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Abstract Three groups (wild—WS, semi-pond—SPS, and pond-cultured—PS) of ide
Leuciscus idus (L.) were examined. Each group consisted of 30 females and 10 males, aged
5-8 years. All groups were stimulated with two agents: carp pituitary homogenate (CPH)
and a synthetic hormonal preparation Ovopel. The amount of ovulating females decreased
in conjunction with females’ domestication level, mainly because of very low efficacy of
CPH for pond-reared ide stimulation. The percentage of ovulating females stimulated with
Ovopel (97.0 %) was significantly higher comparing to CPH (63.0 %). No significant
differences were found in latency time between the groups but spawning synchronization
increased in conjunction with ide domestication. The positive correlation between
domestication level and latency time, i.e., the higher the domestication level, the higher the
latency time, was stated. No significant differences were found in PGSI as well as in total
volume of obtained eggs, but groups differed significantly in the number of dry eggs and in
number of swollen egg. Significant negative correlation between domestication level and
number of swollen eggs, i.e., the higher the domestication level, the lower the number of
eggs, was detected. The survival rate at the eyed stage was the highest in WS group
(60.4 %) and PS group (57.7 %), and was significantly higher than in SPS group (51.8 %).
Eggs obtained after CPH stimulation had higher survival rate at the eyed-egg stage
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(60.3 %) than eggs obtained from the fish stimulated with Ovopel (53.0 %). The data
suggest that some form of domestication appeared in ide cultivated for several generations
in carp pond.

Keywords Aquaculture - Controlled reproduction - Fish domestication -
Hormonal treatment - Ide

Introduction

Rapid advancement in human civilization, particularly in the nineteenth and twentieth
centuries, caused serious alterations and damage to the natural environment, especially in
fish communities inhabiting river ecosystems. This statement refers not only to large
migratory fish of Acipenseridae (Gershanovich and Burtsev 1993; Ivanov and Maznik
1997) or Salmonidae families (Solomon et al. 1999; Wisniewolski 2002; Thorstad et al.
2008) but also to smaller and ‘non-migrating’ species like reophilic cyprinids (Lelek 1987;
Lusk 1995; Fredrich 2003; Winter and Fredrich 2003). Ide Leuciscus idus (L.) is one of the
large fluvial cyprinids, widely distributed in Europe, especially in rivers lower reaches. For
many years, this species was very common or even dominant and had great economic
importance in Central and Easter Europe (Witkowski et al. 1997). Now, its ecological
status is recognized as ‘vulnerable to endangered’ (Lelek 1987; Schiemer and Spindler
1989; Lusk et al. 2004) and thus wild populations need preservation and strengthen.
Restocking is one of the most important and popular ways of enhancing fish populations
for both fisheries and ecological purposes (Cowx 1994; Bolland et al. 2008). Such pro-
grams, however, require numerous and genetically diversified broodstock herds (Philippart
et al. 1989; Willot et al. 1997; Pelczarski 1998). In case of fluvial cyprinids, three methods
are applied for acquiring broodstock. First, ready-to-spawn wild fish is caught on spawning
grounds and directly stripped ‘in situ’ (Penaz 1974; Mills 1980) or transported to hatcheries
where hormone stimulation is used for egg acquisition (Kaukoranta and Pennanen 1988;
Kamerat and Wiistemann 1994; Kupren et al. 2008). Second, wild matured fish are caught
out-of-reproduction season and kept in enclosure until the next spawning (Hochman 1959;
Zarski et al. 2008). Third, spawning herds are cultivated from larvae in ponds (Ciesla et al.
2000; Zarski et al. 2009) or tanks (Targonska-Dietrich et al. 2004; Kujawa et al. 2000).
Originally, carp pituitary homogenate (CPH) was used for artificial ide reproduction
(Kucharczyk et al. 1999; Ciesla et al. 2000); however, since late 90s, alternative agents,
such as human chorionic gonadotrophin (hCG) (Kucharczyk et al. 1999), synthetic hor-
monal preparations containing LH-RH-a or GnRH analogues with dopamine antagonist,
like Ovopel or Ovaprim, have been implemented in hatchery practice (Targonska-Dietrich
et al. 2004; Jamréz et al. 2008; Kayim et al. 2010; Cejko et al. 2012).

Broodstock strains grown and matured in different environmental conditions or stim-
ulated with different hormonal preparations may significantly differ in reproduction
effectiveness and reproductive parameters between Brooks et al. (1997); Shimada et al.
(2007); Krejszeff et al. (2009); Kujawa et al. (2011); Kfist’an et al. (2012). This is also true
even in the case of species that are a long-term object of aquaculture and cultivation such
as carp (Brzuska 2000). The aim of this paper is to show differences in reproductive
parameters of ide females raised in different environments before artificial stripping and
stimulation with carp pituitary homogenate or Ovopel.
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Materials and methods

The experiment was carried out at ‘baki Jaktorowskie’ Fisheries Research Station
(52°6'20.45"N, 20°31'40.9"E), belonging to the Warsaw University of Life Sciences—
SGGW, Poland, from 1998 to 2012. Three groups of ide females were studied during the
experiment. Each group consisted of 30 females and 10 males, aged 5-8 years. The first
group consisted of wild fish (wild strain—WS group, F, generation), obtained in 1998 from
natural spawning grounds by electrofishing in Narew River near the northeastern town of
Ostroleka in Poland. Fish were transported to the hatchery at the Department of Ichthy-
obiology and Fisheries, Warsaw University of Life Sciences in 1,200-1 isothermal plastic
tank with oxygenated water. For transportation purposes, fish were sedated with 2-phen-
oxyethanol (0.02 ml dm ™). Fish were stimulated immediately upon arrival at the hatch-
ery. The second group (semi-pond strain—SPS group) consisted of 1 4+ to 3 4 ide
juveniles obtained in 1998 during wild broodstock harvesting. These fish, totaling 200
individuals, were placed in ponds and reared for several years in polyculture with carp. The
third group (pond strain—PS group) consisted of ide broodstocks reared from larvae in
carp ponds. These fish were the third offspring generation (Fs) of wild broodstocks
obtained in 1998. Broodstock of males and females were kept separately in RAS unit
equipped with six 2.0 x 2.0 x 0.7 m plastic tanks, biofilters, UV lamps, hitting, oxy-
genating, and aerating systems. Natural daylight regime was maintained and stimulation
with water temperature was performed according to Ciesla et al. (2000). Prior to all
manipulations, brood fish were anesthetized with 2-phenoxyethanol at the dose of
0.2-0.25 ml dm™* of water. Measurements of fish were taken at the beginning of the
reproduction procedure. Total length was measured to the nearest 1 mm, and the body
weight was calculated electronically to nearest 0.1 g. The age of wild fish was calculated
by way of studying the annual growth rings present in the scales. Each group of females
was divided in two subgroups (n = 15) and stimulated with one of the hormonal agents.
Subgroup 1 was injected with carp pituitary homogenate (CPH) (Argent, USA) intraper-
itoneally, under the left pectoral fin, in two injections. The first injection was 0.2 mg kg
BW™! and the second was 0.6 mg kg BW™! (total 0.8 mg kg BW™') at 12-h intervals
(Ciesla et al. 2000). Subgroup 2 was stimulated with Ovopel (Unic-trade, Hungary) con-
taining mammalian GnRH analogue (D-ala®, Pro’Net-mGnRH) and metoclopramide as a
dopamine antagonist. This hormonal preparation was administered in one dose, 2 pellets kg
BW™! intraperitoneally under the left pectoral fin. Prior to administration, pituitary and
Ovopel were homogenized in a mortar and dissolved in 0.9 % NaCl solution. Signs of
ovulation were first checked at 16 h after hormone injection and subsequently at 2-h
intervals.

Spawn from each female was collected separately into calibrated plastic barrels. The
volume of eggs was determined to the nearest 2 ml. Mass of eggs was calculated elec-
tronically to nearest 0.1 g. An insulin syringe was used to withdraw 10 x 0.1 ml samples
of unfertilized eggs from each female’s spawn to calculate the number of eggs in a 1 ml of
‘dry eggs’ volume. Percentage of ovulating females, latency time, pseudogonadosomatic
index (PGSI) (Krejszeff et al. 2010), and post-management broodstock survival were
recorded. Males were stimulated with half dose of the same hormonal preparations as used
to stimulate the females. Sperm was collected using plastic syringes. Spermatozoa motility
was not estimated.

Spawn from all females from each group was collected in plastic bowls and mixed with
pooled sperm obtained from a minimum of six males of the same fish strain as females and
fertilized using ‘dry method.” Voynarovich solution was used for eggs rinsing. Ten
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samples, 100 of rinsed eggs each, were randomly taken to evaluate egg survival at the
eyed-egg stage for each strain and group of females. Samples were placed in 250-ml net-
made baskets and incubated at 15 & 0.5 °C (Florez 1972; Ciesla et al. 2000) in RAS unit
designed for large-scale ide spawn incubation in jars. To calculate the number of rinsed
eggs in 1 ml, ten samples of rinsed eggs—1 ml each—were counted for each strain and
subgroup of females. Samples were taken from Weiss jars at the end of egg-hardening
process approximately 2 h after eggs rinsing and beginning of the incubation.

Statistical analysis was conducted with the use of two-way ANOVA, and Tukey’s
method of multiple comparisons of means was used to calculate differences in hormonal
preparation efficiency in each female strain and to calculate the influence of the female’s
origin on reproductive parameters. Relationships between examined traits were evaluated
with Pearson’s correlation coefficient. The analyses for percentage rates, i.e., embryos
survival to eyed-egg stage, were conducted on arcsine transformed data. The correlations
between strains (WS = 0, SPS = 1, and PS = 2) and reproductive parameters were cal-
culated to detect the level of ide domestication. The analyses were performed in Statistical
7 (StatSoft). For all analyses, the probability level was set at P = 0.05.

Results

Ide females used for the experiments did not differ statistically in total length and body
weight (Table 1). The shortest (365.5 &= 32.4 mm) and the longest (386.5 £+ 16.8 mm)
females were recorded in the PS group stimulated with Ovopel and with CPH, respectively.
The smallest (639.8 + 162.2 g ind™") were fish from the PS group stimulated with CPH,
and the largest (780.0 & 106.3 g ind™") were females from WS group stimulated with
Ovopel.

The highest percentage of ovulating females was recorded in WS group (98 %), while
in PS group it amounted to 62 % only, mostly because of decreasing efficacy of CPH in
conjunction with ide domestication (Table 1). Natural hormonal preparation, CPH,
induced ovulation in 95 % of the WS group, but only 33 % in the PS group. Stimulation
with Ovopel induced ovulation in 90-100 % of all groups of ide females (Table 1). As a
result, average percentage of ovulating females was 63.0 % for CPH and 97.0 % for
Ovopel.

Slight differences in latency time were observed between female groups but these
differences were not statistically significant (Table 1, ANOVA, P > 0.05). However,
calculated correlation showed significant positive correlation between domestication level
and latency time, i.e., the higher the domestication level, the higher the latency time
(Table 3, r = 0.37, P < 0.05). Generally, there were no significant differences in latency
time between stimulating agents, except from WS, where stimulation with CPH resulted in
statistically significantly higher latency time comparing to Ovopel (Table 1, ANOVA,
P < 0.05). No differences were found in PGSI between ide female strains (Table 1,
ANOVA, P > 0.05). But fish from WS and SPS groups stimulated with CPH delivered
approximately 2—-3 % lower amount of spawn, compared to Ovopel-stimulated fish. In the
PS group, a reversed tendency was observed, PGSI of females stimulated with CPH was
2.9 % higher compared to Ovopel-stimulated fish. Ovopel caused serious looses in
broodstock by the end of the season. Unfortunately, this parameter was not recorded at the
beginning of the experiment for wild stock of females. Average survival rate for females
from SPS and PS groups stimulated with CPH was 95 %, while for fish injected with
Ovopel, the survival rate was only 42.5 % (Table 1).
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There were no statistically significant differences in the volume of obtained eggs,
although the differences between mean values for the groups were quite large, especially
when considering stimulating agent (Table 2, ANOVA, P > 0.05). For example, in WS
group, almost 120 ml of spawn was obtained from one female after stimulation with CPH
compared to 160 ml recovered from Ovopel-stimulated fish.

Significant differences were recorded in the number of dry eggs in 1 ml of spawn
between the strains of ide’s females, all groups differed statistically significantly (Table 2,
ANOVA, P < 0.05). The type of hormonal preparation significantly influenced also the
number of dry eggs in 1 ml of unswollen spawn (Table 2). Differences were higher in case
of WS and SPS groups of fish. Surprisingly, the highest and the lowest number of eggs
were obtained in the same SPS group of females (Table 2). The difference was as high as
130 eggs per ml~"' of spawn. In the PS group of ide females, this difference was tenfold
smaller, 14 eggs per ml~" of spawn, but still statistically significant.

All groups differed statistically significantly in number of swollen eggs in volume unit
(Table 2, ANOVA, P < 0.05). The highest amount of swollen eggs, 109 pcs in 1 ml of
rinsed spawn, was recorded in the WS group stimulated with CPH, while the lowest,
85 pes in 1 ml, was recorded in the SPS group stimulated with Ovopel. Significant neg-
ative correlation between domestication level and the number of swollen eggs in a volume
unit, i.e., the higher the domestication level, the lower the amount of swollen eggs, was
detected (Table 3, r = —0.45, P < 0.05). Stimulating agent had also statistically signifi-
cant influence on the number of swollen eggs (Table 2, ANOVA, P < 0.05); yet, this
difference was very small and insignificant between PS group subgroups (Table 2).

Significant differences were observed between strains of the ide females in spawn
survival to the eyed-egg stage (Table 2). The highest survival rates were recorded in WS
and PS groups, 60.4 and 57.7 % of embryos, respectively. Differences were not significant
between both groups but statistically significant comparing to SPS group (Table 2,
ANOVA, P < 0.05). Survival of eggs obtained from CPH-stimulated fish (60.3 %) was
statistically significantly higher comparing to Ovopel-stimulated ones (53.0 %) (Table 2,

Table 3 Correlations between

domestication level and the Parameter Domestication level
reproductive parameters of ide L.
idus L. females (WS = 0, Female total length —0.018
SPS =1,PS =2) P = 0.890
Female body mass —0.103
P =0434
Latency time 0.3693
P = 0.004
PGSI (%) —0.867
P =0.510
Volume of obtained eggs —0.067
P = 0.609
Number of dry eggs 0.153
P =0.244
Number of swollen eggs —0.448
P = 0.000
Embryos survival to eyed-egg stage —0.115
Significant correlations are in P — 0382

bold (P < 0.05)
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ANOVA, P < 0.05). Between subgroups, the highest differences in the influence of hor-
monal preparations on egg survival at eyed-egg stage were observed in WS and PS group,
and in PS group, this difference was even statistically significant (Table 2, ANOVA,
P < 0.05). In SPS group, embryos survival until eyed-egg stage was approximately 50 %,
difference between stimulating agents did not exceed 2 %, and difference was not statis-
tically significant (Table 2, ANOVA, P > 0.05).

Discussion

Results presented in this paper suggest that long-term rearing in carp ponds may lead to ide
domestication and cause significant differences in females’ reproductive parameters and
their response to hormonal preparations. Average spawning success in WS group of ide
was 98 %, in SPS group it was 80 %, but in PS group 62 % only. Krejszeff et al. 2008,
2010 stated that wild batches of chub L. cephalus (L.) spawn better than cultured stocks,
although ovulation rates for CPH, Ovopel, and hCG preparations were relatively low
(0-36 % only). Kujawa et al. (2011) also noted higher ovulation success in wild tench
Tinca tinca L. than in cultured ones, both after Ovopel or CPH stimulation. In contrast,
Targonska et al. (2011) studying barbel Barbus barbus L. found higher ovulation rate
(80-90 %) in cultured strain, while in wild strain of females ovulation was observed in
0-25 % only. Differences in reproductive parameters between different fish populations
were recorded not only in cyprinids. Kfist’an et al. (2012) analyzed reproduction char-
acteristic for farmed and wild perch Perca fluviatilis L. and reported 92.3 % ovulation rate
in farmed fish and 76.9 % in wild females. Although there were no statistically significant
differences in latency time between ide groups, significant positive correlation between
domestication level and latency time was detected. This result is opposite to other results
obtained for fluvial cyprinids, where negative correlation was usually observed (Krejszeff
et al. 2008, 2010; Targonska et al. 2011). Domesticated strains of ide not only delivered
statistically significantly smaller eggs but also smaller amount of spawn and thus were less
fecund than wild ones. K¥ist’an et al. (2012) report the same phenomenon for perch. Spawn
obtained from wild broodstocks is usually characterized by higher survival rate (Krejszeff
et al. 2008, 2010; Kujawa et al. 2011; Targonska et al. 2011; K¥ist’an et al. 2012). In our
experiment, the highest differences in reproductive parameters (both in ‘+’ and in ‘—’)
were usually observed in SPS group, i.e., fish which were rapidly moved from the river into
carp ponds. Results for wild and pond-cultivated ide, fish ongrowing in different but stable
environments, were usually more close to each other. For example, the difference in spawn
survival till eyed-egg stage was the highest in the wild strain of females; however, com-
paring to pond-reared ide females, this difference was not statistically significant (Table 2).

According to many authors, artificial propagation of cyprinid fish requires stimulation
with natural or synthetic hormone preparations (Horvath et al. 1997; Szabo et al. 2002;
Linhart et al. 2006; Yaron et al. 2009). For ide, representative of the Cyprinidae family,
such stimulation for artificial reproduction also seems to be indispensable (Ciesla et al.
2000; Kucharczyk et al. 2008). Only Targonska-Dietrich et al. (2004) and Krejszeff et al.
(2009) report successful ide spawning without hormonal treatment. In our experiment,
CPH was very effective when used for wild fish stimulation, with almost 100 % ovulating
success. But when used to stimulate ide females cultivated for several years in ponds (PS),
efficacy of this preparation was two or three times lower compared to wild stocks
(Table 1). Kucharczyk et al. (1999) and (Ciesla et al. 2000) also reported very high
percentage of ovulation in wild ide females stimulated with CPH. The use of CPH for the
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stimulation of pond-reared ide females, especially at two doses, resulted in rapid decrease
in its efficacy (CieSla et al. 2012). Lower efficacy of CPH to Ovopel stimulation was
observed in the most domesticated cyprinid species, i.e., carp. Brzuska 2000, 2003 reports
very low efficacy of CPH to Ovopel stimulations in different Polish and Hungarian lines of
carp C. carpio (L.). Kayim et al. (2010 also) stated that CPH, when used for scaly carp
stimulation, is less effective than Ovopel. Described lower efficacy of natural stimulator
(CPH) to artificial stimulating preparations (e.g., Ovopel) in carp and pond-reared ide may
be considered as indirect proof of ide domestication process in conjunction with cultivation
in ponds. CPH usually causes decrease in latency time and makes ovulation more asyn-
chronous (Kucharczyk et al. 1999; Brzuska 2000, 2003, 2006; Kujawa et al. 2011). In our
experiment, after CPH administration, latency time was usually longer, but higher ovu-
lation asynchrony was still observed, especially in WS group. However, spawning syn-
chronization was increased in conjunction with ide ‘domestication’ (Table 1). In contrast
to CPH, Ovopel was very effective in case of inducing ovulation in ide females. Regardless
of the ide broodstocks origin, percentage of ovulating females was nearly 100 %. Szabo
et al. (2002) described the stimulation of wild nase Chondrostoma nasus (L.) females with
mGnRH analogue with domperidone as dopamine antagonist as more effective for ovu-
lation induction than carp pituitary. Kujawa et al. (2011) report 66.7 % of ovulating pond-
reared tench females stimulated with Ovopel and 50.0 % only for wild batch.

Data presented in this paper show that significant differences in reproductive parameters
and hormonal preparations efficacy in ovulation induction and/or changes in reproductive
parameters occurred between ide females in relation to their origin. The question is
whether this is an effect of domestication. Several definitions of fish domestications can be
found. According to Balon (2004), only common carp C. carpio L. and the goldfish
Carrasius auratus (L.) can be recognized now as domesticated species. Both species are
cultivated and kept for human-specific purposes and breeding is fully controlled. Mor-
phology and physiology of cultivated lines of these species are different from wild forms to
such extend that in some cases, they would not survive in nature. But even in case of
‘domesticated” common carp, significant differences were observed during spawning,
when different lines or strains of carp were stimulated with different hormonal preparations
(Brzuska 2000, 2003, 2006). Following Balon’s definition, some similarities between carp
and ide reared for several generations in ponds (F; generation), in the context of domes-
tication, can be found, for example, changes in ide female reproductive parameters,
described in this paper. Ide is now reared on large scale for rivers and reservoirs restocking,
and a growing demand for restocking material of this species is observed in Poland
currently (Ciesla et al. 2000; Kucharczyk et al. 2008). Reproduction is fully controlled and
several different stimulating preparations are successfully used for its artificial propaga-
tion. What is worth underlining is that pond-reared ide broodstock also spawns easily in a
natural way when kept together during the spawning period in one pond. This phenomenon
was never observed in case of wild ides kept in carp ponds. Production of restocking
material based on larvae obtained from spawners reared in aquaculture is much stable and
higher now, than it was several years ago when production was based on wild fish (Wit-
kowski et al. 1997). All this suggests that some form of ide domestication occurs; nev-
ertheless, this process seems to be at its early stage, and talking about ‘domesticated’ ide
would be an overstatement now.

According to Bilio (2007), fish could be recognized as domesticated inter alia when kept
for at least three generations in aquaculture. The PS group of ide females described in the
present article fully fulfill this criterion. Teletchea and Fontaine (2012) suggest that in case
of fish, levels of domestication should be rather taken into consideration than discussion
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whether species is domesticated or still wild. Following their classification, the PS group of
ide should be considered as belonging to ‘domestication level 4,” because whole pro-
duction cycle is closed in captivity, is fully independent of wild broodstocks, but no
breeding programs have been undertaken so far. It seems worthy to underline that the status
of ide in Poland, in general, should be recognized at the level 4 of domestication. Almost
all fish producers in Poland have own, local ide stock herds, reared for several years in carp
ponds. Although precise data are not available, it can be estimated that these are at least
F,_4 or even Fs pond-reared offspring generations.

Fish, unlike any other creature, show enormous environmental plasticity. Particularly,
this is evidenced in the variability of fertility of various strains of the same species found in
different geographical locations (Vgllestad and L’ Abée-Lund 1990; Morita et al. 2009).
(Tables 1, 2). Thus, further scrutiny is required to determine whether the reproductive
changes will have long-lasting effect as a result of domestication or it is just a result of
adaptation to the changing environment.
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