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and parameterization of key life-history traits has been hindered by labour-intensive
and error-prone quantification using traditional light microscopy. Fluorescence illumination has been proposed as a means of improving visualization, but prior to this
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conditions has not been undertaken. We investigated the fluorescence profiles of
600 nm) and identified unique fluorescence signals. Fluorescence microscopy using
excitation wavelengths of 470 ± 40 nm, and emission wavelengths of 525 ± 50 nm,
showed that after 90 days of formalin storage salmon lice have a mean fluorescence
intensity that is 2.4 times greater than non-target copepods (copepodid and adult
stages). A 7-day heat treatment of 42°C in formalin increased the difference between
salmon louse copepodids and non-target copepods to a factor of 3.6, eliminating the
need for prolonged storage. Differences in the fluorescence signal and endogenous
fluorophores were investigated with respect to variation in sea lice species, age, stage
and host fish origin. Under the conditions outlined in this paper, the fluorescence
signal was found to be a reliable means of visualizing and differentiating salmon lice
from non-target zooplankters. Adaptation of the fluorescence signal would greatly
expedite traditional methods of enumerating salmon louse larvae in plankton samples and could provide a means of automated detection.
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1 | I NTRO D U C TI O N

and fine scale distribution in the field, remain underparameterized
(Brooker et al., 2018; Nelson et al., 2017; Skarðhamar et al., 2019).

The salmon louse, Lepeophtheirus salmonis salmonis (Krøyer 1837;

Lepeophtheirus salmonis hatch from eggs strings carried by fe-

Skern-Mauritzen et al., 2014), is an obligate ectoparasite of sal-

males and develop through three non-feeding planktonic stages:

monids and a major constraint to Atlantic salmon (Salmo salar)

nauplius 1 and 2 (N1 and N2), and the infective copepodid stage.

aquaculture. Salmon aquaculture has expanded rapidly from a few

After the copepodid finds and attaches to a host, it develops through

thousand tonnes of fish produced in 1980 to the 2.4 million tonnes

5 more stages concluding with the adult stage (Hamre et al., 2013).

produced in 2018 (FAO, 2020). Norway is currently the larg-

While the parasitic stages can be readily observed and enumerated

est producer of salmon at 1.28 million tonnes produced in 2018

on the host fish, the free-living planktonic stages can only be identi-

(FAO, 2020), but due to environmental challenges, principally

fied within a zooplankton sample. However, finding and enumerating

infestation by L. salmonis, growth of the industry has stagnated

planktonic L. salmonis are challenging due to their relative low abun-

since 2012 while costs continue to rise (Bjørndal & Tusvik, 2019).

dance in comparison with other species typically collected in a sam-

Estimates of the economic impact of L. salmonis range from 6.2%

ple. Previous studies suggest a mean abundance of planktonic stages

to 8.7% of productive value (Abolofia et al., 2017; Costello, 2009a),

ranging from 0.075 to 0.70 m−3 with numerous zero counts and a

suggesting the losses for the global salmon farming industry to be

few outliers, which indicates a high degree of patchiness (á Norði

in excess of $1.26 billion USD.

et al., 2015; Byrne et al., 2018; Nelson et al., 2017; Nilsen, 2016;

Parasitic stages of L. salmonis feed on the mucus, tissue and

Penston et al., 2011; Salama et al., 2013; Skarðhamar et al., 2019). In

blood of their host causing sores, immunosuppression and reduced

comparison, the global mean density of copepods is estimated to be

feed conversion efficiency (Thorstad et al., 2015). In Norwegian

1,000 m-3 (Box hall, 1998), and a planktonic tow from the west coast

waters, wild Atlantic salmon smolt migrating from rivers towards

of Norway typically yields 5,000 m−3 or more animals (T. Falkenhaug,

the sea are infected by L. salmonis copepodids suggested to primar-

personal communication, 6 June 2020). Thus, one may have to sort

ily derive from infested farms (Fjørtoft et al., 2019; Kristoffersen

through 1,400 to 66,000 animals before identifying a single L. salmo-

et al., 2018), and the resulting lice loads increase their risk of mor-

nis in a plankton sample.

tality (Taranger et al., 2014). The growth of salmon aquaculture and

Since identifying and enumerating planktonic L. salmonis stages

resulting rise in L. salmonis infestations have been associated with

in a zooplankton sample are a laborious task, several methodol-

declines of some wild salmonid populations, which together with

ogies have been employed to that effect, with mixed results (Bui

welfare concerns have prompted regulatory action (Costello, 2009b;

et al., 2020). Amongst them, fluorescence microscopy has been

Heuch et al., 2005; Krkosek et al., 2007; Krkošek et al., 2005, 2013;

shown to increase the visibility of L. salmonis copepodids in compar-

Thorstad et al., 2015; Torrissen et al., 2013; Vollset et al., 2018).

ison with other species (Bui et al., 2020; Fordyce, 2017). However,

The traffic light system implemented by the Norwegian govern-

the reliability of the fluorescence signal has not been investigated

ment in 2017 codifies the importance of L. salmonis to regulatory

nor has the optimal method been described in detail. Ideally, a spe-

decisions, by linking salmon aquaculture production to the risk of

cific combination of excitation and emission filters would result in

infestation-induced mortality in wild salmonid populations (Vollset

L. salmonis fluorescing, while non-t arget animals are unaffected. In

et al., 2018). A key component of the risk assessment is the oper-

fluorescence, a molecule is exposed to an incident light and photons

ational salmon lice model, which calculates the infection pressure

are absorbed by the molecule raising its energy level (excitation),

through the coupling of a hydrodynamic model with a salmon lice

but rather than returning to the ground level immediately, the mol-

particle tracking model. The particle model incorporates knowledge

ecule steps down its energy state and releases photons at a lower

of L. salmonis biology and behaviour, such as development and ver-

energy level with longer wavelengths (emission). The fluorescing

tical position, while the hydrodynamic model forecasts the distribu-

molecule, the fluorophore, is characterized by its excitation spec-

tion and abundance of those larval particles originating from salmon

trum, its emission spectrum, and its quantum yield or the amount of

farms (Myksvoll et al., 2018, 2020; Sandvik et al., 2020). Ostensibly

energy emitted divided by the energy absorbed. Thus, fluorescence

the operational salmon lice model describes the density of infectious

is a predictable phenomenon that can be harnessed by spectroscopy

copepodids, but the model output is not validated with data on plank-

to identify and quantify fluorophores (Lakowicz, 2013).

tonic stages. Rather, model validation relies on data from observation

In a mixed solution where it is not possible to purify the fluoro-

of infection pressure on wild-caught salmonids and sentinel cages

phores, the relative contribution of various compounds can be de-

(Myksvoll et al., 2018; Sandvik et al., 2016). The output of the oper-

scribed by an excitation and emission matrix (EEM), in which the

ational lice dispersal model compares well with observed infection

fluorescence intensity is recorded for each pair of excitation and emis-

pressure, provides better coverage than reliance on observations

sion wavelengths. EEM measurements have been used to characterize

alone and continues to be improved with updated information on

the dissolved organic matter in sea water, terrestrial water and waste

L. salmonis biology (Myksvoll et al., 2018; Sandvik et al., 2016, 2020).

water; classify phytoplankton communities; and identify the origin of

Nevertheless, distribution and abundance of L. salmonis planktonic

food products (Coble et al., 1996; SádeCká & TóThoVá, 2007; Hudson

stages remain a source of uncertainty in the model, and key aspects

et al., 2007; Richardson et al., 2010; Andrade-Eiroa et al., 2013; Carstea

of their biology in the planktonic stages, such as mortality, fecundity

et al., 2016). In the same manner, this study classifies L. salmonis and
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non-target copepod spp. that are commonly present in the planktonic

were reared at the IMR Bergen facility. For all sources, the hatchery

assemblage with L. salmonis, according to their fluorescence profiles

set-up followed that described by Hamre et al. (2009). In Bergen,

as observed by EEM measurements. However, fluorescence spectros-

the incubators were provided with flowing sea water with a salinity

copy alone would not be a solution for enumerating L. salmonis within a

of 34.5 ppt and temperature of 9.5 ± 1°C. The water was pumped

plankton sample because their relative low abundance would not pro-

from the adjacent fjord at a depth of 120 m and passed through

duce a detectable fluorescence signal.

a sand filter and disc filter. Similarly, in Austevoll, the filtered sea

A sufficiently large and consistent difference in fluorescence in-

water was pumped from a depth 165 m, with a salinity of 32.6 and

tensity between planktonic L. salmonis and non-t arget animals may

a temperature of 8.4 ± 0.1°C. At Fiskaaling, the incubator was filled

be used as a signal for rapid identification. In the present study, we

with filtered sea water having a salinity of 35.2 ppt. The sea water

used EEM measurements to explore the fluorescence profiles of the

(~40 L) was recirculated between the incubator and a holding tank

target sea lice species and non-t arget copepod spp., and identified

connected to a watercooler (BOYU L series water chiller), which kept

the wavelengths where the greatest contrast in the fluorescence oc-

the temperature at 10 ± 0.5°C.

curred. The fluorescence intensity exhibited by the animals was then

During the hatching phase, unhatched egg strings were moved

quantified at those wavelengths through fluorescence microscopy

to a new incubation chamber every 24 hr, while hatched nauplii re-

and analysed for statistical differences. The reliability of those fluo-

mained in the original chamber. This allowed the hatch time of lice

rescence signals was further examined by investigating factors that

in each chamber to be defined within a 12-hr error margin. N1 stage

might influence them, including storage time in formalin, host fish

nauplii were sampled immediately, while N2 stage nauplii were sam-

origin, copepodid age and developmental stage.

pled 3 days post-hatch (DPH), with young and old copepodids sampled at 6 DPH and 12 DPH, respectively. At a temperature of 9.5°C,

2 | M E TH O DS
2.1 | Sea lice and non-target copepod sampling

the expected duration of naupliar stages is approximately 4 days,
while the duration of the nauplius and infective copepodid stages
together is 17 days (Stien et al., 2005; Samsing et al., 2016).
Egg strings were collected on 11 separate occasions from the
Bergen L. salmonis culture between March 2019 and March 2020.

To address the question of host fish origin, L. salmonis were sourced

Several cohorts of equivalent-aged nauplii and copepodids were

from farmed Atlantic salmon (Salmo salar), wild Atlantic salmon and

sampled from each collection of egg strings and either measured

sea trout (Salmo trutta). Another sea louse of significance to salmon

immediately or fixed in either 70% saline ethanol (34 ppt) or 10%

aquaculture in the Northern Hemisphere is Caligus elongatus. It has

formalin buffered with 9% (w/v) sodium tetraborate. Each of the 34

the same planktonic life-history stages and appears almost identi-

L. salmonis cohorts from the 11 cultures was fixed and then divided

cal to L. salmonis under the microscope (Schram, 2004). Therefore,

into 5–7 separate glass containers to mitigate possible chamber

C. elongatus females with egg strings were collected from wild fish

effects.

along with L. salmonis, and additional egg strings were sourced from
a laboratory culture.

Non-t arget copepod spp., for use as comparators with respect
to target sea lice species, were collected with a vertical plankton net

Salmon lice eggs were sourced primarily from three laboratory

with a 0.5 m diameter frame and 140 µm mesh size. Repeated tows

strains of L. salmonis: LsGulen, LsOslo and Ls1A (Hamre et al., 2009),

to a depth of 10–30 m were made from a Bergen pier on 24 June and

cultured at the Institute of Marine Research (IMR) facility in Bergen,

10 July 2019, and from a boat in Bjørnafjorden on 14 April and 19

Norway. Laboratory-cultured C. elongatus were provided by the

November 2019, and 27 March 2020. The dominant non-t arget co-

University of Bergen (UIB) Sea Lice Research Center. L. salmonis and

pepod spp. found in the tows and sorted for measurement included

C. elongatus were also collected from wild fish trapped with fyke

Calanus finmarchicus, Acartia spp., Pseudocalanus spp., Temora spp.,

nets in various fjords in Western Norway during the spring 2019 and

Oithona spp. and Centropages spp. Apart from Centropages spp.,

2020. The female lice with egg strings obtained from adult wild fish

those copepod species have been reported as occurring in high num-

were placed in a container with sea water from their collection point

bers in the North Sea, Norwegian Sea, Faroe Islands and Northern

(minimum 0.25 L per female) and transported to the Bergen facil-

Norway (Falkenhaug et al., 1997; Gundersen, 1953; Nielsen &

ity in a cooler. Additional L. salmonis eggs were provided by salmon

Andersen, 2002; O'Brien et al., 2013). Thus, they occur in regions

farms located in Austevoll, Norway, and the Faroe Islands.

where salmon farming is prevalent and are commonly found in the

During the collection, host fish were fully anaesthetized with tr-

zooplankton assemblage along with L. salmonis and C. elongatus.

icaine methanesulphonate (Finquel: 10 g 100 L−1), and female sea lice
with egg strings were removed with forceps. Egg strings were detached from the female louse and placed into incubation chambers
where they hatched and developed through the planktonic stages.

2.2 | Fluorescence fingerprinting, and excitation and
emission matrix (EEM) measurements

While the farm strains were hatched and incubated at the respective local institutions of Fiskaaling Aquaculture Research Station in

Fluorescence intensity was measured with a Shimadzu RF-6 000

the Faroe Islands and Austevoll Research Station (IMR), all others

Spectrofluorophotometer using the 3D analysis application. The

4
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instrument has monochromatic filters for excitation and emission
spectra. Sequentially changing the filter wavelengths along both

2.3 | Spectrum section analysis of EEM
measurements

spectra and measuring emitted light intensity produces a matrix
of fluorescence data termed an excitation and emission matrix

Fluorescence peaks (uniquely high fluorescence intensity at a spe-

(EEM). The instrument was set to measure fluorescence inten-

cific conjunction of an excitation (Ex.) and emission (Em.) wavelength)

sity between 200 and 600 nm, with filter bandwidths of 10 nm

were identified from the EEM data set through a systematic section-

for excitation and 5 nm for emission. Filter scan rate was set to

ing of the excitation wavelengths into 20-nm wide bands centred

60,000 nm/min, sensitivity was set to low, and the data interval

on the focus wavelength. Fluorescence intensity within each section

was set to 2 nm.

was normalized to the maximum intensity and evaluated for the rela-

The RF-6000 was fitted with Shimadzu's Constant Temperature

tive fluorescence intensity difference between a target group of lice

Single-Cell Holder with Stirrer and Starna's Type 18-F/MS/Q/10-

samples and non-t arget copepod samples, which served as compara-

Micro Cell Cuvette, which has a nominal volume of 0.9 ml. Water at

tors. The lice samples were divided into 4 target groups: “Nauplii”

an approximate temperature of 12°C flowed through the cell holder

(N1 and N2 stages combined), “Young Copepodid” (sampled 6 DPH)

during all measurements, which prevented the sample from over-

and “Old Copepodid” (sampled 12 DPH), which both originated from

heating and killing live animals. The stirrer maintained a suspension

L. salmonis maintained on Atlantic salmon (Salmo salar), and “Sea

of the animals in the cuvette, where only a small proportion of the

Trout Copepodid” (sampled 6 DPH), which were L. salmonis that orig-

volume was in the path of the excitation light, such that a random

inated from wild-caught Salmo trutta. Since the duration of formalin

assortment of animals was measured for each sequential step of the

storage affects fluorescence intensity in target L. salmonis copep-

3D analysis. The number of animals in the sample influenced the

ods [see section 3.2.2, Formalin storage and fluorescence intensity],

stability of the measurement, while too many animals would disrupt

the EEM data set was limited to those target copepod samples that

the suspension, too few animals would not provide a homogenous

had been in storage for more than 60 days. The non-t arget copepod

mixture. The number of animals needed for a stable measurement

samples included in the analysis were in formalin storage for 7 days

depended on the species, stage and ultimately the body size of the

or more prior to measurement, and the C. elongatus samples were

animals.

33 days in formalin storage when measured.

Lepeophtheirus salmonis samples contained a mean of 150 ani-

The young copepodid samples were chosen as the target group

mals, while non-t arget copepod samples contained between 25 (late

for identifying excitation section peaks (the maximum fluorescence

stage Centropages spp.) and 250 (Oithona spp.) animals. Metadata

intensity found within each excitation section, specified as a con-

for each formalin and live sample measured can be found in the

junction of Ex. and Em. wavelengths). At each excitation section

supplementary material (Table S1). All L. salmonis and C. elongatus

peak (±10 nm), the mean difference in relative intensity between

samples comprised animals from a single stage and age. Non-t arget

target group and non-t arget copepod comparators was calculated

copepod spp. were sorted to genus, and samples contained a mix

as the peak intensity distance. The peak intensity distances of each

of copepodid and adult stages. Less than an hour prior to measure-

excitation section were then evaluated to manually select the fluo-

ment, animals stored in formalin were removed from preservation

rescence peaks where the greatest and most reliable fluorescence

with a sieve, transferred through two filtered salt water rinses using

difference between the lice target groups and non-t arget copepod

a pipette and then transferred to the cuvette.

comparators occurred. The fluorescence peaks that appeared to

Fluorescence intensity was influenced by the fluctuating number
of animals in the path of the excitation beam during the 5-min mea-

best differentiate target from non-t arget copepods were identified
and selected for further analysis.

surement. We compensated for this artefact by repeating measurements of each sample five times, calculating the mean and applying
a smoothing function, which found the median value within 10 nm.

2.4 | Fluorescence microscopy

The fluorescence intensity was further normalized on a 0-to 1-point
scale by dividing intensity by the maximum fluorescence within each

Fluorescent images of individual animals were taken with a Nikon

EEM measurement. EEM measurements made on animals stored in

DS-Fi3 on an inverted Nikon Eclipse Ti Microscope using three

ethanol were highly variable between samples of the same species.

CHROMA filter sets: DAPI, Ex. 350 ± 50 nm and Em. 460 ± 50 nm;

Further examination suggested that the fluorophore, which origi-

EGFP (FITC/Cy2), Ex. 470 ± 40 nm and Em. 525 ± 50 nm; and CY3/

nates from L. salmonis, leaches into the ethanol solution, separating

TRITC, Ex. 545 ± 25 nm and Em. 605 ± 70 nm (illustrated in Figure 2).

the fluorescence signal from the animal (Figure S1). Thus, ethanol

The Nikon software NIS-Elements controlled operations and set-

preservation hinders the identification and enumeration of the ani-

tings for the camera and microscope. Fluorescence saturation was

mals and ethanol EEM measurements were therefore excluded from

avoided by setting the power of the Lumencor SOLA Light Engine to

further analysis. EEM data were processed in MATLAB using the

25% for images taken with the DAPI and CY3/TRITC filter sets, while

drEEM toolbox to assemble the data set, apply scale transformations,

it was set to 5% for the EGFP filter set, and all other settings were

remove Rayleigh and Raman scatter, and produce figures (Murphy

kept the same. Observations were made using a glass-bottomed dish

et al., 2013).

with a 0.16- to 0.19-mm-thick borosilicate glass base. Animals from
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formalin samples were handled in the same manner as during the

5

also featured increased fluorescence at higher wavelengths that was

EEM measurements, that is removed from preservative, rinsed and

absent in other included species. Most non-t arget copepod meas-

placed in filtered sea water. Live animals were placed in a solution of

urements, including those of Acartia spp. (Figure 2c,f), lacked fluo-

filtered sea water and methyl cellulose, which inhibited their move-

rescence in those higher wavelengths, while some species, such as

ment but did not produce any fluorescence in the spectra measured.

Temora spp. (Figure 2b,e), exhibited fluorescence in this area, but at

Image processing and analysis were conducted with Java and R,

lower intensities. The fluorescence profiles of the live samples were

respectively. Fluorescence was recorded as an RGB image value with

less dynamic and of lower intensity than those stored in formalin,

a 0 (black) to 255 (white) greyscale serving as a proxy for intensity

and the fluorescence profile of L. salmonis further varied in relation

(Figure 1). In each channel, the pixels with a value below a thresh-

to stage, age of the animal, host fish and duration of formalin pres-

old set to 5 were disregarded and the number of pixels above the

ervation. Those patterns of fluorescence were examined through

threshold was counted, and their greyscale values were summed.

spectrum section analysis of EEM measurements and fluorescence

Across the three channels, the number of pixels and their total value

microscopy [section 3.2]. The spectrum section analysis data set in-

were recorded, which gave a measure of total fluorescence inten-

cluded EEM measurements of live samples (Figures 3a and 4), target

sity and the area fluorescing for each animal. The fluorescence was

L. salmonis samples that had been in formalin storage for 60 days or

then analysed according to storage duration, animal size, sea louse

longer, and non-t arget copepod samples that had been in formalin

species, origin and host fish, development stage, storage tempera-

storage for more than 7 days (Figures 3b and 5). Spectrum section

ture and animal age. Linear regression and statistical tests includ-

analysis found that peak intensity distance was greatest in excitation

ing ANOVA and paired t tests specified in the results section were

sections higher than 300 nm in both live and formalin samples. In

carried out using packages in the R software environment (R Core

excitation sections below 290 nm peak intensity, distance between

Team, 2018).

target groups and the non-t arget copepod comparators was inconsistent and occasionally turned negative with the lice target group

3 | R E S U LT S
3.1 | Spectrum section analysis of EEM
measurements

having the lower intensity.

3.1.1 | Spectrum section analysis of live samples
Through the spectrum section analysis, Ex. 330 nm and Em. 418 nm

EEM measurements showed that the fluorescence profile of L. sal-

were identified as the fluorescence peak best suited for distinguish-

monis differed broadly from non-t arget copepod spp. examined

ing live L. salmonis from non-t arget copepod comparators (Figure 3a).

(Figure 2). Although all samples exhibited a wide fluorescence peak

The peak intensity distance of the young copepodid target group

near Ex. 290 nm and Em. 320 nm, L. salmonis EEM measurements

remained high between Ex. 310 and 420 nm, but fluorescence

F I G U R E 1 Fluorescent image processing of Lepeophtheirus salmonis copepodid. (a) Colour image (cropped) taken with the GFP filter set.
(b) The green channel of the colour image in greyscale with red colour having an RGB value of 0, black and dark grey have low RGB values,
and whites have a high value. (c) Thresholding removes all pixels below a value of 5

6
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F I G U R E 2 EEM measurements of live and formalin-preserved copepods. The displayed EEM measurements are means of measurements
taken for the listed species (a:f). L. salmonis copepodid samples were in formalin storage for 60 days prior to measurement. Emission and
excitation wavelengths (nm) are indicated on the x-and y-axes, respectively. Normalized fluorescence intensity is depicted through the
greyscale contouring with the darkest shade representing maximum fluorescence in the EEM for each species. The diamonds mark the
centre wavelength of the filter sets: Ex. 350 ± 50 nm and Em. 460 ± 50 nm; Ex. 470 ± 40 nm and Em. 525 ± 50 nm; and Ex. 545 ± 25 nm and
Em. 605 ± 70 nm [see section 3.2, Fluorescence Microscopy]

intensity decreased rapidly after Ex. 380 nm and the peak distance

3.1.2 | Spectrum section analysis of formalin samples

of the nauplii group became negative after 350 nm.
At the identified excitation section and fluorescence peak

Spectrum section analysis of formalin samples indicated that there

(Ex. 330 nm and Em. 418), the greatest fluorescence intensity

were many sections between 310 and 510 nm where target groups

was found in the young copepodids with a mean of 0.21, and the

of L. salmonis could be distinguished from non-t arget copepods

lowest was found in the non-t arget copepods and N1 L. salmonis

(Figure 3b). Along those wavelengths, the fluorescence intensity

with means of 0.037 and 0.043, respectively (Figure 4, Table S2).

of the young copepodid group increased to a peak at 380 nm and

The mean intensity at the peak for sea trout copepodids was 0.17,

then decreased through higher wavelengths. The peak intensity dis-

0.12 for old copepodids and 0.11 for N2 L. salmonis samples. The

tance was lowest in the sea trout copepodid group, while it was the

sea trout copepodid intensities were less than young L. salmonis

highest in the nauplii and young copepodid target groups. The peak

copepodids but >4 times greater than the mean of non-t arget

intensity distance calculated for the old copepodid target group

copepod samples, which was 0.04. The C. elongatus samples also

was lower than that of the highest groups, but followed the same

exhibited greater fluorescence than the non-t arget samples with

pattern.

a mean intensity of 0.12 but had a lower intensity than the young
L. salmonis copepodids.

Closer inspection of two local peaks, Ex. 380 nm and Em.
474 nm and Ex. 450 nm and Em. 516 nm, exhibited the pattern in

THOMPSON et al.
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F I G U R E 3 Fluorescence peaks identified through section analysis for (a) live samples and (b) formalin samples. The centre wavelength
of the excitation section (±10 nm) is shown on the x-axis and the peak intensity distance on the y-axis. Peak distance is a calculation of
the fluorescence intensity difference between the target group and non-t arget copepod comparators for the indicated excitation section
peak. A second y-axis is included on the right side of graphs A and B, and the variable is depicted by the solid yellow line showing maximum
fluorescence intensity of the young copepodid target group for the excitation section. Target groups “Nauplii, N1 and N2,” “Young
Copepodid” (sampled 6 DPH) and “Old Copepodid” (sampled 12 DPH) are Lepeophtheirus salmonis samples taken from Salmo salar host fish
,while “Sea Trout Copepodids” are 6 DPH L. salmonis samples from Salmo trutta host fish. All samples included in the Figure 3a and b graphs
are also included in Figures 4 and 5, respectively

greater detail (Figure 5a,b, Table S2). Along both sections, the flu-

380 ± 10 nm and Em. 474 ± 10 nm) and 0.29 (Ex. 450 ± 10 nm and

orescence intensities of nauplii (N1 and N2), young copepodid and

Em. 516 ± 10 nm), while the means for non-t arget copepod sam-

old copepodid samples were greater than those of the non-t arget

ples were 0.09 (Ex. 380 ± 10 nm and Em. 474 ± 10 nm) and 0.02

copepod samples. The highest mean intensities were found in the

(Ex. 450 ± 10 nm and Em. 516 ± 10 nm). The old copepodids had

young copepodids at their respective fluorescence peaks, 0.61 (Ex.

lower mean fluorescence intensities than the other L. salmonis from

8
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3.2 | Fluorescence microscopy
While each animal was imaged with all three filter sets, the following analysis focused on the formalin samples with the EGFP measurements (Ex. 470 ± 40 nm and Em. 525 ± 50 nm). The EGFP filter
set includes the best performing fluorescence peak identified by the
spectrum sectioning analysis: Ex. 450 ± 10 nm and Em. 516 ± 10 nm
(Figure 3). Images of L. salmonis showed that fluorescence was
widespread in the louse tissue with increased concentration in the
eyespots and the maxillae (Figure 2). Non-t arget copepods similarly
displayed widespread, but weaker, fluorescence with occasional
areas in the gut or lipid sacs where fluorescence intensity was
elevated.

3.2.1 | Total fluorescence and animal size
Total fluorescence intensity increased with animal size as measured
by the number of fluorescent pixels above the threshold (Figure 6).
The L. salmonis were raised under controlled laboratory conditions
and were all at the same developmental stage and age, resulting in
little variation in size. Meanwhile, the animals in the non-t arget copepod measurements were more variable in size due to the inclusion of several species in various developmental stages. Fitting the
non-t arget copepod data to a linear regression, with total pixels as
the independent variable and total fluorescence intensity as the dependent variable, resulted in the formula f(x) = −6.29*106 + 38.1x

(R 2 = 0.77). A linear regression fit to measurements of laboratory-
cultured L. salmonis copepodids that had been in storage for over
30 days resulted in the formula f(x) = −1.02*1068 + 186x (R 2 = 0.47).
The number of fluorescing pixels did not change in relation to storage duration according to an ANOVA performed on the data set
of L. salmonis measurements in storage for greater than 30 days
(F1,116 = 0.724, p = .396). Thus, mean fluorescence intensity can be
calculated from total fluorescence intensity and total number of fluF I G U R E 4 Relative fluorescence intensity of live samples
along 330 ± 10 nm excitation spectrum with the darkest shades
indicating maximum intensity. Target groups “Young Copepodids”
(sampled 6 DPH), “Old Copepodids” (sampled 12 DPH) and “Nauplii,
N1 and N2” are Lepeophtheirus salmonis samples taken from Salmo
salar host fish, while “Sea Trout Copepodids” are 6 DPH L. salmonis
samples from Salmo trutta host fish. “C. elongatus Copepodids”
(sampled 6 DPH) were taken from Salmo salar host fish. Apart from
Calanus finmarchicus, non-t arget copepod samples were identified
to genus

orescing pixels for each animal imaged in order that further analysis
be conducted.

3.2.2 | Formalin storage and fluorescence intensity
The mean fluorescence intensity of laboratory-grown salmon lice
increased with storage duration in formalin (Figure 7). A saturation curve with the formula f(t) = 84.09t/6.57+t was found to have
the best fit with an R-s quared of 0.867 (RMSE = 8.40). According

Salmo salar hosts, with 0.49 (Ex. 380 ± 10 nm and Em. 474 ± 10 nm)

to the formula, the mean intensity is 69.1 at day 30 and 75.8 at

and 0.24 (Ex. 450 ± 10 nm and Em. 516 ± 10 nm), but those means

day 60, 82.0% and 90.1% of the asymptote maximum, respec-

were distinctly higher than the non-t arget copepod samples. The

tively. Since the intensity rapidly increases in the first 30 days of

sea trout copepodid samples were occasionally indistinguishable

storage and more slowly thereafter, significance tests were only

from the non-t arget copepod samples with some having lower in-

performed on lice data sets from equivalent timeframes greater

tensity than the Temora spp. measurements. Likewise, C. elongatus

than 30 days. C. elongatus were measured at two formalin storage

fluorescence was not distinguishable from the non-t arget copepod

duration time points, day 33 and day 133, and their mean fluo-

fluorescence.

rescence intensities were 50.2 and 54.7, respectively. While the

THOMPSON et al.
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F I G U R E 5 Relative fluorescence intensity of formalin samples along (a) 380 ± 10 nm and (b) 450 ± 10 nm excitation spectra with the
darkest shades indicating maximum intensity. Target groups “Young Copepodids” (sampled 6 DPH), “Old Copepodids” (sampled 12 DPH)
and “Nauplii, N1 and N2” are Lepeophtheirus salmonis samples taken from Salmo salar host fish, while “Sea Trout Copepodids” are 6 DPH
L. salmonis samples from Salmo trutta host fish. “C. elongatus Copepodids” (sampled 6 DPH) were taken from Salmo salar host fish. All target
group samples were in formalin storage for greater than 60 days, except C. elongatus, which was in storage 33 days. Apart from Calanus
finmarchicus, non-t arget copepod samples were identified to genus. Non-t arget samples were in formalin storage for more than 7 days
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F I G U R E 6 Relationship between
fluorescence intensity and number
of fluorescing pixels, measured with
the EGFP filter set (FITC/Cy2), Ex.
470 ± 40 nm and Em. 525 ± 50 nm. Lines
for linear regressions of Lepeophtheirus
salmonis data (solid) and non-t arget
copepod species data (dashed). Points
depict single measurements, and colours
indicate species. All L. salmonis data are
from 6 DPH copepodids from laboratory-
cultured salmon (IMR, Norway)

F I G U R E 7 Relationship between mean
fluorescence intensity (total intensity
/ pixels counted) and storage time in
formalin, measured with the EGFP filter
set (FITC/Cy2), Ex. 470 ± 40 nm and
Em. 525 ± 50 nm. All Lepeophtheirus
salmonis data are for 6 DPH copepodids
from laboratory-cultured salmon
(IMR, Norway). Points depict single
measurements, and colours indicate
species. 95% prediction intervals are
indicated with shaded regions for the
saturation curve fit to L. salmonis data and
linear regression fit to non-t arget copepod
spp. data

mean fluorescence intensity of C. elongatus measured on the latter

49.3. Although the 95% prediction intervals do not overlap, 4.3%

date was greater, there were not enough storage duration data

(6/139) of the non-t arget copepods had a mean fluorescence in-

points to perform any further analysis in relation to formalin stor-

tensity over 52.2, and 1.7% (2/118) of the L. salmonis copepodid

age duration.

measurements were below 49.3.

The fluorescence intensity of non-t arget copepods exhibited
a significant, but weak linear relationship with storage duration
in formalin (R 2 = 0.039, p = .0134) (Figure 7). Since storage dura-

3.2.3 | Factors influencing the fluorescence profile

tion of non-t arget copepods did not explain much of the variability
in fluorescence intensity, we performed an ANOVA including the

Several factors were investigated to determine their relationship

entire non-t arget copepod spp. data set (mean ± SE = 29.5 ± 0.93,

to the measured fluorescence intensity of the animal, including sea

n = 139) and the measurements of laboratory-grown salmon lice

louse species, origin and host fish; development stage; storage tem-

that had been in storage for over 30 days (mean ± SE = 75.3 ± 1.14,

perature; and age (Figure 8). In all cases, the pattern of intensity, as

n = 118). The fluorescence intensity of non-t arget copepods was

influenced by the factor, is specific to the spectrum of fluorescence

significantly different from the salmon lice (F1,256 = 982, p < .001).

examined. The following analysis focused on the data set derived from

However, the variance in mean fluorescence intensity may result

the EGFP filter set. Within each factor, t tests were performed be-

in the occasional measurement of a L. salmonis copepodid below

tween a reference group and the various other categories presented,

that of a non-t arget copepod. At 30 days in formalin, the lower

except for the age comparison in which the t test was performed for

bound of the 95% prediction interval for salmon lice copepodids

each filter set. Descriptive statistics and the Bonferroni-adjusted p-

was 52.2, while the upper bound for the non-t arget copepods was

values for each significance test are provided in full in Table S3.

THOMPSON et al.
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F I G U R E 8 Factors influencing the mean fluorescence intensity (total fluorescence intensity / total number of fluorescing pixels) analysed
by factor category (a–e) with selected reference category for t tests placed on the left side of each box plot, except for (e) in which the t test
was performed for each filter set. Asterisks indicate Bonferroni-adjusted p-values (****<.00001 and ***<.0001)
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Host fish (Figure 8a): Measurements of L. salmonis copepodids,

the DAPI and EGFP filter data sets (p < .0001), but in opposite di-

which had been in formalin storage more than 30 days, were ana-

rections. In the DAPI data set, the mean fluorescence intensity of

lysed according to their host fish origin. No significant differences

6 DPH copepodids was 1.45 times greater than the 12 DPH mean

were found between copepodids originating from Atlantic salmon

fluorescence intensity. In the EGFP data set, 6 DPH copepodids dif-

hosts raised under laboratory conditions or taken from a farm.

fered from 12 DPH copepodids by a factor of 0.9.

C. elongatus taken from laboratory-raised salmon and L. salmonis
found on wild-caught sea trout were significantly different from the
laboratory-cultured L. salmonis (p-value < .00001). Although they

4 | D I S CU S S I O N

exhibited lower mean fluorescence intensity, they were both significantly greater than the non-t arget copepods (t test, p < .00001).

Collection of EEM data facilitated the identification of fluorescence

Specifically, laboratory-reared L. salmonis mean fluorescence inten-

peaks where intensity differences could be used to differentiate

sity is 1.4 times greater than C. elongatus, while C. elongatus mean

between target sea lice species and non-t arget copepod spp. Once

fluorescence is 1.6 times greater than the non-t arget copepods.

those peaks were identified, further work employing fluorescence

Stages (Figure 8b): Measurements of samples, which had been in

microscopy assessed the strength of the fluorescence signal and

formalin storage more than 90 days, showed developmental stage

its reliability in response to influencing factors. The EEM measure-

of L. salmonis significantly affected the mean fluorescence intensity

ments could not be utilized for that analysis or to calculate the ab-

(p < .00001). Nauplius stages N1 and N2 exhibited greater fluores-

solute differences in fluorescence between samples because the

cence per pixel than the copepodid stage, with 98.7, 91.3 and 75.3,

intensity was normalized to the maximum, since the exact number of

respectively. However, no significant difference was found between

individuals measured could not be practically controlled. However,

the stages when examining the total fluorescence intensity (ANOVA:

the EEM measurements efficiently resolved the fluorescence pro-

F2,189 = 1.86, p = .158).

files of the various species and treatments examined, whereas fluo-

Heat treatment (Figure 8c): Laboratory-cultured 6 DPH L. salmo-

rescence microscopy is limited to wavelength combinations defined

nis copepodids stored at 22°C for 7 days had a mean fluorescence

by the filters used. Together, the exploration of fluorescence profiles

intensity of 44.6, while those stored at 42°C for 7 days had 124, a

with EEM measurements and the assessment of signal strength with

2.8 factor increase (Table S3). The heat-treated copepodids from the

fluorescence microscopy demonstrated that L. salmonis can be dis-

laboratory culture had significantly greater mean fluorescence inten-

tinguished from non-t arget copepod spp. using fluorescence.

sity than heat-treated copepodids from both wild-caught Salmo salar
and Salmo trutta hosts (p < .00001). Their mean fluorescence was
also found to be significantly greater than heat-treated non-t arget
copepods by a factor of 3.6 (p < .00001). Meanwhile, the mean fluo-

4.1 | Spectrum section analysis of EEM
measurements

rescence intensity of L. salmonis copepodids from wild-caught Salmo
salar and Salmo trutta was 3.3 and 3.0 times greater than the heat-

The spectrum section analysis provided a means of systematically

treated non-t arget copepods (p < .00001).

processing the EEM measurements in a manner that mimicked the

Live copepods (Figure 8d): The fluorescence peak at Ex. 330 nm

use of microscopy excitation filters and emission filters. Evaluating

and Em. 418 nm was identified by the spectrum sectioning analysis

the intensity difference between EEM samples at each conjunction

as the best peak for distinguishing live L. salmonis from non-t arget

of excitation and emission wavelengths is also more economical

copepod spp. The peak is located within the spectrum covered

than doing the same with many different filters. Rather than exam-

by the DAPI filter set (Ex. 350 ± 50 nm and Em. 460 ± 50 nm).

ining all possible combinations, the analysis focused on the points

Measurements taken with the DAPI filter set showed that mean fluo-

at which L. salmonis copepodids exhibited the greatest fluorescence

rescence intensity of 6 DPH L. salmonis copepodids was significantly

and where their fluorescence would be greater than other animals.

different from the non-t arget copepods. (p < .00001), but they were

The target L. salmonis nauplii and copepodids could also be distin-

not significantly different from C. elongatus copepodids (p = .0977).

guished from other zooplankton where they had a lower fluores-

The mean fluorescence intensity of the live L. salmonis copepodids

cence intensity, as seen with the negative peak intensity distances

was 1.06 times greater than live measurements of non-t arget cope-

in wavelengths below 290 nm. Nielsen et al. (2019) similarly demon-

pods. Meanwhile in 30-day-old formalin samples measured with the

strated that when using a 410-nm excitation light several zooplank-

EGFP filter, the mean fluorescence intensity of L. salmonis measure-

ton species exhibit a fluorescence peak at an emission wavelength

ments was 2.25 times greater than the mean of non-t arget copepod

of 686 nm, but not L. salmonis. The negative signal was due to fluo-

samples (Figure 7). Thus, the relative difference between salmon lice

rescence of chlorophyll consumed by the grazing zooplankters in

and non-t arget copepod spp. in live samples is much less than that

contrast to the non-feeding L. salmonis. A negative signal might be

found in formalin samples.

useful in an automated process as argued by Nielsen et al. (2019),

Copepodid age (Figure 8e): Amongst samples that had been in

but it would not be useful in enumerating animals via a fluorescence

formalin storage for more than 90 days, the DPH of L. salmonis co-

modification of traditional light microscopy methods in which the

pepodids significantly affected the fluorescence intensity in both

animal must standout against the darkfield (as described by Bui

|
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et al., 2020). Thus, wavelengths above 600 nm, where chlorophyll
fluoresces, were not examined here and the spectrum section analy-

13

4.2.1 | Formalin fixation: storage time and
temperature

sis identified the wavelengths with greatest positive peak intensity
distance.

The strong fluorescence signal in the formalin samples indicates that

The EEM measurements characterized the fluorescence profiles

chemical reactions occur during fixation between the tissues and the

of each copepod species and indicated the difference in fluorescence

formaldehyde to create fluorophores. The fluorophores generated

intensities between them. However, the relative difference observed

are unknown, but the fluorescence signal shows that some of them

in the EEM measurements between two species was occasionally con-

are unique to L. salmonis. Formaldehyde fixation is a complex pro-

tradicted by the fluorescence microscopy data. The mean fluorescence

cess that occurs in three steps: the initial penetration of the tissue,

intensity of the live 6 DPH L. salmonis copepodids (Salmo salar host)

followed by covalent bonding of the formaldehyde with the tissue,

was 4.8 times greater than the non-target copepods in the EEM mea-

and then cross-linking (Buesa, 2008). Penetration is rapid, while the

surements, but only 1.06 times greater in the fluorescence microscopy

binding may take 24 hr or more depending on the thickness of the

data using the EGFP filter set (Ex. 470 ± 40 nm and Em. 525 ± 50 nm).

tissue and the storage temperature (Fox et al., 1985). The formal-

Likewise, in the formalin-fixed samples the mean fluorescence in-

dehyde binding can occur with any group containing a reactive hy-

tensity of 12 DPH L. salmonis copepodids was higher than that of

drogen atom, but the rate varies considerably with amine reactivity

the 6 DPH group when measured by fluorescence microscopy (Ex.

being fastest. Cross-linking then occurs progressively with potential

470 ± 40 nm and Em. 525 ± 50 nm), but the relationship was reversed

functional groups forming methylene bridges in a process that can

when looking at the same groups using the EEM measurements. Since

continue for months or years (Dapson, 2010). Thus, the increase in

the EEMs are normalized to the maximum fluorescence peak, usually

fluorescence intensity of L. salmonis samples with storage time can

near Ex. 290 nm and Em. 320 nm, an increased or decreased intensity,

be explained by the slow process of cross-linking. The heat treat-

there would decrease or increase the normalized amount elsewhere.

ment increases the rate of this reaction and the total number of fluo-

Thus, the EEMs were not direct measures of quantitative differences

rophores as shown by the greater fluorescence intensity. Although

in fluorescence, so further fluorescence microscopy was required to

evaluating the mechanism is beyond this study, heating apparently

validate these differences.

changes the reaction equilibrium towards creation of a greater number of fluorophores. Rather than increasing the number of fluoro-

4.2 | Fluorescence microscopy

phores, an alternative explanation could conclude that over time or
through the heat treatment, new highly fluorescent fluorophores are
created. Future studies that seek to enumerate L. salmonis through

Mean fluorescence intensity was calculated for each animal so that

fluorescence should only process formalin samples, which have been

comparisons could be made across species and treatments, but the

stored at room temperature for greater than 3 months or should

total number of fluorescing pixels is also a useful signal. In automated

apply a heat treatment prior to examination.

processing of images, particle size (total pixels) could help distinguish
L. salmonis from other species, which have comparable mean fluorescence intensities. Otherwise, false-positive identifications could

4.2.2 | Factors influencing the fluorescence profile

occur if only using the mean intensity. Despite the large overall difference in mean intensities between formalin-preserved L. salmonis

While storage temperature affects the reactions occurring during

and non-t arget copepod species, overlap did occur between the

fixation, the other factors examined relate to the endogenous mac-

animals imaged with the EGFP filter set (Ex. 470 ± 40 nm and Em.

romolecules, which constitute the compounds forming fluorophores.

525 ± 50 nm). Considering the relative rarity of L. salmonis in the

Since the planktonic stages are non-feeding, they are dependent

water column, false positives could quickly become problematic, and

upon their maternally derived storage lipids for energy, which de-

using both mean fluorescence and total size may not be sufficient

crease in volume over time, as does carbon mass (Brooker et al., 2018;

to prevent such occurrences. A second fluorescence signal, such as

Gravil, 1996; Thompson et al., 2019). The fatty acid composition of

the negative chlorophyll signal suggested by Nielsen et al. (2019),

storage lipids varies with maternal origin (Tocher et al., 2010), the

might provide enough additional information to facilitate a fully au-

incubation temperature and age (Skern-Mauritzen et al., 2020), and

tomated detection system. Alternatively, nominal detection could be

development stage (Thompson et al., 2019). Furthermore, at least

confirmed through morphological inspection of the animal. As L. sal-

three proteins in nauplii have been demonstrated to be of maternal

monis are relatively unique in their appearance, positive identifica-

origin (Dalvin et al., 2009, 2011). Thus, the composition of proteins

tion could be quickly accomplished. Similarly, simple shape analysis

and lipids in the animal is dependent on several factors. Some of

/ classification would likely prove sufficient to discriminate between

those factors have been categorized and examined here, and their

problem specimens. Although only one fluorescence filter set can

influence was reflected in the fluorescence patterns observed.

be used as an aid to traditional taxonomic methods at any time, the

Old L. salmonis copepodids fluoresced at lower intensities than

unique morphology of L. salmonis could thus be used for positive

younger copepodids when using the DAPI filter set (Ex. 350 ± 50 nm

identification after locating the illuminated animal.

and Em. 460 ± 50 nm), which suggests that the responsible
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fluorophore is related to energy stores or an otherwise decreasing

problem of L. salmonis, the work exemplified here could be replicated

entity. Meanwhile, the same comparison made with the EGFP filter

for other purposes.

set (Ex. 470 ± 40 nm and Em. 525 ± 50 nm) yields a small increase in

The non-t arget copepod spp. examined here are commonly

fluorescence and suggests the opposite. Therefore, the responsible

found in the zooplankton assemblage along with the relatively rare

fluorophore in the latter case is a robust fluorescence signal for de-

L. salmonis. However, not all common copepod species were ex-

tecting L. salmonis in samples where age cannot be controlled. When

amined, such as Metridia spp. and Microcalanus spp., nor were the

examining stage differences, the stability of the fluorophore is fur-

many other less common copepod species, cryptic species and non-

ther demonstrated by N2 and N1 having progressively greater mean

copepod zooplankton examined. Any number of species with an un-

fluorescence intensity than the copepodids. The decrease in mean

known fluorescence profile could be found in a mixed zooplankton

fluorescence intensity from N1 to copepodid can be explained by an

sample along with L. salmonis. While the non-t arget copepod spp.

increase in size with no change in total intensity, which indicates that

herein provided useful comparators for examining the differences

there is no substantive change in the amount of fluorophore present.

in fluorescence to L. salmonis, they did not constitute an exhaustive

No difference in fluorescence intensity was found between

survey. Considering the number and variability of species present in

L. salmonis originating from laboratory cultures or farmed fish, but

any given zooplankton sample, it would be impractical to individually

those from wild fish fluoresced less. The heat treatment further em-

assess the fluorescence profiles of all species. Instead, we suggest

phasized the trend, with laboratory-cultured L. salmonis fluorescing

that the reliability of a fluorescence identification method could be

the most, followed by wild Salmo salar hosts and then wild Salmo

assessed with trials on a variety of zooplankton samples spiked with

trutta hosts. Following the maternal origin of lipids and proteins

a known number of salmon lice.

previously discussed, host fish diet is a possible influencing factor
on fluorescence, but the intensity trend does not follow the gross

AC K N OW L E D G E M E N T S

dietary sources for each host fish category. Adult wild Salmo salar

Access to, and technical assistance with, fluorescence microscopy

returning from the sea have a diet of wholly marine origin, while

was generously provided by Øystein Sæle and Anders Thorsen.

marine sources comprise 34%–89% of Salmo trutta diets (Davidsen

Bjørnar Skjold diligently oversaw the culture of salmon lice at IMR,

et al., 2017), and the feed of farm raised and cultured Salmo salar is

and Lars Hamre of UIB gifted the C. elongatus copepod samples.

just 25% marine (Aas et al., 2019). A specific dietary component may

Rune Nilsen and the dedicated fieldworkers of the NALO wild

still be responsible, or population-level differences between the host

fish monitoring project supplied lice from wild fish hosts. Eirikur

fish may be the cause of the fluorescence intensity differences. The

Danielsen of Fiskaaling supplied salmon lice from Faroese farmed

lack of difference between the laboratory culture and the farm sites

fish. The authors are grateful to Sven Jørund Kolstø and OptoScale

in Norway and the Faroe Islands indicates that genetic and tempera-

for their feedback and assistance. This work was supported by the

ture differences amongst the L. salmonis are not likely to be respon-

FHF—Norwegian Seafood Research Fund (Project Number 901508).

sible. However, genetic variation within the Atlantic populations of
L. salmonis is low (Glover et al., 2011), and further examination would

C O N FL I C T O F I N T E R E S T

be needed prior to application to a different population such as the

The authors declare no conflict of interest, financial or otherwise.

Pacific subspecies (Skern-Mauritzen et al., 2014). Furthermore, the
fluorescence signal exhibited by L. salmonis is not commonly shared

E T H I C A L A P P R OVA L

by sea lice, as evidenced by the much lower fluorescence intensity

All applicable international, national and/or institutional guidelines

in C. elongatus.

for the care and use of animals were followed. Lepeophtheirus salmonis is a copepod and unregulated by the animal use in research
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regulations in Norway or the European Union. Animal welfare was
supervised by the Norwegian Food Safety Authority (Mattilsynet),
with the Bergen salmon louse culture covered by approval number

The fluorescence signal induced by formalin fixation appears to be a

11912 and NALO salmonid monitoring work covered by approval

reliable differentiator of planktonic L. salmonis in mixed zooplankton

number 14809.

samples. A statistical difference was also observed between L. salmonis and non-t arget copepod spp. in live samples, but the small

DATA AVA I L A B I L I T Y S TAT E M E N T

increase in fluorescence is not likely to be sufficient for routine

Summary data tables corresponding to data presented in figures are

identification. A modification of traditional taxonomic methods with

included in the supplementary material of this article. The excitation

fluorescence would aid in the locating and identifying of L. salmonis

and emission matrix (EEM) measurements were taken with the pro-

in formalin samples, greatly reducing processing times. Automated

prietary software “LabSolutions RF” and processed in MATLAB to

identification is also possible through the use of fluorescence, but

produce the figures and data presented. EEM metadata are included

multiple filter sets would be needed along with copious training of

in Table S1, and the corresponding EEM measurements can be found

machine learning algorithms. While the development of a rapid iden-

in Zenodo at https://doi.org/10.5281/zenodo.4157041 (Thompson

tification method using fluorescence is motivated by the specific

et al., 2020).
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