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Résumé

La réintroduction de la grande alose (Alosa alosa)
dans le bassin du Rhin bénéficie du soutien de la
Commission Européenne au travers d'un programme
Life Nature. Ce programme est le fruit d’'une
collaboration entre I'Allemagne (Lander de Rhénanie
du Nord — Westphalie et Hesse), les Pays-Bas et la

France. Le Cemagref est partenaire du projet et
bénéficie du soutien financier de la Région Aquitaine
au titre de la coopération interrégionale Aquitaine —
Hesse. Ce rapport présente la mise au point d’'une
méthode de marquage de masse des larves de grande
alose.

Abstract:

The Allis shad re-introduction in the Rhine basin is
granted by the European Commission by the mean of
a Life Nature programme. This programme is the result
of a collaboration between Germany (Lander
NorthRhine Westphalia and Hessen), Netherlands and
France. Cemagref is partner of this programme and is
granted by Region Agquitaine in the frame of the

Aquitaine — Hesse Interregional Cooperation. This

report presents the development of a chemical mass
marking method for Allis shad larvae.
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1. Introduction

The last century has seen dramatic declines in numerous diadromous fish species,
(Limburg and Waldman 2009). Stocking programmes are commonly used to rehabilitate
endangered fish species (Brown and Day 2002 ; St-Pierre 2003). For many restoration or
reintroduction programmes success of stocking programmes are rarely assessed
(Schneider 2001). They can be evaluated in terms of survival rates at different stages
(Cote and Pomerleau 1985), return rates (Aprahamian et al. 2003 ; Salminen et al. 2007),
growth or ecological interactions (Cowx 1994).

To evaluate the success of such programmes, and following recommendations of the
IUCN Re-introduction Specialist Group (1998), hatchery-reared individuals have to be
discriminated from wild ones (Champigneulle and Cachera 2003 ; Baer and Rdsch 2008).
At a finer scale, discriminating groups of stocked individuals can be used to improve
stocking practices, by assessing the relative survival of specimens released at different
ages and sites for example (Caudron and Champigneulle 2009).

The identification of stocked individuals constitutes an important methodological bottleneck
for the reintroduction actions. These problems are recurring in anadromous migrating fish,
where the strategy consists in marking very young individuals, and to obtain a detectable
mark several years later on adults at the time of their spawning migration.

Fish tagging has been widely used for more than a century for scientific purposes
(Thorsteinsson 2002). The need to identify individuals or group of fish, led to develop a
huge variety of tags (see McFarlane et al. 1990 for an extensive review).

Thorsteinsson (2002) defined tag as “man made objects attached to the fish”, that this
author differentiated from mark defined as “identifiable characteristics either natural or
applied to a fish”. Therefore, are considered as tag, all physical objects, inserted or
attached, externally or internally to a fish.

2. Choice of a method aiming at identifying fish

Determination of an appropriate marking method must match several criteria and
constraints. The first concern is linked to the number of fish which have to be marked.
Basically in restoration programmes, the goal is to tag several ten of thousands fish.
Externally visible tag such as anchor or dart tag, can only be used in fish of a minimum
size (Morgan and Walsh 1993), allowing to insert the tag without damage for the fish
(Nakashima and Winters 1984) and to minimize negative impact on locomotion. Visible
Implant Elastomer (VIE) doesn’t impair behaviour and can be used on small individuals
(Imbert et al. 2007). Externally non visible tags such as Passive Integrated Transponder
(PIT) tag or Coded Wire Tag (CWT) have been widely used in restoration programmes
(Smith and Clugston 1997 ; St-Pierre 1999 ; Secor et al. 2000). The insertion of all these
external or internal tags requires individual handling which doesn’t match with the yearly
number of fish involved in a restoration programmes.

In Allis shad the choice of mass marking method is limited by the high sensitivity and the
small size of individuals (less than 20 mm) at the time of marking. Therefore any tagging
methods are not appropriated.
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3. Overview of mass marking methods

Chemical mass marking is a good way to mark fish at a very young stage, without
individual handling (Tsukamoto 1988 ; Secor et al. 1991 ; Taylor et al. 2005). With this
technique, fish are immersed into a bath containing chemicals that fluoresce under UV
light and bind to hard tissues like otoliths, fin rays, and scales. That way, a large number of
fish can be marked simultaneously. Marks have been successfully produced in young
stages of fish using chemicals like oxytetracycline (Hendricks et al. 1991 ; Reinert et al.
1998), tetracycline (Dabrowski and Tsukamoto 1986), alizarine complexone (Van der Walt
and Faragher 2003), alizarine RedS (Lagardere et al. 2000) and calcein (Mohler 1997).
Marking efficiency is assessed at 2 levels. Survival and behaviour are the first criteria
which can be immediately assessed. Survival indicates which chemical and which
concentration can be withstood by the fish, results being able to vary according to species
and/or age (Brooks et al. 1994 ; Rojas-Beltran et al. 1995 ; Beckman and Schulz 1996).
Mark quality and its persistence with time (Reinert, et al. 1998 ; Jenkins et al. 2002) is the
main criteria to select the marking protocol. Mark quality is generally observed in otoliths
which are considered as a reference structure as they appear early in life, grow through
the entire fish life and does not resorb (Campana 1999).

Mass marking operations have been implemented in North American shad restoration
programmes in the Chesapeake Bay. Different methods with a 4 or 6-hours immersion in
200 mg.l-1 oxytetracycline (OTC) or tetracycline hydrochloride (TC) have been developed
(Lorson and Mudrak 1987 ; Hendricks, et al. 1991 ; Minkkinen et al. 2001). Millions of shad
larvae have been marked following these methods and marks have been detected in
otoliths of returning adults demonstrating the method efficiency (St-Pierre 2003).

4. Development of a mass marking method for Allis shad larvae

Following the method developed in American shad, we tested a marking method using
tetracycline as marker.
Marking experiment was carried out on 5 days old larvae. They were reared in 250 |
cylindrical tanks, and fed with artemia nauplii and dry food.
One control and 6 different combinations (concentration — duration) were tested:

3 marker concentrations: 200, 250 and 300 mg.I*

2 bath durations: 4 and 6 hours

4.1 Materials and method

4.1.1 Products used

Tétracycline hydrochloride (TC) :
Supplier: Sigma — reference : CAS 64-75-5
Formula: C2oH24N50Og, HCI (95%)
Storage: -20C

Sodium Phosphate dibasic heptahydrate (NaP) :
Supplier: Sigma — reference : CAS 7782-85-6
Formula: NazHPO4, 7 H,0 (99%)
Storage: -20C
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Potassium Phosphate dibasic trihydrate (KP) :
Supplier: Sigma — référence: CAS 16788-57-1
Formula: K;HPO,4, 3H20 (99%)

Storage : -20C

4.1.2 Preparations

Marker:

Following conditions defined above, 250 | volume and marker of 95% purity, the needed
guantities are as follows:

200 mg/l (or 200 ppm): 52,6 g of product (50 g of pure matter)

250 mg/l (or 250 ppm): 65,8 g of product (62,5 g of pure matter)

300 mg/l (or 300 ppm): 78,5 g of product (75 g of pure matter).

Buffer:

Owing to the drop of the pH after dissolution of TC, the solution has to be buffered.

The buffer was obtained by mixing 2 parts of NaP and 1 part of KP. The mixing was
conserved dry.

Preparation of high concentrated solutions

The products are not mixed directly in the rearing tank, to prevent mass mortality of larvae
(pH and thermal shocks).

We thus prepared 6 high concentrated solutions containing the desired quantity of marker.
These solutions were buffered by progressively adding the buffer mixing, until neutrality
was reached.

4.1.3 Marking bath

The high buffered concentrated solutions were poured in each corresponding tank (Figure
1).
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Figure 1: A rearing tank with the device creating the water current during the marking
bath.

During the marking bath, it is necessary to:
STOP WATER RENEWAL,;
stop feeding;
control the pH;
control dissolved oxygen ;
bring pure O, if necessary;
ensure a sufficient mixing of the bath by creating a water current in the tank. .
During the marking bath, tanks must be maintained in dim light to prevent UV from
causing damages to the marker molecule.
At the end of the bath, it is necessary to:
Turn on water renewal,
Turn on food distribution;
A special collector must be used to collect outflow.

4.1.4 Effluent treatment

Effluent with high level of TC should not be diffused in the sewage network or in the
natural environment to prevent emergence of resistant bacterial strains. The simplest and
cheapest solution is to store highly contaminated water in a concrete raceway. TC is
naturally degraded in non dangerous by-products under sunlight and hydrolysis actions
(Doi and Stoskopf 2000). Between 3 to 5 weeks are needed to obtain a total process.
Controls (by spectrophotometry) could be carried out to evaluate the kinetics and the
effectiveness of degradation. However, the effluents can also be treated by a specialized
firm.
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4.2 Results

4.2.1 Growth and survival

4.2.1.1 Direct marking effect on mortality

On Day 6, the day after the marking, mortality was checked (Table I). Whatever the

marking treatment, no difference was detected compared to the control batch, except for
the 300/6 batch where the higher mortality rate was recorded (Pearson Chi-square p=0).

Table I: Direct mortality after marking according to treatments

Batches 200/4 | 250/4 | 300/4 | 200/6 | 250/6 | 300/6 | Control
Number of 44 49 61 48 41 486 48
dead larvae

Added 04% | 0.7% | 0.7% | 05% | 05% | 5.5% 0.6%
mortality

4.2.1.2 Mortality on Day 10

The best survival was recorded for 300 ppm/4 hours and 200 ppm/4 hours (Table II).
Mortality was significantly lower in batches exposed during 4 hours compared to the
control (Pearson Chi-square, p<0.05). No difference was recorded between 200 and 250/6
batches and the control, whereas 300/6 treatment with the highest mortality was
significantly different from all the other treatments (Pearson Chi-square, p=0).

A grouping analysis with respect to duration demonstrated a significant difference between
the 2 durations, even if the 300/6 batch was excluded from analysis (Pearson Chi-square,
p=0). A 6 hours bath elicited a higher mortality rate than the 4 hours bath.

Table II: Mortality on Day 10 (5 days after marking) according to treatments

Batches 200/4 | 250/4 | 300/4 200/6 250/6 300/6 Control
Added

mortality from 5.8% 6.9% 4.1% 7.7% 8.2% 13.6% 8%
marking

4.2.1.3 Growth

Length growth was quite similar among batches (Figures 2). No difference could be
detected among treatments or compared to the control, at the end of the experiment
(Anova, p>0.05).
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Figure 2: Length growth according to batches
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4.2.2 Marking efficiency

For each couple, marker concentration — marking duration, otoliths from 12 larvae were
dissected, prepared and observed under a microscope for mark quality. Two groups of fish
were sampled to check on mark quality: one group of larvae was sampled at 15-day old
and another at 32-day old. The larvae were kept in alcohol 60°small dark containers until
analysis.

4.2.2.1 Otolith preparation

A total of 168 larvae were analysed. More precisely, 12 larvae per treatment were
dissected under a binocular microscope (Olympus® SZX 12). Sagittal otoliths were
removed and cleaned from extraneous tissues. A sagittal section of otoliths was prepared.
To facilitate their preparation, otoliths were not mounted directly on a glass slide but rather,
on a flat drop of Araldite resin. Each otolith was embedded sulcus side down in Araldite
resin and ground with wet sand paper (grit 1200 and 4000) until reaching the primordium.
Final polishing was performed on a polishing cloth with a mix of diamante suspension 1 u
(Struers®) and colloidal silica suspension (Struers®) (Figure 5).

Equipment description (Figure 4)

Otoliths were observed under ultra-violet light (source: halogen lamp 1000W) using a
microscope Eclipse 90i (Nikon ®). The microscope was equipped with a Nikon B-2A filter
cube to identify tetracycline marks. Briefly, the characteristics of this filter cube are:
Excitation filter: 450-490 nm / Dichromatic mirror cut-on wavelength: 500 nm / Barrier filter
wavelengths: 515 nm cut-on.

An image of each otolith observed under UV light was captured using the Nikon digital
camera DXM1200C. To standardize all images, they were all taken at the same
magnification (x20), using the same camera parameters, especially exposure time (210
ms) and gamma (0.45). The utilities on NIS-Elements D software (version 2.3) were then
used to check on mark quality.

, Image analysis
Microscope - S5 ;

system

UV light
control
system

s f O -}
B  xd

Figure 4: Equipment used for tetracycline mark detection on allis shad larvae otoliths
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Otoliths
(2 sagittae)

1

Dissection

1

Embedding

Drop of resin surrounding the otolith
F Otolith with primordium
NS « support »of resin

T—I——Glass slide

Grinding - Polishing

Otolith grounded until the
primordium

Observation under
Transmitted light

Observation under
UV light
Figure 5 : Protocol of otolith preparation, from dissection to observation under UV light

4.2.2.2 Assessment of mark quality

Using this equipment, tetracycline mark looks like a yellow-green band. Mark quality was
expressed by the yellow-green band. This intensity is related to gray scale level. It is a
level of greyness or brightness, ranging from completely black to completely white. As the
camera used for otolith observations gives 8-bit gray scale images, there are 256 gray
levels. A pixel with a value of “0” is completely black whereas one with a value of “255” is
completely white or bright. Thus, the higher mark intensity is, the better mark quality is.
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The NIS-Elements D software automatically calculate the mean intensity of the area
corresponding to the mark.

4.2.2.3 Results on mark quality

Whatever the treatment, all otoliths presented a yellow-green shiny mark, except the
controls that did not experience any marking (Figure 6).
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Figure 7: Results on mark quality according to treatments, for 15 and 32 days old larvae
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Treatment

Control

Low conc.
Long duration

Low conc.
Short duration

Medium conc.
Long duration

Medium conc.
Short duration

High conc.
Long duration

High conc.
Short duration

Figure 6 : Images of one representative otolith per treatment, for 15-days old and 32-days
old larvae. The shiny yellow-green mark is the tetracycline mark (White scale = 100um).
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At 15 days old, mark intensity depends on both duration and TC concentration (Figure 7).
However, there is no interaction between them, which means that, whatever the
concentrations, the differences between long and short durations are the same. High
concentrations produce a significantly higher intensity mark compared to low or medium
concentrations. Long duration produces a significantly higher intensity mark compared to
short duration.

At 32 days old, mark intensity also depends on both duration and TC concentration but
there is no interaction between them. High concentrations produce a significantly higher
intensity mark compared to low or medium concentrations. Long duration produces a
significantly higher intensity mark compared to short duration.

5. Conclusion and recommendations for marking operations in Allis
shad larvae

Concerning mark quality alone, 3 conclusions could be obviously drawn from the
experiment:

- mark quality is better for high concentration

- mark quality is better for long duration

- mark quality decreases with time

Thus with this single criteria, the best choice is the high concentration/long duration (300
ppm/6 hours).

Taking into account results from survival and growth monitoring, conclusions are slightly
modified. The batch 300 ppm/6 hours presents the worst survival, thus it is necessary to
do a trade-off between the 3 criteria. In these conditions, we recommended the 300 ppm/4
hours treatment.
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Management and Ecological Note

A reliable method to assess mark quality on fish

otoliths

A, LOCHET, P. JATTEAU & E. ROCHARD
Cemagref, Extuarine Eronmtems and Diadromouy Fish Research Unit, Cextar, France

Stocking programmes ame widely wwed in fishery
conservation to sustain commercial and recreational
fisherics (Margenaw ot @f. 2008) and to rehahilitate
cndangered populations (Waldman & Wirgin 1998).
Mass marking of fish by immersion in chemical agents
iz often uwsed to evaluate the swecess of such pro-
grammes to discriminate hatchery-rearsd fish from
wild fish (Champigneulle & Cachera 2003; Bacr &
B.dach J0046]).

Producing a long-lasting mark iz chalknging as
mark retention tends to decrease over time | Lorson £
Mudrak 1987; Jenkins et af 2002). When sctting a
marking protocaol, it is crucial to identify the best mark
quality amang all the protocols tested . However, it can
he difficult to agree on common standards for what is
conziderad a good quality mark . Categories are usually
arhitrarly defined like absent/faint mark ‘good mark)
very good mark (Iglesias & Rodrguer-Ojea 1997
Sancher-Lamadrid 3001} and the assignment of one
otolith to a particular category is solely based on
human visual pereeption, which is subjective. A more
impartial mark sssesment method, the pixel luminos-
ity method has been recently applied to cawdal fin rays
(Frenkel ef ol 2002) and scales (Honeyficld er af. 2004)
but never to fish otoliths. In this method, digital
images are captured and the avemge pixel uminosity
of the marked area within the cakified strictume is
calkeulated and compared betwesn different marking
protocols. BMark fuworcscence is the comhbiration af
marker fluorescence, which is caused by the quantity of
marker incorpomted into the aotolith and back ground
fluorescence, which & dwe to the otolith itself.
Although the importance of hackground fluomacence
iz well recognized | Megus & Turcson M), its effiect on
mark quality assessment has never heen quantified.

Allis shad, Alosa alogaz L., is an anadromows clupeid
apocics. As with many anadromous species, over

fishing, dam construction, water quality degradation
and deterioration of spawning grounds have led to a
contraction of its distribution range (Bagliniére J0);
Waldman & Limburg 2003) The use of a reliahle
method to assess mark quality on allis shad is of
great importance because its mintroduction to water-
sheds from where it disappeared strongly relics on
the efficiency of stocking programmes (De Groaot
An2).

The first ohjoctive of this note was to test the
mkvance of the pxel luminesity method to assess
mark quality in fish otoliths. Mark quality evaluation
wsing the pixel hminosiy method and a  visaal
cstimation method was asessed for the same set of
alliz shad otoliths. The second ohjective was to address
the mportance of background luminesity on the
msscsmment. Using the piel luminosity method, mark
quality was assessed by comparing the intensities
measured for mark fluorescence (marker fluores-
cence + background fluorescence) and marker fluo-
meacenoe: alone. The third ohjective was to test the effect
aof grind quality on these fluorescences.

Five-day-old allis shad larvae were exposed to
different marking treatments {concentration and dura-
tion) wsing tetracycline hydrochloride {CypHayy W00
HOL, Sigma® Aldrich Comporation, Saint Quentin
Fallavier, Framos). Omne control and six different
treatments wemre sct combining three marker conoen-
trations  {low: 200 ppm, mediume 250 ppm, high:
A ppm) and two marking durations (short: 4 h,
lomg: 6 h). Mark guality was assessed for 15- and 32-
day-old fish that wemr killed with a high concentration
aof Bugenaol and kept in &F alkohaol in dark containers
until otolith dissection and analysis.

A total of 168 larvae (total lengthe 11.5-20 and 16—
M mm for 15 and 32-day-old larvac respectively)
were analysed. Twelve larvac per treatment were

Cormsspondence: Aude Lochet, Cemagrel, Estmanine Ecosysierns and Dadromowms Fsh Bessarch Unit, 50 avenoe de Verdon, 334612 Cestas

cedex, Franoe (esmail: andelschet 3 wabon fr)
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dissected wnder a hinocular microseape (Olymps™®
REX1ZY, Olympus 5 A8 Rungis France) for both
ages. One of the two sagittal otoliths was prepamed far
cach fish. Otoliths were first mounted on a flat drop of
Amldite® resin of kmown depth (333 £ 44 pm,
mean = S, on top of a glass slide Onoliths were
emhedded sulcus side down in Araldite™ resin and
ground with wet sand paper (grit 1200 and S0, il
5.A  Counaboeuf, France) unti reaching the primsor-
dium. Final polishing was performad on a palishing
cloth with a mix of diamante suspension | pm
{Struers®, Champigny sur Marne, France) and colloi-
dal silica suspension {Str'um't', Champigny sur
Marne, France) to mmove all scratches. The sccond
atolith for 11 randomly selected fish was prepared and
mark, background amd marker intensities were mea-
surcd at different levels of grinding: kewel | {otolith
barcly ground), kvel 2 {mucleus reached) and level 3
{beyond the mucleus plan). Results were cxpressed as
percentage of imtensity, whem level | was arbitrarily
sct at 1%

Detection of tetracycline was carricd out using a
compound microscope Bolipse 90i (Mikon®, Cham-
pigny sur Marne, Framce) ftted with an 17 light
source. The microscope was equipped with a Nikon B-
24 filter cube (excitation filter: 4504 nmy/dichra-
matic mirror cut-on wavelengthe 500 nmybarrier filter
wavelength: 515 nm eut-on, Clampigmy sur Mame,
France) Digital images of otoliths were recorded at
M« magnification using the Mikon™ digital camera
DM I2C. For proper image standardization, oto-
liths were observed uwsing the same fluorcscent light
intensity and all images were reconded using the same
camera setings {exposure time: 210 ms; gamma: (L45).

Mark luminosity was reported on a 256 grey-level
scale (f = black and 255 = white or bright) using the
MIS-Hements I sofiware (version 2.3, Champigny sur
Marne, Franoe] to asscss mark quality with the pixel
lumincsity method. Mark Auomscence was the average
pixne iminosity of the arca corresponding to the mark,
appearing as a bright yellow-green ring. Background
lumincsity was calculated by aweraging the mean

Figura 1. Phoographsof contnal defif) and marked (fgh ) als shad odoliths. The hright rin g cormesponids so the setracydine mark (TC) Luovin oty
af fhe hack gronnd area was meamred from the rodeas 4o the mark (hl)and from dhe mark o the adge of the adolith (2] e slands for otolih edge
{har scale: 30 ym). Parels are as follows: ) (volith of o 1 5day-old bnva from the comirnol metment, i) Mdolih of a 15day-old lara from the
D ppm-tsh irstment. (¢} (iofth of o 22dayald e from the coninol eiment. (d} iokdh of 2 32dayold brva fiom the 20ppm-&:h

fremtmeri.
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intensity in the arcas from the nuckus to the mark and
fromy the mark to the otolith edge (Fig. 1bd). Back-
gronmd fluorsscence was subtracted from mark fluo-
rescence to guantify marker intensity. For the visual
catimation method, one reader was provided with
unlabelled and randomly ordered photographs of
otoliths. Each otolith was assigned a mark intensity
acore wEing the Following classification: 0 = mwo mark;
1 = indistinct mark; 2 = distinet mark but low
intensity; 3 = a clear bright mark; 4 = a large hright
mark that can includs more than one increment. The
assignment was don: twice and the average was
cakeulatad.

Statistical amalyses were performed uwsing the R
software (B Development Core Team 2008). For the
visumal estimation, Kruskal-Wallis tests were performed
to detect differences in mark quality among treatments,
for 15 and 32-day-old larvas. Pairwise comparizons
betwesn treatments were performed wing Wilcoxon
tests, adusted with a Bonferroni comection. For the
pixel lumincsity method, a one-way amalysis of van-
amce was applied to detect significant differences in
mark and marker intensities betweesn treatments, for
cach age class. Pairwise comparizons were performed
using & pogi foe Tukey test. Data for 32-day-old larvac
nesded to be log transformed to mest the normality
and homogeneity of wvariances criteria. A Pearson
carrelation coefficient was wed to test the cormlation
bhetween mark and background intensitics. A Friedman
test was used to compare mark intensity, expressod as a
percentage, with the level of grhinding. Pairwise com-
parisons between the levels of grinding were performed
using Wilcoxon tests, adjusted with a Bonferroni
correction. The same procedurs was applied to hack-
ground and marker intensities. For all statistical tests,
the level of significance was 005 (Sokal & Rohlf 1997).

Whatever the marking protocol, 100% of the fish
immerssd into tetracycline exhibited a bright yellow-
green bhand (Fig. 1h,d). Fluomsoent marks wers not
observed in the otaliths of the contral fish (Fig. 1a,c).
Twenty-four hours after marking, mortalities were less
thean 1% for all the teatments except For the 300-p pm—
G-h treatment that reached 5.5%.

Mark scoring significantly differsd betwesn treat-
ments (P < U001 far both ages) for the wisual
catimation method (Fig. 2a) One and two painwie
comparisons were significantly different for 15~ and
32-day-old larvae respectively (Tablz 1). Mark and
marker intensities for the pixe hminosity method were
significantly different between treatments (P o< (U001
for both ages) (Fig. 2be)l S and seven painwise
comparisons for mark intensity were significantly
different for 15- and 32-day-old larvac respectively.

& Hle Blackwell Pohlshing Lid.
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Tabla 1. Probahility of paireise comparsons between marking treutments for 15 and 32-day-old larvae

15day-ald larvae I2day-old lrvae
Xppm Hdppm X0ppm 0ppm 3Wppm NOppm  MOppm  X0ppm  20pgm 300 ppm

Treatmeni & h 4h &h 4h éh éh 4h &h 4h &h Methad
¥ pgm 024 - - - - 1 - - - - 1
ih 043 - - - - {553 - - - - 2

046 - - - - 1568 - - - - 3
250 ppm I 1.8 - - - 155 .66 - - - 1
éh 08 o - - - (T R T - - - 2

053 (1] - - - <l =0l - - - 3
250 ppm I 0.3 058 - - 1 i 04 - - i
ih 074 .53 (T - - el .34 0.1e - - 2

05 54 [ - - (R i 016 - - 3
30 ppm 0 [T .45 0iz - (T (T 051 s - i
bk 012 <L 1.5 o - T T 018 < - 2

i =Ll & [T - < [l < [l o = Ll - 3
34 pgm I 0 I I (T 1 i I I i i
ih 01g il 0.5 [T 05 (T T T 0.5 06 [t 3

.48 00T 0.5 0068 066 T T T 0.5 s w7 3

Probabiies were compuied for each method of mark qualty evaluason: (1) vl estimation, () mark miensty, (3} marker imtensity, which =
mark mimus hackground mtensty. Por visoal estimad on, pairess com parso s were pedormed wsng Wilkcoxon tests adusied with a Boofermon
carnection. For mark and marker intenstios, paireise comparsons wers performed msng a posr boe Tokey test. Level of significance = 0085

Table 2. Mark, background and marker infensfes for okoBibs
ground at different levels: level 1 {otoBth harely ground), bevel 2
{cheus reached ), level 3 (heyond the nodens plan)

Mark mtensity Background mmersty  Marker intensty

Level I 1000 = 00 1.0 = A0 1000 = 00
Level 2 T4.T 2 27 6152 118 iz 0TI
Level 3 500 = 100 i3 = 1235 232 IT2

Imtensities are exgressed i percentage, where level | was arhatranky
st as 1000 Values are mean = 500

The significance of the pairwize comparizons remained
the same for marker imensity as for mark intensity,
cxcept for three of 30 cases (Tablke 1) A significant
positive relationship was found betwesn background
intensity and mark imtensity (P < (L001), mevealing
that the higher the background ntensity, the higher the
mark quality. Finally, mark, hackground and marker
imtensities decreassd with the lewel of grinding
(P = Q1) (Table 2). Level 1 mark and background
intensities was significantly higher than that of leve] 2
(F < (1), which was significantly higher than that
af level 3 (P < (01 Level 1 and lewvel 2 marker
intensitics wemr not significantly different (& = 0.75),
but they were higher than that of level 3 (P < 0L00S5).

The present mote mveals the much higher diserim-
imating power of the pizel hminosity method than the
visual estimation method Indeed, the number of
significant pairwise comparizons between treatments

was much higher for the former method than for the
latter. The pixel hminosiy method was capable of
identifying gradual differences between treatments
whilz the visual estimation method was only capahle
af discriminating mark quality between treatments that
wiere distinetly different (e.g. low concentration short
duration vs high concentration/long duration). Other
clements in addition to mark quality are required for a
marking protocol to he efficient, including minimal
fish mortaliiy and lack of behavioural change
(Bumgeardner & King 19M; Van der Walt & Faragher
2003). Based on the visusl estimation method, the
J-ppm—&-h  treatment appeared to be the most
appropriate marking protocol, but it would be unswit -
ahle for mazs marking becavse it induced the highest
mortality. Using the visual estimation method, the
ather treatments provided similar results in terms of
mark guality, implying that treatments are equally
suitable. Om the contrary, the improved discriminating
power of the pinel lumincsity method optimizses the
chaice fior the hest marking protocol.

The results also showsd that mark luminosity
greatly depends on background himinosity., Back-
ground luminosity depends on the amount of material
in the optical pathway, including otalith thickness, the
thickness of the microzcope slide and the amoumnt
af resin weed to embed the otoliths Thus, it can be
difficult to contral backgroomd hminozity. In the
present study, the preparations were carefully standar-

& 5 Blackwell Fohbshing Lid.
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dised wing the same kind of slides and a comparahle
quantity of resin to mount the otoliths and by using
otoliths of differemt but close age (and thus width).
Such precantions probably explain the simdar signif-
icance of the pairwise comparizons between marker
and mark imensitics. How ever, such cautiousness may
not be possible in a rowtine check of mark quality as
thess preparations are time consuming. Thus, it is
strongly moommendesd that the hackground intensity is
subtmcted when reporting mark intensity to remaove
any background effect and mveal the true success of
the marker incorporation.

The decrease in mark and background intensities
with the level of grinding shown in the present study
highlighted the importancs of standardising the level of
grinding for each otolith. As reported in other studies,
over-grinding otoliths can alter mark intensity as too
much material is remowved (Reinert of af. 1998). At the
same time, an otolith that & ot sufficienty ground can
emit too much auwto-fluorescence for the detection of
the mark to be reliable (Hemaman ef of. 20000, The
pixel lumincsity method also has to be applied on
standandizad images; the magnification at which aoto-
liths are observed, 1TV light intensity and the camera
parameters must be the same otherwize, the intensitics
reported would be biased. Consequently, the method
would not be applicable for structumes showing such a
high lewel of fuorescence that they require an adjust-
ment of the fuorescent light intensity for each sample.
Such phenomenon has been reported, for example,
when detecting the luomscmes an juvenile mulloway,
Argprogors joporicds (Temminck & Schlegel), anal fin
apines (Taylor, Ficlder & Suthers 3005).

Provided good standardisation, the pxel hminosiy
method offers 3 good altermative for handling the
subjectivity and the limits of human eye minosity
discrimination. In addition, it can be wed by amy-
body, even non-experienced assessors of mark quality.
Thus, assessing mark quality by quantifying its
intenszity an a grey-level scale & an impartial and
reliahle criterion.
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