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Abstract — European eels Anguilla anguilla stocked as wild-sourced glass eels showed a better overall performance
of growth and survival compared with farm-sourced eels after stocking in five isolated lakes within a 7-year study
period. Eels stocked as farm eels lost their initial size advantage over eels stocked as glass eels within 3—5 years
after stocking. Population sizes estimated for consecutive stocking batches indicated that 8—17% of eels stocked as
farm eels survived 3—6 years after stocking compared with 5—45% of eels stocked as glass eels. This study coupled
with results of previous studies suggests that stocking of farm eels may have no advantage in growth and survival
compared with stocking of glass eels if stocking occurs at an optimal time in spring. In addition, the use of
relatively expensive farm eels may provide no general advantage over stocking of glass eels. However, if glass eels
are only available for stocking purposes very early in the year, lower survival rates than obtained in the present

study can be assumed and stocking with relatively more expensive farm eels could possibly be a better option.
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Introduction

The practice of stocking of European eel Anguilla
anguilla (L.) for fisheries, both commercial and rec-
reational, has been conducted in Europe for more
than 100 years (Walter 1910; Wickstrom 1984). It
has recently become more common with the aim to
stabilise stocks because of low stock sizes and a sub-
stantially reduced natural immigration of elvers in
recent years (Knights 2003). In general, glass eel
recruitment did show a distinct decline starting in the
early 1980s and recruitment estimates dropped to
1-9% of the 1970s levels (ICES 2010). To halt the
dramatic decline in eel stocks, various management
initiatives have been initiated. In 2007, the European
eel was listed in Appendix II of the Convention on
International Trade in Endangered Species of Wild
Fauna and Flora (CITES) to control international
trade and the EU Council adopted a regulation (EU
2007) establishing recovery measures for European

eel stocks. Stocking eels in freshwater bodies con-
nected to the sea is one possible measure to fulfil the
requirements of the regulation, which aims to ensure
that 60% of the eels <120 mm total length (L)
caught annually should be reserved for stocking. The
deadline for achievement has been set for the end of
July 2013, and many EU Member States aspire to
use eel stocking as a part of their national manage-
ment plans (ICES 2009). Currently, eleven European
countries are known to buy eels (yellow and glass
eels) for stocking purposes (ICES 2009).

Stocking with glass eels became common around
1900 in Germany (Walter 1910; Liibbert 1923) and
later in other countries in Europe (Moriarty &
McCarthy 1982; Wickstrom 1984) because of the
barriers to immigration in rivers. An alternative to
stocking with glass eels was the catch of elvers in
estuaries of rivers with high natural immigration for
stocking in tributaries and lakes with low or no
natural immigration (Walter 1910; Muller 1975;
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Wickstrom 1984). As a result of the dramatically
decreased natural immigration of glass eels to the
European coast and the increasing demand for Euro-
pean glass eels by China (ICES 2009), the glass eel
price has steadily increased since the 1960s (ICES
2008; Crook 2010). Consequently, rearing of glass
eels in eel farms (to so-called ongrown farm eels of
5-8 g) before stocking seemed to be economically
more profitable. It was assumed that the survival of
glass eels grown-on in a farm to a particular size was
higher compared with glass eels in the wild. Addi-
tionally, the stocking of farm eels should allow for a
better planning of stocking activities (availability sev-
eral months prior to stocking is given) and for stock-
ing at favourable conditions when water temperature
and natural prey availability are sufficiently high.
Furthermore, it was assumed that farm-sourced eels
show a growth advantage over glass eels and thus
reaches a suitable size for re-catching earlier. It was
also expected that the survival rate of the larger farm
eels would be much higher than that of glass eels;
however, these assumptions and expectations have
not yet been proven (ICES 2008).

The growth of stocked glass eels, elvers and farm
eels has been investigated in previous studies (Wicks-
trom 1986; Klein-Breteler et al. 1990; Andersson
et al. 1991; Bisgaard & Pedersen 1991; Pedersen
1998, 2000, 2009; Lin et al. 2007; Kruitwagen &
Klinge 2012; Simon et al. 2013). Annual length
increments under different environmental factors, age
and size class were estimated for naturally recruited
elvers as 38-91 mm, stocked elvers as 51-83 mm
and stocked farm eels as 25-65 mm (Bisgaard &
Pedersen 1991; Pedersen 1998; Lin et al. 2007;
Simon et al. 2013). Furthermore, the recapture of cul-
tured eel was lower than of wild eel in a river and a
lake 1 and 7 years after stocking (Bisgaard & Peder-
sen 1991; Pedersen 2000). No comparison of the sur-
vival between European glass and farm eels jointly
stocked in lakes, however, has been conducted until
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now. Therefore, the aim of the present study was to
examine growth and survival of glass and farm eels
jointly stocked in five lakes over a period of 7 years.

Study area

For the stocking experiment, five isolated lakes with-
out access to natural recruitment and of <20 ha in
size were chosen. These eutrophic lakes (Table 1) are
situated in the Federal State of Brandenburg (Ger-
many). The limnological parameters of the lakes were
taken from the lake register of the Federal State of
Brandenburg and from our own investigations during
the fishing occasions (Table 1). The lakes Grofer
See and Schloflsee have been stocked with farm eels
and elvers (immigrating yellow eels) continuously
since 1993. The remaining three lakes have been spo-
radically stocked with farm eels until 2001.

Materials and methods

For stocking, wild glass eels from England were
obtained through a commercial eel trade company
and stocked in April. Farm eels (grown from glass
eels from France) were obtained from German com-
mercial eel farms and stocked in May—June. Net
prices (mean over the years 2004 to 2007) were €675
per kg for glass eels and €47 per kg for farm eels.
Mean + SD weight (W) (in g) for stocked eels was
0.27 + 0.004 g for glass eels and 6.6 + 0.34 g for
farm eels (Table 2) resulting in an average price of
€0.18 per glass eel and €0.31 per farm eel, respec-
tively. Lake Gornsee was stocked with both glass
eels and farm eels in 2004 and 2006. Lake Godnasee
was stocked with glass eels in 2004 and with farm
eels in 2005 and with both glass eels and farm eels in
2006. Lakes GroBer See, Rahdensee and SchloBsee
were stocked with both glass eels and farm eels in
2005 and 2007. All lakes were stocked with approxi-

mately 200 glass eels ha' and 55 farm eels ha .

Table 1. Characteristics of the five lakes in the Federal State of Brandenburg, year of last stocking with eels prior to the study period and eel density in the

lakes as estimated by electro-fishing.

Parameter Godnasee Gornsee GroBer See  Rahdensee SchloBsee
Longitude 13°58'W 12°39'W 14°00'W 14°27'W 14°00'W
Latitude 52°08'N 52°21'N 52°42'N 52°04'N 52°42'N
Fishing area (ha) 18.36 16.22 16.50 10.00 13.15
Maximum depth (m) 6.5 3.1 8.5 7.0 7.5
Average depth (m) 55 2.5 6.5 5.0 5.0
Stratified Yes No Yes Yes Yes

Total phosphorus concentration (TP) (ug I”') 44 43 93 35 95

Secchi disc depth in May (m) 1.6 1.1 2.0 2.9 1.2
Trophic status Eutrophic 1/Eutrophic 2 Eutrophic 1/Eutrophic 2 Eutrophic 2  Eutrophic 1/Eutrophic 2  Eutrophic 2
Year of the last stocking with eels 1997 2001 2004 2001 2004

Eel density (stk. 100 m~") 0.3 7.8 6.9 11.1 215
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Table 2. Mean + SD total length (L7) (mm) and weight (1) (g) at stocking
for eels stocked in the five lakes in the Federal State of Brandenburg.

Glass eels Farm eels
Years of stocking Ly w Ly w
2004 7043 024 £004 144 £36 4.8 + 41
2005 74 £ 3 0.25 + 0.04 159 + 23 55432
2006 72 + 4 0.31 + 0.05 169 + 18 6.8 + 2.5
2007 7343 029 +£004 187 +£23 92 +38
Mean 72 0.27 165 6.6

Before stocking, glass eels were marked in a bath
with alizarin red S (ARS) by the first stocking and
with oxytetracycline hydrochloride (OTC) by the sec-
ond stocking as described by Simon & Dorner
(2005). During the tagging procedure, 100 individu-
als were sampled from each batch of glass eels to
determine the initial total length (Lt) and weight (W)
(Table 2) for calculating the total number of stocked
eels. All farm eels were measured (L) and individu-
ally tagged with a decimal coded wire tag (CWT)
(Northwest Marine Technology, Inc. [NMT], Shaw
Island, WA, USA). The CWTs were injected into the
dorsal musculature 1 cm behind the head as
described by Simon & Dorner (2005) for the first
stocking and into the musculature of the tail fin ca.
1 cm posterior to its origin for the second stocking.
The different tagging locations make it easy to distin-
guish between both stocking batches without killing
the fish after recapture. Prior to measuring and tag-
ging with CWTs, the fish were anaesthetised with tri-
caine methanesulphonate (MS-222, 0.012% aqueous
solution). Each fish was examined for successful tag-
ging using a portable sampling Detector (V-Detector)
(NMT). The three marking methods (OTC, ARS and
CWT) are suitable for easy and fast mass-marking of
glass and/or farm eels fulfilling the capture-recapture
assumption of no marking—induced effect on growth
and survival of marked fish as shown in detail by
Simon et al. (2009) and Simon & Dorner (2011).
Mark retention was reported up to 3 years in OTC-
marked glass eels (Alcobendas et al. 1991), up to
2 years in ARS-marked glass eels (Simon et al.
2009) and was over 95% for CWT-marked farm eels
after 16.5 months (Simon & Dorner 2011).

One year after first stocking, monitoring of the
stocked eels commenced and was carried out every
year until 2009. Each year in May, all lakes were
sampled three times by electro-fishing (FEG 5000;
Fa. EFKO, Leutkirchen, Germany; 8 kW, voltage
series, 220450 V direct current) from a boat along
the entire shoreline. The size selectivity of this
method against smaller fish cannot be completely
excluded but was probably low, because of the expe-
rience of the fisherman and the high number of very
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small eels in the catch. The captured eels were anaes-
thetised with MS-222 (0.012% aqueous solution),
and Lt (&= 1 mm) and W (£ 1 g) of each captured
eel were recorded. Each fish was examined for CWT
using a V-Detector (NMT). Eels not marked with
CWTs and in a size range up to +150 mm of the
largest stocked glass eel or recaptured stocked eel of
the previous year were killed with MS-222 (0.015%
aqueous solution). If the number of recaptured eels
not marked with CWTs was below 25 per lake and in
each fishing event, all recaptured eels were killed. If
the number of recaptured eels exceeded 25, a random
subsample over the total size distribution was taken
(Table 3). All other eels were released after complete
recovery from anaesthetising. Dead eels were individ-
ually marked with a number on a small piece of
waterproof paper in the mouth and stored at —20 °C.
The Lt and W after capture were assigned from the
capture protocol by means of the individual marks.

From end of April to end of June 2010, a mark—
recapture experiment was also carried out to investi-
gate population sizes of the consecutive stocking
batches. The lakes were fished six to ten times, and
at each sampling occasion, the entire shoreline was
fished by electro-fishing (FEG 5000) from a boat. All
eels in a size range up to +150 mm of the largest
recaptured stocked eel of the previous year were an-
aesthetised with MS-222 (0.012% aqueous solution)
at the end of the fishing event. Each sampled fish Ly
(£ 1 mm) and the associated W (+ 1 g) were mea-
sured. Individuals were examined for CWT using a
V-Detector (NMT), the CWT-tagging location was
noted, and the eels were marked with a visible
implant elastomer tag (VIE). The VIE mark was
placed along the base of the ventral tail fin margin
ca. | cm posterior to its origin as described by Simon
& Dorner (2011). This marking method is suitable
for easy and fast marking of small eels, fulfils the
capture—recapture assumption of no marking—induced
effect on growth and survival of marked fish, and
mark retention is suitable for short-term mark—
recapture experiments (Simon & Dorner 2011).
Finally, after complete recovery, all eels were
released over the entire shoreline of the lake. At the
following fishing events, eels were checked for VIE
marks and all unmarked eels were marked, as
described above, prior to release. At the two last fish-
ing events, a sub-sample of eels not marked with
CWTs was killed and stored for further investiga-
tions, as described above, to determine the size distri-
bution of each stocking batch (Table 3).

Sagittal otoliths of eels not marked with CWTs
were extracted, cleaned and stored in 96% ethanol.
One otolith per individual was embedded with the
convex side up in transparent wax (Mounting Wax
Crystalbond 509; Fa. Buehler GmbH, Diusseldorf,



Table 3. Number of stocked farm eels recaptured and stocked glass eels recaptured and killed for further investigations in the laboratory within the first years after stocking from the five lakes in the Federal State of

Brandenburg. Note: In 2010 (the last entry in each column), eels were sampled at six to ten individual fishing occasions per lake, and higher sample sizes (approximately 50) were collected compared with previous years,

where three separate samplings took place and approximately 25 eels per lake were collected.
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Germany) on a microscope slide and ground with a
series of grinding papers (600, 800 and 1200 grade)
down to the centre. Finally, the otolith was observed
under a UV-light microscope (Fa. Ernst Leitz Wetzlar
GmbH, Wetzlar, Germany) equipped with two epiflu-
orescence filters, one of 515-560-nm wavelength and
one of 355-425-nm wavelength at 125-fold magnifi-
cation to identify ARS or OTC marks. In all cases,
marks were clearly identifiable as mark. Eels show-
ing no ARS or OTC marks on the otoliths were
excluded from the sample as not belonging to the
stocked population. Only individuals identified as
originally stocked eels were included in the analysis
(Table 3).

Data analyses

For population size estimation in 2010, stocking
batches and resident eels in each lake were identified
with the help of subsamples investigated in the labo-
ratory and by length frequency analyses of the cap-
ture protocols with the Bhattacharya method
(Bhattacharya 1967), using FiSAT II (Gayanilo et al.
1995). Population size of stocked eel batches was
estimated with Bailey’s (1951, 1952) modification of
the Lincoln—Petersen estimation by the last fishing
occasions and with the Schnabel (1938) estimator as
described by Krebs (1999). Estimates with one or no
recaptured marked eel and for which the coefficient
of variation was larger than 0.5 were excluded
because such estimates have a too low precision. To
estimate the percentage of eels surviving from each
stocking batch, the population size of eels estimated
in 2010 was set in relationship to the number of eels
stocked initially.

Statistical analyses were performed with spss 9.0.
(SPSS Inc., Chicago, IL, USA). Because the assump-
tions of normality and homogeneity of variance were
not met, nonparametric Mann-Whitney-tests (U-test)
were used to test for significant differences between
mean Ly of the recaptured eels stocked as glass eels
or farm eels at stocking and in each year of recapture
in each lake. The minimum sample size was set at
six, and the significance level was taken as P < 0.05.

Results

Recaptures of eels stocked as glass and farm eels var-
ied between zero and 60 eels per year and for each
lake (Table 3). The number of recaptured eels
stocked as glass eels increased with time and length
over the study period (Table 3). In contrast, the num-
ber of recaptured eels stocked as farm eels slightly
decreased over the study period.

The mean L7 of glass eels from the first stocking
batch increased continuously and ranged from 186 to
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311 mm 5 and 6 years after stocking in all lakes
(Fig. 1). In contrast, the farm eels showed uneven
growth. In some lakes (e.g., Lake Réahdensee, Lake
Schlof3see), the mean increase in Ly was zero or neg-
ligible in the first year. In contrast, farm eels
increased their mean Ly continuously in other lakes
(e.g., Lake Godnasee and Grofer See). After 5 and
6 years of stocking, the mean L; of farm eels from
the first stocking batch ranged from 179 to 347 mm
(Fig. 1). Mean Ly of glass and farm eels differed sig-
nificantly in all lakes at stocking time (Table 2,
U-test, d.f. 1, P < 0.001). Three years after stocking,
however, mean Ly of eels of the first stocking batch
did not differ significantly between the two stocking
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groups in three of the lakes (Fig. 1, U-test, d.f. 1,
P > 0.05). Five and six years after stocking, mean Lt
of eels of the first stocking batch did not differ signif-
icantly between the two stocking groups in four of
the lakes (Fig. 1, U-test, d.f. 1, P > 0.05). Eels of the
second stocking batch showed the same decreasing
difference in mean Lt with increasing age. Three
years after stocking, however, mean Ly of eels dif-
fered significantly between the two stocking groups
in all lakes (Fig. 1, U-test, d.f. 1, P <0.05). This
was in contrast to the eels of the first stocking batch,
which had a lower mean length at stocking time com-
pared with stocked farm eels of the second stocking
batch (Table 2).
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Fig. 1. Mean + SD total length (Lt) of Anguilla anguilla (A first, A second, stocked as glass eels and O first, m second, stocked as farm
eels) in (a), Lake Godnasee; (b), Lake Gornsee; (c), Lake GroBer See; (d), Lake Rahdensee; and (e), Lake SchloBsee in the first years after
stocking. Note that in each year, measurements were taken at identical dates; the y-axis scale between lakes differs, and in some lakes for

some years, only one or two eels were recaptured.
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Table 4. Number of stocked eels recaptured (recapture rate 1) and marked with a visible implant elastomer tag (VIE), recaptured with a VIE mark by the last
fishing occasions and recapture rates (recapture rate 2) by the mark-recapture experiment in the five lakes in the Federal State of Brandenburg in 2010.

Number
Stocking Number marked Recapture recaptured Recapture
Stocking form Lake event with VIE rate 1 (%) with VIE rate 2 (%)
Glass eels Godnasee 1st 109 3 10 9
2st 134 2 2 1
Gornsee 1st 123 2 4 3
2st 62 1 2 3
GroBer See 1st 55 2 3 5
2st 199 5 16 8
Réhdensee 1st 298 15 8 3
2st 333 12 23 7
SchloBsee 1st 40 2 2 5
2st 57 2 1 2
Farm eels Godnasee 1st 21 4 2 10
2st 22 2 2 9
Gornsee 1st 4 0 0 0
2st 15 1 0 0
GroBer See 1st 9 1 0 0
2st 42 4 2 5
Rahdensee 1st 12 2 1 8
2st 40 5 3 8
SchloBsee 1st 2 0 0 0
2st 9 1 0 0

The number of eels stocked as glass and farm eels
and recaptured and marked with a VIE mark varied
between 40-333 and 242 eels per lake and stocking
batch, respectively (Table 4). Recapture of VIE
marked eels by the last fishing occasion varied
between 1 and 23 glass eels and zero to three farm
eels per lake and stocking batch (Table 4). Estimated
population size of stocked glass eel batches calcu-
lated after Bailey’s (1951, 1952) modification of the
Lincoln—Petersen estimation and with the Schnabel
(1938) estimator was comparable in three of the five
lakes (Table 5). The percentage of eels surviving
showed high variation between lakes ranging from 5
to 45% for glass eels and 8 to 17% for farm eels
3—6 years after stocking (Table 6).

Discussion

The increase in Ly of eels varied within and between
lakes, as reported in other studies (e.g., Moriarty
1987; Vgllestad 1992) and between stocking material
(farm and glass eels) within one lake (Fig. 1). Similar
mean lengths of stocked glass eels were reported by
Andersson et al. (1991) with lengths ranging between
310 and 357 mm in a cooling water effluent area at
the Baltic coast 3 years after stocking. Zero or negli-
gible growth of stocked farm eels as observed in this
study was also observed by Pedersen (2009). While
noting that the glass eels in the farm originated from
a different source to those stocked direct into the
wild, the results show that the growth of stocked
glass eels during the study period was generally fas-

Table 5. Estimated population size of stocked eels with sufficient recapture
rate by the mark-recapture experiment in the lakes in 2010.

Stocking Stocking  Population
form Lake event size SD cv 95% Cl
Glass eels Godnasee  1st 486 123 0.254 242
2st 2233 1083 0.485 2122
Gornsee 1st 664 245 0369 480
2st 393 180 0.459 353
GroBer See  1st 399 166  0.415 325
2st 1311 285 0217 558
Réahdensee  1st 596 133 0.224 261
2st 1249 214 0171 419
SchloBsee  1st 120 49 0.408 96
Farm eels  Godnasee 1st 51 22 0.426 43
2st 103 46 0.443 89
GroBer See  2st 155 69 0.447 136
Réhdensee  2st 120 44 0.365 86

ter than that of farm eels. In four of the five lakes,
the glass eels reached a similar size as the farm eels
after 3—5 years irrespective of their much smaller size
at stocking time. Kruitwagen & Klinge (2012) also
observed higher specific growth rates of glass eels
compared with farm eels stocked in ponds within the
first 6 months after stocking, and Pedersen (2000)
observed a higher growth rate of stocked wild eels
compared with farm eels in a lake. In contrast, a
stocking study in a stream by Bisgaard & Pedersen
(1991) revealed no difference in growth between
stocked farm eels and stream-dwelling wild eels. In
Lake Godnasee, farm eels were stocked 1 year prior
to the glass eels. Thus, an advantage in growth and
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Table 6. Comparison of estimated percentage of surviving individuals of stocked eels (glass eels, farm eels) with Bailey’s (1951, 1952) modification of the
Lincoln—Petersen estimation by the last fishing occasions and with the Schnabel (1938) estimator in the lakes in 2010.

Bailey Schnabel
Stocking form Lake Age in 2010 Population size Survival (%) Population size Survival (%)
Glass eels Godnasee 5 486 16 509 16
4 2233 41
Gornsee 6 664 8 730 9
4 393 9 908 18
GroBer See 5 399 16 371 15
3 1311 32 1201 30
Réhdensee 5 596 32 660 35
3 1249 45 1088 40
SchloBsee 5 120 5 270 12
3 1066 33
Farm eels Godnasee 6 51 11
4 103 8
GroBer See 3 155 17
Réhdensee 3 120 17

survival of the farm eels in an environment without
intraspecific food competition could be assumed.
Despite this potential advantage for the stocked farm
eels, the glass eels stocked 1 year later showed a
higher increase in Lt and reached the body size of
farm eels by the end of the study period (Fig. 1a).
The lower growth of farm eels during the first years
after stocking is in concordance with findings of
Pedersen (2000) and Pedersen (2009). Decreasing
gross energy values and fading interstitial fat reserves
support the assumption that farm-sourced eels
released into natural waters experienced malnutrition
(Simon et al. 2013). Faster growth of glass eels dur-
ing first years after stocking may also be attributed to
smaller initial body size compared with farm-sourced
eels.

The observed percentages of eels surviving 3-—
6 years after stocking were comparable with findings
of De Leo & Gatto (1995). Pedersen (2000), how-
ever, observed after stocking with wild (19 g) and
farm eels (40 g) clearly higher percentages of sur-
vived eels with 55-75% (wild eels) and 42-57%
(farm eels) 7-8 years after stocking. In general, glass
eels can be purchased from the U.K. or France from
December to April but stocking too early would coin-
cide with low water temperatures and very low natu-
ral prey availability. In the present study, glass eels
of excellent quality were purchased and stocked at an
optimal time in spring. This seemed to be an impor-
tant precondition for the good growth and high sur-
vival rate observed. Due to low recapture rates (1—
10%) during the mark—recapture experiment, the pre-
cision of estimates and power of conclusions drawn
are limited. As eels reached a mean body length of
179-347 mm at the end of the study period, results
are restricted to this size class. In addition, experi-
ments were carried out in small lakes and may thus
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have limited explanatory value for large lakes or riv-
ers. As said above, glass eels were stocked at an opti-
mal time in April in the present study. This may not
always be applicable as a standard approach. Avail-
ability of glass eels depends on factors such as the
timing of their arrival at individual EU Member
States’ coasts, natural recruitment, catch quotas and
national approaches towards glass eel fisheries. If
stocking of glass eels is conducted earlier in the year,
for example in January or February, when glass eels
may become available but natural conditions are less
favourable, lower survival rates than obtained in the
present study can be assumed. Consequently, stock-
ing with more expensive farm eels could be an alter-
native option especially for large stocking programs
as it would provide for a better planning of stocking
activities and for stocking during favourable condi-
tions.

The observed differences in growth and survival of
eels stocked as glass and farm eels can possibly be
attributed to a variety of factors such as the quality of
the original glass eels, food adaptation problems of
farm eels after stocking and size grading of farm eels
in the fish farms prior selling and stocking. Farm eels
may need adaptation time to use natural food (Simon
et al. 2013) during which they consume less food
and fewer prey types compared with wild fish as
described by other fish species (Sosiak et al. 1979;
Ersbak & Haase 1983; Sundstrom & Johnsson 2001).
Furthermore, it cannot be excluded that non- or slow-
growing eels were sorted out in the eel farms after
size grading and subsequently sold as stocking mate-
rial. The prime economic interest of the farm compa-
nies focuses on the production of fast-growing eels
for human consumption. Thus, the selling of non- or
slow-growing eels for stocking purposes may be an
additional source of income but it may potentially



impact on the quality of the stocking material. Vari-
ous studies on other fish species indicated that hatch-
ery-reared fish showed substantial weight loss,
declined condition, lower growth and up to 10 times
higher mortality rates compared with wild fish after
stocking (Miller 1954; Sosiak et al. 1979; Ersbak &
Haase 1983; Sundstrom & Johnsson 2001; Sun-
dstrom et al. 2004; Baer 2009). In addition, it can be
assumed that per capita costs for buying farm eels
should generally be substantially higher than for glass
eels even if market for prices for glass eels may vary
between years and countries of first sell.

The success of mark—recapture experiments
depends on the number of fish marked and on the
number of marked fish recaptured and examined
(Robson & Regier 1964; Heimbuch et al. 1990). In
the present study, the number of recaptured eels
stocked as glass eels increased with time, resulting in
a sufficient number for further investigations in four
of the lakes with > 10 eels per lake 3—6 years after
stocking (Table 3). In contrast, the number of recap-
tured eels stocked as farm eels was relatively con-
stant, and sample sizes for further investigations were
low with mostly <10 eels per lake and year within
the first 3 years after stocking. Farm eels were
stocked at approximately four times lower density
compared with the stocked glass eels. Despite the
different stocking intensities, higher recapture rates
(1-15%) of glass eels and lower recapture rates
(0-5%) of farm eels were also observed during the
VIE mark—recapture experiment.

Low sample size reduces the precision of the esti-
mates, and the power of hypothesis tests can be unac-
ceptably low (Heimbuch et al. 1990). Low recapture
rates of marked fish after release, however, are a gen-
eral problem of mark-recapture studies in the field.
Naismith & Knights (1990) observed, in a mark—
recapture experiment with eels (230-720 mm in size)
in a small pond, recapture rates by electro-fishing of
between 20 and 30%. Furthermore, recapturing
stocked glass eels by electro-fishing is difficult
because of the small size of the fish in the first years
after stocking. Generally, the electro-fishing recapture
rate of eels increases with increasing body length
(Naismith & Knights 1990; Lambert et al. 1994), as
also shown in the present study for glass eels. In con-
trast, the recapture rates of farm eels did not increase
with time, probably as a result of the low increase in
body size after stocking.

The present study demonstrated that stocked farm
eels have no general advantage in survival and
growth compared with glass eels after 3-5 years in
small lakes when stocked at an optimal time in
spring. Taking additional losses during the farm per-
iod into account, overall mortality should be lower
when using glass eels for stocking purposes. In addi-
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tion, due to usually higher prices per capita for farm
eels, stocking of glass eels may also be economically
advantageous. However, if glass eels would only be
available for stocking purposes very early in the year,
lower survival rates than obtained in the present study
can be assumed and stocking with relatively more
expensive farm eels could thus be a better option.

Acknowledgements

We wish to thank E. Fladung, P. Wolf, R. Frenzel, F. Weich-
ler, M. Krause, M. Hennicke, E. Dittmann and J. Pufelski for
technical support. We also thank R. Poole and C. P. Millar
for the helpful comments on the manuscript and that they
kindly checked the English. Financial support came from the
FIAF programme of the EU and the Federal Office for Agri-
culture and Food (FKZ 2807HS036). The German legislation
concerning the care and use of laboratory animals was fol-
lowed, and ethical permission for the experiments was given
by the Ministry for Rural Development, Environment and
Consumer Protection of the German Federal State of
Brandenburg.

References

Alcobendas, M., Lecomte, F., Castanet, J., Meunier, F.J. &
Maire, P. 1991. Technique de marquage en masse de civ-
elles (Anguilla anguilla 1.) par balnéation rapide dans le
fluorochrome. Application au marquage a la tetracycline de
500 kg de civelles. Bulletin Francais de la Peche et de la
Pisciculture 321: 43-54.

Andersson, J., Sandstroem, O.M. & Hansen, H.J.M. 1991.
Elver (Anguilla anguilla L.) stockings in a Swedish thermal
effluent recaptures, growth and body condition. Journal of
Applied Ichthyology 7: 78-89.

Baer, J. 2009. Erfahrungswerte zum Freilandbesatz mit
europaischen Welsen (Silurus glanis) aus einer Kreislaufan-
lage. Fischer & Teichwirt 60: 328-330 (in German).

Bailey, N.T.J. 1951. On estimating the size of mobile popula-
tions from recapture data. Biometrika 38: 293-306.

Bailey, N.T.J. 1952. Improvements in the interpretation of
recapture data. Journal of Animal Ecology 21: 120-127.

Bhattacharya, C.G. 1967. A simple method of resolution of a
distribution into Gaussian components. Biometrics 23: 115—
134.

Bisgaard, J. & Pedersen, M.I. 1991. Mortality and growth of
wild and introduced cultured eels (Anguilla anguilla (L.)) in
a Danish stream, with special reference to a new tagging
technique. Dana 9: 57—-69.

Crook, V. 2010. Trade in Anguilla species, with a focus on
recent trade in European Eel A. anguilla. TRAFFIC report
prepared for the European Commission pp. 52.

De Leo, G.A. & Gatto, M. 1995. A size and age-structured
model of the European eel (Anguilla anguilla L.).
Canadian Journal of Fisheries and Aquatic Sciences 52:
1351-1367.

Ersbak, K. & Haase, B.L. 1983. Nutritional deprivation after
stocking as a possible mechanism leading to mortality in
stream-stocked brook trout. North American Journal of Fish-
eries Management 3: 142-151.

47



Simon & Dorner

EU 2007. Council Regulation (EC) No 1100/2007 of 18 Sep-
tember 2007 establishing measures for the recovery of the
stock of European eel. Official Journal of the European
Union L 248: 17-23.

Gayanilo, F., Sparre, P. & Pauly, D. 1995. The FiSAT user’s
guide, FAO computerized information series fisheries, 99,
ICLARM, DIFMAR, Rome.

Heimbuch, D.G., Dunning, D.J., Wilson, H. & Ross, Q.E.
1990. Sample-size determination for mark-recapture-experi-
ments: Hudson River Case Study. American Fisheries Soci-
ety Symposium 7: 684-690.

ICES 2008. Report of the 2007 session of the Joint EIFAC/
ICES Working Group on Eels. Bordeaux, France, 3—7 Sep-
tember 2007. EIFAC Occasional Paper. No. 39. ICES CM
2007/ACFM: 23. Rome, FAO/Copenhagen, pp. 138.

ICES 2009. Report of the 2008 session of the Joint EIFAC/
ICES Working Group on Eels. Leuven, Belgium, 3-9 Sep-
tember 2008. EIFAC Occasional Paper. No. 43. ICES CM
2009/ACOM: 15. Rome, FAO/Copenhagen, pp. 192.

ICES 2010. Report of the 2009 session of the Joint EIFAC/
ICES Working Group on Eels. Goteborg, Sweden, 7-11
September 2009. EIFAC Occasional Paper. No. 45. ICES
CM 2009/ACOM: 15. Rome, FAO/Copenhagen, pp. 117.

Klein-Breteler, J.G.P., Dekker, W. & Lammens, E.H.R.R.
1990. Growth and production of yellow eels and glass eels
in ponds. Internationale Revue der gesamten Hydrobiologie
75: 189-205.

Knights, B. 2003. A review of the possible impacts of long-
term oceanic and climate changes and fishing mortality on
recruitment of Anguillid eels of the Northern Hemisphere.
Science of the total Environment 310: 237-244.

Krebs, C.J. 1999. Ecological methodology. Menlo Park, CA:
Addison-Welsey Longman, Inc, pp. 620.

Kruitwagen, G. & Klinge, M. 2012. Praktijkproeven overle-
ving uitgezette aal, eindrapport. Report by Witteveen+Bos
Consulting Engineers. Project commissioned by Stichting
DUPAN. Deventer, 41 pp. (in Dutch)

Lambert, P., Feunteun, E. & Rigaud, C. 1994. Eel study in
freshwater marshes. First analysis of catch probability
observed during electric fishing operations. Bulletin Francais
de la Peche et de la Pisciculture 335: 111-122.

Lin, Y.-J., Lozys, L., Shiao, J.-C., lizuka, Y. & Tzeng, W.-N.
2007. Growth differences between naturally recruited and
stocked European eel Anguilla anguilla from different habi-
tats in Lithuania. Journal of Fish Biology 71: 1773-1787.

Liibbert, H. 1923. Der Aufstieg von Glasaalen in der Elbe im Jahre
1923. Allgemeine Fischerei-Zeitung 48: 107108 (in German).

Miller, R.B. 1954. Comparative survival of wild and hatchery-
reared cutthroat trout in a stream. Transactions of the Ameri-
can Fisheries Society 83: 120-130.

Moriarty, C. 1987. Factors influencing recruitment of the
Atlantic species of Anguillid eels. American Fisheries Soci-
ety Symposium 1: 483-491.

Moriarty, C. & McCarthy, D. 1982. Eel. In: European Inland
Fisheries Advisory Commission, ed. Report of the Sympo-
sium on stock enhancement in the management of freshwa-
ter Fisheries. EIFAC Technical Paper No. 42. pp. 3-6,

Miiller, H. 1975. Die Aale. Wittenberg, Germany: A. Ziemsen
Verlag, pp. 200 (in German).

48

Naismith, .A. & Knights, B. 1990. Studies of sampling meth-
ods and of techniques for estimating populations of eels,
Anguilla anguilla L. Aquaculture and Fisheries Management
21: 357-363.

Pedersen, M.I. 1998. Recapture rate, growth and sex of
stocked cultured eels Anguilla anguilla (L.). Bulletin Fran-
cais de la Peche et de la Protection des Milieux Aquatiques
71: 153-162.

Pedersen, M.I. 2000. Long-term survival and growth of
stocked eel, Anguilla anguilla (L.), in a small eutrophic lake.
Dana 12: 71-76.

Pedersen, M.I. 2009. Does stocking of Danish lowland
streams with elvers increase European eel populations?
American Fisheries Society Symposium 58: 149-156.

Robson, D.S. & Regier, H.A. 1964. Sample size in Petersen
mark-recapture experiments. Transactions of the American
Fisheries Society 93: 215-226.

Schnabel, Z.E. 1938. The estimation of the total fish popula-
tion of a lake. American Mathematical Monographs 45:
348-368.

Simon, J. & Dorner, H. 2005. Marking the European eel with
oxytetracycline, alizarin red and coded wire tags: an evalua-
tion of methods. Journal of Fish Biology 67: 1486—-1491.

Simon, J. & Dorner, H. 2011. Growth, mortality and tag reten-
tion of small Anguilla anguilla marked with visible implant
elastomer tags and coded wire tags under laboratory condi-
tions. Journal of Applied Ichthyology 27: 94-99.

Simon, J., Dorner, H. & Richter, C. 2009. Growth and mortal-
ity of European glass eel Anguilla anguilla marked with
oxytetracycline and alizarin red. Journal of Fish Biology 74:
289-295.

Simon, J., Dorner, H., Scott, R.D., Schreckenbach, K. &
Knosche, R. 2013. Comparison of growth and condition of
European eels stocked as glass and farm sourced eels in
lakes in the first four years after stocking. Journal of
Applied Ichthyology 29: 323-330.

Sosiak, A.J., Randall, R.G. & McKenzie, J.A. 1979. Feeding
by hatchery-reared and wild Atlantic salmon (Salmo salar)
parr in streams. Journal of the Fisheries Resources Board of
Canada 36: 1408-1412.

Sundstrom, L.F. & Johnsson, J.I. 2001. Experience and
social environment influence the ability of young brown
trout to forage on live novel prey. Animal Behaviour 61:
249-255.

Sundstrom, L.F., Bohlin, T. & Johnsson, J.I. 2004. Density-
dependent growth in hatchery-reared brown trout released
into a natural stream. Journal of Fish Biology 65: 1385—
1391.

Vollestad, L.A. 1992. The geographic variation in age and
length at metamorphosis of maturing European eel: environ-
mental effects and phenotypic plasticity. Journal of Animal
Ecology 61: 41-48.

Walter, E. 1910. Der FluBaal, eine biologische und fischwirts-
chaftliche Monographie. Neudamm, Germany: Verlag J.
Neumann, pp. 346 (in German).

Wickstrom, H. 1984. The Swedish eel stocking programme.
EIFAC Technical Paper 42 (Suppl. 1): 68—83.

Wickstrom, H. 1986. Growth of cultured eels stocked in two
Swedish lakes. Vie et Milieu 36: 273-277.



