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ABSTRACT: Mortality and gill lesions in Atlantic salmon 
Salmo salar reared in a seawater netpen in British Columbia, 
Canada, were associated with a dense bloom of diatoms con- 
taining predominantly Skeletonema costatum, Thalassiosira 
aestivalis and T rotula. Other diatoms, present as minor com- 
ponents of the bloom, included Thalassionema nitzschiojdes, 
Coscinodiscus sp. and Pseudonitzschia sp. Gills of moribund 
and dead fish exhibited excessive mucus production. Histo- 
logical examination revealed necrosis of the gill epithelium 
and edema at the base of secondary lamellae. The edematous 
spaces contained an inflammatory infiltrate. The mechanism 
of gill damage was not determined, but was likely due to 
physical irritation by the algae. None of these diatoms have 
previously been reported to cause disease in fish. 

KEY WORDS: Gill disease . Salrno salar . Skeletonema . 
Thalassiosira 

Algal blooms have caused mortality in wild and 
farmed fishes in coastal waters throughout the world 
(Gaines & Taylor 1986, Shumway 1990, Kent & Fournie 
1992). There are 4 known general mechanisms by 
which algal blooms may kill fish: physical damage to 
the gills caused by the spines of diatoms, asphyxiation 
caused by oxygen depletion, gas-bubble trauma due to 
extreme oxygen saturation from algal photosynthesis, 
and direct chemical toxicity caused by ichthyotoxins 
(Black et al. 1991). 

In the Pacific Northwest of North America, blooms of 
the flagellate Heterosigma carterae (= akashiwo) and 3 
diatoms, Chaetoceros convolutus, C, concavicornis, and 
a Corethron sp., have been associated with mortality in 
pen-reared salmon (Gaines & Taylor 1986, Rensel et al. 
1989, Speare et al. 1989, Horner et al. 1990, Black et al. 
1991, Taylor 1993). These diatoms cause gill lesions by 
physical irritation to the epithelium, resulting in ex- 
cessive mucus production which leads to asphyxiation 

(Bell 1961, Farrington 1988, Bruno et al. 1989, Rensel 
1992, Yang & Albright 1992). Irritation is caused by the 
brittle setae and multicelled chains of these diatoms. 
As these features are common to many species of 
diatoms, it is possible that intense blooms of other 
diatom species could damage fish gills. 

In addition to occasional blooms of the recognized 
pathogenic algae, heavy bloonls of diatoms such as 
Skeletonenla and Thalassiosira species often occur at 
farms in British Columbia, Canada, without any appar- 
ent deleterious effects. Fish farmers and fish health 
specialists, therefore, usually considered these com- 
mon algae to be nonpathogenic and have not been 
concerned when they occurred in high densities. 
Nevertheless, Bruno et al. (1989) reported that species 
of some other common algae, such as the silicoflagel- 
late Distephanus speculun~ and the diatom Chaeto- 
ceros debile, may damage the gills of pen-reared 
saln~on. 

We report here on gill damage and mortality of pen- 
reared Atlantic salmon Salmo salar associated with a 
dense mixed diatom bloom containing mainly Skeleto- 
nema spp. and large chain-forming Thalassiosira spp. 

Materials and methods. One of us (C.L.) visited an  
Atlantic salmon Salrno salar netpen farm near Quadra 
Island, British Columbia, following a report by the farm 
owner of a dense phytoplankton bloom and increased 
fish mortality. The kidneys of 3 moribund fish were 
cultured for pathogenic bacteria using tryptic soy agar 
and sheep blood agar. Gills and visceral organs from 
5 moribund fish were preserved in Davidson's fixative 
(Humason 1979) and processed for light histology. 
Samples of the water during the height of the bloom 
and 3 d later were examined for phytoplankton. 

Results. A dense algal bloom occurred on 4 April 
1994 at a netpen farm near Quadra Island. The bloom 
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lasted 14 d.  A dramatic increase in mortality in Atlantic 
salmon post-smolts at the farm (~ntroduced to seawater 
1 mo earlier) was noted by the farmer during the first 
day of the bloom and continued for 1 wk. A 4 %  
(approximately 16 000 fish) mortality was attributed to 
the bloom. 

Water samples taken during the bloom contained 
predominantly the straight-chain cylindrical Skele- 
tonema costaturn (Figs. 1 & 2). The other major biomass 
of the diatom bloom consisted of chains of the large (20 
to 50 pm) quadrangular cells of Thalassiosira aestivalis 
(Fig. 2) and the discoid diatom, 7 .  rotula. Other diatoms 
observed in fewer numbers were Thalassionema nitz- 
schioides, Coscinodiscus sp., and Pseudonitzschia sp. 
Very few Chaetoceros spp. were observed. 

Hiiected iish were hyperemic at the base of tne 
pectoral fins and along the ventral surface. Internal 
examination revealed no gross pathological changes. 
Many moribund fish exhibited excessive mucus secre- 
tion on the surface of the gills. 

Histological examination revealed gill lesions in the 
moribund fish (Figs. 3 to 6 ) .  The gills exhibited conges- 
tion of the central venous sinus at the base of the pri- 
mary lamellae and diffuse edema at the base of the 
secondary lamellae (Fig 3).  A mixed inflammatory 
infiltrate occurred within the edematous spaces, com- 
prised primarily of phagocytes. Many of these phago- 

cytes were replete with necrotic cellular debris and 
refractive granular material (Fig 5). This material 
stained purple with red granules ~ t h  periodic acid 
Schiff's (PAS) and was not acid-fast, and was thus con- 
sistent with lipofuscin. 

Prominent, multifocal necrosis of the gill epithelium 
was observed in 1 fish (Figs. 4 & 6) Mucus-containing 
diatom fragments and sloughed, necrotic epithelia1 
cells were observed between the lamellae. The other 
fish exhibited these changes, but to a milder extent. 
Internal organs appeared normal, except that 1 fish 
exhibited mild, diffuse necrosis of the epithelium in the 
pyloric caeca. No bacteria were isolated from the kid- 
neys of the affected fish. 

Discussion. The histological changes suggested 
tnat the morbidity was due to g ~ i i  iesions. No other 
pathogens (e.g. bacteria, protozoa) were observed in 
the affected gills, and lesions were most severe when 
directly associated with accumulations of algae. There- 
fore, the best explanation for the gill lesions and the 
concurrent mortality was the occurrence of excessive 
densities of Skeletonema costaturn and Thalassiosira 
spp. Members of these genera are common in coastal 
waters of Brltish Columbia, and have not previously 
been recognized as potential causes of gill lesions. 

The lesions described here are similar to those 
reported for the Chaetoceros and Corethron species, in 

Figs. 1 & 2. Diatoms from a plankton bloom associated with mortality of pen-reared Atlantic salmon Salmo salar. S: Skeletonema 
costatum; T:  Thalassiosira aestivalis; arrowheads: setae of T aest~valis; P: Pseudonitzschla sp.; C :  Coscinodiscus sp. Scale 

bar = 50 urn 
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Figs. 3 & 4 Salmo salar. Gill lesions associated with algal bloom Hematoxylin and eosin, scale bar = 50 pm 5 9 2 .  Edema and 
inflammat~on of g ~ l l s  associated with diatom bloom. Arrowheads: inflammatory cells in edematous spaces. Eg-4.; Necrosis of gill 

epithelium associated with diatom bloom Arrowheads: necrotic epithelia1 cells; a r row diatom 
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Fig. 5. Salmo salar. Phagocyte containing lipofuscin debris in 
gills. Hematoxylin and eosin, scale bar = 20 pm 

that epithelial damage is associated with accumula- 
tions of algal cells at the gill surface (Speare et al. 1989,  
Rensel 1992,  Yang & Albright 1992). However, the 
lesions reported here differ from those of previous 
reports in that edema was marked, with infiltration of 
ceroid-laden macrophages, and epithelial hyperplasia 
was absent in the present study. Post-mortem separa- 
tion of the gill epithelium may occur if gills are not pre- 
served shortly after death (Speare & Ferguson 1989) ,  
and may be confused with ante-mortem lamellar 

Fig. 6. Salmo salar. Diatom (arrow) entrapped in mucus 
with refractile debris. Note associated necrosis of the gill 

epithelium (arrowheads). Scale bar = 20 pm 

epithelial lifting and other edematous changes. This 
was unlikely the case in our study because gills were 
preserved immediately after death and inflammatory 
cells were consistently observed within the edematous 
spaces. 

Chaetoceros species cause gill disease due to 
mechanical damage to the epithelium (Rensel 1992, 
Yang & Albright 1992), and this probably occurred in 
the present study because the lesions were most 
severe in areas where algal cells were entrapped in the 
overlying mucus. Although Thalassiosira spp. and 
Skeletonema spp. do not possess barbs on their setae 
(as seen in pathogenic Chaetoceros species), they have 
long siliceous setae that may damage the gill surface. 
Nevertheless, we cannot exclude the possibility that a 
toxln was also involved in the disease. 

This study presents the first report that associates gill 
disease with members of the genera Thalassiosira and 
Skeletonema, and indicates that certain algae consid- 
ered to be nonpathogenic may cause gill disease when 
present in high densities. More information on the pre- 
cise density of algae and determination of the alga(e) 
in the mixed bloom that actually caused the gill dam- 
age is needed. 
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