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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The term “sea lice” refers to several species of naturally occurring marine copepods that parasitize fish.
They attach themselves to the skin, fins, and gills of wild and farmed fish, and feed on host mucus and
skin. If an infestation is severe, it can negatively impact the health of affected fish.

The abundance of sea lice can be amplified on marine finfish farms and a concern is that farms can
then act as a reservoir, releasing lice back into the broader marine environment. Farms could thus
act as a source of infestation for wild fish, particularly salmonids. While it is possible to control lice

Farm

through integrated pest management approaches and the use of therap

requirements on farmed salmon producers to carefully monitor lice levels on faris
ppriate actions to reduce on-farm lice populations where lice have been identifiedas a

e sea lice are identified as a concern to be managed, counts may be used.inr a num

eutants, the
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and to take
concern.

ber of ways.

the past decade, it has become increasingly common for regulators to-éstablish upper limits to

dance of lice on farms with the intent of minimizing potential impacts to wild fish
ing companies can also monitor lice abundance to maintain appropriate fish welfarg

In addition, the development of reduced sensitivity to in-feed medicatigmn(following similar
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hth treatments in the 1990s), is a concern to both regulators and-producers. Clear and s

bopulations.

conditions.
trends seen
tandardized

ce counts are necessary for the early detection of any such trenids. Both the aquacultiire industry

pharmaceutical suppliers of ecto-parasiticides would thén)be in a position to makg
b1 determination of situations in which treatments were'beginning to lose effectivene
tiate appropriate mitigation strategies.

the past two decades, a range of counting methods have been developed across co
times within countries, such that it is often difficult to know how to interpret the s¢
rted from farm sites. The goals of this International Standard are to ensure that the se
ed out on marine finfish farms are accurate and fit for purpose and to establish a me
n-farm surveillance that can be carried out in any farming area, affording accuratg
nates of lice. A standardized methodology will yield results that can better be compg
Hictions and geographic regions,supporting the development and implementation of ¢
hgement approaches and increasing public confidence that effective control measur
bmented.
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Methods for sea lice surveillance on marine finfish farms

1 Scope

This International Standard specifies both a method for sea lice counts on marine finfish farms and
a method for sea lice surveillance that can be carried out in any farming area to provide consistent
estimates of sea lice infestation.

It sp
varid

bcifies the best practices associated with monitoring sea lice levels on marine finfiy

include identifying minimum requirements for specific monitoring program elements (e.g

fish
will
(copé

hind cages to be sampled, frequency of sampling, the level of detail recorded, etc.). T
hpply to all marine finfish farms which experience infestation with anycf the range
bpodid) parasites.

2 Normative references

Ther]

3
For t

3.1
seal
cope

Note

e are no normative references in this International Standaxd.

Terms and definitions

he purposes of this document, the following texnis and definitions apply.

lice
pods of one of a number of lice species

1 to entry: The most commonly occurring sea lice, depending on location, being the variou

Lepeqphtheirus salmonis Krgyer, Caligus.elongatus, Caligus clemensi, Caligus rogercresseyi, etc. and

Calig

3.2
seal
seal

Note

IS curtus.

ice stages
ce metamorphoseéte’different life stages

| to entry: Sealice’stages includes the nauplii (free-swimming stage) through the copepodid sta

stage)) to various stages of chalimus growth (attached stages) where they are attached to a single po

host.

They then develop to pre-adult (for some lice species) and finally, adult stages, at which point

to mqve arouiid on the fish host (motile stages).

3.3
finfi

h farms for

us purposes including the assessment of abundance, prevalence, and treatmentyefficacy. This will

. number of
he standard
of “sea lice”

s salmon lice
the cod louse

be (infectious
nton the fish
they are able

11

fish of the class Osteichthyes

3.4

facility
collective structures used for the purposes of finfish aquaculture; including the enclosures (net pens),
walkways, barges, floats plus associated lines and anchors

3.5

enclosures
containment structures, including net pens, cages, or similar structures used to contain finfish for the
purposes of aquaculture

© ISO
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treatment

:2015(E)

measure applied to remove sea lice

EXAMPLE

3.7
abundance

Treatment such as in-feed drug products, topical pesticides, or other methods that remove lice,
including mechanical removal.

mean number of lice across all of the fish that are examined at any particular sampling point

3.8

prevalence
proportion
particulars

3.9
intensity
mean numb
any particul

3.10
accuracy
quantitative

[SOURCE: IS

3.11
precision
quantitative
property

[SOURCE: IS

3.12

sea lice cou
event involv
enumerates

3.13

sea lice sur
process by v
a series of s¢

3.14
clustering

bf fish on which at least one louse was observed from all of those examined during
hmpling event

er of lice across only those fish on which lice have been observed during the examinati
ar sampling point

measure of the degree of conformity with an accepted ceference value

0 6707-1:2004, definition 9.1.8]

measure of the degree of agreement between individual measurements of the

0 6707-1:2004, definition 9.1.9]

nt
ing a number of fish fromsarange of cages on a marine finfish farm on a specific date y
the presence of differerit sea lice stages on these fish

veillance
Uhich sea lice lévels are recorded and assessed over time; the protocol to organize and a
ba lice counts

degree tow

b any

on at

bame

rhich

BSESS

hich parasites tend to aggregate within units (in this case cages)

Note 1 to entry: Can be formally measured by the intraclass correlation coefficient (ICC) which describes how
closely communities in the same unit tend to resemble each other.
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4 Sampling design

4.1 Purpose, precision, and accuracy

The most important consideration in determining sampling design is the purpose for which the
monitoring is being carried out. The key issue in deciding on a sampling strategy is specifying the level
of precision or accuracy that is required as an outcome from the sampling process.

NOTE1 The purpose of monitoring could be to fulfil regulatory requirements, in which case, it would be up to
the relevant authority to decide on the design details, or it could be to monitor the effectiveness of the treatments
for sea lice, in which case, the outcome could be of importance to both the authorities and producers of fish. The

desi

NOTH 2
trends over time, it can be that #20 % is adequate, while estimating efficacy of a treatment intd
require a more tightly defined precision.

and frequencies of the monitoring will therefore vary.

When reporting mean sea lice levels for comparison against treatment triggers, orlsimpl

y to visualize
rvention can

Therg are also a number of biological factors that will affect the accuracy jof-estimates. Ih particular,
the Ipvel of clustering which exists in a given situation will impact on the importance of selecting a
representative number of cages from within a farm.

NOTE 3  Clustering refers to the relationship of within-cage to between-cage variation and is known to be
impoftant in most ecological monitoring situations.

4.2 | Specification of measure to be used (abundance, prevalence, and median jntensity)
4.2.1 General

It is not only precision and accuracy that are ass@ciated with purpose; the actual metric th

expr
(see

when sea lice levels are very low, as is.assumed to be the case when trigger levels of, for

adulf

NOTH

may be better metrics to use thayg mean abundance in this circumstance.

NOTH
“abur

4.2.2

Havi
cont
diffe
as th

bss the level of sea lice load on fish may change in differing contexts and under varyin
also Annex B). Abundance is the mosti\commonly used metric when sampling sea li

females per fish are in place, it is iinlikely that abundance will be the best metric.

1  General advice from the quantitative parasitology literature is that prevalence and me(

2 Regulatory thresholds are usually based on average sea lice figures, or in parasitological
dance”; while estimates of intensity and prevalence are typically only used in epidemiologicall

Abundance

hg takendote of the considerations above, a relevant level of accuracy should be select
hined iftTable 1 indicate the estimated levels of accuracy that can be expected to be obf]
Fent.configurations of cage coverage and total number of fish in the sample. The accura

at is used to
g conditions
e. However,
bxample, 0,1

ian intensity

terminology,
studies.

ed. The cells
ained under
Cy increases

e‘total number of fish sampled is increased (i.e. from left to right) and under norma

conditions,

where clustering is present, the same is true as a larger proportion of the cages is included (i.e. moving
from top to bottom in the table). The diagonal lines in Table 1 indicate sampling strategies of equivalent
accuracy.

NOTE

The actual slope of the diagonal lines in Table 1 is dependent on the degree of clustering present in a

given situation. The metric used to define this is the Intra-class Clustering Coefficient or ICC, which in the example
shown, based on empirical data, has been set to a value of 0,35. As the ICC approaches a value of zero, i.e. no
clustering, the lines of accuracy-equivalence would tend towards the vertical, indicating that accuracy is based
only on total number of fish included in the sample.
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Table 1 — Impact of number of fish and % of cages sampled on precision estimation

% of Total number of fish saM

e 20 30 40 50 })Q/ 150 200 300 —
10% _—
25%

50% ~

e

1UU

all)

A\

-

/

50 % [precision /
20% precision  10% precision 5 % precision
4.2.3 Preyalence and median intensity
In situationd of low abundance (e.g.less than 0,2 individuals per fish), an alternative metric should befused
to report sea lice infestation. This may be in addition to or in place of abundance. In such situations, the
prevalence ill also be low, in the region of 10 % to 15 % of fish having parasites. Similar general igsues
as those ouflined in 4.1 will hold when determining accuracy. However, for prevalence, the maximum

level of res
site, depen
fish which h
a more usef]
also avoid tH
are likely to

4.2.4 Minimum requirements for on-farmmonitoring of sea lice levels and effect of treatm

Having takg
appropriate
However, fo
are set. The
sealiceisin
cages and ny

Table

0|
dIIing on the level at which prevalence is being estimated). Intensity measures consider
hve sea lice present on them, and thus, in such situations, taken with prevalence, can provide

ution in any estimate will be limited to 1/N (where N'is the number of fish per cage, o

ul summary of infestation than abundance.dn addition, by using a median value, the}
le problems of bias introduced by a single ‘outlier’ in the circumstance where only a fey
be infected.

n note of the considerations in 4.1 and 4.2, the operator should be able to identi
approach for the on-farm‘monitoring of sea lice levels and to assess the effect of treatm
' the purpose of this International Standard, minimum requirements for such monit

I per
only

7 can
U fish

ent

y an
ents.
bring

monitoring of sea licelevels is in Table 2 and the monitoring of the effect of treatme
Table 3. Table 2 andTable 3 both sets out the minimum requirements in terms of propo
hmbers of fish&ampled for various scenarios.

2 — Mininmium sampling coverage, number of fish and percentage of cages when
monitoring the sea lice levels

t for
tion

Number 5)1 cages present on % of cages sampled Minimum number of fish to be samplecr per
finfish-farm cage
3orless 100 % 10
4to12 50 % 10
More than 12 33% 10

Table

3 — Minimum sampling coverage, number of fish and percentage of cages when
monitoring the effect of treatment for sea lice

Number of cages present on
finfish farm

% of treated cages sampled
cage before and after treatment

Minimum number of fish to be sampled per

3orless 100 % 20

4to12 100 % 20

© ISO 2015 - All rights reserved
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Number of cages present on
finfish farm

% of treated cages sampled

Minimum number of fish to be sampled per
cage before and after treatment

More than 12

100 %

20

5 Information requirements for sampling events

5.1 General
Adequate sampling shall include several key elements. The contextual elements that shall be recorded
are ljsted in Table 4, while the information specific to the sea lice present on the sampled fish is noted
in Taple 5.
5.2 | Contextual elements at each sampling event
Each|time fish are sampled to assess sea lice infestation, a number of contextual elementy, which are
impqrtant to the appropriate interpretation of the observation (see Anifex A), shall be recorfled as listed
in Taple 4.
Table 4 — Core contextual elements fof.sea lice sampling
Level of detail Type of element
Event Production Environment3l
Faciljty Date of sampling Total number of fish Seawater temperature, nofmally at
. . e beingheld on the one or more standardized [depths (e.g.
Unique identifier for the .. . s
o . facility surface or 3 m) with depth specified
facility or site
Total number of Salinity normally at one o1l more
enclosures holding fish |standardized depths (e.g. yurface or 3
on the facility at the m) with depth specified
time of sampling
Year class of fish
stocked at the facility
Enclpsure Unique-identifier for the |Enclosure volume
enclgsyre (pen, cage) Estimated average
Method used to catch weight of fish in the
fish from enclosure enclosure
Date and product used |Estimated number of
in most recent use of sea |fish in the enclosure
lice treatment
Fish Observations of
L lotad Jd s
Inmee ririatcyu uaulasc U
the fish
Poor performing fish

5.3 Sealice elements at each sampling event

Once the major lice species of concern has been identified (in many regions, this will be Lepeophtheirus
salmonis), recorded observations of all sea lice on fish shall include annotation of the lice species as well
as enumeration of specific life stages. The sea lice life stages of interest are the chalimus (also referred
to as “attached”) stages and the motile stages (which include adult male and adult female, and for some
species, pre-adult life stages).

© ISO 2015 - All rights reserved
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Some rationale as to the importance of recording details of these various stages can be found in Annex A.
Sea lice numbers on the cultivated fish are to be counted, by visual observation with the naked eye, and

recorded as

indicated in Table 5.

Table 5 — Sea lice elements for sampling

Stage Major (dominant) Minor sea lice species None recorded
sea lice species

Female Motile stage of adult Total individuals in any A “no sampling” reportc¢

female motile stage
Motiles Muotitestage of aduttmate
Pre-adulta Motile stage of

pre-adult lice
Chalimusb All chalimus or attached

stages
a  Insome cpses, it may be acceptable to simply record all motile stages, other than adult females, as a single variable (i.e.
adult males pjus pre-adult stages). However, the recommendation of this International Standdaprd would be to record pre-
adult, adult fgmale and other motiles separately. At a minimum, the number of adult females; as well as the number|of all
motile lice shgll be recorded regardless of what other differentiation is recorded.
b Visual obervation with the naked eye is limited. If there is a need to speciaté the chalimus stages, a microsc¢pe is
needed.
¢ Ifnomonftoring was undertaken due to exclusion (e.g., water temperatureoralgal bloom precluded sampling), thep this
should also bg recorded.
5.3.1 Sealflice dislodged during handling
Sea lice thajmay have been dislodged through the handling of fish during sampling are to be accoynted
for by
a) keeping fish in containers and using a sieve-for count of each dislodged parasite, and
b) visually inspecting the container, with methodology varied according to the targeted seq lice

indicatqr:

1) iftHe sampling design is targeting the calculation of abundance (i.e. mean number of sea lice per
fish), then the number®f'sea lice in the sampling container can be totalled at the end of a given
cagp sampling eventiand pro-rated across all the fish sampled, or

2) ifthe sampling design is targeting the calculation of prevalence or intensity of lice on fish,|then
inspection forlice in the sampling container shall be to be carried outas each fish is inspectdd. (If
in a|given sitiration this is not possible, then the user should be aware that intensity/prevalence
measures’cannot be adequately estimated.)

5.4 Structured formatfor reporting

The reporting of lice sampling events (both contextual and sea lice elements) shall be carried out in a
structured fashion. Only by using a reporting method that is well-defined and consistent over time can
useful temporal trends be created and interpreted. An example of the type of data sheet that should be
used to report sea lice sampling events is provided in Annex B. In some cases, these types of data may
be entered directly into mobile digital devices. In others, the data will initially be recorded on physical
media. In the latter case, it is important that the data be transferred to a digital format if long-term

storage and

trend analysis is to be carried out.

© ISO 2015 - All rights reserved
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6 Monitoring programme elements

6.1

General

Any monitoring programme shall specify the frequency at which sampling is to take place as well as the
method for selecting and handling fish.

6.2 Selection of fish and handling
Fish should be handled in a manner that mlnlmlzes stress, damage to flsh loss of lice, and meets
applieable—fish—weHare—re eHeRtS—n re—the e e rpesthetizing
fish before countlng hce decreases handhng related stress on the flsh and reduces the number of lice
dislodged during sampling.
Arepresentative sample of fish, as determined by the sampling design (see Clause4); should[be collected
from|the enclosure by crowding the fish into an accessible area and then remoying the fish tq be sampled
using a dip net. Selected fish should be placed into an anesthetic bath and examined one at p time.
6.3 | Frequency for regular monitoring
Wheh establishing frequency of sampling, a range of factors affecting sea lice populatign dynamics
should be considered. These would include elements such as the following:
— g4ea water temperature;
— galinity;
— Iligration of wild fish;
— o¢ceanographic conditions;
— {reatment;
— presence of other hosts and pathogenesis;
— general or specific legal requirements.
A gujdeline for typical sampling frequencies is given in Table 6. While these would be the|frequencies
nornpally expected, some mitigating factors (such as those listed above) can lead to an|increase or
decrease in the regularity of monitoring; these are outlined in Table 7.
Table 6 — Frequency of sampling of sea lice
Surface water temperature Frequency
<40 No counting — sea lice development is slow and sampling may haye negative
impacts on fish welfare
40Cto10°C Every 14 d
>10 °oC Every 7 d
© IS0 2015 - All rights reserved 7
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Table 7 — Factors that can affect the frequency of sampling of sea lice

Consideration Increase fre- Decrease
quency frequency

Presence of susceptible wild species at a vulnerable life stage in ok

the vicinity of the farm

Exceedance of some lice threshold has occurred HoAk

To comply with some local cooperative or voluntary agreement ok

Fish at the facility are broodstock ok

Fish are cuiTently undergoing treatment

* k%

Local salinity is very low ( <15 ppt )

Adverse enyironmental conditions (low air temperature, high ok

winds, low flissolved oxygen, etc.)

Advice from a fish health professional (e.g. during a disease out- ook

break)

6.4 Frequency for assessment of treatment efficacy

The presende of sea lice should be assessed before and after treatment vith therapeutants to adequjately
estimate thg effectiveness of any intervention. This may require_slightly different (more regular or
purposeful)|sampling frequency to that outlined in 6.3.

In particulay, it is recommended that any sea lice reducing treatment should have a count event cafried
out within dne week of the treatment date, and that, at sea\water temperatures greater than 13 °(, this
be reduced to no more than 3 d prior to the treatment event. In addition, even if the water temperature
is below 10 {C, itis suggested that counts be carried outin each of the first two 7 d periods followinlg the
termination| of the treatment.

These guidglines relate specifically to the contéxt of making use of reactive chemotherapeutic|bath
treatments.|Other treatment options exist which tend to act over a longer time period. For example,
in-feed treafments such as emamectin _benzoate or teflubenzuron which will be present in the [flesh
of the fish dnd act on parasite over longer periods. In additionnewer non-medicated alternativgs for
controlling gea lice in a more proactive manner will tend to have effects that are seen over a longer{time
period. While it is equally imporfant to assess the efficacy of these types of treatment, this can largely
be achieved through the moreZvegular sea lice monitoring outlined elsewhere in this Internatjional
Standard.

7 Trainipng requirements

At a minimym,personnel carrying out sampling programmes should be trained to perform the pasic
tasks of

— collecting contextual information, such as environmental measurements, as per 5.2,
— identifying the appropriate species and life stages of sea lice as per 5.3, and

— proper fish handling techniques including the use of anaesthetics.

Sampling skills should be assessed and verified by a fish health professional annually.

In addition for the long term effectiveness and value of such programmes, personnel involved in sea lice
surveillance should also be trained to understand the importance of, and assist in

— drafting sampling programmes,

— verifying sampling programmes, and

8 © IS0 2015 - All rights reserved
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— revising sampling programmes.
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Annex A
(informative)

Rationale for collecting site and cage-level data

A.1 The need for “contextual” elements in the data collection process (see 5.2)

Contextual

include environmental factors, production information and data related to the sampling event.

Environmer
species and
also affects
determining
application.

Production
establish th

population eing sampled, and estimates of the size of the overall seallice population in a given sef

The general
salmon to i1

The method
‘random’ m¢
sampling) ¢

A.2 Thel

The chalimuy
and can hay
strategies, {
chalimus en|
to a greater
however, be

eye so all individual chalimus, regardless of actual species, should be counted and recorded as the

species of c(
present, it d

Motile lice a
a farm. In ad
permitted n

blements support analysis as well as interpretation of sampling results. These elenl\ents

tal factors such as salinity and water temperature affect the reproductivé;biology of lice
therefore can influence the local abundance of sea lice at the time of(sampling. Salinity
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hn be helpful at time of interpretation.

need for lice stage details in:the data collection process (see 5.3)

s stage is of interest as this stage actively feeds in the restricted area around its attachment
re a negative effect on the-health of the host fish. In addition, in more proactive copntrol
he expectation is that the-development to motile stages can be largely avoided, and fthus,
Lmeration is critical toyeffective monitoring. With a proactive strategy, the chalimus stpges,
extent, would be.éfvalue for predicting changes in the sea lice levels at a farm. It shpuld,
noted that it is @difficult to differentiate between species at this life stage with the nfaked
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pes not require the use of a microscope to carry out the count.

Ire eounted as this information can be helpful in predicting changes in sea lice population at
dition, some regions have regulatory or best-practice guidelines which include a maximum
umber of all motile sea lice.

The number of adult female sea lice should also be counted and recorded as a separate stage. This stage
is arguably the most important for estimation of emerging population dynamics as the females (and her
eggs) are the key determinant of new infestations. In some regions, it is stipulated that “gravid females”
(i.e. those adult female with eggs) should be recorded separately. However, this is not recommended as
some females without egg strings can develop these in a day or two, while others can have just recently

shed theirs.
addition to,
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Thus, it is recommended that total adult female numbers are recorded, rather than, or in
those which have egg strings (“gravid”).
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