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Fish tagging is a technique required for fishery management and aquaculture

Fisheries

Data about movement patterns and migrations

Population structure

mortality rates

Complex life traits (L-W relationship, sex traits, 
behaviour

Aquaculture

Experimental designs

Genetic breeding program

Longitudinal approaches

Enhanced Statistical approaches

• Individual tagging  or group tagging

• Morphology, number  and fish size not affecting 
behaviour or survival

• Animal welfare and tagging procedure

• Retention rates

• Costs

• durability, longevity and stability of the tag

High variety of tagging and marking methods

Tagging refers to the attachment of some device for future identification



Biological (Natural Methods)
• Parasitic Marks
• Morphological Marks
• Genetic Marks

Chemical
• Immersion
• Injection
• Feeding

Physical (Mutilation or Tags)
• External

• Mutilation and branding
• Tags

• Internal
• Tags

Tagging and Marking Methods



Physical Methods

MUTILATION: Clipping or punching fins or other body parts which can later be used 
to identify individuals. Highly used in restocking program of salmonids. 

https://image3.slideserve.com/6195878/physical-methods-n.jpg


Tag Types

External
• Visible Implant Elastomer (VIE)
• Strap Tags
• Dart /Anchor/ Streamer Tags

• Spaghetti Tags
• Dangler Tags

• Carlin Tags
• Specialized Electronic Tags

• Pop-off Satellite Tag (PSAT)
• Global Positioning System (GPS)

Internal
• Thermal Tags
• Micro-tags
• Coded Wire Tags
• Subcutaneous Tags
• Body Cavity Tags

• Passive Integrated Transponder 
Tags (PIT)

• Radio Tags
• Sonar Tags
• DST GPS Fish Tag

https://image3.slideserve.com/6195878/physical-common-tag-types-n.jpg


Visible Implant Elastomer (VIE)

Bio-compatible, two-part, elastomer material of different 
colours

After mixing, the elastomer is a liquid that is injected into 
tissue with a hypodermic syringe

Injected in transparent or translucent tissue beneath the 
skin or deeper within the tissues, without a permanent 
wound or lesion

Overview

Uses
Batch tagging

-vaccination trials
-family tagging in genetics
-reprogramming trials
-long-term trials
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The material is biocompatible and carries no 
known human health hazards. A Material 
Data Safety Sheet is in Appendix A.  

 Ten VIE colors are available.  Six (red, pink, 
orange, yellow, green, blue) are fluorescent; 
the other four (black, white, purple and 
brown) are not.  

 

 

2.2 The VIE Color Standard 
  

The color standard is a small transparent 
card with a sample of all ten colors of VIE 
that are available.  It is supplied with all kits 
and extras are available free of charge. It 
allows consideration and selection of the 

most appropriate color for any particular 
application.  However, perhaps its greatest 
value is a color standard when identifying 
tag recoveries, especially when using the VI 
Light to fluoresce the material. Customized 
color standards can easily be made by the 
user by loading small volumes of material of 
each color being used onto a transparent 
sheet and covering them, when cured, with 
transparent tape.  This has the advantage 
that the volumes loaded onto the 
customized standard can be similar in shape 
and size to the tags being used in the 
particular project. Labeling the samples is 
advisable to avoid any risk of confusion 
over colors that may appear similar under 
certain lighting conditions.  

  

2.3 Mixing supplies  
  

Figure 1: Samples of the ten VIE colors under ambient 
light (left) and illuminated by the VI light (right).  
Note that only the six fluorescent colors show up 
with the VI light, and that the colors, especially 
yellow, appear differently. 

Figure 2: VIE Color Standard 

Figure 3: Mixing and injection supplies for Manual VIE 
Kits include mixing cups, stirring sticks, transfer 
syringes, and injection needles. 
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3.6 How big is a VIE tag?  
  

In contrast to conventional tags or Coded 

Wire Tags, the size of a VIE tag is 

controlled by the user. Very small fish are 

likely to require a very small tag, while it 

may be desired to put a larger one in larger 

fish to aid visibility. Some general guidance 

is useful for new users.  

  

The biologists who have used VIE on some 

of the smallest fish, 26 mm brown trout 

(Olsen and Vollestad, 2001) and 8 mm 

damselfish (Frederick,1997) both stated 

that the amounts used were “minute”, but 

the former reported that the tags made 

were 2-3 mm long made with a 29 g 

needles. The inside diameter of such 

needles is about 0.2 mm, suggesting that 

the tags were of the order of 15,000 per ml 

of VIE. Dewey and Zigler (1996) reported 

tagging around 1000 fish per ml. Willis and 

Babcock (1998) used large tags on Pagrus 

auratus of the order of 10 mm x 1 mm x 1 

mm (127 per ml). We normally advise 

assuming 300 to 500 tags per ml of 

material for planning purposes, where 

efficient use of mixed material can be 

achieved.  

 

 

 

3.7 Tagging very small fish  
  

Some remarkably small fish have been 

tagged with VIE, although care and 

experience are required to do this reliably.  

 

The smallest fish that we have record of 

being tagged are 8 mm long Pomacentrids 

Chromis ovalis and Dascyllus albisella 

(Frederick, 1997). Several other species of 

reef fish between 9 and 20 mm in length 

were tagged in the same study. The fish 

were tagged at one of several body 

locations on their flanks. Injections were 

done using an insulin syringe as supplied 

with the manual VIE kits. The most visible 

marks were those made close to the surface 

of transparent tissue, but effective tags in 

pigmented tissue were possible by bringing 

the needle tip close to the skin from the 

inside, without breaking the skin. Surgical 

Figure 9: A VIE tag being injected into a very small 
cyprinid (nase). 
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time. For example, if several field sites are 

involved in a single day it may be feasible to 

code them by different body locations of a 

single color, using another color for the 

same body locations on other days.   

  

3.10 Fluorescing and Detecting VIE 
  

Six of the VIE colors (red, orange, green, 

yellow, pink and blue) are fluorescent.  

Black, white, purple and brown do not 

fluoresce.  

  

NMT’s VI Light has a nearly invisible, 

regulated, deep-violet beam. Deep violet 

(405 nm) is the optimum wavelength for 

fluorescing our tags. Shine the light on the 

area where the tag is, or is thought to be. 

Don’t try to fluoresce tags in direct 

sunlight. Rather, you should work in a little 

shade – even the shade of your body is 

probably enough for most tags. Very faint 

tags are best seen when fluoresced in 

darkness. 

 

To maximize tag identification: 

• Proper color selection is a vital part 

of good experimental design.  

• Place tags in clear tissue whenever 

possible. 

• Train your samplers – let them 

practice with the tag colors they 

will encounter before they start 

collecting data.  

• Fluoresce poor or obscured tags 

with the VI Light, working out of 

direct sunlight.  

• Use the VIE Color Standard with 

the VI Light to correctly identify 

colors. The Color Standard presents 

the ten colors on a clear card. The 

sampler can place the color sample 

beside a tag for comparison, either 

under or over the tagged tissue. 

  

Figure 11: VIE is visible in the fin rays in ambient light 
(top) but is much easier to see when fluoresced (bottom). Fish may be tagged with internal or external

systems. External systems have the advantages of
being economical, easy to apply and do not require
sophisticated equipment (Moffett et al., 1997). How-
ever, they carry the potential disadvantages of affecting
growth, health and survival (Berg and Berg, 1990;
Bergman et al., 1992; Moffett et al., 1997). On the
contrary, internal systems, such as the Passive Integrat-
ed Transponders (PIT), appear to have little or no effect
on fish growth and survival (Prentice et al., 1989;
Quartararo and Bell, 1992; Baras et al., 1999, 2000;
Gries and Letcher, 2002).

Tagging systems need to be tested for each species
because of differences in susceptibility to anaesthesia
and manipulation, capacity for recovery, growth rate
and morphology. Thus, several studies have been
carried out on salmonids such as sockeye salmon,
Oncorhynchus nerka (Prentice et al., 1989), Atlantic
salmon, Salmo salar (Gries and Letcher, 2002) and
chinook salmon, Oncorhynchus tshawytscha (Dare,
2003), perches such as Eurasian perch, Perca fluviatilis
(Baras et al., 2000) and Golden perch, Macquaria
ambigua (Ingram, 1994), Nile tilapia, Oreochromis
niloticus (Baras et al., 1999), rohu carp, Labeo rohita
(Mahapatra et al., 2001), bullhead, Cottus gobio
(Bruyndoncx et al., 2002) and in juveniles of red
snapper Pagrus auratus (Quartararo and Bell, 1992).
Until present there are no reports concerning tagging of
gilthead seabream, despite its importance in breeding
programs. Thus, this study was conducted to examine
the utility of Passive Integrated Transponder (PIT)
tagging system in fingerlings of gilthead seabream. Tag
loss rate, as well as its effect on growth and mortality
rates was determined in different fish sizes and two
different body locations. Times of handling and healing
were also assessed.

2. Materials and methods

Three consecutive experiments were carried out to
determine: (a) a suitable tag body location (Experiment

1) and (b) the lower fish size (Experiments 2 and 3),
considering in both cases tag loss rate and tagging
effects on mortality and growth. All experiments were
carried out at the Canary Institute of Marine Sciences
(Gran Canaria, Canary Islands, Spain).

2.1. Tagging protocol

All fish were anaesthetised with chlorobutanol
(200 mg/L) prior to tagging with Passive Integrated
Transponders (PIT; Trovan Ltd., UK). PIT tagging
was carried out with tags of 0.096±0.0007 g weight
and 2.05×11 mm size, previously immersed in
alcohol and introduced horizontally into the fish
using a syringe. Iodine was applied after the
injection. Two locations were used to tag fish: (i)
the abdominal cavity between the pelvic fins and the
lower maxilla (PIT-A; Fig. 1A) and (ii) the vertebral
back muscle (PIT-M; Fig. 1B). Previously to PIT
injection, a 2.7 mm excision was applied (Fig. 2).
PIT codes were detected by ARE H5 reader (Trovan
Ltd., UK).

Due to PIT tagged and untagged fish were cultured in
the same tanks, both fish classes were also tagged with
Visible Implant Elastomer (VIE; Northwest Marine

Fig. 1. X-rays of gilthead seabream fingerlings tagged with PITs. (A) Abdominal cavity PIT (PIT-A), below the swim bladder. (B) Vertebral back
muscle PIT (PIT-M).

VIE -tail

VIE - operculum Excision -PIT 

Fig. 2. Tag positions on the fingerling gilthead seabream. Excision-
PIT, locations used to tag fish with PIT (PIT-A, abdominal cavity; PIT-
M vertebral back muscle). VIE-operculum, location to tag control fish
with VIE system. VIE-tail, location to tag PIT tagged fish with VIE
system (PIT-A, left side; PIT-M, right side).

310 A. Navarro et al. / Aquaculture 257 (2006) 309–315

Navarro et al., 2006 Hohn et al., 2013

Brennan et al., 2007



Pattern definition:
Colour x pattern x position



Advantages 

• High retention rates 
• Fast to apply 
• May be applied to very small fish 
• Minimal impact on survival, growth and behavior
• Low capital and material costs  
• Tags detected visually in ambient light 
• Fluorescing the tags with the VI Light significantly 

enhances detection 
• Tags may be seen in the dark or underwater by 

fluorescing with the VI Light 
• Well-established technique

Disadvantages 

• Limited coding capacity. Not 
individual

• Tags may become difficult in 
pigmented tissue 

• Daltonism
• No Automatic recording of data. 
Prone to errors



Dart /Anchor/ Streamer Tags

DART

FISH

CrustaceansStreamer

T-bar anchor
Fish and Crustaceans



Advantages 

• Easy and  fast to apply 
• May be applied to small fish 
• Minimal impact on survival, growth and 

behaviour 
• Low capital and material costs  
• Tags detected visually in ambient light 
• Well-established technique

Disadvantages 

• Limited coding capacity. Not individual
• Loss rates
• Modifies behaviour
• No Automatic recording of data. Prone 
to errors



Types of internal tags 
(cont.)

• Coded wire tags (CWT)
– Most popular in the world
– Magnetized stainless steel
– Used widely in salmonidsCoded wire tags (CWT)

• Stainless steel micro-tag 0.25 mm x 1.1 mm 

• The tag is coded with a series of factory-etched 
decimal numbers, which allow identification of the 
spool of wire (typically 10,000 tags) and 
individually.

• The tag is cut, magnetized, and implanted into 
suitable tissue with an injector 

• Placed in nasal cartilage

Overview



Advantages 

• Small size (0.25 x 1.1 mm)

• Ease of application

• Very low tag loss

• Vast number of codes

• Low cost (17 cents/tag applied)

• Biological compatibility

• No impact on survival, growth or behaviour

• Standardized methodology

Disadvantages 

• Depend on the fish morphology

• investment for large project

• Non visibility of tags

• Two sampling points in longitudinal 

analysis. You need to recover the tag and 

kill the fish to recover the tag or X-ray



Visible Implant Alpha Tags 

Overview

• Visible Implant Alpha (VI Alpha) Tags are 
implanted beneath transparent or 
translucent tissue but are externally visible.

• They are used for individual identification 

• Standard (1.2 mm x 2.7 mm) with black 
letters on a fluorescent red, orange, yellow, 
or green background.  

• Each color has up to 2,500 different codes. 

• Fluorescent under the VI Light for 
enhanced tag detection and readability. 

 

 

 

 Northwest Marine Technology, Inc. 
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Using NMT’s Visible Implant Alpha Tags 
 

 
Visible Implant Alpha (VI Alpha) Tags are 
implanted beneath transparent or translucent 
tissue but are externally visible. They are used 
for individual identification of fish, 
crustaceans, reptiles, and amphibians.  
 
Our VI Alpha Tags are: 
• Easy to load and inject. 
• Available in two sizes: 

o Standard (1.2 mm x 2.7 mm) with 
black letters on a fluorescent red, 
orange, yellow, or green 
background. 

o Large (2.0 mm x 5.5 mm) with 
black letters on a fluorescent 
orange background. 

o Each color has up to 2,500 different codes. 
• Fluorescent under the VI Light for 

enhanced tag detection and readability. 
• Stable for long-term storage. 
• Backed by our 1 year guarantee and expert 

customer service. 
 
Before using VI Alpha Tags, you may like to 
review available references for your species. 
Many can be found online and the NMT 
Biology staff is available to provide free 
tagging advice (email biology@nmt.us or call 
360-468-3375). If references are lacking, you 
may need to evaluate suitable tag locations and 
retention. 
 
Clear or translucent tissue may be a suitable 
target. The adipose eyelids of salmonids and some other fishes, as well as the spaces between fin rays, are 
examples of potential tagging sites. Other possible targets are along fin margins of flatfish, and the 
abdominal area of shrimps. In some cases, VI Alpha Tags can be placed under pigmented skin where they 
are difficult to see in ambient light, but quite visible when fluoresced. 

Large VI Alpha Standard VI Alpha 

Source:https://www.nmt.us/vi-alpha/



 

 

 

 Northwest Marine Technology, Inc. 
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Using NMT’s Visible Implant Alpha Tags 
 

 
Visible Implant Alpha (VI Alpha) Tags are 
implanted beneath transparent or translucent 
tissue but are externally visible. They are used 
for individual identification of fish, 
crustaceans, reptiles, and amphibians.  
 
Our VI Alpha Tags are: 
• Easy to load and inject. 
• Available in two sizes: 

o Standard (1.2 mm x 2.7 mm) with 
black letters on a fluorescent red, 
orange, yellow, or green 
background. 

o Large (2.0 mm x 5.5 mm) with 
black letters on a fluorescent 
orange background. 

o Each color has up to 2,500 different codes. 
• Fluorescent under the VI Light for 

enhanced tag detection and readability. 
• Stable for long-term storage. 
• Backed by our 1 year guarantee and expert 

customer service. 
 
Before using VI Alpha Tags, you may like to 
review available references for your species. 
Many can be found online and the NMT 
Biology staff is available to provide free 
tagging advice (email biology@nmt.us or call 
360-468-3375). If references are lacking, you 
may need to evaluate suitable tag locations and 
retention. 
 
Clear or translucent tissue may be a suitable 
target. The adipose eyelids of salmonids and some other fishes, as well as the spaces between fin rays, are 
examples of potential tagging sites. Other possible targets are along fin margins of flatfish, and the 
abdominal area of shrimps. In some cases, VI Alpha Tags can be placed under pigmented skin where they 
are difficult to see in ambient light, but quite visible when fluoresced. 

Large VI Alpha Standard VI Alpha 
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Loading VI Alpha Tags into the Injector

 
Single tags are loaded into the injector for insertion. The needle on this injector can 
be easily replaced. Large tags can only be used with a large needle on an injector 
that has “V2.0” written on the side, as shown above. Standard tags can be used with 
a standard needle and any of our VI Alpha Injectors.  
 

1. Make sure you have installed the correct needle size. Large needles have 
“LV” marked on the hub and standard needles have “V” marked on the 
hub. Wet the needle. This helps prevent the tag from sticking to the 
needle. 
 

2. With the bevel up, push a 
tag into the injector so that 
the needle is all the way to 
the top of the rectangular 
cutout. For the large tags, 
it may be helpful to pinch 
the top of the tag and 
direct it into the needle.  

 
3. Keeping the tag pushed 

into the needle, fold the 
tag sheet back until it is 
flush with the needle, and 
the tag sheet is upside 
down. This bends the joint 
between the tag and the 
tag sheet. 

4. Push the injector forward 
to cut the tag. Do not twist 
the injector to remove the 
tag. Twisting will distort 
the tag material at the joint 
with the sheet. The tag 
will not load completely 
into the injector, and will 
not lay flat after injection. 

The tag is ready to be injected. Detached tags can be difficult to load, particularly 
when they are wet. We recommend holding one end of the tag with tweezers and 
inserting it into the needle. 

Tagging Tips 
 
• Tag retention is often 

higher in larger animals – 
schedule tagging for when 
the study animals are as 
large as possible. 

• Don’t tag animals that show 
signs of disease. Handling 
and stress from tagging can 
exacerbate the disease, 
increase mortality, and 
reduce retention.  

• Tag in bright light. 

• When possible, set up your 
tagging station on land 
rather than in a boat. 
Tagging with VI Alpha 
requires a steady hand, and 
is easier when you are still. 

• The animal should be 
firmly restrained or 
anesthetized. Otherwise, it 
is likely to move when 
injected. This usually tears 
the target tissue, and 
increases tag loss or 
precludes further tagging 
attempts.  

• If you are new to tagging, 
first practice with animals 
that are not part of the 
study. Start with larger 
specimens and work your 
way to smaller specimens.  

• Place tags just below the 
skin. Deep tags may be 
obscured by pigmentation 
and tissue. Tags that stick 
out of the injection site are 
likely to be lost. 

• When possible, retain a 
sample of tagged animals to 
evaluate tag loss and 
visibility. 

• Handle tagged animals 
gently for about 10 days 
while the wound heals. 
Dropping the animal into 
water or putting it in heavy 
current may increase tag 
loss. GEV 3 11.2017 

Injecting VI Alpha Tags  
 
VI Alpha Tags cannot be pushed into solid tissue without the injector needle. The 
sharp tip of the needle is used to cut a path for the tag. The procedure is:   
 
1. Cut a path for the tag 

with the needle so that 
the tip is slightly in 
front of where the far 
edge of the tag is 
desired. 

 

 

2. Advance the shim until 
the tag is just at or past 
the tip of the needle. 

 

 

3. Leave the tag in place 
by withdrawing the 
needle with the shim 
still out. Release the 
shim. 

 

 

Tag Detection 
 
Although VI Alpha Tags can usually be seen with the naked eye under normal 
daylight or interior lighting, their visibility and readability are enhanced with the VI 
Light, particularly if it is used in the dark. When fluoresced, the tags can be seen 
(but not read) at considerable distance. Tags that are obscured by pigmentation and 
can’t be seen in ambient light are often detected with the VI Light. 

Storing VI Alpha Tags 
When properly stored, VI 
Alpha Tags have a very long 
shelf life. To maximize shelf 
life, we recommend that VI 
Alpha Tags be stored in a cool, 
dark place. Excessive exposure 
to sunlight will fade the 
fluorescence. 
 

VI Alpha Starter Kit 
Contents 
• 100 VI Alpha Tags 
• 1 VI Alpha Tag Injector 
• 1 Replacement Needle & 

Shim 
• 1 VI Light 
• 1 VI Alpha Color Standard 
 

Injectors and Needles 
Your injector and needle have 
to match the tag size you are 
using.   
 
For large tags: 
• The injector body must have 

“V2.0” printed on it. 
• Install a large needle – “LV” 

is marked on the needle hub. 
 
For standard tags: 
• Any of our VI Alpha injectors 

will work.  
• Install a standard needle – 

“V” is marked on the needle 
hub.  

 

Continuing Projects 
When the supplies in your kit 
have been exhausted, NMT 
offers additional tags, needles, 
and shims.  
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To maximize tag identification: 

• Choose distinct colors for tagging. 
• Tag in clear tissue whenever possible. 
• Train your samplers – let them practice with 

the tag colors they will encounter.   
• Fluoresce poor or obscured tags with the VI 

Light.  
• Compare tag colors with the VI Alpha Color 

Standard. 

 
 

Using the VI Alpha Color Standard 
 
NMT’s VI Alpha Color Standard presents the four VI Alpha colors on a 
clear card. This allows the sampler to place the color sample directly beside 
a tag for comparison, either under or over the tagged tissue.  
 

Using the VI Light 
 
Turn on the VI Light. The VI Light maintains constant light intensity 
throughout the life of the batteries. When the batteries are weak, the VI 
Light will flash to let you know it’s time for a fresh set. Detailed instructions 
are included in its package. 
 
Shine the light directly on the area where the tag is thought to be. If you are 
working in direct sunlight, you may need to fluoresce the tags in the shade – 
even the shade of your body may be enough. Small or faint tags are best 
seen when fluoresced in darkness. 
 
 
 

Large Needle Large Shim 

Standard Shim Standard Needle 

Plunger 

Injector Body Allen Wrench 

Needle Cleaning Rod 

Set Screw Spring 

End Screw 

VI Alpha Tags in ambient light (left) and illuminated by the VI 
Light (right).  
 

VI Alpha 
Injector 
Parts 

 

Source:https://www.nmt.us/vi-alpha/



Passive Integrated Transponder Tags (PIT)

Overview

• Based on Radio-Frequency Identification (RFID) technology. PIT tags have no internal 
power supply. A minute electrical current induced in the PIT antenna provokes a magnetic 
field and the incoming radio frequency signal provides just enough power for the tag to 
transmit a response (in this case a unique identification number). 

• Do not require an internal power source their lifespan is indefinite.

• PIT Tags uniquely identify an animal and to detect the tag without having to sacrifice the 
animal.

Types
Materials

biocompatible glass capsule
surgical grade acrylic plastic 

Two types by communication with antenna) 

half duplex (HDX) (reduced detection range)
full duplex (FDX). 
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Dimensiones 
(m)

Peso 
lenguado (g)

Retención Detección Precio

Microchip 2.12x11.5 > 2 100% Muy buena Barato

Minichip 1.4 x 8 >2
0.5-1

100%
69.9%

Muy buena Medio

Nanochip 1.27x7 >2
0.5-1

100%
88.4%

Muy Buena Medio-alto

Nonachip 1.0x6 >0.25 92.7% Regular Alto

Imagen 4: Tamaño relativo de diferentes tipos de 
marcas PIT-Tag: Micro-, Mini-, Nano- y Nonachips.



Antennas FDX

Portable

Mid-range

Antennas HDX

Antennas FDX y HDX



Advantages 

• Easy and  fast to apply 
• May be applied to a wide range of fish 
• Duration very high
• Automatic reading and monitoring
• Individual identification Longitudinal studies
• Not Modifies behaviour

Disadvantages 

• Cost but tags can be recovered
• Injection needs to be optimized
• Automatic recording of data.

Complex experimental designs
High flexibility

High confidence



Tagging is important in longitudinal analysis

Longitudinal data consist of observations (i.e., measurements) taken repeatedly through 
time on a sample of experimental units (i.e., individuals, subjects). 

The experimental units or subjects can be animals, tanks, etc.

Typically, the terms “longitudinal data” and “longitudinal study” refer to situations in which 
data are collected through time under uncontrolled circumstances. 

Longitudinal data are to be contrasted with cross-sectional data. Cross-sectional data 
contain measurements on a sample of subjects at only one point in time. 



Examples

Growth trajectories (Not at sampling points): 
Interested in the curves

-Not always linear: slopes not possible

Tagging for individual monitoring
-Control of fix and random factors (sex, origin, family)
-Traits are not observable until the end of the trial (sex)
-When it is not possible to homogenize the size at the 
beginning of the trial.

3. Results

3.1. Descriptive statistics

In Fig. 2, the average phenotypic body weight
curves, based on raw data, are plotted for male and
female fish. It shows that fish were around 50 g at
the age of 122 days (measurement 1). Towards
measurement 2 at the age of 151 days, body weight
increased rapidly, for male fish the increase was
higher. After measurement 2, the increase of body
weight showed a linear pattern towards 744 g for
male fish and 419 g for female fish at measurement
5 and the age of 293 days (see also: Table 1).
Variation increased rapidly with age (Fig. 2). All
body weight distributions were tested normal using
Kolmogorov–Smirnov tests of normality (Pb0.01).
Student’s t-tests indicated that the difference in mean
body weight of male and female fish was significant
at all measurements (Pb0.001). At measurement 5,
body weights of the largest female fish were
approximately equal to the average body weight of
male fish. Body weight curves did not bend towards
a plateau near measurement 5.

3.2. Univariate and bivariate genetic analyses

Results of the univariate and bivariate genetic
analyses are shown in Table 2. The heritability of
body weight for all fish varied from 0.16 at measure-

ment 1 to 0.26 at measurement 5. Standard errors were
relatively high, so that these heritabilities were neither
significantly different from zero nor different from
each other (a=0.05). The ratio of family variance to
phenotypic variance (c2) for all fish decreased from a
value of 0.21 at measurement 1 to a value of 0.09 at
measurement 5. Standard errors for c2 were smaller
and c2 differed significantly from zero at measure-
ments 1 and 2. Note, that the phenotypic variance at
measurement 5 was almost 60 times larger than at
measurement 1, whereas the additive genetic variance
was almost 100 times larger.

Results from the bivariate analysis indicated that
the average heritability for male and female fish was
lower compared to the univariate estimate but higher
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Fig. 2. Phenotypic body weight curves for male and female fish, and ranges containing observations from the 5th to the 95th percentile.

Table 1

Average age (days), mean live body weight (A in grams) and

standard deviation of live body weight (j in grams) for all, male,

and female fish at each measurement (1–5)

Measurement

1 2 3 4 5

Average age 122.1 151.0 202.2 234.2 292.9

All fish n=2483 l 55.5 100.3 286.1 403.6 609.8

r 22.3 42.9 114.9 170.6 226.4

Male fish n=1459 lT 61.9 116.3 346.2 492.5 744.0

r 23.2 42.5 96.6 146.8 172.4

Female fish n=1024 lT 46.4 77.6 200.9 276.8 418.7

r 17.4 31.8 78.8 110.0 140.5

T t-tests indicated that mean body weights of male and female fish

were significantly different at each measurement ( Pb0.001).

M.J.M. Rutten et al. / Aquaculture 246 (2005) 101–113 105

Applications
Breeding programs: Random regression
Larval Plasticity evaluation
Behaviour



Examples

Resistance to disease, pathogen monitoring and Ab 
production

Interested in the time from symptoms to death
Ab production rates

Number of pathogen particles

-Not linear

Tagging for individual monitoring
-Control of fix and random factors (sex, origin, family)
-Traits are not observable until the end of the trial (sex)
When it is not possible to homogenize the size at the 
beginning of the trial.

3. Results

3.1. Descriptive statistics

In Fig. 2, the average phenotypic body weight
curves, based on raw data, are plotted for male and
female fish. It shows that fish were around 50 g at
the age of 122 days (measurement 1). Towards
measurement 2 at the age of 151 days, body weight
increased rapidly, for male fish the increase was
higher. After measurement 2, the increase of body
weight showed a linear pattern towards 744 g for
male fish and 419 g for female fish at measurement
5 and the age of 293 days (see also: Table 1).
Variation increased rapidly with age (Fig. 2). All
body weight distributions were tested normal using
Kolmogorov–Smirnov tests of normality (Pb0.01).
Student’s t-tests indicated that the difference in mean
body weight of male and female fish was significant
at all measurements (Pb0.001). At measurement 5,
body weights of the largest female fish were
approximately equal to the average body weight of
male fish. Body weight curves did not bend towards
a plateau near measurement 5.

3.2. Univariate and bivariate genetic analyses

Results of the univariate and bivariate genetic
analyses are shown in Table 2. The heritability of
body weight for all fish varied from 0.16 at measure-

ment 1 to 0.26 at measurement 5. Standard errors were
relatively high, so that these heritabilities were neither
significantly different from zero nor different from
each other (a=0.05). The ratio of family variance to
phenotypic variance (c2) for all fish decreased from a
value of 0.21 at measurement 1 to a value of 0.09 at
measurement 5. Standard errors for c2 were smaller
and c2 differed significantly from zero at measure-
ments 1 and 2. Note, that the phenotypic variance at
measurement 5 was almost 60 times larger than at
measurement 1, whereas the additive genetic variance
was almost 100 times larger.

Results from the bivariate analysis indicated that
the average heritability for male and female fish was
lower compared to the univariate estimate but higher
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Fig. 2. Phenotypic body weight curves for male and female fish, and ranges containing observations from the 5th to the 95th percentile.

Table 1

Average age (days), mean live body weight (A in grams) and

standard deviation of live body weight (j in grams) for all, male,

and female fish at each measurement (1–5)

Measurement

1 2 3 4 5

Average age 122.1 151.0 202.2 234.2 292.9

All fish n=2483 l 55.5 100.3 286.1 403.6 609.8

r 22.3 42.9 114.9 170.6 226.4

Male fish n=1459 lT 61.9 116.3 346.2 492.5 744.0

r 23.2 42.5 96.6 146.8 172.4

Female fish n=1024 lT 46.4 77.6 200.9 276.8 418.7

r 17.4 31.8 78.8 110.0 140.5

T t-tests indicated that mean body weights of male and female fish

were significantly different at each measurement ( Pb0.001).
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Applications
Disease control



Examples

Behaviour studies
How bold/shy modifies through the time

Tagging for individual monitoring
-Control of fix and random factors (sex, origin, family, tank)
-Traits are not observable until the end of the trial (sex)
-When it is not possible to homogenize the size at the beginning of 
the trial.

Applications
Breeding programs



Tagging can increase the statistical robustness in long-term trials

Example:
5 treatments for larval reprogramming

Cultivated separately until juvenile stage 

Do juveniles grow differentially

Classical approach nested
Five treatments *triplicate = 15 tanks. Assuming the same initial weight

T1 T2 T3 T4 T5

Source: Treatment

Error

4

60

df

Tank 10
Animals randomly distributed

5 5 5

Total 74



If tagged: Randomized complete block design
Five treatments in each TANK *triplicate = 3 tanks. NOT Assuming the same initial 
weight

T2

Source:

Treatment
Error

4
8

df

T1

T4T3

T5

T2T1

T4T3

T5

T2T1

T4T3

T5

Block (Tank) 2

If initial weight≠ treatments, hence, a Longitudinal approach

F4,8 vs F4,60

With a randomized block design, the 
experimenter divides subjects into 
subgroups called blocks, such that the 
variability within blocks is less than the 
variability between blocks

(5)

25 25 25



• Although time effects can be investigated in cross-sectional studies in 
which different subjects are examined at different time points, only 
longitudinal data give information on individual patterns of change

• In contrast to cross-sectional studies involving multiple time points, 
longitudinal studies economize on subjects. 

• In investigating time effects in a longitudinal design or treatment effects in 
a crossover design, each subject can “serve as his or her own control”. 
That is, comparisons can be made within a subject rather than between 
subjects. This eliminates between-subjects sources of variability from the 
experimental error and makes inferences more efficient/powerful

• Since the same variables are measured repeatedly on the same subjects, 
the reliability of those measurements can be assessed, and purely from a 
measurement standpoint, reliability is higher 

Advantages of Longitudinal Data



• For longitudinal or, more generally, clustered data it is typically reasonable 
to assume independence across clusters, but repeated measures within a 
cluster are almost always correlated, which complicates the analysis.

• Clustered data are often unbalanced or partially incomplete (involve 
missing data), which also complicates the analysis. For longitudinal data, 
this may be due to loss to follow-up (some subjects move away, die, miss 
appointments, etc.). For other types of clustered data, the cluster size may 
vary (e.g., familial data, where family size varies). 

• As a practical matter, methods and/or software may not exist or may be 
complex, so obtaining results and interpreting them may be difficult. 

Disadvantages of Longitudinal Data


