
Bull. Eur. Ass. Fish Pathol., 29(6) 2009, 210

NOTE

The pathogen burden of early returning 
sea trout (Salmo trutta L.) infected with 

Lepeophtheirus salmonis (Krøyer, 1837), in the 
River Shieldaig, Scotland

C. C. Pert1*, J. Raffell3, K. Urquhart1, S. J. Weir1,  
K. M. H. Kantola1 and I. R. Bricknell2

1Marine Scotland Marine Laboratory, PO Box 101, 375 Victoria Road, Aberdeen AB11 9DB, Scotland, 
UK; 2School of Marine Sciences, University of Maine, 5735 Hitchner Hall, Orono, ME 04469-5735, 

USA; 3Marine Scotland Freshwater Laboratory, Shieldaig Field Station, Shieldaig, Strathcarron, Wester 
Ross, IV54 8XJ, Scotland, UK

Abstract
Sea lice burden has been associated with the early return to freshwater of migrating sea trout.  Ten 
early returning post-smolts were recaptured from the River Shieldaig, Scotland, and sampled for 
bacterial, viral and parasitic pathogens.  No bacterial or viral pathogens were detected although a 
total of 578 parasites were isolated. No statistically significant support was found for associations 
between parasite species although Pomphorhynchus laevis and Lepeophtheirus salmonis were found 
infecting all the fish sampled.

* Corresponding author’s e-mail: c.pert@marlab.ac.uk

Sea trout (Salmo trutta L.) are an anadromous 
morph of the brown trout with sea trout 
smolts migrating to sea in spring and early 
summer similar to Atlantic salmon (Salmo 
salar L.) smolts (Gargan et al., 2006).  Sea trout 
have been reported migrating to sea in the 
late spring only to return to freshwater early, 
sometimes within days, with high parasitic 
sea lice burdens (Birkeland & Jakobsen, 
1997).  It has been suggested that the early 
return to freshwater may be an attempt by 
the fish to rid themselves of sea lice which 
cannot tolerate low salinities (Bricknell et al., 
2006; Wells et al., 2007).  The phenomenon of 

“premature” or “early returning” sea trout 
to freshwater has been described by many 
authors, with returning fish often being in 
poor condition and heavily infested with the 
larval stages of  Lepeophtheirus salmonis (Tully 
et al., 1993; Birkeland & Jakobsen, 1997; Todd, 
2007; Hay & Hatton-Ellis, 2006).  During the 
initial marine phase of the sea trout’s life cycle 
it may be more vulnerable to infestation either 
because of high encounter rates with infective 
copepodids in inshore waters or because of a 
lower host response to the parasite (Tully & 
Whelan, 1993).  
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The aim of this study was to capture and 
screen early returning sea trout for pathogens 
to determine if their health status was 
compromised by bacterial, viral or parasitic 
pathogens that may have reduced their fitness 
in the marine environment leaving them more 
susceptible to L. salmonis infection. 

The River Shieldaig enters the sea loch, Loch 
Shieldaig, located in Wester Ross, Scotland 
(UK Ordinance Survey NG817527).  In 1999, 
Marine Scotland constructed a fish trap 
approximately 150m from the estuary.  The 
fish trap provides a method of monitoring 
smolt output and to provide a capture point 
in order to insert pre-recorded 12mm Passive 
Integrated Transponder (PIT) tags (Trovan or 
UK ID) and recover migrant fish for studies 
into marine survival.

The River Shieldaig is supplementary stocked 
annually with 25, 000 brown trout fingerlings 
to compensate for poor marine survival with 
all stocked fish adipose fin clipped prior to 
stocking. In 2007 a total of 1,373 fish were 
captured and tagged.  Following a report 
during May 2007 of early returning sea trout 
in the estuary of the River Shieldaig carrying 
high levels of sea lice, permission was sought 
to sample a maximum of ten fish due to the 
highly fragile state of sea trout stocks on the 
river – only 36 fish in total returned to the 
river system in 2007.   Ten early returning 
sea trout post-smolts were recaptured using 
electro-fishing equipment (Electracatch 
Ltd) and euthanized by and overdose of 
ethyl 3-aminobenzoate methanesulfonate 
salt (MS222; Sigma-Aldrich, Germany) 
and individually bagged.  The fish were 
later scanned using a hand held Passive 

Integrated Transponder (PIT) tag reader (AEG 
Identifikationssysteme GmbH) and length 
(±1mm), wet weight (±1g) and parasite burden 
assessed.

Fish were sampled for the presence of 
viral pathogens.  Samples were taken into 
transport media (L-15 media supplemented 
with 10% Newborn calf serum, 10% 
penicillin-streptomycin, 10% gentamycin, 
10% polymixin B sulphate and 10% NaCl; 
Sigma) and processed by standard virology 
tissue culture methods (Dannevig et al. 1995; 
Decision, 2001; Smail et al., 2003).  

Samples of head kidney were taken from 
each fish onto four bacteriological plates; 
Tryptone Soya Agar (Oxoid), Tryptone Soya 
Agar supplemented with 2% NaCl (Oxoid, 
Sigma), Mueller Hinton agar supplemented 
with 2% cysteine (Oxoid, Sigma) and Anacker 
and Ordal agar (Oxoid) using a sterile loop 
(Nunc), and screened for the presence of 
pathogenic bacteria by standard bacterial 
culture methods (Holt et al., 1994).

A visual assessment of the external surface 
of each fish was carried out to determine 
ectoparasite load. The lower jaw, operculum 
and eyes were then removed and placed 
into separate Petri dishes for microscopic 
examination before the upper surface of the 
mouth was visually examined. The liver, 
spleen, gonads, heart and kidney were 
removed and placed into individual Petri 
dishes before examination for parasites under 
a dissecting microscope.  The gut was dissected 
out and divided into stomach, pyloric caeca 
and intestine before being placed into 
separate Petri dishes for examination under a 
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dissecting microscope.  Parasites found during 
the sampling process were preserved in 70% 
ethanol before morphological examination 
and identification to species level using 
Moravec (2004) as reference.

The data were analyzed using “R” stats version 
2.6.2 with library “nortest” [R language 
software package (Ihaka & Gentleman, 1996).  
Parasite counts were examined to determine 
any inter-species interactions between parasite 
abundances.  The Anderson-Darling test of 
normality showed that the data diverged 
significantly from normal distribution 
therefore the non-parametric method of 
Spearman’s rank correlation coefficient was 
chosen for correlation analysis. 

Ten sea trout (mean length 155.109±16.65mm, 
mean weight 35.2±10.90g) were captured and 
sampled with data from the PIT tags (Table 
1) indicating the period of time individual 
fish were at sea. The mean time since tagging 

was nine days however three fish had no tag 
possibly as a result of by-passing the trap or 
they originated from another local river.   

No bacterial or viral pathogens were 
detected although a total of 578 parasites, 
comprising six parasite species, were isolated 
(Table 2). Of the parasite species found only 
Pomphorhynchus laevis and L. salmonis were 
present in all the sea trout sampled.  A total of 
238 P. laevis and 300 L. salmonis were isolated 
from the ten sea trout sampled, with up to 64 
P. laevis and 69 L. salmonis found on individual 
fish.  The prevalence of P. laevis and L. salmonis 
infection across the sampled population was 
100% for both species. The parasitic mean 
intensity of P. laevis and L. salmonis were 23.8 
and 30 respectively.  All the L. salmonis found 
(Table 3) infecting the sampled fish were at the 
copepodid or chalimus stages.  

The Spearman’s rank correlation coefficient 
showed no evidence of a significant 

Table 1. Recapture data and estimation of length of marine residence.

Fish No. Length 
(mm)

Weight 
(g) Tag Number Date Tagged Date  

Re-captured
Days Post 

Tagging
1 139 32 1C-020A 09/05/2007 16/05/07 7
2 144 29 24-942A 07/05/2007 16/05/07 9
3 155 35 NO TAG NA 16/05/07 ?
4 179 45 24-7058 07/05/2007 16/05/07 9
5 141 26 29-D822 06/05/2007 16/05/07 10
6 173 44 1B-EE4B 06/05/2007 16/05/07 10
7 146 26 NO TAG NA 16/05/07 ?
8 182 59 1C-A645 08/05/2007 16/05/07 8
9 151 30 29-D366 06/05/2007 16/05/07 10

10 141 26 NO TAG NA 16/05/07 ?
Mean 155.10 35.20 9.00

SD 16.65 10.90 1.15 
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correlation (p> 0.05) between any of the 
parasite abundances and therefore no further 
analysis were performed. 

The return of juvenile sea trout prematurely 
to freshwater after short periods at sea has 
been reported by a number of authors (Tully 
et al., 1993; Birkeland & Jakobsen, 1997; Todd, 
2007).  During this study, seven out of ten sea 
trout smolts captured in the estuary of the 
River Shieldaig had been at sea for ten days 
or less – the remaining three it was impossible 
to determine as they were untagged. 

The absence of any detectable bacterial or viral 
pathogens would suggest they played no part 
in early return of sea trout to freshwater nor 
contributed to parasite burdens in this study.
 

All the sea trout captured during this study 
were carrying burdens of endo- and ecto 
parasites.  The highest parasite burdens 
were caused by the L. salmonis and P. laevis.  
Lepeophtheirus salmonis burdens appeared 
to vary considerably across the sample 
population (between 3 - 69 lice) although 
this may be as a result of the period spent in 
freshwater prior to capture or as a result of the 
natural variation between individual sea trout 
(Tingley et al., 1997). 

Existing data on salmonids captured inshore, 
particularly sea trout, in regions where there 
is no salmonid aquaculture show a similar 
pattern of infection with an aggregated 
distribution of adult L. salmonis abundance 
with a few individuals carrying high burdens 
(Tingley et al., 1997).  Heavy lice burdens found 

Table 2. Parasites isolated from 10 early returning sea trout captured during May 2007 in the estuary of the 
River Shieldaig, Scotland. 

Fish No. L. salmonis P. laevis C. truttae H. aduncum C. metoecus C. farionis

1 16 (ES) 4 (I) 4 (I) 1 (I) 0 0
2 11 (ES) 40 (I) 1 (PC) 0 2 (PC) 0
3 69 (ES) 13 (I) 0 0 5 (I) 0
4 5 (ES) 13 (I) 0 0 7 (I) 0
5 4 (ES) 64 (I,PC) 1 (I) 0 6 (I, PC) 3 (I)
6 62 (ES) 2 (I, PC) 0 0 7 (I, PC) 0
7 17 (ES) 18 (I) 0 0 0 0
8 53 (ES) 16 (I,PC) 2 (I) 0 1 (PC) 0
9 3 (ES) 16 (I) 0 0 0 0

10 60 (ES) 52 (I,PC) 0 0 0 0
Total 300 238 8 1 28 3

Prevalence (%) 100 100 40 10 60 10
Mean Intensity 30 23.8 2 1 4.67 3

Key: Species from left - Lepeophtheirus salmonis, Pomphorhynchus laevis, Cucullanus truttae, Hysterothylacium 
aduncum, Crepidostomum metoecus and Crepidostomum farionis.  
Abbreviations: External Surface (ES), Intestine (I), Pyloric Caeca (PC)
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on individual fish may suggest that the sea 
trout returned to freshwater after less than ten 
days in the marine environment as a strategy 
to remove the ecto-parasites.  These findings 
are supported by Bricknell et al. (2006) who 
reported the inability of L. salmonis to tolerate 
exposure to low salinities which would allow 
sea trout smolts to rid themselves of burdens 
and may prove of benefit to the long term 
survival of the smolts (Wells et al., 2007).

All the early returning sea trout sampled 
had burdens of the acanthocephalan P. laevis 
with individual burdens varying between 2 
and 64 parasites and a mean intensity over 
the sampled population of 23.8.  As P. laevis 
has a lifecycle taking approximately three 
months to the adult stage (Moravec, 2004) 
infections would most likely have been 
acquired in freshwater prior to migration. 
The relationship between abundances of this 
species and L. salmonis was not significant 
indicating that infection with P. laevis neither 

made the sea trout more or less susceptible 
to sea lice infection due to infection stresses.  
These findings are consistent with those of 
Byrne et al., (1999) who sampled 129 sea trout 
from 10 locations on the west coast of Ireland 
and reported the relationship between total 
lice and total helminth parasites to be non-
significant.  However, Byrne et al. (1999) did 
find a significant association between areas of 
high L. salmonis infestation and high marine 
helminth infestation leading the authors to 
suggest that an interaction exists between sea 
lice and marine helminths.

In summary, early returning sea trout 
were found to have loads of both ecto- and 
endoparasites.  The parasites P. laevis and L. 
salmonis were present in all the fish sampled 
in this study. There was no evidence of any 
bacterial or viral infections that may have 
initiated an early return to freshwater.  No 
statistically significant results were detected 
for interactions between parasite species 

Table 3.  Numbers of L. salmonis and lifecycle stages found on early returning sea trout captured in the 
estuary of the River Shieldaig, Scotland.

Fish 
No.

Length
(mm)

Copepodid Chalimus 
I

Chalimus 
II

Chalimus 
III

Chalimus 
IV

Total 
L. salmonis

1 139 0 15 1 0 0 16
2 144 1 6 2 1 1 11
3 155 0 53 15 1 0 69
4 179 1 4 0 0 0 5
5 141 2 2 0 0 0 4
6 173 1 60 1 0 0 62
7 146 1 14 1 1 0 17
8 182 4 45 4 0 0 53
9 151 0 2 1 0 0 3

10 141 2 57 1 0 0 60
Total 1551 12 258 26 3 1 300

Mean 155.1 1.2 25.8 2.6 0.3 0.1 30
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infecting the fish.  P. laevis and L. salmonis 
were found in all sampled sea trout.  It is 
impossible to determine if the heavy parasitic 
burden of either species or a combination 
of both may have initiated or contributed 
to the premature return to freshwater of the 
sea trout.  However, the data presented here 
contributes to overall knowledge of the health 
status of early returning sea trout, and to the 
discussion on reasons for early return.
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