro River WO F 284 434.1 0.49 0.43 4.97 0–15 Present study
Muster Lake S TP 413 721.4 0.137 )0.070 4.85a 1–9 Guerrero (1991)
Colhué Huapi Lake S TP 351 580.2 0.155 )0.378 4.72a 1–9 Guerrero (1991)
Florentino Ameghino dam S TP 155 370.2 0.249 )0.480 4.53a 1–6 Guerrero (1991)
Esquel Lagoon S TP 311 414.9 0.325 )0.370 4.75a 1–8 Guerrero (1991)
Ramos Mexı́a dam SO TP 123 1155.9 0.03 )0.55 4.66a 1–10 Dománico and

Guerrero (1990)

aCalculated in base of parameters provided by the corresponding author.
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South-Central Chile (Habit and Belk, 2007), and also for
several Australian percichthyids (Ingram and Rimmer, 1993;

Appleford et al., 1998; Rowland, 1998). The coincidence of
spawning with increasing water temperatures and photoperi-
ods that characterise temperate areas, indicates that such

environmental factors may trigger gonadal development and
breeding activities, as was noted for several freshwater fish
(Lam, 1983). Buria et al. (2007) also found an association
between the lunar cycle and behaviour during the spawning

and prespawning periods of P. trucha in the Lake Moreno
system, with important vertical and horizontal movements of
fish along the lakes.

Gonad development seems to be one of the responsible
factors of band formation on both otoliths and scales of adult
creole perch. In effect, the banding pattern in this species

follows an annual cycle, with the hyaline ring formation in
otoliths and the annulus formation in scales during autumn-
winter, at the same time of gonad maturation. Zone formation
in otoliths has been recognized for a long time as linked to

changes in calcium metabolism during periods of increased
reproductive activity in many fish species (Simkiss, 1974;
Beckman and Wilson, 1995). However, zone formation in hard

parts of fish suggests a complex control by a combination of
exogenous and endogenous factors, which vary at different
ages and between sexes (Morales-Nin et al., 1998). Tempera-

ture, salinity, light, and food supply have been indicated
among the most common environmental parameters involved
in this mechanism (Simkiss, 1974; Morales-Nin, 2000). In

P. trucha, the marking period coincided with lowest water and
air temperatures and perhaps low food availability in the
Negro River. Kalish (1989, 1991) reported that there is a
strong relationship between Sr and other ions of the endo-

lymph and otolith composition in fish. As the chemistry of the
endolimph is likely to be determined by a fish�s reproductive
status, blood chemistry, seasonal temperature cycle and other

factors, the changes in the Sr ⁄ Ca ratios in a fish�s aquatic
environment is difficult to interpret in spite of the apparently
simple univariate correlations commonly reported.

The present study provides novel information about biolog-
ical parameters of P. trucha, which are fairly consistent with
previous knowledge of the species, and with the biology of
other percichtyids. However, further research is necessary to

extrapolate the results obtained along the geographical distri-
bution range of this fish to elucidate if the relatively high degree
of variability found in some of the biological parameters, such

as the L¥ values (Table 3), could represent either adaptations
to local selective pressures or ecophenotypic variations.
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