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Abstract: Measurements of biomarker responses in fish from contaminated sites could provide valuable data for
environmental risk assessment. Biomarkers are sensitive to both environmental pollution and confounding factors that
are not related to pollution (e.g., season, nutritional status, and population density). Unfortunately, data about the latter
group are scarce. Therefore, juvenile sterlet (Acipenser ruthenus L.) specimens were collected on a monthly basis from
the Danube River from September 2002 through August 2003 to determine if seasonal changes exist in condition,
hepatosomatic index, and parasitism. Fulton condition factor (FCF range: 0.27 - 0.79), hepatosomatic index (HSI range:
1.14 - 6.67) and Skrjabinopsolus semiarmatus parasite prevalence (range: 37.9 - 85.7 %), intensity (range: 1 - 337 parasites
per fish) and the mean intensity (range 9.6 – 89.2) in sterlet showed significant seasonal variations. This study pointed
out that biomarker sampling on different locations has to be performed within the short time frame in order to avoid
differences generated by confounding factors. Better understanding of the life cycle of S. semiarmatus and sensitivity of
different phases to pollution is needed.
Key Words: Danube River, Fulton condition factor, hepatosomatic index, Skrjabinopsolus semiarmatus prevalence and
intensity

Introduction
The extent of river habitat alterations and
degradation, induced by industrial and communal
wastewaters discharge, utilization of river for
irrigation, power utility, drinking-water utility, sport,
and recreational and commercial fisheries led to the
development of the ecosystem health concept.
Measurements of bioaccumulation and biomarker
responses in fish from disturbed and contaminated

sites provide information that can contribute to
environmental monitoring programs, designed for
various aspects of environmental risk assessment.
Confounding factors not related to pollution (e.g.,
season, nutritional status, reproductive and
developmental status, and population density) should
be carefully considered when interpreting biomarker
data (1). Unfortunately, most available toxicity data
rarely quantify the potency that confounding factors
are likely to exhibit in natural environments (2).
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Gross indices are sometimes indicative of toxicant
effects. The condition of the liver and of the whole body,
as measured with the hepatosomatic index (HSI) and
Fulton condition factor (FCF), can provide information
on potential pollution impacts. Although these
parameters are not very sensitive, they may serve as an
initial screening biomarker to indicate exposure and
effects (1). Body condition is a practical tool for
biologists and managers to gauge the overall health of
fish population, and a good indicator of fish habitat
quality and pollution levels (3-5). Hypothesis that metal
contamination can lead to significantly lower values of
FCF was strongly supported by some studies, although
it was shown that that FCF can reach quite high values
during the growth season in heavy metal contaminated
lakes, reflecting increased feeding rate (6,7). While some
authors (7,8) claimed that HSI might be useful as an
indicator of chemical water pollution, others showed
that it was inconsistent as a biomarker (3) and that it is
dependant on the seasonal cycle (9). Prior to
establishment of HSI as a pollution indicator, standard
ranges should first be established, and the possible
effects of internal biological rhythms and environmental
factors on this parameter must be assessed (10).
Numerous studies have examined effects of
anthropogenic environmental perturbations on
parasitic organisms at both the population and the
community level (11). As a general rule, infections
with endoparasitic helminthes with complex indirect
life cycles tend to decrease with increasing levels of
pollution, while infections with ectoparasites tend to
increase under these same conditions (12). It should
be noted that the use of indices, which is
recommended in the EC Water Framework Directive
(WFD), requires collecting multiple parameters,
including parasites (13).
Throughout its life cycle, sterlet (Acipenser
ruthenus L.) is directly exposed to contaminants
through water, sediments, and benthic prey.
Therefore, it could be a good species for assessing the
overall quality of their aquatic habitat. However, little
is known about the seasonal changes of some
parameters that could be used as biomarkers in sterlet
and other sturgeon species. The importance of
sturgeons comes from their high economic value and
endangered state of their populations (14). This work
was part of a complex investigation of sterlet, which
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included age structure, growth, catch per unit effort,
and morphological analyses (14-17). The purpose of
this study was to examine seasonal changes in HSI,
FCF, and parasite infection in wild sterlet population
in order to more clearly interpret biomarker data
collected from the Danube River sterlet population.
Materials and Methods
Sterlet specimens were caught by professional
fishermen, using drift gill nets at 5 locations within a
50-km long stretch of the Danube River (1,123 – 1,173
river km; 44˚39´-44˚51´ N, 20˚24´-20˚52´ E) (Figure
1). Specimens were collected monthly from
September 2002 to August 2003 (except for February
and April 2003, when sterlet were absent from the
catch). Analysis of 418 juvenile sterlet specimens was
performed. Total length (Lt, 0.1 cm) and total mass
(M, 0.1 g) were recorded to determine FCF as FCF =
(M × Lt-3) × 100, and liver mass (H, 0.01 g) to
ascertain HSI = (H × M-1) × 100. The entire digestive
tract was removed and examined for the prevalence
and intensity of parasites. According to Bush et al.
(18), intensity of infection was calculated as the
number of individuals of a particular parasite species
in a single infected sterlet, and mean intensity was
calculated as the average intensity of a particular
species of parasite among the infected sterlet.
Prevalence was calculated as the number of sterlet
infected with 1 or more individuals of a particular
parasite species, divided by the total number of sterlet
examined for that parasite species (18).
Sterlet age determination was performed using
pectoral fin spine sections according to Stevenson and
Secor (19). Briefly, we cut the spines with a laboratory
saw and then polished it with emery paper, until
sections were transparent enough for microscopic
observation. Age was estimated by counting annuli in
the fin ray sections.
Statistical analyses included comparison of
parameters between different months to determine if
there were any variations throughout the year. Groups
were compared using analysis of variance (ANOVA)
and sequential Bonferroni correction for multiple
comparisons, while groups with small sample sizes (n
< 30) were compared using Mann-Whitney U Test
(20).
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Figure 1. Map of the Danube River showing the sampling stretch. Locations 1 to 5
represent the sampling sites. Smaller map represents part of the Danube River
where samples were collected.

Results
Sterlet specimens ranged in Lt and M from 14.2 to
42.5 cm and from 13.3 to 362.0 g, respectively.
Pectoral fin ray analysis showed that all specimens
were in age classes from 0+ to 1+.
Intensity of parasite infection of all 418 fish were as
follows: trematodes (1 - 337 Skrjabinopsolus
semiarmatus, 1 - 2 Azygia lucii, and 1 Posdiplostomum
cuticula), nematodes (1 - 59 Hysterothylaceum
bidentatum), acantocephalans (1 - 19 Acantocephalus
lucii, and 1 Pomphorhynchus laevis) and cestodes (1
Amphilina foliacea), with an infection rate of 62.2%.
Due to its dominance, only S. semiarmatus was
included in statistical analysis.
Changes in FCF, HSI, and the mean intensity of S.
semiarmatus infection during the year are given in
Figure 2. The highest value for FCF was recorded in
June, when only 1+-old individuals were in catch,
while the lowest value was in December. Values for
FCF varied between 0.27 and 0.79. The maximum
value for HSI was recorded in October, while the
minimum was in March. Values for HSI varied
between 1.14 and 6.67. The greatest number of
parasites per sterlet was found in November and
December, with the maximum of 337 S. semiarmatus
specimens recovered from a single individual in
November. Mean intensity of S. semiarmatus varied

between 9.6 and 89.2 with the maximum value in
November and the minimum in June. Statistical
analysis found significant differences (P < 0.05) in
HSI, FCF, and S. semiarmatus infection intensity
among different months during the year. Prevalence
of sterlet’s infection by parasite S. semiarmatus in
annual cycle showed normal distribution
(Kolmogorov-Smirnov Test, P = 0.20) with the
maximum value in January (Figure 3).
Discussion
Sterlet is the smallest species of sturgeons, reaching
maturity between 3 and 8 years of age and with a life
span of 22 - 24 years (21). Within the IUCN Red list,
it is classified as endangered in principal rivers (Volga,
Danube). Choudhury et al. (22) stated that knowledge
on the biology of juveniles is critical for the successful
management of threatened sturgeon species, and in
that sense investigations of parasites in that life stage
of sterlet are very important. This study involved only
investigation of juvenile sterlet, so additional research
is necessary for adult male and female specimens.
Morphological parameters that are often used in
field research are the hepatosomatic index to identify
possible liver diseases, and the condition factor to
assess the general condition of fish (1). Although
condition factor should be interpreted with caution,
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Figure 3. The prevalence (%) of S. semiarmatus in sterlet during
different months in the annual cycle; the line represents
fitting with the normal distribution function.

4.4
4.2

body condition is very commonly used in fisheries
biology because it is an inexpensive, non-lethal
alternative to proximate analysis of tissues (5). In a
study by Craig et al. (5), FCF of lake sturgeon
(Acipenser fulvescens) had an overall mean of 0.64,
while in studies cited by Beamish et al. (23) it had a
range of 0.28 - 0.54. In sterlet analyzed in this study
FCF had a little bit extended range (0.27 - 0.79). Work
presented here shows that significant changes
occurred in FCF in juvenile sterlet during the year,
which could be associated with reduced food intake
during winter (3). The lowest values were recorded in
December and March, which is probably connected
with the fact that sterlet, like other sturgeons,
aggregates in bottom holes during the winter and
exhibits little activity.
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Figure 2. Mean value ± S.E. for FCF, HSI, and the mean intensity
of S. semiarmatus infection in sterlet during the annual
cycle.
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HSI is associated with liver energetic reserves and
metabolic activity (7). HSI had a maximum value in
October and November in the studied sterlet.
According to Lapkina et al. (24), food of juvenile
sterlet on investigated locations in the Danube River
consisted mainly of chironomids during July, 70% of
food consisted of leech in August, while leeches were
present 100% in sterlet food in September. Daily
growth in weight in July was 1.8 g day-1, while in
September it had the value of 2.2 g day-1. It could be a
possible explanation for an increase in HSI from
August until October. The minimum value for HSI in
sterlet was in March. This is in accordance with the
finding in juvenile lake sturgeon, in which HSI had

M. LENHARDT, I. JARIĆ, P. CAKIĆ, G. CVIJANOVIĆ, Z. GAČIĆ, J. KOLAREVIĆ

lower value in March than in June, July, and August
(23). On the other hand, HSI did not differ between
June and October in lake sturgeon, while it did in
Danubian sterlet. Yang and Baumann (9) stated that
HSI depends on the seasonal cycle. In the study
carried out by Hung et al. (25), HSI differed among
juvenile white sturgeon (Acipenser transmontanus)
that were fed with different carbohydrates, ranging
between 1.99 and 3.71. Differences in HSI that were
found in this study (ranging between 1.14 and 6.67),
were probably also caused by sterlet diet in natural
conditions that differed throughout the year.
Skrjabinopsolus semiarmatus has been found to
infest all anadromous sturgeons in the Mediterranean,
Black, and Caspian seas and it appears also in sterlet.
The intensity of infestation declines between April
and September (26), which is comparable to the data
obtained in this study. The highest value for mean
intensity of S. semiarmatus in sterlet caught in the
Danube was in November (89.2) and it is significantly
different from all other months. Reported mean
intensity for other sturgeons is below values obtained
in this work. Mean intensity of S. semiarmatus was 2.8
in A. gueldenstaedtii, 47.9 in A. nudiventris (27), 7.7
in A. stellatus, and 6.1 in A. persicus (28). There is no
data about the intermediate host of S. semiarmatus in
the Danube River, but according to Sattari and
Mokhayer (27), Oligochaeta are known to be the
intermediate hosts of S. semiarmatus in the Caspian
Sea. In the search for indicators to monitor the effects
of pollutants, there are good reasons for focusing on
parasites, because of their complex life cycle with the
widely differing requirements for different stages, so
that each stage must be assessed separately, thereby
greatly increasing the number of potential indicators

(12). The relationship between pollution and
parasitism in aquatic organisms and the potential role
of parasites as water quality indicators have received
increasing attention during the last 2 decades (29).
Ability of some macroparasites, like P. laevis, to
significantly accumulate higher levels of different
pollutants than their hosts, indicate that some fish
parasites could be more sensitive indicators of
pollution in aquatic ecosystems than their hosts
(29,30).
Thus, it is necessary to carefully consider the
infection status of animals used for toxicological and
ecotoxicological studies, as parasites may alter the
uptake and accumulation of toxins in host tissues.
Interactions between the environment and hostparasite systems are complex and not easily
interpreted, since they are dependent on a wide
variety of factors.
This study pointed out that significant changes
exist in FCF, HSI, and prevalence and intensity of S.
semiarmatus sterlet infection among different months
throughout the year. This fact must be kept in mind
when using these parameters as biomarkers, and any
biomarker sampling on different locations has to be
performed within a short time frame, in order to
avoid differences generated by confounding factors.
Use of S. semiarmatus as a biomarker needs better
understanding of its life cycle, including sensitivity of
different phases to pollution.
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