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Abstract — Specimens of Pontic shad (Alosa pontica Eichwald, 1838) were collected during April and May of 2006 in the
Danube River (rkm 863) just downstream of the Iron Gate (Djerdap) II dam. Twenty-eight scales and 30 vertebrae were
prepared and given to five interpreters with fish aging experience of from 3 to 30 years and with shad aging experience of
from 0 to 12 years. Interpreters with experience in shad age determination showed lower values for the index of average
percent error (IAPE) and an index of coefficient of variation (ICV). In regard to within-interpreter reproducibility, no
significant differences were found between scale and vertebrae as structure for age determination. The most experienced
reader showed the lowest value for IAPE, while the least experienced reader showed the highest value for IAPE. The
results of this work indicate that experience in age determination by particular structure had more impact on age determination precision than specificity of structure, scale or vertebra. More work is needed on adopting standard protocols
that must include some sort of common interaction between responsible age readers.
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INTRODUCTION

Unfortunately, the process of estimating fish age
incorporates a procedural error associated with the
structure being examined and an interpretational
error due to the element of subjectivity inherent
in all age estimations (Campana, 2001). For this
reason, methods of age validation and estimation of
aging precision have been developed.

Estimates of fish age provide important demographic parameters to analyze and assess fish populations
(Maceina and Sammons, 2006). Accurate age information is critical to the biological understanding
and management of most fish species (Hurley et al.,
2004; LaBay and Lauer, 2006). Mistakes in fish age
determination can have negative effects on fish stock
management.

Pontic shad (Alosa pontica Eichwald, 1838) is an
economically important fish species which is highly
appreciated by a certain number of consumers in
the Lower Danube Region because it is the Christian
custom of local people to eat Pontic shad during
Lent (Ciolac and Patriche, 2004). Pontic shad stocks
in the Black Sea and Danube River have decreased
mainly due to overfishing and pollution (Navodaru,
1996; Navodaru and Waldman, 2003). Accurate age
determination of migrants is necessary for better
management of Pontic shad stocks shared among
Ukraine, Romania, Bulgaria, and Serbia. Studies

Fish can be aged using a number of structures
which produce periodic growth increment, including scales, vertebrae, fin rays, cleithra, opercula, and
otoliths (Campana, 2001). Two important considerations when selecting a structure for aging a sample of fish are whether the structure yields accurate
estimates of fish age and whether the structure can
be obtained without killing the specimens (Brenden
et al., 2006).
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on age determination of migrating specimens are
important for solving common problems in fishery
management.
Age determination of Pontic shad has been performed mainly with scales in Romania (TeodorescuLeonte et al., 1957; Cautis and Teodorescu-Leonte,
1964), Ukraine (Pavlov, 1953), Bulgaria (Ivanov and
Beverton, 1985; Kolarov, 1991), and Turkey (Erguden et al., 2007). Yilmaz and Polat (2002) investigated the most accurate structure and method for
determining the age of Pontic shad inhabiting the
Black Sea. Among five bony structures (scales, vertebrae, otoliths, opercles, subopercles) which they
investigated, vertebrae were approved as giving the
most accurate estimates.
In the past, isolated individuals of Pontic shad
migrated as far as Budapest, at Danube rkm 1650
(Banarescu, 1964). Nowadays, it migrates for spawning in the Danube River to rkm 864 (the Djerdap II
dam). Specimens analyzed in this work were caught
just downstream from that dam. The present paper
evaluates the reproducibility of age determinations
by different individuals and compares the skill level
of a group of experienced shad agers relative to inexperienced agers. Also, we wanted to assess the relative ease of determining shad age from a particular
structure, scale or vertebra.
MATERIAL AND METHODS
Scales and vertebrae were obtained from Pontic shad
caught by fishermen during April and May of 2006
in the Danube River just downstream from the Djerdap II dam at rkm 863. Specimens were caught using
a drifting pelagic gillnet with mesh size of 32.5 mm.
A total of 189 specimens were caught, from which
30 specimens were chosen randomly for scale and
vertebra collection. Scales were collected from the
area below the dorsal fin and above the lateral line
and stored dry in labeled envelopes. Dissected vertebrae (from the 4th to 10th) were placed in boiling
distilled water for 2-3 minutes, cleaned of flesh and
fat, and stored dry in labeled envelopes.
The experiment involved five interpreters: three
experienced shad readers from Romania (R1, R2,

et al.

R3) and two interpreters from Serbia (S1, S2) with
experience on other fish species, but not with shad.
At the time of the experiment, reader R1 had 12
years of experience in Pontic shad age determination
by scale, while readers R2 and R3 had 15 and 5 years
of such experience, respectively. Readers S1 and S2
had no experience in Pontic shad age determination, but 30 and 3 years of experience, respectively,
in determining the age of other fish. For all readers,
aging was done with vertebrae for the first time.
Twenty-eight scale and 30 vertebra preparations
from shad were given to the interpreters. They were
asked to complete their counts in time appropriate
for them, independently of one another. They had
no information about length or weight of the fish.
The second part of the experiment was identical and
was performed 3 months after the first part.
Within-interpreter reproducibility and betweeninterpreter precision were measured by the average
percent error (APE) and coefficient of variation
(CV) as indicated by Campana (2001). When averaged across many fish, they become the index of
average percent error (IAPE) and index of coefficient of variation (ICV). Within-interpreter reproducibility was based on the two (first and second)
replicate counts by all interpreters, and betweeninterpreter reproducibility was based on the first
count by interpreters.
The relative ease of determining age by a particular structure, scale or vertebra, was established
on the basis of within-interpreter precision. The sign
test was used to ascertain whether a statistical difference exists between structures for within-interpreter
reproducibility.
RESULTS
Interpreters with experience in shad age determination (R1, R2, R3) showed lower values of IAPE and
ICV using both scales and vertebrae than interpreters with no experience in shad age determination
(S1, S2) (Table I). The IAPE varied between 7.6 and
10.2 (mean = 8.9), while ICV varied between 9.8 and
14.4 (mean = 12.1) (Table I).
Age values estimated inexperienced interpreters
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Table 1. Mean values for the IAPE and ICV and the number of preparations for scale and vertebra readings by experienced interpreters (R1, R2, R3) and inexperienced interpreters (S1, S2).

interpreter
R1, R2, R3
S1, S2

IAPE
7.6
8.4

scale
ICV
9.8
11.9

n
28
28

IAPE
9.5
10.2

vertebra
ICV
12.4
14.4

n
30
30

Table 2. Values for the IAPE and ICV and the number of preparations for scale and vertebra readings for two replicate counts by all
interpreters.

interpreter
R1
R2
R3
S1
S2

IAPE
5.5
8.3
6.5
9.7
8.1

scale
ICV
7.8
11.8
9.1
13.7
11.5

n
28
28
28
28
28

IAPE
8.1
7.9
6.3
9.5
6.8

vertebra
ICV
11.4
11.2
8.9
13.5
9.7

n
30
30
30
30
30

using scales were in all specimens higher, the average value of the difference between the two groups
being 1.7 years, i.e., inexperienced readers overestimated fish age. The same was true using vertebrae,
where the average value of the difference between
the two groups was 1.5, with higher values for each
particular fish age being obtained by the inexperienced group.

varied between 3.79 and 11.08 (mean = 6.9) for 13
biologists whose length of experience in aging shad
ranged from 2 to 25 years (McBride et al., 2005).
In our study, ICV for scales varied between 7.8 and
13.7 (mean = 10.8) for readers with experience in
Pontic shad age determination ranging from 0 to
12 years, which is in accordance with the American
findings.

Values of IAPE and ICV relating to within-interpreter precision are presented in Table II. The sign
test for IAPE indicated no significant differences
between structures with respect to within-interpreter reproducibility (Z = 0.894, P = 0.371).

Although a standard measure of reproducibility
in fish age and growth studies probably cannot be
defined, values of IAPE below 10% can be taken as
an acceptable level of precision (Vilizzi et al., 1998).
In the present study, IAPE ranged from 7.6 to 10.2%
for between-interpreter reproducibility and from 5.5
to 9.7% for within interpreter reproducibility, so it is
on an acceptable level of precision. Our data showed
lower values of IAPE for the experienced group and
the lowest value of IAPE for the most experienced
reader. This work and the results on American shad
demonstrated that precision can be improved with
further training of the readers. This is in accordance
with the finding of Power et al. (2006) that more
experienced age readers had greater levels of precision.

The reader most experienced in Pontic shad age
determination (R1) showed the lowest value of IAPE
(5.5), while the least experienced reader (S1) had the
highest value of IAPE (9.7) (Table II).
DISCUSSION
There is no a priori value of precision which can be
designated as a target level for aging studies, since
precision is highly influenced by the species and
the nature of the structure, not just the age reader
(Campana, 2001). Data relating to American shad
scales showed that ICV for repeatability between
the first and second age estimate for the same fish

The results obtained by Yilmaz and Polat (2002),
namely that vertebrae can be approved as giving
more accurate estimates in age determination than
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scales, are contrary to our results (no significant differences between structures), which can be explained
in terms of reader experience. Unfortunately, there
are no data on reader experience in their work.
The differences between groups experienced
and unexperienced in Pontic shad age estimation,
with overestimates of Pontic shad age in the inexperienced group (by 1.7 year for scales and 1.5 years
for vertebrae) can be attributed to false rings. Thus,
the necessity of having information about length for
age from sources apart from scales or other structures for age determination is very clear (Mann and
Steinmetz, 1985). New methods involving nuclear
microscopy of otoliths, where sudden elevations of
the Sr: Ca ratio are interpreted as seaward migration
events and the physical location of these elevations
on the otolith are related to the age and size at which
the fish first emigrated from fresh water (Limburg
et al., 2003), could be one more useful tool in Pontic
shad age validation.
Migratory species are the most affected by the
construction of dams and other obstacles blocking
the route to the spawning ground. Combined with
severe pollution and intensive fishing, their presence
inevitably leads to the future extinction of individual
species. The indicated combination of factors has
been the cause of decline of sturgeons, shad, and
other migratory fish (Maitland, 1986; Navodaru,
1998; Limburg, 2001).
The main conclusions of this work are that no
statistically significant difference exists between
reproducibility of age determination by scales and
vertebrae in Pontic shad, and that training of readers
could produce better reproducibility. However, for
good management of such species, validation of age
determination needs to be carried out as was done
for American shad (McBride et al., 2005).
In light of the results obtained in this work and
because preparation of vertebrae for reading takes
more time than for scales, scales should be used as
a valid structure for age estimation in Pontic shad.
More work is needed on adopting standard protocols, which must include some sort of common
interaction between responsible age readers. In this
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way, a precise and practical method will be developed that can be used routinely to age sufficiently
large fish samples (Appelberg et al., 2005).
Acknowledgment — This work was carried out with the support
of the Serbian Ministry of Science and Environmental Protection (Project 143045).

REFERENCES
Appelberg, M., Formigo, N., Geffen, A. J., Hammer, C., McCurdy,
W., Modin, J., Moksness, E., Mosegaard, H., Morales-Nin,
B., Troadec, H., and P. Wright (2005). A cooperative
effort to exchange age reading experience and protocols
between European fish institutes. Fish. Res. 76, 167-173.
Banarescu, P. (1964). Romanian Fauna, Pisces – Osteichthyes.
Romanian Academy Publishing House, Bucharest.
Brenden, T. O., Hallerman, E. M., and B. R. Murphy (2006).
Sectioned pelvic fin ray aging of muskellunge (Esox masquinongy) from a Virginia River: comparisons among
readers, with cleithrum estimates, and with tag-recapture
growth data. Fisheries Manag. Ecol. 13, 31-37.
Campana, S. E. (2001). Accuracy, precision, and quality control
in age determination, including a review of the use and
abuse of age validation methods. J. Fish Biol. 59, 197242.
Cautis, I. R., and R. Teodorescu-Leonte (1964). Corelatia dintre
viitura si dinamica cârdului de scrumbii (Alosa pontica
pontica Eichw.) care intra în Dunare pentru reproducere.
Bul. Inst. Cercet. Pesc. Piscicult. 23 (1), 34-43.
Ciolac, A. (2004). Migration of fishes in the Romanian Danube
River. Appl. Ecol. Environ. Res. 2 (1), 143-163.
Ciolac, A., and N. Patriche (2004). Structure of Danube shad
(Alosa pontica Eichwald, 1838) spawner flocks migrating
for reproduction in the Danube River. Appl. Ecol. Environ. Res. 2 (2), 53-58.
Erguden, D., Turan, C., and C. Cevik (2007). The growth features
of Pontic shad (Alosa pontica Eichwald, 1838) in the Sea
of Marmara. Turk. J. Biol. Sci, 1-4.
Hurley, K. L., Sheehan, R. J., and R. C. Heidinger (2004). Accuracy and precision of age estimation for pallid sturgeon
from pectoral fin rays. N. Am. J. Fish. Manage. 24, 715718.
Ivanov, L., and R. J. H. Beverton (1985). ����������
Shad, In: Studies and
Reviews. The Fisheries Resources of the Mediterranean.
Part Two: the Black Sea. No. 60, pp. 45-126. FAO.
Kolarov, P. (1991). Alosa pontica pontica Eichwald, 1838, ����
In: The
Freshwater Fishes of Europe. ����������������������
Clupeidae, Anguilidae (Ed.
H. Hoestland), pp. 338-387. Aula-Verlag, Wiesbaden,
Germany.

Age determination in Pontic shad

LaBay, S. R., and T. E. Lauer (2006). An evaluation of the
accuracy of age estimation methods for southern Lake
Michigan alewives. Fish. Manage. 26, 571-579.
Limburg, K. E. (2001). Through the gauntlet again: demographic
restructuring of American shad by migration. Ecol. 82
(6), 1584-1596.
Limburg, K. E., Elfman, M., Kristiansson, P., Malmkvist, K. and J.
Pallon (2003). New insights into fish ecology via nuclear
microscopy of otoliths, In: Proceedings of the Seventh
International Conference on Applications of Accelerators
in Research and Industry (Ed. J. Duggan), pp. 339-342.
AIP Conference, 680, 339-342.
Maceina, M. J., and S. M. Sammons (2006). An evaluation of
different structures to age freshwater fish from a northeastern US river. Fish. Manage. Ecol. 13, 237-242.
Maitland, P. S. (1986). Conservation of Threatened Fish in
Europe. Council of Europe, Strasbourg.
Mann, R. H. K., and B. Steinmetz (1985). On the accuracy of
age-determination using scales from rudd, Scardinius
erythrophthalmus (L.), of known age. J. Fish Biol. 26,
621-628.
McBride, R. S., Hendricks, M. L., and J. E. Olney (2005). Testing
validity of Cating’s (1953) method for age determination
of American shad using scales. Fish 30 (10), 10-18.
Navodaru, I. (1996). Exploitation of Alosa pontica in the Danube
Delta, Romania, In: Stock Assessment in Inland Fisheries (Ed. I. G. Cowx), pp. 448-453. Fishing New Books,
Oxford.

341

Navodaru, I. (1998). Pontic shad: a short review of the species
and its fishery. Shad J. 3 (4), 3-5.
Navodaru, I. and J. R. Waldman (2003). Shads of Eastern Europe
from the Black Sea: review of species and fisheries, In:
Biodiversity and Conservation of Shads Worldwide (Eds.
K. E. Limburg and J. R. Waldman). American Fisheries
Society Symposium, 35, 69-76.
Pavlov, P. I. (1953). Biologhiceskaya i promislovaya harakteristika nerestovogo stada dunayskoi seldi, In: Dunaiskaia
Selda i Biologicheskie Osnovî Eio Promîsla, pp. 118-174.
Akad. Nauk SSSR, Kiev.
Power, G. R., Kong, P. A., Kelly, C. J., McGrath, D., Mullins, E.,
and O. Gullaksen (2006). Precision and bias in the age
determination of blue whiting, Micromesistius poutassou
(Risso, 1810), within and between age readers. Fish. Res.
80, 312-321.
Teodorescu-Leonte, R., Popescu, L., Leonte, V., Munteanu, I.,
Cristea, A., and E. Cristea (1957). Câteva date asupra
reproducerii scrumbiei (Caspialosa pontica Eichw.) în
Dunăre. Bul. ICP 16 (1), 37-46.
Vilizzi, L., Walker, K. F., Jain, T., McGlennon, D., and V. Tsymbal
(1998). Interpretability and precision of annulus counts
for calicified strucures in carp, Cyprinus carpio L. Arch.
Hydrobiol. 143 (1), 121-127.
Yilmaz, S., and N. Polat (2002). Age determination of shad
(Alosa pontica Eichwald, 1838) inhabiting the Black Sea.
Turk. J. Zool. 26, 393-398.
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жељка вишњић-јефтић1, мирјана ленхарт2, и. наводару3,
а. хегедиш1, з. гачић1 и м. никчевић1
1Центар

за мултидисциплинарне студије, Универзитет у Београду, 11000 Београд, Србија
за биолошка истраживања “Синиша Станковић”, 11060 Београд, Србија
3Danube Delta National Institute, 820112 Tulcea, Romania

2Институт

У овој студији анализирана је применљивост ста
росне детерминације помоћу крљушти и пршљенова
код Alosa pontica Eichwald, 1838 из Дунава. Неопход

но је више студија о сачињавању стандардних прото
кола који би били евалуирани од стране компетентних
стручњака.

