
1  

Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive 
publisher-authenticated version is available on the publisher Web site.  

 
Aquaculture 
January 2022, Volume 547, Pages 737396 (7p.)  
https://doi.org/10.1016/j.aquaculture.2021.737396 
https://archimer.ifremer.fr/doc/00720/83168/ 

Archimer 
https://archimer.ifremer.fr 

Study differentiating fish oocyte developmental stages 
using bioimpedance spectroscopy 

Detrez Eloïse 1, 2, Kerzérho Vincent 1, *, Belhaj Mohamed-Moez 1, Vergnet Alain 2, De Verdal Hugues 3, 4, 
Rouyer Tristan 2, Bonhommeau Sylvain 5, Lamlih Achraf 1, Julien Mohan 1, Ali Fathi Ben 1,  

Renovell Michel 1, Bernard Serge 1, Soulier Fabien 1 

 
1 LIRMM, Univ Montpellier, CNRS, Montpellier, France  
2 IFREMER, Univ Montpellier, MARBEC, Sète, France  
3 CIRAD, UMR ISEM, Montpellier, France  
4 ISEM, Univ Montpellier, CNRS, EPHE, IRD, Montpellier, France  
5 IFREMER/DOI, Le Port, France 

* Corresponding author : Vincent Kerzérho, email address : vincent.kerzerho@lirmm.fr  
 

Abstract :   
 
Fish oocyte development monitoring is a mandatory operation when studying breeding in captivity as well 
as in the wild. In aquaculture, it is required to determine the best fertilization time. In the wild, it helps to 
detect spawning grounds, the distribution of fish species and the interaction between animals and their 
environment. In both settings, the conventional technique for developmental stage identification consists 
of handling the fish for oocyte sampling and sample observation using a binocular zoom head. Such an 
operation is difficult for the operator as well as for the fish. There is a need for repeated anesthesia and 
oocyte sampling, and it relies on operator expertise to identify the developmental stage. In this context, 
this publication proposes, for the first time, to study the potential of bioimpedance measurement as an 
alternative in fish breeding studies. We have set up an experiment combining the in vitro bioimpedance 
measurement of sampled oocytes with the conventional estimation technique for 69 sampled collected 
on farmed European sea bass. The statistical analysis has demonstrated that three of the four main 
developmental stages can be identified using bioimpedance measurement. The integrability of the 
bioimpedance technique with its implantable sensor makes this potential alternative approach very 
promising. Thanks to this sensor it could be possible, for the first time ever, to monitor in vivo the oocyte 
developmental stage in captivity as well as in the wild. 
 
 

Highlights 

► This is the first experiment aiming at measuring fish oocyte bioimpedance. ► Bioimpedance signature 
of European seabass oocytes varies during their developments. ► 3 of the 4 main developmental stages 
can be identified using bioimpedance measurement. ► First result towards device for in vivo monitoring 
fish oocyte development. 
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sea bass. The statistical analysis has demonstrated that three of the four

main developmental stages can be identified using bioimpedance measure-

ment. The integrability of the bioimpedance technique with its implantable

sensor makes this potential alternative approach very promising. Thanks to

this sensor it could be possible, for the first time ever, to monitor in vivo the

oocyte developmental stage in captivity as well as in the wild.

Keywords: bioimpedance, spectroscopy, Dicentrarchus labrax, oocyte8

developmental stages9

1. Introduction10

1.1. Context11

Animal breeding has been a long-standing research topic, one that has12

been explored extensively because of the domestication of farmed animals13

(Lush, 1943). The number of scientific contributions has substantially in-14

creased with industrial farming. Nowadays, two fields are clearly distin-15

guishable – breeding in captivity and breeding in the wild.16

Studies of fish breeding in both captivity and the wild require an under-17

standing and tracking of the oocyte cycle. Monitoring the oocyte cycle is a18

key step in artificial reproduction because it allows the detection of the best19

fertilization times and thus improves the result of artificial insemination of20

farmed animals. Regarding breeding in the wild, tracking oocyte cycles helps21

the detection of spawning grounds, the distribution of fish species, and the22

interaction between animals and their environment (Roth and Kutschera,23

2008).24

In aquaculture, the conventional technique consists of observing an oocyte25
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sample for developmental stage identification. To do so, females are anes-26

thetized and samples are taken from ovaries using a Pipelle before being27

observed using a binocular zoom head (Harvey and Hoar, 1980). The ob-28

servation of the most advanced stage of a sample’s oocyte development is29

used to determine the timing for egg laying. This method is time-consuming30

and constraining for operators. It requires repeated anesthesia, oocyte sam-31

pling and oocyte developmental stage identification for a large number of32

fish. In addition, it relies heavily on the expertise of the operator in charge33

of oocyte developmental stage identification. If the method is not appro-34

priately applied, it can lead to oocyte atresia and disrupt the reproductive35

cycle of the females (Chen, 1977). It is important to note that although the36

oocyte developmental process is well known, determining the average devel-37

opmental stage of ovaries is difficult because of the heterogeneity of oocyte38

development in them. In order to support the artificial reproduction of fish39

and to reduce constraints on both operators and fish, an alternative method40

for oocyte developmental stage monitoring would be very useful. This study41

investigates whether bioimpedance could provide that solution.42

Electrical impedance is a parameter providing a measurement of the op-43

position of a circuit to an electrical current. By extension, impedance can be44

measured on any conductive material and, in particular, on biological tissues45

– which is called bioimpedance. The bioimpedance measurement refers to46

the electrical property of a biological tissue. For measuring bioimpedance,47

an alternating current signal is sent through the tissue, then the induced48

voltage signal is measured (Lamlih, 2018). The intracellular (ICF) and ex-49

tracellular (ECF) (Fig. 1) fluids contain ions. Due to these free ions (mostly50
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Figure 1: a/ biological tissue, b/electrical current flow through biological tissue

at low frequencies (< 100 kHz), c/ electrical current flow through biological

tissue at high frequencies (> 100 kHz)

Na+ and K+), ECF and ICF are considered as electrolytes, which means51

that they have the ability to conduct electric current in the presence of an52

external electrical field. Therefore, the biological tissue can be considered as53

an ionic conductor (Jaffrin and Morel, 2008; Schlebusch et al., 2010). The54

cell membrane is predominately constituted of polar lipids. The bilayer lipid55

membranes (BLM) are responsible for the capacitive nature of cells and by56

extension the biological tissue. It is interesting to observe the frequency de-57

pendency introduced by the cell membrane capacitance. At low frequencies58

(< 100 kHz) the cell membrane acts as an insulator blocking the current from59

penetrating into the intracellular space (Liedtke, 1997; Ivorra, 2002). How-60

ever, at high frequencies (> 100 kHz) the impedance of the cell membrane61

decreases, and the current flows through the extracellular space as well as the62

intracellular space (Liedtke, 1997; Ivorra, 2002). The biological tissue is dis-63

persive because its permittivity and conductivity are functions of frequency.64

This frequency dependency has been identified by Schwan (Schwan, 1957).65

Bioimpedance was first developed for medical purposes, before being used66
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in many veterinary applications. In recent decades, bioimpedance measure-67

ments have been used to monitor the development of the estrous cycle in68

domesticated mammalian species, particularly rats and cows. According to69

the results of these studies, the increase in impedance correlates with the70

proestrus stage (Bartos, 1977; Bartos and Sedlacek, 1977; Taradach, 1982;71

Ramos et al., 2001; Ahmed et al., 2018; Jaramillo et al., 2012). It is impor-72

tant to note that all studies were conducted at a frequency of 1kHz using a73

vaginal probe for the bioimpedance measurements. Bioimpedance use seems74

to be spreading because it has many advantages. It is faster and less restric-75

tive than smear tests, which is the conventional method for oocyte develop-76

ment monitoring (Bartos, 1977; Bartos and Sedlacek, 1977; Taradach, 1982;77

Ramos et al., 2001; Ahmed et al., 2018). Moreover, there is evidence that78

bioimpedance disrupts the oocyte cycle less than the conventional method79

(Taradach, 1982) because it is less invasive and does not require the repeated80

anesthesia of the female. Finally, this method avoids the possibility that a81

poorly executed manual sampling could cause oocyte atresia (Chen, 1977).82

Bioimpedance is also used in other applications related to fish studies.83

For instance, bioimpedance measurements have been used to optimize nu-84

tritional requirements through the estimation of body composition (Duncan85

et al., 2007; Andrade et al., 2014). It is considered as an effective tool for86

assessing the body compositions of different animals in a fast, non-lethal and87

low-cost manner (Zaniboni-Filho et al., 2015). In addition, the analysis of88

body composition is also important in wild populations analysis as it is an89

indicator of their potential responses to factors such as competition, habitat90

degradation and climate change (Hartman et al., 2011; Willis and Hobday,91
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2008). To our knowledge there is no existing published study dealing with92

bioimpedance measurements performed on fish oocytes.93

European sea bass (Dicentrarchus labrax ) was chosen as a model, because94

it is one of the main commercially farmed species in the Mediterranean area95

(Bagni, 2005) and so its oocyte cycle is well known (Mayer et al., 1990).96

The developmental cycle consists of seven stages (Fig 2). In October, the97

oocytes enter into vitellogenesis. At this time, the egg yolk precursor proteins98

(vitellogenin) formed in the liver are driven out and stored in the oocytes99

(Sullivan and Yilmaz, 2018). Oocytes in vitellogenesis are recognizable by100

their small diameter (less than 800 µm) as well as their opacity after an101

Ethanol, Formalin and Acetic acid (EFA) addition of a volume equal to the102

volume of the oocytes sample. When reaching a diameter of 800 µm, they103

enter the post-vitellogenic stages. There are four post-vitellogenic stages: A,104

B, C and D. It is possible to differentiate them by the position of the lipid105

droplets and the nucleus in the cell (Fig 2). The cells then fill with water,106

which makes them translucent and increases their diameter to more than107

1 mm – this is the hydrated stage. If the oocytes are neither hydrated nor108

expelled from the ovary to be fertilized, they enter into atresia and regress109

(Polder, 1962). At this point, the membrane is absorbed and the cell shrinks110

until it disappears. These cells are opaque and have a rough appearance. The111

breeding period of the sea bass concludes at the end of March and females112

can lay eggs up to twice a year. As a consequence, the developmental stages113

of oocytes in the gonad may be heterogeneous. Because of this low number114

of egg-layings per year, it is important to be able to precisely predict their115

development cycle. If the egg-laying moment is missed, the oocytes will be116
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in atresia and reproduction missed.117

Figure 2: Description of sea bass oocyte development cycle based on pictures

taken under binocular zoom head: 1. vitellogenesis: egg yolk stored in the

oocyte; 2. post-vitellogeneis: internal occyte lipid droplet aggregation, four

sub-stages are identified (A, B, C and D); 3. hydrated: water filling of oocytes;

4. regression: happens only if the oocytes are not expelled

This experiment focuses on the use of bioimpedance in the context of118

fish breeding, through the manual sampling of oocytes to combine in vitro119

bioimpedance measurements with the observation of their developmental120

stages. The main objective was to examine whether a relationship between121

the two could be found. Bioimpedance varies with measurement frequency122

but the current body of fish studies using bioimpedance analysis has only123

used single-frequency measurements, not allowing for the investigation of124
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the effect of varying frequency. This will be tested in this study through125

bioimpedance spectroscopy for the particular case of oocyte-cycle monitor-126

ing.127

2. Materials and methods128

2.1. Biological sampling and visual determination of developmental stages129

The experiment took place in the IFREMER experimental platform at130

Palavas-les-Flots, France.131

For the experiment, 69 samples of oocytes have been collected during one132

season, between 3rd to 28th of March 2019. The samples have been collected133

on 22 sea bass females. Six females were homozygous albinos, with an aver-134

age weight of 5.9kg and an average age of 9 years old. The other 16 females135

have been selected over three generations for their growth rate. Their aver-136

age weight was 3.4kg and their average age was 7 years old. The fishes were137

firstly sedated adding 15g per m3 of Benzocaine in the rearing tank to be138

fished easily. In a second time, the fish selected for sampling was put in a139

tank with a higher dose of Benzocaine (45g per m3) with oxygen supply to140

be anesthetized. The loss of body movements but with continued opercular141

movements was obtained after 5 minutes. The 1 mL Pipelles used for oocyte142

sampling were completely filled so that the volume analyzed remained con-143

stant. There wasn’t any euthanasia. The recovery of the equilibrium comes144

5 minutes after the return of the fish in the sea water. All procedures were145

in accordance with the French and the EU legislation regarding animal ex-146

perimentation (APAFIS, Permission No.2020022814315445-24425)147

To assign a developmental stage to the sample, one drop of the sample148
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was placed in a petri dish. Then to obtain a mix with equivalent volumes149

of the two elements, 1 mL of a solution composed of Ethanol, Formalin and150

Acetic acid (EFA) was added to fixate the sample and light up the oocytes.151

After ten minutes, under the effect of EFA, oocytes dissociate and their cyto-152

plasm discolors, which allows for the determination of oocyte developmental153

stages under a binocular microscope (Parfouru and Fauvel, 1998). Samples154

composed of hydrated oocytes did not require EFA to be determined, which155

also darkens the cells at that developmental stage. Pictures of the discolored156

oocytes were taken under a binocular zoom head, which was connected to157

a camera and used with image acquisition software (LAS 4.9). Five photos158

were taken for each sample. As previously mentioned, the development of159

oocytes in a gonad is not uniform. As a consequence, to determine the de-160

velopment stage of a gonad, the majority of developmental stages for each161

sample were determined by visual analysis. When there was a second stage162

in large quantity in the sample, it has been noted as a secondary develop-163

ment stage. This results in samples with two development stages such as164

regression and vitellogenesis.165

2.2. Bioimpedance Measurements166

Bioimpedance is a complex number, whose cartesian form is given by the167

eq. (1).168

Z = R +i X (1)

Where Z is impedance, R is the real part – also called resistance – and X is169

the imaginary part – also called reactance. The measurement principle (Fig.170

3) consists of generating a current signal (I), measuring the induced voltage171

(U) and computing the ratio between voltage and current - Z = U
I

.172
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Figure 3: Bioimpedance measurement principle – an electrode is used to in-

terface the electronics with the biological tissue, an alternating current (I) is

generated and the induced voltage (U) is measured using a voltmeter.

The current signal is a sine wave, and one of its characteristics is its173

frequency. Bioimpedance spectroscopy consists of measuring bioimpedance174

at different current frequencies. In this experiment, bioimpedance spec-175

troscopy was measured over a large band, from 80 Hz to 5 MHz, using a176

MFIA bioelectrical impedance analyzer from Zurich Instruments (Fig 4.b).177

The oocytes were sampled (Fig 4.a) to observe their developmental stages and178

the bioimpedance measurements were done in vitro (Fig 4.d) using an elec-179

trode inside a well (Fig 4.c) connected to the impedance analyzer (Fig 4.b).180

The orange strip electrode was partly inserted in the well, which was 3D181

printed in Polylactic Acid (PLA) (Fig 4.c). The part of the electrode inside182

the well held the two metallic contacts used as an interface between the elec-183

tronics and oocyte for bioimpedance measurement. The part of the electrode184
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outside was connected to the impedance analyzer through a connector and185

two wires. Details on the electrode architecture are provided as supplemen-186

tary information (SI1 fig.8). The volume of the well was 1.77 cm3, which is187

slightly bigger than the volume of the Pipelle usually used to sample sea bass188

oocytes.189

Figure 4: a) oocyte sampling from a female sea bass using a Pipelle b)

bioimpedance measurement set-up of impedance analyzer connected to a well

with an electrode, c) well with an electrode partially inserted – the part in

the well holds the contacts used as an electrical interface with the oocytes, the

part outside is connected to wires from the impedance analyzer d) well filled

with sampled oocytes

The laboratory was set at the constant temperature of 17°C to avoid any190

potential effects of temperature on the bioimpedance measurement (Hartman191

et al., 2011).192
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2.3. Analysis193

A, B, C and D stages were grouped together and called post-vitellogenesis194

in order to increase the number of samples per stage. We then consid-195

ered the samples within one of these three stages: vitellogenesis (vit), post-196

vitellogenesis (post-vit) and hydrated (hyd). The samples in the regression197

stage were removed from the results because it is a stage where oocytes198

progressively shrink and split for fat gathering, resulting in a wide variety of199

biological states. This variety would result in a large range of bioimpedances,200

which potentially hides information related to other developmental stages. In201

addition, six outliers were removed because they had a high heterogeneity of202

stage or they contained blood. Blood is a very good conductor, and can skew203

measurements. A principal component analysis (PCA) was done to study the204

relationship between the developmental stages and bioimpedance modulus.205

We used the bioimpedance modulus at each of the 201 frequencies as vari-206

ables, and the PCAs were performed using the ade4 R package, and were207

centered and normalized. The projections of individuals onto the first and208

second principal axes, which explains the most variance, were used to visual-209

ize whether groups emerged and also their relationship to the bioimpedance210

frequency range.211

3. Results212

3.1. Principal component analysis213

According to Fig.6 we can clearly distinguish three clusters. They group214

three different oocyte developmental stages, which are the vitellogenesis,215

post-vitellogenesis and hydrated stages.216
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According to the placement of elipses in Fig.6 and the placement of vari-217

ables on the circle (Fig.5), we can say that the modulus of samples measured218

at the vitellogenesis stage were higher at low frequencies (below 200 kHz).219

Conversely, the modulus measured for the samples in the post-vitellogenesis220

developmental stage were higher at high frequencies. Finally, the hydrated221

samples were found to be independent from the frequency at which the mea-222

sure was done and the modulus of measures were low regardless of the fre-223

quency.224

3.2. Bioimpedance spectra comparison225

As the PCA results shed light on some bioimpedance modulus ampli-226

tude differences between the vitellogenesis, post-vitellogenesis and hydrated227

stages, we plotted the related spectra ( Fig.7 ) and noticed spectra modulus228

at few frequencies ( Table 1.)229

Based on the comparison of spectra values, we can provide similar con-230

clusions as the ones for PCA analysis. Considering a frequency, we can231

distinguish the three development stages. The modulus was the lowest re-232

gardless of the frequency for hydrated samples. At low frequencies (below233

200 kHz), the modulus was highest for vitellogenesis samples and the mod-234

ulus was twice as high for the vitellogenesis stage as for the hydrated stage.235

Finally, at higher frequencies (above 200 kHz), the modulus was highest for236

post-vitellogenic samples.237

4. Discussion238

For the first time, we are studying the potential correlation between the239

bioimpedance of fish oocyte and their developmental stages. In addition,240
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Table 1: Measured moduli averages (Ohm) for each stage at different frequen-

cies

Frequency Vitellogenesis Post-vitellogenesis Hydrated

1kHz 36388.51 25300.04 21942.35

10kHz 12961.44 9861.11 6322.68

100kHz 5386.60 4787.64 2635.21

200kHz 3403.09 3445.74 2041.75

1MHz 1354.04 1558.90 1145.41

3MHz 657.83 720.30 630.22

we are providing an unprecedented interpretation of bioimpedance spectrum241

modulus variations over the oocyte developmental cycle. For the purpose of242

this study, we set up an experiment consisting of sampling oocytes of farmed243

sea bass at different developmental stages, measuring bioimpedance using an244

in vitro impedance measurement system and estimating their developmen-245

tal stage using a conventional approach. For analysis purposes, instead of246

measuring bioimpedance at a single frequency, a wide band bioimpedance247

spectroscopy was measured. The relationship analysis has been done using248

statistical analysis and spectra comparison. Thanks to this experiment, we249

have demonstrated that by using bioimpedance spectroscopy it is possible to250

differentiate three of the four main developmental stages.251

The bioimpedance modulus measured at the hydrated stage was found252

to be lowest at all frequencies, meaning that the current flowed more eas-253

ily through the samples regardless of the frequency. At this developmental254

stage, the accumulation of ions and the increased quantity of free amino acids255
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created by the cleavage of the lipid droplets generate the osmotic mechanism,256

during which the water in the extracellular medium enters the cells (Sullivan257

and Yilmaz, 2018). Aquaporins-1o participates in the processes by acting258

as channels between the extra and intracellular medium. Thus, aquaporins259

could become gateways to the stream for easier access to the intracellular260

medium. In addition, once inside the cell, the current flows easily through261

the presence of more water than for the other stages.262

Published studies on the ovarian cycle of rats (Rattus norvegicus) de-263

scribed an increase of bioimpedance modulus during the proestrus phase264

at 1kHz (Bartos, 1977; Taradach, 1982; Ramos et al., 2001; Jaramillo et al.,265

2012). For other species, especially cows and guinea pigs, studies have shown266

similar results (Ahmed et al., 2018; Bartos and Sedlacek, 1977). Our results267

are in line with this literature, as the bioimpedance modulus of samples from268

the vitellogenesis developmental stage were found higher at low frequencies.269

Indeed the bioimpedance modulus of the samples in the vitellogenesisis stage270

were found to be the highest below 200kHz (Fig 6 and Fig 7). At low271

frequencies (< 100kHz), the cell membrane acts as an insulator avoiding272

current penetration into the intracellular space(Liedtke, 1997; Ivorra, 2002).273

When oocytes are in vitellogenesis, a tissue connects oocytes to each other274

and a vascular system composed of red blood cells is developed. Both allow275

the oocytes to be fed with neutral lipids (Sullivan and Yilmaz, 2018). Lipids276

are therefore present in the extracellular space. According to literature (Jun277

et al., 2012; Legin et al., 2007), at frequencies lower than 100kHz, the in-278

crease of fat concentration in biological tissues induces an increase of the279

bioimpedance modulus. That could explain why the vitellogenesis stage is280
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the one with the highest bioimpedance modulus.281

The stage of regression has the ”widest” disparity of bioimpedance mod-282

ulus avoiding a clear bioimpedance signature for this stage. This may be due283

to the fact that this stage is the most heterogeneous from a biological point284

of view. First, the size of the cells fluctuates very significantly between the285

beginning of the regression (where the cells are 1 mm in diameter) and the286

total disappearance of the cells – as the cells degenerate and are resorbed287

by the ovarian stroma (Leonardo et al., 2006; Asturiano et al., 2000). The288

follicular wall, which was previously present around the cell, folds before dis-289

appearing. In addition, the lipid droplets and water previously stored in the290

cells are released into the extracellular medium. During the entire process of291

degradation, the ease of the current to flow can be disturbed and can vary292

significantly from one sample to another. This may explain the important293

disparity of this stage. Finally, other stages may be present at the same294

time. The heterogeneity of the samples can therefore bias the observed re-295

sults. The regressions stage is the last stage of the oocyte cycle. In relation296

to artificial reproduction, this is the least relevant stage. If it does happen, it297

means there is no possible mating for the female. For artificial reproduction,298

females receive a hormonal stimulation in an earlier stage in order to make299

them release their oocytes.300

Post-vitellogenesis samples have the highest impedance at high frequen-301

cies (> 200kHz)(Liedtke, 1997; Ivorra, 2002). This may be explained by the302

fact that the oocytes are filled with lipid droplets and have a more elevated303

density of lipids in the intracellular medium than the other stages.304

With in vitro measurement case studies, it is of interest to look for ad-305
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ditional statistical analysis to get a more precise identification of develop-306

mental stages. We are currently considering an additional experiment that307

would use supervised machine-learning to train a correlation model between308

bioimpedance spectroscopy and oocyte developmental stages. Thanks to such309

a model we could expect to identify the developmental stages of new oocyte310

samples using bioimpedance.311

The next development regarding the use of bioimpedance as a measure-312

ment technique for oocyte developmental stage identification will be to take313

the measurements inside the gonad. With this approach, we would avoid314

oocyte sampling.315

Bioimpedance spectroscopy is a non-destructive measurement technique.316

Another advantage of such a technique is its potential integrability. It can317

even be deployed using limited electrical resources (Lamlih, 2018). As a re-318

sult, a very promising application of bioimpedance measurement would be319

the in vivo implantation of a sensor. Such a device could provide accurate320

monitoring of oocyte development with fish handling limited only to the321

sensor implantation. This kind of approach could provide additional knowl-322

edge on fish oocyte cycle in captivity as much as in the wild, providing a323

completely new and groundbreaking perspective on fish studies.324
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Figure 5: Two-dimensional representation of the contribution of 201 variables

(modulus at 201 frequencies, from 80Hz to 5MHz) to the inertia. The variables

are placed in ascending order of frequency. The 201 variables are strongly

correlated, reflecting the small variations of modulus between two successive

frequencies. The 1st (64.3%) and the 2nd (32.6%) axes of the PCA explain

more than 96% of the total variance.
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Figure 6: 2D reduced dimension dataset using the PCA without outliers, with-

out regression stage, with elipses
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Figure 7: average/max/min of spectra for three developmental stages: hydrated

(hyd), post-vitellogenesis (post-vit) and vitellogenesis (vit)
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• This is the first experiment aiming at measuring fish oocyte bioimpedance 
• Bioimpedance signature of European seabass oocytes varies during their 

developments 
• 3 of the 4main developmental stages can be identified using bioimpedance 

measurement 
• First result towards device for in vivo monitoring fish oocyte development  
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