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Abstract — The effects of osmolality and accidental urine contamination on spermatozoa velocity and motility were
studied, combined with an examination of the biological characteristics of stripped and testicular sperm. Analysis of
Northern pike sperm showed higher ionic concentrations of Na* (123 + 9 mM), C1~ (127 +7 mM), and K* (35 + 5 mM)
in the seminal fluid of testicular sperm (TS), than in that of stripped sperm (SS): Na* (116 + 9 mM), C1~ (116 + 7 mM)
and K* (25 + 4 mM). Highest osmolality of seminal fluid was observed in TS with a value of 358 + 77 mOsmol kg~!
compared with 273 + 21 mOsmol kg~! for SS and 68 + 36 mOsmol kg~! for urine. A significantly higher spermatozoa
concentration was observed in TS (34 + 5 x 10° ml™") than in SS (23 + 4 x 10° ml™"). Spermatozoa concentration per
male and per kg body weight was 22 + 17 x 10° for TS and 18 + 2 x 10° for SS, respectively. Both TS and SS showed
significantly higher spermatozoa velocities and motilities after dilution in urine than after dillusion in distilled water
during the activity period. In conclusion, the results obtained from the present study provide information on northern
pike sperm physiology that be used to improve sperm management efficiency for this species.
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1 Introduction

The Northern pike (Esox lucius) is a socio-economically
important freshwater species of the northern hemisphere. Cul-
tivated extensively in Europe and Asia since the middle ages,
pike are found in almost every type of freshwater; from cold
deep lakes to warm shallow ponds and muddy rivers (Steinberg
1992). Northern pike are considered to be random spawners
and not nest builders. Males and females become sexually ma-
ture at 2-3 and 3—4 years, respectively (Kouril and Hamackova
1975; Billard et al. 1976), and spawning occurs in the shal-
lows when the water temperature reaches 4—7 °C. The world
aquaculture production of Northern pike was 1389 tonnes in
1995, but this decreased to 302 tonnes in 2004 (FAO 2006),
while world capture production remained constant between
1995 (24 097 t) and 2004 (24 051 t) (FAO 2006).

Little information is available concerning artificial repro-
duction of northern pike on fish farms (Lahnstainer et al.
1998). Pike broodstock, mostly based on single individuals,
is usually caught in lakes or rivers. These fish are then kept
in captivity on fish farms until sexual partners are available,
or else they or their gametes have to be transported to other
fish farms (Billard et al. 1976). The major problem of artificial
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fertilization of the Northern pike is that the amounts of sperm
which can be stripped are limited and often insufficient (due to
premature activation of motility) (Lahnstainer et al. 1998).

Furthermore, few sperm characteristics of Northern pike
have been reported, except for colour consistency, volume of
first or of subsequent stripping (0.1-1.5 ml kg~! fish weight
(BW)), sperm density (14-22 X 10° sperm ml™"), and total
number of sperm per male BW (10-15 x 10° sperm ml™!)
(Ginsburg 1968; Montalembert et al. 1980; Koldras and
Moczarski 1983; Linhart 1984). Linhart (1984) reported a neg-
ative correlation between BW of males and sperm volume. The
percentage of motile sperm was 60-80% and their period of
motility from 60 to 80 s in hatchery water (Ginsburg 1968;
Billard 1978; Koldras and Moczarski 1983; Linhart 1984), but
up to 5 min in Ringer’s solution (Billard 1978).

Sperm and urine are released through a single urogenital
pore in Northern pike, and it has been suggested that variabil-
ity in sperm volume and the capacity of spermatozoa to move
could be strongly affected by urine dilution, which would in-
duce a decline in sperm quality (Billard 1978; Billard and
Marcel 1980). Urine has been shown to induce spontaneous
movement of spermatozoa in common carp (Cyprinus car-
pio) (Perchec et al. 1995; Poupard et al. 1998), European
catfish (Silurus glanis) (Linhart et al. 1987; 2004), turbot
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(Psetta maxima) (Dreanno et al. 1998), rainbow trout (On-
corynchus mykiss) (Glogowski et al. 2000) and tench (7inca
tinca) (Linhart et al. 2003; Rodina et al. 2004). Any contam-
ination with urine or external water (more information see
Cosson 2004) that could induce premature activation of sper-
matozoa motility must therefore be avoided.

The aim of the present study was to investigate: (i) the go-
nadosomatic index, sperm volume and spermatozoa concentra-
tion in Northern pike (ii) the ionic composition and osmolality
of stripped and testicular sperm and urine, and (iii) the effects
of osmolality and urine contamination on spermatozoa motil-
ity and velocity.

2 Materials and methods
2.1 Broodstock and sperm and urine collections

During the spawning season, locally from mid-March to
mid-May, 37 mature male pike (mean total length 613 mm)
were caught in large natural ponds (<20 ha area) in the
Hluboka nad Vltavou locality, South Bohemia. They were held
in earthen ponds (0.01 ha area) and kept separate from any fe-
males. Three days before stripping, the males were transferred
to 4 m3 hatchery tanks with a water flow rate of 0.2 L s~! water
temperature of 89 °C and O, concentration of 6-7 mg L™ O,.
Standard length (BL), total body length (TL) and weight of
each male were recorded before stripping. Spermiation was
not hormonally stimulated. Sperm was obtained by abdominal
massage (stripped sperm) and collected directly into 5 ml sy-
ringes, taking special care to avoid contamination with urine,
mucus or faeces. After stripping, males were killed by decap-
itation, and the testes removed and cleaned. The gonadoso-
matic index (GSI) was calculated as: gonad weight after strip-
ping/fish weight x 100. The testes were then cut into slices
of about 0.5 cm and squeezed through a 150 gm mesh to col-
lect 1.5-2 ml of testicular sperm per individual in Eppendorf
tubes. The time lapse from collection of sperm to analyses was
30 min. Both stripped (SS) and testicular sperm (TS) samples
were kept on ice until analysis. Urine was collected from the
urinary bladder with a Luer syringe fitted with a size 2 needle.

2.2 Evaluation of sperm volume and concentration

Sperm volume and spermatozoa concentration were
recorded for all 37 males and expressed in ml and num-
bers of spermatozoa per ml (x10° spz ml~'), respectively.
To determine spermatozoa concentration, samples were fixed
in a 2% solution of formaldehyde (diluted in physiological
saline) using a sperm:fixative ratio of 1:1000. Spermatozoa
concentration was measured, after additional dilution, in a
Burker haemocytometer at X400. The mean number of sper-
matozoa was counted per 16 squares of the Burker cell, and
concentration calculated as follows:
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where a: side of square (mm), b: depth of square (mm), N:
number of square, n: number of spermatozoa per square; V;:
volume of sperm (mm?), V,: volume of physiological saline
solution with formaldehyde (mm?), V3: total volume of predi-
luted sperm (mm?), Vy4: volume of additional diluent (mm?).

Sperm volume per male and number of spermatozoa per
male, volume of sperm per kg of male body weight (BW) and
number of spermatozoa per kg of male BW were expressed
as billions (10%) spermatozoa per male and spermatozoa (10%
per kg of BW respectively, according to methods described by
Caille et al. (2006).

2.3 Measurement of osmolality and ionic composition

Ionic composition (Na*, K*, Ca** and Mg?*) and osmo-
lality were measured for both urine and seminal fluid. To sep-
arate the seminal fluid, sperm was centrifuged at 2200 g for
5 min at 20 °C and the supernatant carefully removed. Os-
molality was measured using a Vapour Pressure Osmometer
(Wescor, USA) and expressed in mOsmol kg~!. Tonic com-
positions were measured with a flame spectrometer SpectrAA
640 (Varian Techtron, Australia).

2.4 Observation and evaluation of spermatozoa
motility

To determine the effect of urine on spermatozoa motil-
ity, both SS and TS sperm were activated in urine or in dis-
tilled water. Sperm (0.5 ul) was mixed on a glass slide with
a 49.6 ul drop of either urine or distilled water, to which
0.1% BSA (Bovine Serum Albumin) was added to prevent
spermatozoa heads from sticking to the glass slide. Motility
was observed and recorded immediately after dilution until
2 min post-activation using a CCD video camera (Sony, SSC-
DC50AP) mounted on a dark-field microscope (Olympus BX
50) with the focal plane positioned close to the glass slide
surface and illuminated with a stroboscopic lamp (Chadwick-
Helmut, 9630, USA) set to a flash frequency of 50 Hz. Video
records were made with a S-VHS (Sony, SVO-9500 MDP)
video recorder at 25 frames s~!. The positions of the sperma-
tozoa heads were measured from 5 consecutive video frames
at 15, 30, 45 and 60 s post-activation and then analyzed using
Micro-image software (version 4.0.1. for Windows with a spe-
cial macro created by Olympus, Czech Republic). The percent-
age of motile spermatozoa and their velocity were estimated
by viewing the position of each spermatozoon head in the five
frames using three different colours (frame 1 — blue; frames
2-4 — green; and frame 5 — red), allowing measurement of the
distance covered by each head. Thirty to 40 spermatozoa were
measured per frame. Any spermatozoa that had moved were
visible as a three colour trace, while non-motile spermatozoa
appeared as a white spot. The percentage of motile sperma-
tozoa was calculated from the numbers of white (non-motile)
and red cells (motile). Spermatozoa velocity was calculated in
um s~! based on the length of the spermatozoa traces from
blue to green and red heads, calibrated for the magnification.
At least 20 spermatozoa were measured in this way.
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Table 1. Descriptive statistics of male Northern pike (n = 37) and
summary of all tested parameters. Data are expressed as means; SD:
standard deviation; SS: Stripped sperm; TS: testicular sperm; GSI:
gonadosomatic index; TL: total length; BL: standard length; BW: fish
weight; Min-Max: data range.

Parameters Abbrev. Mean SD Min-Max
Fish length (mm) TL 613 53  550-709
BL 540 39 440-645
Fish weight (g) BW 1547 467 880-2600
Testis weight (g) 35 5  6.6-61.7
GSI (%) 20 0.6 0.64.1
Sperm volume (ml) 1.2 0.8 0.1-3.5
Urine volume (ml) 05 05 0.1-1.6
Spermatozoa SS 23 4 15.6-294
concentration (10° ml™") TS 34 5 219427
Osmolality SS 273 22 204-314
(mOsmol kg™!) TS 358 77  288-596
Urine 68 36 27-191
Number of
Spermatozoa per male (10°) 22 17 8-26
Number of
Spermatozoa (10° kg~! BW) 18 2 5-19

2.5 Data analysis

Assessments of percentage spermatozoa motility and ve-
locity were replicated three times per male and time of obser-
vation after sperm activation.

Before statistical comparisons were made of the tested pa-
rameters, the residuals were checked for normality (Pearson
normality test) and homogeneity (Bartlett test), and data were
log-transformed when necessary. Data were compared using
two-way ANOVAs at each post-activation measurement time,
with type of sperm and activation medium as factors. A three
factor MANOVA was also used, with time post activation as a
third factor.

Finally, a stepwise multiple linear regression model was
used to describe relationships between the sperm motility pa-
rameters (spermatozoa velocity and percentage motile sper-
matozoa) as dependent variables and seven independent vari-
ables: fish length (BL), spermatozoa concentration, seminal
plasma ion concentrations (Na*, CI~, K, Ca*") and osmolal-
ity (mOsmol). All analyses were performed at a significance
level of 0.05 using STATISTICA 4.0 software for Windows.

3 Results

3.1 Sperm volume and spermatozoa concentration
and body parameters

Descriptive data on all measured parameters are presented
in Table 1. Large variations were observed in testis weight,
GSI, sperm volume, testicular spermatozoa concentration and
stripped spermatozoa concentration. Significant correlations
found between spermatozoa parameters and body or ionic
parameters are shown in Table 2.

3.2 lonic composition and osmolality of the seminal
fluid and urine

Significant differences were found in osmolality and ionic
composition of seminal fluid among SS, TS and urine. The
Na* (123 + 9 mM), CI~ (127 + 7 mM) and K* (35 + 5 mM)
concentrations in the seminal fluid of the TS were significantly
higher than in the seminal fluid of SS: Na*™ (116 + 9 mM), C1~
(116 + 7 mM) and K* (25 + 4 mM). Both SS and TS showed
higher (p < 0.05) concentrations than the urine: Na* (42 +
28 mM), CI~ (35 +22 mM) and K* (6 + 4 mM). No significant
differences were observed in Ca 2*, measured as 1 +0.2 mM in
SS, 1.1 0.3 mM in TS and 1.6 £ 0.9 mM in urine. Significant
differences in mean osmolality were observed between urine
and seminal fluid of SS and TS: 68 + 35,273 + 21 and 358 +
77 mOsmol kg~!, respectively (Table 1).

3.3 Spermatozoa motility and velocity

Motility of stripped spermatozoa ranged from 59% to 91%
at 15 s post-activation. Both TS and SS showed a higher per-
centage of motile spermatozoa during the swimming period af-
ter dilution in urine, compared with dilution in distilled water
(p < 0.05). There was no significant difference in percentage
of motile spermatozoa between SS and TS after dilution in the
same activation medium (distilled water or urine). Spermato-
zoa exhibited a longer period of motility after dilution in urine
(up to 3 min) than in distilled water (up to 60 s). Less than 10%
of spermatozoa were motile at 60 s post-activation (p < 0.05)
overall, but in TS activated by urine more than 20% of sperm
were motile (Fig. 1A).

The mean velocities of SS and TS spermatozoa activated in
distilled water were 163+40 and 173+39 um s7L, respectively,
at 15 s post-activation. Both TS and SS showed higher sper-
matozoa velocity after dilution in urine than in distilled water
(p < 0.05, Fig. 1B). In both TS and SS, velocity rapidly de-
creased with time post-activation.

Correlations derived from stepwise multiple regression
analysis of spermatozoa velocity and motility with indepen-
dent variables (BW, testis weight, Na* and C1™) are presented
in Table 2.

4 Discussion

Two methods of sperm collection are used in the artificial
reproduction of Northern pike. Most often, males are sacrificed
to obtain testicular sperm to inseminate ovulated eggs (Billard
et al. 1976; Montalembert et al. 1978a,b; Lahnsteiner et al.
1998). Sacrificing males leads to depletion of captive stock,
and wild stock populations have also been reduced in recent
years. The other method used is direct stripping of sperm by
abdominal massage (Billard et al. 1980). The main disadvan-
tages of this second technique are that only small volumes of
sperm can usually be collected and these may be contaminated
with urine.

The mean volume of sperm collected per fish was 1.2 +
0.8 ml, which is higher than that obtained by Linhart (1984). In
contrast, the higher standard deviation observed in the present
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Fig. 1. Effect of two different activation media (w: distilled water + BSA and u: urine) on duration of sperm motility (A) and on sperm velocity
(B) of Northern pike stripped (SS) and testicular (TS) sperm in relation to time post-activation. The different superscripts indicate significant
differences (p < 0.05) between groups of SS and between groups of TS activated by the different solutions.

Table 2. Significant correlations of spermatozoa parameters with fish
size and ionic parameters. BW: fish weight, BL: standard length.
* p < 0.0001.

Tested parameters Correlation
(r)

Sperm velocity: BW 0.815%
Sperm velocity: Na* 0.366*
Sperm velocity:Cl~ 0.382*
Sperm motility: BW 0.677*
Sperm motility: C1~ 0.381*
Testis weight: BW 0.691*

Testis weight: BL 0.691*

study showed that the quantity of stripped sperm that can be
collected is very variable in Northern pike, possibly due to ac-
cidental dilution by urine. The concentration of stripped sperm
was 30-40% lower than that of testicular sperm.

Highly significant differences were observed in Na*, CI~
and K* concentrations among stripped sperm, testicular sperm

and urine. This leads to the conclusion that osmolality is a
regulatory factor that triggers pike spermatozoa motility; in a
similar way as in many freshwater fish species, but in contrast
to sturgeon and salmonids where K* concentration plays an
important regulatory role (Linhart et al. 1995; Cosson 2004).
Furthermore, the ionic composition of the seminal plasma of
Northern pike was seen to be different from that of most other
teleosts (Linhart et al. 1991; Alavi and Cosson 2006), with pro-
portions of Na*, K*, and Ca2* in seminal fluid of SS and TS
recorded as 116:35:1 and 122:35:1, respectively. On the other
hand, similar concentrations of Na* and K* ions were reported
for muskellunge Esox masquinongy (Lin et al. 1996). Finally,
significant differences were observed in the level of K* in the
seminal fluid compared to urine, but multifactorial analysis did
not reveal a significant correlation between K* concentration
and either sperm motility or velocity.

In general, pike spermatozoa (both SS and TS) were ac-
tivated immediately and 59 to 91% became motile: a result
that agrees with previous observations (Billard 1978; Mon-
talembert et al. 1980; Linhart 1984). The velocity of SS and
TS activated by distilled water or urine ranged from 163 to
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173 + 39 um s~! immediately post-activation, which is faster
than in carp (Perchec et al. 1995), tench (Rodina et al. 2004)
or paddlefish (Linhart et al. 2003).

From the comparison of swimming behaviour of pike sper-
matozoa in distilled water with that in urine, it appears that
sperm are affected mainly by exposure to an osmolality lower
than the seminal fluid. Activation in distilled water is less ef-
fective than in urine because the osmolality is even lower. Af-
ter a short period (15 s) in distilled water, blebs are observed
along the flagellum, which forms correct and efficient waves
that propagate along its length. Later in the motility phase
(30 s), the tip of flagellum curls and presents a loop, which
shortens the efficient part of the flagellum and restricts the
waves to 1/4 or 1/5 of the flagellar length (Linhart unpub-
lished). These effects were not detected in the flagella of sperm
induced to swim in urine.

During the earliest post-activation period (15 s), the ve-
locity of pike spermatozoa reached 120-180 um s~!, but this
gradually declined to 20-100 um s~! by 30 s, effectively limit-
ing efficient progression. Interestingly, the sperm activated by
urine occasionally swam for up to 3 min. Similar behaviour
was previously noted in studies with common carp (Perchec
et al. 1995), bullhead, Cottus gobio (Lahnsteiner et al. 1997),
perch, Perca fluviatilis (Lahnsteiner et al. 1995), European tur-
bot Psetta maxima (Dreanno et al. 1998), turbot, Scophthal-
mus maximus (Chauvaud et al. 1995), tilapia, Oreochromis
mossambicus (Linhart et al. 1999), several sturgeon species
and paddlefish Polyodon spathula (Cosson et al. 2000; Linhart
et al. 2002).

In most fish species, contamination of sperm by urine dur-
ing stripping is difficult to avoid due to the proximity of the
sperm duct and ureter (Dietrich et al. 2005). Sperm contamina-
tion by urine was also observed in the present study on North-
ern pike. The pike urinary bladder presented a volume (0.5 ml)
similar to that observed in tench (Linhart et al. 2003) and in
tilapia (Linhart et al. 1999). Urine contamination means that
sperm samples cannot be stored, even on a short-term basis,
except when they are collected in an immobilizing solution.

The problem of sperm contamination by urine has also
been addressed in studies with European catfish (Linhart et al.
2004), tench (Rodina et al. 2004), asp (Linhart and Benesovsky
1991) and catfish Pangasius bocourti (Cacot et al. 2003). All
studies confirmed that the osmolality of the urine triggers the
initiation of sperm motility, but that an immobilizing solu-
tion with osmolality similar or higher than that of the seminal
plasma could protect the sperm from such risks of activation.
This implies that the composition of the immobilizing solu-
tion needs to be adjusted according to the composition of the
seminal plasma (Cacot et al. 2003; Linhart et al. 2004; Rodina
et al. 2004). In most freshwater species, where a hypo-osmotic
shock induces sperm motility, osmolality of urine lower than
that of the seminal plasma is the main explanation for motility
triggering of sperm in urine.

The osmolality observed in the present study was similar
to that in other freshwater fish species, such as common carp,
tilapia, European catfish, Silurus glanis, and tench, at 18, 78,
50 and 85 mOsmol kg™!, respectively (Poupard et al. 1998;
Linhart et al. 1999, 2003, 2004). The osmolality of urine also
shows also some differences among species: 68 in Northern

pike, 18 in common carp, 78 in tilapia Oreochromis mosam-
bicus, 50 in European catfish and 85 mOsmol kg‘1 in tench
(Poupard et al. 1998; Linhart et al. 1999, 2003, 2004).

5 Conclusion

Based on the present study we can conclude that (1) in
Northern pike osmolality is a regulatory factor for triggering
spermatozoa motility and a key factor in spermatozoa activa-
tion, and (2) the differences in ionic composition may have
implications for the development of an immobilization solu-
tion for Northern pike sperm and its cryopreservation.
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