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Abstract:

The basic life history data of the burbot inhabiting the Danube River at the Backa Palanka locality were

studied. Totally, 124 specimens (45.2% males, 48.4% females and 6.4% of undeterminable sex) were
collected from commercial landings. The total length and weight ranges were 22.5-63 cm and 92-1709 g,
respectively, while the age range was 1-6 years (otolith readings). For each age class, there were no differ-
ences in the average length and weight between sexes. The average length-at-age and weight-at-age were
26.97 cm, 32.35 cm, 38.34 cm, 52.5 cm and 139.8 g, 225.2 g, 371.8 g and 1041 g for the age classes 1, 2,
3 and 6, respectively. The weight-length relationship was described as W = 0.01 TL>%! (r2 = 0.9566). The
von Bertalanfty growth parameters were L _= 66.58 cm, k= 0.17, t,= -2.01, and the phi-prime index was
calculated as ®'= 2.88. The obtained data were compared with available results from elsewhere.
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Introduction

Burbot, Lota lota (L.), is the only freshwater
gadiform fish, which is widely distributed through-
out the northern hemisphere above 40° N (STAPANIAN
et al. 2010, WORTHINGTON et al. 2011, LAHNSTEINER
et al. 2012). Due to many threats, including habitat
loss and fragmentation, exploitation, pollution, inva-
sive species impact and climate change, the species
is endangered or extinct in many regions throughout
its geographical range, especially in western Europe
and some parts of USA (StapaNIaN et al. 2010, W
ORTHINGTON ef al. 2011, LAHNSTEINER et al. 2012). On
the global scale, the burbot is considered as an ex-
cellent indicator species for habitat degradation and
as an early indicator of climate change (StaPANIAN
et al. 2010, EDWARDs et al. 2011). Additionally, it is
envisaged as a promising candidate species for cold-
water aquaculture (WoCHER et al. 2011).

In Serbia, the burbot inhabits rivers of the
Danube River basin, in both the lowland (cyprinid)
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and the highland (salmonid) waters (SimMoNovIC
2006). Despite of the worldwide ecological impor-
tance of the species, its status in the Serbian waters
is largely unknown and little information has been
collected concerning its biological characteristics
(Jankovic 1986, NIKCEVIC et al. 1995, SKORIC et al.
2013). In the past, the burbot was not commercially
harvested and catches by local fishermen were of
negligible economic interest. Because of that low
importance of the species, both in the game and com-
mercial context, the life history data of the burbot
populations in the Serbian waters have not been well
documented. However, recent reports indicated that
the interest in fishing the burbot, both in commercial
and recreational fishery, has grown in the last decade,
especially in the upper part of the Danubian course
in Serbia and in the Belgrade region. The rising pop-
ularity as a commercial species and the awareness
of its value as an indicator organism emphasise the
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need for research of all segments regarding the life
history of this species.

The growth pattern, because of its importance
for management and conservation, is one of the key
parameters in studies on fish life history. The growth
of fish is accompanied and influenced by both en-
dogenous and exogenous factors, and must be stud-
ied through actual observation of the growth of a
given species or population (Royce 1972). The aim
of this study is to present information on the age and
growth of the burbot population from the upper part
of the Danube River course in Serbia, at the Backa
Palanka locality.

Material and Methods

Burbot samples were collected by commercial fish-
ermen between 27 December 2006 and 25 January
2007. The fish were caught in the Danube River at
the Backa Palanka locality (45°13°, 19°23’; 75 m
a.s.l.) by using hoop nets (mesh size 30 mm), which
were deployed in the river mid-channel at approxi-
mately 4-5 m depth (Fig. 1). The fishing gears were
deployed in the evening hours and checked next
morning. The total lengths (TL) and weights (W) of
124 individuals were measured to the nearest 0.5 cm
and 1.0 g, respectively. Both sagittae were extracted
from each specimen, cleaned and stored dry in paper
envelopes. In order to make the annuli more distinct
for age reading, the otoliths were ground with sand-
paper and examined under a dissecting stereomicro-
scope in whole view with reflected light. The otoliths
were read three times, and only in the case of the
largest fish (TL = 63 cm, W = 1709 g), the age could
not be determined. After dissection of the ventral
cavity, the sex was determined macroscopically ac-
cording to EveEnson (2000). Student’s t-test was used
for comparison of average total length and weight of
different age classes of males and females.

The weight-length relationship was expressed
using the formula W = a TL® (Ricker 1975), where
W =weight (g), TL = total length (cm), while ¢ and b
are parameters. The parameters a and b were estimat-
ed by linear regression on the transformed equation:
log, W = log , a + b log TL. To test the isometric
pattern hypothesis (b = 3), the t-test was applied. The
statistical analyses and calculations were performed
using Statistica 6.0 package (StatSoft).

The growth in length was described using the
von Bertalanfty growth equation: L = L {1 — ef*
=11k (SPARRE, VENEMA 1998), where L, is the total
length at age #; L is the length that the fish would
reach at an infinitely high age; & is the curvature pa-
rameter; and 7, is the theoretical age when the fish
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has zero length. The von Bertalanffy plot was used
for estimating the growth parameters by applying the
Powell-Wetherall method for L estimate (SPARRE,
VENEMA 1998).

Chi-square test(y?) was used for comparison
of the observed and predicted length-at-age data.
The phi-prime (@) index was used to study overall
growth performance: ® = log, k +2log L (SPARRE,
VENEMA 1998). Additionally, our results were com-
pared with available data on other growth studies of
the species.

Results

Totally, 124 fish were examined. The ranges of body
measurements were 22.5-63.0 cm for total length
and 92-1709 g for wet weight. In terms of the sex
structure, the sample consisted of 56 (45.2%) males
and 60 (48.4%) females, while 8 (6.4%) specimens
were of macroscopically undeterminable sex. The
ages ranged from 1 to 6 years. However, ages 4 and
5 were absent, and the largest fish (female, TL = 63
cm) was not aged. All specimens of undetermined
sex belonged to the 1 year age class. The contribu-
tion of the males and females in age classes 1 and 2
was equal (sex ratio 0.93:1 and 1.07:1 for age class 1
and 2, respectively), while in age class 3 dominance
of females was recorded (sex ratio 0.65:1). Both in-
dividuals 6 years old were males. The three largest
fish individuals were spent, while the others were
not matured.

The mean length and weight of the examined
fish by age classes and sex (Table 1) did not exhibit
sex differences. The statistical comparison between
the mean lengths and weights in the males and fe-
males of the same age showed that there were no sta-
tistically significant differences (Student’s t-test; P >
0.05); therefore, sex was not considered as a separate
variable in the subsequent analysis.

The weight-length relationship (Fig. 2) was de-
scribed by the equation W = 0.01 TL>*!. The rela-
tionship was significant (r? = 0.9566), demonstrating
that weight varied as a power of length. The value of
regression coefficient (b = 2.861) was significantly
different from 3 (P < 0.05), pointing to a negative
allometric weight growth.

Irrespectively of their sex, the examined fish
were combined by age, mean length and weight (cor-
responding ranges in brackets, Table 2). Regarding
the age contribution in the sample, it was 28.4 %,
47.2 %, 22.8 %, and 1.6 % for age classes 1, 2, 3 and
6, respectively.

The mean lengths of the individuals of the
age classes 1-3 were used to fit the von Bertalanffy
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Fig. 1. Fishing sites

Table 1. Mean lengths and weights of burbot (L. lota) caught in the Danube at the Backa Palanka locality according
to age and sex and their comparison (Student’s t-tests, P = 0.05): n — sample size, SD — standard deviation, ns — not

significant
AGE MALES FEMALES
(years) n Mean SD n Mean SD Significance
Total length (cm)
1 13 27.54 2.503 14 27.96 3.00 ns
2 30 32.12 1.596 28 32.61 1.822 ns
3 11 37.64 2.026 17 38.79 1.795 ns
6 2 52.50 2.121
Weight (g)
1 13 145.77 32.286 14 154.64 46.216 ns
2 30 222.47 39.021 28 228.14 47.644 ns
3 11 346.363 48.063 17 388.24 64.489 ns
6 2 1041.0 35.355

growth model parameters. According to Powell-
Wetherall method, the estimated asymptotic length
(L,) was 66.58 cm. The length growth rate of the bur-
bot population studied (Fig. 3) did not reveal statisti-
cally significant differences between the observed and
predicted lengths (x> = 0.182; P> 0.05). Based on the
estimated parameters of the von Bertalanffy equation,
the approximate maximum age of the burbot from the
population studied was calculated as 15.6 years.

The computed overall growth performance
index ® was 2.88. The comparison between the
growth-in-length parameters and index of growth
performance recorded in this study were com-
pared (Table 3) with those available in the database
FishBase (FroEsE, PaurLy 2014).

Table 2. Mean total length and weight (ranges of observed
values in brackets) of age classes concerning total sample
size: n — number of fish, TL — total length, W — weight,
SD — standard deviation

Age

(years) n TL £ SD (cm) W+ SD (g)

| 35 26.97 £ 2.846 139.8 +£40.08
(22.5-33.0) (87 -221)

) 53 32.35+1.712 2252 +43.11
(28.0 —36.0) (147 - 325)

3 28 38.34 +1.939 371.8+61.27
(35.0-43.0) (282 -519)

6 ) 52.5+ 2.121 1041 £ 35.36

(51-54) (1016 — 1066)
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Table 3. Comparative overview of burbot (L. /ota) growth parameters from different regions across its distribution area:
(*) — data source FishBase; bolded data — this study; TL — total length; SL — standard length; (-) — no data in database.

Location Length type L_(cm) k t, (0

Russia, Ilmen Lake” TL 66.1 0.21 - 2.96
Germany, Spree River* TL 74.0 0.11 - 2.78
Russia, Petschora River” TL 84.4 0.17 - 2.98
Germany, Oderhaff” TL 88.0 0.24 - 3.27
Russia, Lake Vygozero® SL 104.0 0.05 -3.42 2.77
Finland, Bay of Bothnia” TL 104.0 0.08 -1.94 2.95
Russia, Enisey River” TL 126.4 0.11 1.10 3.24
Russia, Enisey River” TL 160.0 0.06 -0.28 3.21
Serbia, Danube TL 66.6 0.17 -2.01 2.88
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Fig. 2. Weight-length relationship as found for 124 burbot individuals at Backa Palanka, Serbia

Discussion

Burbot spawns at low temperatures (1-4°C) in win-
ter or early spring and the spawning season is rela-
tively short (up to 20 days) and highly synchro-
nised (McPHAIL, PARAGAMIAN 2000, EvEnson 2000).
Jankovi¢ (1986) reported that in the Danube River
in Serbia the peak of the burbot spawning took place
during January and early February. Therefore, the
fish in our study were collected in the period of high
reproductive activity. The observed age structure was
most likely related to the spawning season. Burbots
are mass spawners, which form aggregations at the
spawning sites located in the shallows of the inshore
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area (McPHaIL, ParRaGcamiaN 2000, Evenson 2000)
and, thus, mature individuals are not available at the
fishing grounds (depths of the main river channel).
Further support for the previous assumption is pro-
vided by the sex ratios within particulate age class-
es. Burbots in the southern part of the range reach
maturity at age of 3-4 years and most authors agree
that males mature about a year earlier than females
(Jankovi¢ 1986, McPHAIL, PARAGAMIAN 2000, ARNDT,
Hutchinson 2000). The numbers of the males and fe-
males in the age classes 1 and 2 were almost identi-
cal, while the sex ratio in the age class 3 is 0.65:1
in favour of females, giving an indication that males
after attaining maturity migrate to spawning area.
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Fig. 3. The growth rate in length of the burbot caught in the Danube River at Backa Palanka described by the von
Bertalanffy equation: ([J) — represents the means; vertical bar represents the range

There are no differences in growth between
the sexes in the particular age classes. Differences
in growth rates of fish species are more pronounced
in the older age groups (ZILIUKIENE, ZILIUKAS 2010).
Therefore, our results could be a reflection of the in-
vestigated age range. However, it should be noted
that in the studies on growth of burbot populations,
which have been conducted on wider age ranges,
other authors have not considered sex as a separate
variable (ARNDT, HuTtcHinsoN 2000, KaTZMAN, ZALE
2000, ScHraM 2000, Svacpzys 2002, POLACEK et al.
2006, HENSLER et al. 2007, RoHTLA et al. 2013).

The estimated exponent of the weight-length
relationship (b = 2.861) is statistically different
from 3 indicating negative allometric growth pat-
terns, which means that the larger fish become more
elongate than smaller ones. VERREYCKEN et al. (2011)
have reported a similar value of b (2.875) for the
burbot in waters of Flanders and characterised it as
an elongated species. In fishery and ichthyological
studies, weight-length relationships are useful tools
for comparison of populations. The obtained results
are within the expected range of 2.5-3.5 (FROESE
2006) and are based on a sufficient number of indi-
viduals and the large size range of the examined fish.
Moreover, the correlation coefficient has been 0.96,
while the value of 0.8 is recommended as a thresh-
old for result validity (VERREYCKEN et al. 2011). Our
results may serve for comparison in future studies of

burbot populations inhabiting other localities in the
Danube or other waters and habitats.

The length of the smallest caught specimen
(22.5 cm) indicates that, due to the net mesh size
and fishing locations, the smaller individuals are not
susceptible to the fishing gear. The recorded average
body lengths measured at a particular age, falls within
the range reported on other burbot populations from
large water bodies in North America (KATZMAN, ZALE
2000, Scaram 2000, PoLacek et al. 2006, HENSLER
et al. 2008) and Europe (Svagdzys 2002, RoHTLA
et al. 2013). Two burbot subspecies are described:
L. . maculosa (Le Sueur) occurring exclusively in
North America from the Great Slave Lake (Canada)
to the southern limit of the species’ distribution, and
the nominotypical subspecies L. /. lota distributed
across the remaining part of the Nearctic range and
the entire Eurasian range (StapaNIaN ef al. 2010). In
the quoted literature concerning American popula-
tions, authors have not distinguished subspecies,
which may mean that there are no differences be-
tween subspecies in respect to the growth in length.
Such an assumption is supported by the findings of
ELMER et al. (2012), who have noted for the burbot
from the Great Slave Lake and the Mackenzie River
drainage area, although the two subspecies are para-
patric and genetically distinct, a difference in body
length between the subspecies has not been deter-
mined. In general, burbot grows rapidly until the on-
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set of sexual maturity (McPHaAIL, PARAGAMIAN 2000),
which is also confirmed by our study. At the age
of 3, the burbot reach 57.6% of asymptotic length.
The most remarkable feature of the studied popula-
tion is the rapid growth of fish during their first year.
Katzman, ZALE (2000) have reported that the age-0
burbot in Upper Red Rock Lake (USA) averaged
236 mm TL and achieved 265 mm TL by the third
week of October, and apparently, they continue to
grow throughout the winter. According to the avail-
able literature, the average total lengths of the 1-year
burbot in different waters vary from 129 to 267 mm
(Scuram 2000, KaTzMAN, ZALE 2000). Based on the
back-calculated values at the time of annulus forma-
tion, the latter authors have reported a length range
of 191-415 mm for a given age, which means that
the ratio between the largest and smallest individual
is 2.2. In this study, the corresponding ratio is 1.5,
and may probably be attributed to the selectivity of
the gear. Consequently, further studies are needed for
collection of more detailed data on the length range
within the 1-year age class. It is generally believed
that growth intensity reflects the suitability of partic-
ular environment to the species. The fast growth dur-
ing the first year, as reported here, seems to indicate
that for this age class the favourable environmental
conditions prevailed at the investigated locality.

The theoretical maximal length (66.58 cm) ap-
pears to be realistic, since it is greater than the length
of the largest specimen collected. SPARRE, VENEMA
(1998) stated that the von Bertalanffy plot is more
robust in comparison to other methods in the sense
that it nearly always gives a reasonable estimate of
the curvature parameter (k). Given that a reasonable
estimate of the asymptotic length is used in com-
putations, perhaps the best way of estimating it is
the Powell-Wetherall method. The von Bertalanffy
equation is thought to describe properly the growth
pattern if the maximum observed length is approxi-
mately 95% of the estimated asymptotic length
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