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President’s Reflections
Hamish Rodger
Vet-Aqua International, Unit 7B, Oranmore Business Park,
Oranmore, Co. Galway, Ireland
Let’s face it: the Fish Veterinary Society is unique; we have a means whereby
vets with an interest or specialisation in aquatic animals or fish can gather,
communicate and commiserate with each other over experiences and challenges in the watery world. We are very fortunate. It is, however, with great
sadness that I write regarding the passing of one of our most respected and
popular members, Edward Branson. As a founding member of the FVS and a
previous President (2001 to 2003) who was always able to help in any situation, motivate, inspire or initiate he will be greatly missed. In honour of our
colleague and his enthusiasm we are proposing to have an annual Edward
Branson Memorial Award for the best scientific presentation at our biannual
meetings by a recent graduate. An obituary to Edward is included in this
issue of the journal.
Over the past two years we have had a series of very successful scientific meetings in Glasgow, Edinburgh, Aberdeen and Southampton, two of
which (Aberdeen and Southampton) were joint meetings with staff from
the UK state fish health laboratories; Fisheries Research Service Marine
Lab, Aberdeen and the Centre for Environment, Fisheries and Aquaculture
Science, Weymouth. Our excellent Honorary Secretary, Fiona MacDonald,
deserves special praise and thanks for all the effort and work put into the
organisation of these meetings. Thanks are also due to the sponsors for
assistance with the costs for hosting the meetings. The Aberdeen meeting
focused on heart and skeletal muscle inflammation (HSMI) and similar disease conditions (salmon pancreas disease, cardiomyopathy syndrome, sleeping disease) while the Southampton meeting concentrated on the emerging
diseases in trout and carp such as red mark syndrome and herpesviruses and
the recent outbreak of viral haemorrhagic septicaemia in Yorkshire.
The committee has been working hard on many fronts and special mention
should go to Pete Southgate and Andrew Grant for their work in responding
to the draft Aquaculture and Fisheries (Scotland) Bill and also significant
input into the established Code of Practice for Scottish Finfish Aquaculture,
which is proving invaluable for the Scottish farmers and includes guidelines
vi

on the preparation of a farm Veterinary Health Plan. John McArdle is to be
congratulated for bringing this issue of the Fish Veterinary Journal together
and for strengthening the journal as a valuable communication tool for the
FVS. Many of the potential papers for publication were diverted to the forthcoming book entitled Fish Welfare, which was edited by Edward Branson.
Chris Walster is to be thanked for keeping the finances under control and
is also be commended for forging strong links with our North American
colleagues with the goal of a global Aquatic Veterinary Association. We
should also recognise that many other members serve on boards, councils or
working groups on a voluntary basis, including Keith Treves-Brown (BVA),
Pete Southgate (Animal Welfare Foundation), Lydia Brown (RCVS). Please
let the committee know if you are serving on any other working group or
committee.
Our FVS constitution evolves in accordance which our society although our
core aims are that we have a forum whereby vets with an interest or vocation in promoting the health and well being of fish can discuss or exchange
professional and scientific information between members. The website is
also developing (www.fishvetsociety.org.uk) and if you have any ideas for
further development of the site please forward these to any member of the
committee. Thanks are due to David Sutherland for his FVS newsletter from
Shetland, which is a pleasure to receive.
Finally on your behalf I would like to thank all the FVS Committee members
and others for their sterling work and for running the Fish Veterinary Society.
If you have any requests, special interests or concerns please communicate
these to the committee and we will aim to act. Remember the FVS is your
unique society.
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Editor’s Comments
John McArdle
119, Park Drive Avenue, Castleknock, Dublin 15, Ireland
Activities in various areas over the last few months were very much overshadowed by the sudden and sad passing of one of the founders and former
presidents of the Fish Veterinary Society, Ed Branson. A fitting tribute is
included in this issue. As I write this piece, I can still hardly believe we will
not see him again at our meetings. All my own memories of Ed as a person
and as a fish vet are warm and pleasant. He was a truly rounded and balanced
person at ease with himself and others, as well as being a superbly competent
fish vet. It was always pleasant to spend time in his company. He had a welldeveloped and sometimes laconic sense of humour. I remember once telling
him I was doing less work since I retired and laughing at his reply in that
rich, cultured accent, “Well we don’t want too much work, do we John!”
Those of us fish vets who did the Stirling Aquatic Veterinary Studies MSc
Course gained a number of things from the course, apart from the excellent
training. One was a strong competitive spirit. Another was a sort of esprit de
corps between graduates of the course. After leaving Stirling, the graduates
of the course were always very willing to help one another in whatever way
they could, and Ed Branson was no exception. I rang or emailed him many
times seeking information on disease conditions, treatments etc and he was
unfailingly generous in sharing whatever information he had that might help.
I can only add my sincere sympathies to Teona and his family. Everyone who
knew him will remember him with great affection and we are all diminished
by his loss.
On a brighter note, we all look forward to reading the proceedings of that
wonderful animal welfare meeting which Edward chaired in Edinburgh in
2004. Edward was editing this at the time of his death and it was very close
to completion then. This meeting was the culmination of a long held ambition of Edward’s and the book will be another tribute to him and a resource
to all those involved in the care of fish.
As usual, this edition of FVS contains some of the papers presented at our
previous meetings together with scientific papers together with a book
review and news item. As always, I must thank our advertisers for continuing to support the Journal. I would like to thank Mike Williams of Akalat
viii

Publishing, whose patience and unfailing helpfulness makes the task of
producing the Journal possible. Finally, as this will be my final time editing
the Journal, I would like to thank my fellow committee members and readers
for their support.
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Bacterial control in live feed improves survival of
marine finfish
C. Cutts, J. Sherwood and J. Treasurer
Ardtoe Marine Laboratory, Acharacle, Argyll PH36 4LD
Abstract
A major constraint of marine finfish production is high mortality through the
live feeding period in the weeks post hatch. Part of this has been attributed
to Vibrio and other bacterial populations that are transferred with the feed
to the larval rearing tanks. Pyceze® (=50% w/v bronopol) was tested as a
disinfectant of rotifers and Artemia and compared with the use of ultra violet
light to reduce bacterial numbers. Survival was improved compared with
untreated controls, but rotifers were more sensitive to exposure to Pyceze
than Artemia. Disinfection efficacy increased in both rotifers and Artemia
with increasing concentration. In a commercial scale trial there was reduced
bacterial loading in the rearing water when disinfected feed was used
and fewer bacteria were also found in larvae. Survival of larvae fed with
disinfected feed was 13.2% compared with 7.1% in the control tanks. The
improved survival was attributed to lower rate of gut colonisation by bacteria. It is concluded that live feed allows the proliferation of bacteria in larval
rearing tanks, some of which may be pathogenic. The loading of pathogenic
bacteria can be reduced by the addition of a disinfection agent to the feed as
part of the enrichment process.
Introduction
There has been considerable interest in the diversification of cold temperature
aquaculture from mainly salmonids to other marine finfish species and current attention in Europe is on the rearing of cod, Gadus morhua in response
to declining wild fish stocks (Roselund and Skretting, 2006). Several cod
hatcheries have been established in Norway and potential production has
been estimated as 35,000 tonnes by 2010 (Roselund and Skretting, 2006),
while in the UK the predicted harvest is 10,000 tonnes (Slaski, 2005), with
most of the ongrowing currently in the Shetland Isles to an organic standard.
The supply of juveniles is a bottleneck and the main technical objective is
to improve survival in the larval rearing period and this to a large extent is
1
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related to egg and larval quality. Although a range of potential pathogens
has been identified in cod (Bricknell, Bron and Bowden, 2006) the main
health issues identified have been abnormalities leading to economic loss
and infection by Vibrio anguillarum, particularly as no specific Vibrio vaccines are licensed in the UK and the salmon vaccines do not have the correct
complement of serotypes. The microbiology of the rearing environment is
also a concern as the water flow is kept very low to minimise the loss of the
valuable live feed from the rearing tanks and bacteria are introduced with the
live feeds (Munro and others 1999).
Cod incubation takes around 100 degree days and, prior to hatch, eggs are
transferred to larval rearing tanks. The yolk sacs are utilised rapidly and the
tiny larvae, c. 4 mm length, are fed initially on rotifers and, after c. 25 days,
on Artemia, until weaning at around 55 to 60 days post hatch. Fish are graded
and vaccinated before transfer for ongrowing. Ongrowing to around 3 to 4
kg weight takes 2 years.
Potentially pathogenic bacteria may be present in rearing systems because
of the low energy of the system and the use of live feeds (Munro and others
1999). High mortality in the larval rearing period extends to weaning to dry
feed at around 2 months’ post hatch. A range of bacteria has been identified
in the rearing systems (Verner-Jeffreys and other 2003) and in cod larval
rearing the Vibrio populations change, with V. alginolyticus dominating on
commencement of Artemia feeding (H. Birbeck, personal communication).
The bacteria in larval rearing units has been moderated by ultra violet sterilisation (Munro and others 1999) and this led to subsequent improvement in
survival of larval turbot Scophthalmus maximus. However, this method of
disinfection can be time consuming and potentially may kill the live feed.
The current study compares disinfection of live feed with a more easily
administered agent Pyceze and UV treatment. Pyceze was then tested on a
replicated commercial scale by examining the effects of disinfection of live
feed on the performance of cod larvae with control tanks.
Methods
Comparison of the effects of Pyceze and ultraviolet light on bacterial
colonisation of live feed
Rotifers were treated with Pyceze® Novartis Animal Vaccines Ltd (=50%
w/v bronopol) at 30 mg l-1 active for 6 hours when rotifers were enriched
with essential marine oils, with five replicates. Another group was treated
Fish Veterinary Journal • Number 9 • 2007
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with UV light by passing rotifers through a 38 mW cm-2 column at 1.5 l
min-1. The rotifers were sampled, homogenised, and serially diluted on to
marine agar and CFUs (Colony Forming Units) were counted later. The
effect of Pyceze concentration and contact time on bacterial colonisation
and survival of rotifers were examined. Rotifers were treated with Pyceze
at 30mg l-1 for 6 and 12 hours, and at 60 and 150 mg l-1 for 6 hours, with
5 replicates at each treatment, and this included replicated controls with no
treatment. At the end of the treatment a sample of rotifers was taken and
100 rotifers examined for motility by 40x binocular microscope. The CFUs
of each rotifer were then assessed as above. The effects of the concentration
of Pyceze and duration of disinfection of Artemia were assessed in a similar
way with Artemia immersed in 30 mg-1 Pyceze for 6 and 12 hours and other
groups in 60 and 150 mg-1 for 6 hours, with 5 replicates per treatment and
also a control treatment.
Cod rearing trial
The impact of disinfection on larval survival and growth was examined by
disinfecting the feed in 3 commercial scale rearing tanks and comparison
with 3 tanks where the larvae were fed undisinfected feed. Six larval rearing
tanks of 1300 l volume were each stocked with 46,000 cod eggs, and the 3
control and 3 experimental tanks allocated randomly to treatment. Live feed
was disinfected with 30 mg l-1 Pyceze for 6 hours in the case of rotifers and
150 mg l-1 for 6 hours for Artemia during marine oil enrichment. Samples
of rearing water and larvae were periodically taken during the live feed
phase. Fish were weaned from day 48 onwards and survival of larvae was
assessed at 75 days post hatch when the larvae were counted. Larvae were
sampled weekly (n=15) from each tank to calculate growth in length and
weight. Larvae were measured with a binocular microscope at x40 with an
ocular micrometer and all larvae (3 replicates x 15 fish) were freeze dried
and weighed to 0.0001 mg.
Results
Comparison of Pyceze with ultraviolet light on bacterial colonisation of
live feed
There was a significant difference in the number of CFU in rotifers in the
control compared with treatment with UV (F=15.08, P=0.0022) and Pyceze
(F=14.64, P=0.0021) (Fig. 1). Examining the effects of contact time and
concentration on rotifer survival showed that a concentration of 30 mg l-1
3
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for 6 and 12 hours and 60 and 150 mg-1 for 6 hours produced significant
reductions (P<0.001) in bacterial CFUs per rotifer, with a significant reduction in bacterial numbers with increasing dose (Fig. 2). However, mortality
of rotifers also increased significantly at the 60 and 150 mg-1 concentrations,
with 50% losses at 60 mg l-1 and all the rotifers becoming inactive at 150 mg
l-1. However, survival was comparable to controls and there was a significant
disinfection at 30 mg l-1 for 6 and 12 h. There were significantly reduced

CFU per rotifer

25000

20000

15000

10000

CFU per rotifer
5000

0
UV

Pyceze

Control

Disinfection treatment

CFU per rotifer

Fig. 1. Comparison of the effects of UV treatment with Pyceze in the disinfection of
rotifers.
30000

20000

10000

CFU per rotifer
0
Control

30mgl-1
6h

30mgl-1
12h

60mgl-1

150mgl-1

6h

6h

Concentration and duration of treatment with Pyceze

Fig. 2. Bacterial numbers per rotifer treated with Pyceze of different concentrations
and duration, compared with untreated controls. Error bars indicate standard
deviation.
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CFU per Artemia

bacterial counts in disinfected Artemia compared with untreated controls
(F=5.02, P=0.049 at the lowest concentration) (Fig. 3) and the bacterial numbers decreased significantly (P<0.001) with increasing Pyceze concentration,
from 15167 to 2000 Artemia-1. The highest concentration of Pyceze tested
gave a high disinfection with no significant mortality of Artemia across the
treatments.

50000
40000
30000
20000
10000
0
CFU per Artemia
Control

30mg l-1
6h

30mg l-1
12h

60mg l-1
6h

150mgl-1
6h

Concentration and duration of treatment with
Pyceze
Fig. 3. Bacterial numbers in Artemia following treatment at different dose and timing
compared with controls. Bars=SD.

Larval rearing trial
There was a decrease in the bacterial loading in water samples from the tanks
with the disinfected live feed and the difference with controls increased to 42
days after hatch (Fig. 4). However, these differences were not significantly
different (ANOVA, p=0.06) and bacterial CFUs were also not different
between sampling dates (P=0.253). The CFUs per larva were similar in both
treatments initially but from day 26 post hatch the CFUs per larva were
significantly higher in the control larvae compared with the larvae fed with
disinfected feed (ANOVA, P=0.037). The Vibrio species present were characterised by DGGE molecular methods and the bacterial identity of artemia
feeders was dominated by V. splendidus (H. Birkbeck, personal communication. Other species present were V. anguillarum, V. alginolyticus, V. campbelli and V. cholerae. There were no differences in the species composition
of Vibrio between disinfected and control treatments.
Survival was calculated as the percentage survival from stocking to 75 days
post hatch and was an average of 13.2% for the fish fed disinfected feed and
7.1% in the control treatments. Although this was barely significant follow5
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Fig. 4. Mean bacterial numbers (CFU ml-1) in the rearing water and cod larvae fed
disinfected and untreated live feed to 71 days post hatch. Bars=SD.

ing an ANOVA, P=0.10, this reflected the small number of tanks examined
and the large variation in survival between rearing tanks in the same treatment, a feature which is typical of cod rearing. The mean lengths and dry
weights of larvae through the rearing cycle were not significantly different
(P>0.05) between treatments indicating that the disinfection of live feed with
Pyceze had no effect on larval growth. In addition, the three experimental
tanks had three times the number of large fish and therefore presumptive
Fish Veterinary Journal • Number 9 • 2007
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cannibals compared with controls. Therefore the differences in survival may
have been greater before cannibalism occurred.
Discussion
The trials carried out here indicate that survival of cod larvae can be
improved by lowering the rate of gut colonisation by bacteria as a result
of reduction of the bacterial load in the live feed. The study shows that
the current technique of live feed application with little bacterial control allows proliferation of bacteria, some of which may be pathogenic.
The relatively simple technique of adding Pyceze to live feed during the
enrichment process may improve larval survival and so economic success of hatchery operations. Several factors such as egg and larval quality
have been linked to reduced larval survival and cod culturists have been
gradually improving rearing success by defining rearing criteria. Therefore
disinfection of live feed is not a sole means of improving larval survival.
Despite the complexities of marine finfish rearing the disinfection of live
feed may be the largest recent step forward in marine finfish production.
Although the technique is recommended here care should be taken not
to exceed the Pyceze dose or significant mortality will occur in rotifers.
However, Artemia appear more robust to disinfection with Pyceze. The
disinfection has some effect on both the rearing water and the larvae and so
may promote larval survival by moderating the abundance of pathogenic
bacteria.
Pyceze is licensed as the only authorised product in many countries to
replace traditional and unauthorised chemicals for the treatment of fungus
in salmonid eggs. Bronopol as Pyceze has been used as a fungicide of
salmonid eggs in freshwater (Cawley, 1998; Branson, 2002) and has been
used as a daily flush for the protection of rainbow trout from infection
with Saprolegnia (Pottinger and Day, 1999). However, bronopol is a broad
spectrum bactericide with a range of potential applications (Kumanova and
others 1989). Good hygiene is essential in marine hatcheries to improve egg
and larval survival and bronopol has been shown to be an effective surface
disinfectant of marine finfish eggs (Treasurer, Cochrane and Grant, 2005).
If Pyceze is used for “cleansing” rather than medicinal use, the Biocides
Directive (European Parliament and Council Directive 98/8/EC) on the
placement of biocidal products on the market would apply.

7
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Abstract
A study into the efficacy of a SLICE® (emamectin benzoate) treatment on
farmed Atlantic salmon smolts was undertaken over a period of nineteen
weeks in 2003, at a commercial fish farm site in the west of Ireland. Treatment
was administered at a dosage rate of 75μg kg-1 body weight d-1 for a period
of seven days. A reduction in sea lice levels of 35.7% had occurred nine days
following the commencement of the treatment, 78.6% reduction after sixteen
days and by three weeks later a reduction of 96.4% had occurred. Total
clearance of all sea lice took four weeks to achieve following the treatment
administration, although a reduction in sea lice levels occurred on each
sample date following treatment. Total clearance continued for a further four
weeks, after which sea lice levels began to rise again. The most numerous
sea louse species recorded during the study was Lepeophtheirus salmonis,
with only very low numbers of Caligus elongatus being present.
Keywords: Lepeoptheirus salmonis; Caligus elongatus; sea lice; farmed
Atlantic salmon; infestation; SLICE®; treatment efficacy.
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Introduction
The following study was instigated in response to concerns that sea lice,
Lepeophtheirus salmonis (Krøyer) and Caligus elongatus Nordmann, were
becoming resistant to the chemotherapeutic treatments that are used to
control them in Ireland, with some suggestions that treatment failures had
already occurred (Sevatdal et al., 2005). Relative efficacy of sea lice treatments is measured in a number of ways, including the interval necessary
between treatments and also the clearance rate following a treatment. This
study concentrates on sea lice levels within one test cage at a fish farm site
on the west coast of Ireland. The aim of the study was to determine the efficacy of a sea lice treatment on sea lice levels on Atlantic salmon, Salmo salar
L., smolts just put to sea. The treatment in question was SLICE® (ScheringPlough Animal Health, Hertfordshire, England), a chemical compound given
in food to fish to prevent settlement and survival of sea lice. The sea site was
selected specifically because of concerns regarding reduced efficacy following a previous SLICE® treatment on an earlier year class of fish, the reasons
for which were not established.
Fish farmers rely to a large extent on SLICE® to control sea lice infestations,
as this is an in feed product and so is easier to administer than a bath treatment with EXCIS® (Cypermethrin 1%w/v) also licensed in Ireland. SLICE®
contains 0.2% emamectin benzoate which is a semi-synthetic avermectin.
This works by targeting the gamma-aminobutyric acid receptor in the peripheral nervous system of the sea lice, resulting in decreased nerve transmission,
causing paralysis or death of the parasite. This product is a highly effective
control of all parasitic stages of sea lice. Salmon farms in Ireland are subject
to Department of Communications, the Marine and Natural Resources protocols and must keep their sea lice below agreed levels (Monitoring Protocol
No. 3: Offshore finfish farms-sea lice monitoring and control, 2000). For this
reason it was not possible to set up an untreated control.
Materials and Methods
Sampling of Atlantic salmon smolts was carried out from the first week of
April to the first week of August 2003 on a weekly basis at a fish farm site
on the west coast of Ireland. A comparison between two cages was initially
carried out to determine sea lice base levels before the sea lice treatment was
administered. The test cage that was to be sampled for the duration of the
11
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project had been at sea 8 days, while the second adjacent cage was at sea for
a longer period of 35 days. A SLICE® (emamectin benzoate) treatment was
administered to the test cage at a dosage rate of 75μg kg-1 body weight d-1
for a period of seven days, from the 8th-15th April. The effectiveness of the
treatment was measured by clearance time and by time to re-infestation. On
each sample date 50 fish were sampled from the chosen test cage. A knotless
hand net was used to catch samples, which had the added benefit of helping
to reduce scale and sea lice loss from the fish. The fish were caught five at a
time where possible and were individually anaesthetised in buckets containing
MS222 (Tricaine methane sulphonate) before being examined onsite for sea
lice. This method had been previously tested at another sea site and proved
to be the most reliable when attempting to calculate sea lice burdens on fish
farm smolts at sea (Copley et al., 2004). All sea lice were counted during the
process and the species and stages noted for each fish. It was not possible to
determine between species for copepodid and chalimus I stages at the sea site
due to their very small size and as a result these stages were kept separate in
the analyses of sea lice distributions. After each fish had been examined for
sea lice, both fish fork length (to the nearest mm) and fish weight (accurate to
2g) were recorded before the fish was placed into a bucket containing standard
seawater to recover before being released back into the cage. The buckets containing the MS222 were then filtered using a 200μm sieve to remove any sea
lice stages. These sea lice were also identified and the counts added to the total
for each fish. The 200μm sieve was sufficient to retain the smallest attached
stages present on the fish (Schram, 2004).
Condition values for fish (K factors) were calculated using the formula:
(weight (g) / (length (cm))3) x 100. Missing values for length, weight and K
factors were as a result of technical difficulties with equipment on the day
of sampling. Infection parameters as defined by Margolis et al. (1982) are
those used for analyses of parasite burdens and are explained by the following definitions: prevalence refers to the number of infected hosts, abundance
is the ratio of parasite to host in a sample and mean intensity is the ratio of
the number of parasites to infected hosts in a sample. Spearmann correlations (rS) were used to test relationships between sea lice burden and fish
size. Results were considered significant at 95% confidence limits. Water
temperature data was recorded at the site using Tidbit® temperature loggers
placed at 1m and 10m depths, which recorded data on an hourly basis. Data
is presented as mean per day in degrees Celsius (oC).
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Results
Mean values for length, weight, condition factor (K), combined copepodid
and chalimus I stages and total L. salmonis levels are shown in Table 1 for
all sample dates. Significant positive correlations between fish size and
total L. salmonis burden was recorded when data was combined and analysed (length: rS=0.166, P<0.001; weight: rS=0.103, P<0.001). Significant
negative correlations were recorded between fish size and copepodid and
chalimus I stages (length: rS=-0.275; P<0.001; weight: rS=-0.286, P<0.001).
Scale loss was recorded for individual fish and a percentage was allocated
to the amount of loss (ranging from 0–15% in 5% increments). In 52.6%
of the fish examined scale loss was in the region of 0–5%, in 36.8% of fish
TABLE 1: Mean values for length, weight, K factors, combined copepodid and
chalimus I stages and total Lepeophtheirus salmonis levels on each sample
date.

Sample Mean length Mean weight Mean K Mean cop /
Mean
date
(mm) ± SD
(g) ± SD
factor ± chal I ± SD total L.
2003
SD
salmonis ±
SD
03-Apr 178.24±8.91 51.76±8.86
0.02±0.14
0.91±0.06 0.2±0.45
10-Apr 179.54±10.45 56.64±12.97 1±0.11
0.78±1.25 0.32±0.51
17-Apr 187.64±10.34 67.2±13
1.01±0.09 0.52±0.86 0.18±0.39
24-Apr 195.38±10.24 68.48±11.38 0.91±0.07 0.12±0.33 0.1±0.3
29-Apr 191.42±12.48 71.36±14.33 1.01±0.05 0.02±0.14 0.02±0.14
08-May 197.44±14.75 0
0
15-May 209.2±15.25 0
0
22-May 207.38±13.57 92.68±19.29 1.02±0.06 0
0
29-May 220.04±15.19 111.96±24
0
1.04±0.06 0
05-Jun 222.78±12
0.02±0.14
109.16±16.46 0.98±0.05 0
11-Jun 229.08±14.93 121.68±24.24 1±0.07
0.08±0.27
0
18-Jun 241.84±14.5 143.28±27.89 1±0.04
0.06±0.24
0
25-Jun 242.72±15.47 143.24±31.43 0.99±0.07 0.02±0.14 0.14±0.5
02-Jul 243.5±17.17 134.12±24.47 0.92±0.07 0
0.08±0.27
09-Jul 0.02±0.14
0
124.6±28.93 16-Jul 240.62±14.56 117.48±26.44 0.83±0.08 0
0.26±0.49
24-Jul 241.6±16.56 118±32.99
0.38±0.7
0.82±0.09 0
30-Jul 249.22±18.68 138.8±43.14 0.87±0.11 0
0.42±0.84
07-Aug 269.02±23.52 188.98±64.71 0.94±0.16 0.04±0.2
1.56±1.69
13
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examined scale loss was in the region 5–10% and in 10.6% of fish examined
scale loss was in the region 10–15%.
On the first sample day the prevalence of L. salmonis in the test cage was 20%
and in the adjacent cage used for comparative purposes prevalence was 98%.
Total sea lice numbers in this adjacent cage ranged from 48 copepodid and
chalimus I stages to 276 L. salmonis (201 of which were mobile). Comparisons
between the two cages sampled on day 1 showed significant differences in the
counts of L. salmonis (U=26.5, P<0.0001, 99% CL) and also in the counts of
combined copepodids and chalimus I stages (U=733.5, P<0.0001, 99% CL).
The total numbers for combined copepodids and chalimus I stages, L. salmonis
and C. elongatus for the test cage are shown for each sample date in Figure 1.
An initial settlement of copepodid and chalimus I stages was evident on the
first sample date with 10 copepodids and chalimus I stages being recorded.
The second sample a week later showed that an increase in sea lice levels
had occurred with 16 L. salmonis and 40 copepodids and chalimus I stages
being recorded. The SLICE® treatment was administered on the 8th April and
a reduction in sea lice levels followed the completion of the treatment seven
days later. The latter samples showed increased levels of mobile L. salmonis
being present on the fish sampled. Caligus elongatus levels were very low
throughout the study with only 6 in total being recorded.
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The distribution of the different stages of L. salmonis over time is shown in
Figure 2. Chalimus stages comprised the earliest settlers on the fish with other
settlements being seen on some later dates also. Pre-adults were evident in the
later samples with adults comprising a relatively high proportion of the sea
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FIG 1: Total sea lice recorded for each day sampled over the period of the study from
the test cage.
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FIG 2: Distribution over time of the different Lepeophtheirus salmonis stages during
the study.

lice on the last sample date. Ovigerous females were also recorded in the last
three samples taken. Water temperature increased from approximately 10.3oC
to 17.3oC over the course of the study, with slightly higher temperatures being
reached at the water surface (up to 18oC at completion of the study).
15
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Discussion
The first sample from the test cage recorded 11 sea lice in total while the
second sample a week later showed that an increase in levels had occurred
(Figure 1). This was probably due to cross infection from the cage adjacent
to the test cage which contained smolts that had been at sea for approximately one month previously, and which were more heavily infested than the
test cage. Even though the infestation rate on the first day of sampling was
low on the test cage the farm had planned to treat all fish on the site, including the new smolts, as part of a treatment strategy. Total clearance of sea lice
from fish samples in the test cage took four weeks, although it can also be
seen that a reduction in sea lice levels was evident at each of the subsequent
samples following sample 2. Stone et al. (1999) found that as early as day
7 from the start of an emamectin benzoate treatment a reduction of between
58% and 80% in mobile L. salmonis was achieved with a standard dosage
(50μg kg-1 body weight d-1 for seven consecutive days). They also believed
that efficacy was possibly underestimated due to the inclusion of non-viable
chalimus in sea lice counts. A comparison of the efficacy of SLICE® from the
present study and in other trials is shown in Table 2 and it can be seen that
the results from the present study are similar to those obtained in previous
trials. Stone et al. (2000a) examined the duration of efficacy of emamectin
benzoate (given at a standard dose rate of 50μg/kg per day) on Atlantic
salmon in experimental conditions. The authors found that efficacy was
greater than 90% for at least 55 days from the start of an oral emamectin
benzoate treatment. They also found that although copepodids settled on
treated fish, further development was arrested because of the SLICE® treatment. Although the standard dosage of SLICE® is 50μg kg-1 body weight d-1
TABLE 2: Percentage reductions in Lepeophtheirus salmonis levels over time summarised from the present study and previous trials undertaken on the efficacy
and duration of sea lice treatments with SLICE®

1st
2nd
3rd
4th
5th
6th
week week week week week week
% loss % loss % loss % loss % loss % loss
Present study
35.7
78.6
96.4 100
100
100
Stone et al. (1999)
53.8
88
94.3
Ramstad et al. (2002)
81.9
92.2
93.8
Armstrong et al. (2000)
70
88
95
61
Stone et al. (2000b)
45
80
91
Source
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for seven consecutive days the present study examined fish that had had a
higher dosage of 75μg kg-1 body weight d-1. There were concerns at the fish
farm regarding reduced efficacy with previous treatments undertaken and
for that reason the higher dosage rate was administered to counter act this.
Farmed Atlantic salmon have been found to tolerate emamectin benzoate at
dose rates 3.4 times that of the standard recommended dose with signs of
toxicity only appearing when the dose rate was 7.1 times higher than that
recommended (Roy et al., 2000). Efficacy in the present study persisted
for a further four weeks following total clearance. Following this, sea lice
numbers began to appear on the fish once again. Settlement in the form of
copepodids and chalimus I stages was evident again in some later samples,
though not on the same level as those initially recorded and most sea lice
recorded were L. salmonis. Personal communications from farm personnel
report that sea lice numbers were higher in the cages that had been at sea
longer and it is possible that mobile sea lice had transferred from these to the
newer smolts, without first settling as copepodids. They would then appear
as later stages on these younger fish.
Only a small percentage of mobile L. salmonis were recorded in the bins
after fish were examined. The bin loss ranged from 0–0.3% for these sea
lice. There is no suggestion that with the higher sea lice burden on the fish
there was a greater loss of sea lice into the bin upon examination of the fish.
No significant correlations existed between bin loss and numbers of mobile
L. salmonis recorded (as only mobile L. salmonis were recorded in the circumstances of bin loss). It is highly likely that the majority of the copepodids
and chalimus I stages were L. salmonis because of the very low levels of
C. elongatus recorded overall during the study. Only 6 C. elongatus were
recorded during the whole course of the study compared to 183 L. salmonis
(including bin numbers). A total of 85 copepodids and chalimus I stages
were recorded. Minimal scale loss was evident from the fish sampled and
generally ranged between 0–10%. Fish body measurements were seen to fall
around the end of June/beginning of July, almost certainly as a result of an
outbreak of Pancreas Disease (PD) on the farm. Feeding was suspended at
the site as a method of controlling this disease and did not recommence until
fish began to show signs of improvement, and then only on a gradual daily
increase of feed. This was evident from around the 24th July when length,
weight and K values were starting to rise again.

17
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In the present study it can be seen that the treatment appeared to be quite
effective in reducing sea lice numbers and achieving total clearance, and was
in line with guidelines provided by Schering-Plough for a SLICE® treatment
efficacy. Reduced sea lice levels also continued for some weeks following total clearance with the appearance of mobile stages thereafter almost
definitely as a result of transference from fish longer on site. A comparison
of sea lice levels on salmon smolts calculated on a national level showed
that mobile L. salmonis levels per fish ranged from 0–1.01 in June, 0–0.38
in July and 0.05–7.15 in August. Mobile Lepeophtheirus salmonis levels
recorded at the test cage were calculated at 0.02–0.14 in June, 0–0.42 in July
and a mean of 1.36 in August (1 sample only), showing that levels were in
general lower than those calculated at a national level. Although no control
cage could be established or examined in the present study historical data
from the national sea lice monitoring programme has shown that in previous
years mean mobile L. salmonis levels of 5.99 have been recorded on smolts
in May and levels of 8.08 in August (pers. comm. Dave Jackson). These
values were recorded in the absence of a prior sea lice treatment, indicating
that natural infestation would in general increase in summer months. In field
trials in Scotland Stone et al. (2000b) reported an increase of 52% in the
control cage of Atlantic salmon post-smolts over a three week trial period
while evaluating the efficacy of emamectin benzoate in adjacent test cages.
Water temperatures during these trials ranged from 13oC to 15.5oC, similar
to the water temperatures recorded in the present study. This would indicate
that natural infestation would in general increase at these temperatures over
short time periods, while the results from the present study show that this did
not occur and that treatment efficacy was achieved and maintained.
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Buoyancy disorders of ornamental fish: a
review of cases seen in veterinary practice
William H Wildgoose
655 High Road, Leyton, London E10 6RA
Abstract
In veterinary practice, buoyancy disorders are common in goldfish, often
having a sudden onset and present floating at the surface or lying on the
bottom. Fifty eight affected fish were examined in detail over a period of
11.5 years, of which 47 were goldfish: there were almost equal numbers
of short-bodied and long-bodied goldfish. In many cases, there were no
external lesions and no consistent environmental factors could be identified.
Radiography was performed in 49 fish and proved the most useful investigative approach. Several radiographic abnormalities were found in goldfish
including over-inflation (44%), displacement (22%), fluid accumulation
(12%) and rupture (2%) of the swim bladder and intestinal tympany (6%).
Post mortem and histological examinations were performed on 35 goldfish:
findings included systemic granulomatous disease (23%), abnormal fluid
in the swim bladder (23%), polycystic kidney disease (17%) and several
other internal diseases (20%). However, 17% of goldfish had no identifiable
pathology and no consistent radiographic features. Pathological findings
in other species were varied and only rupture of the swim bladder in orfe
and a renal tumour in oscars were significant. Most cases were euthanased
on initial examination due to advanced disease but a quarter were treated
conservatively. There was a very poor response to treatment and several
environmental, medical and surgical approaches are discussed.
In fish, buoyancy is controlled by the amount and distribution of gas within
the body. This is primarily enclosed within a gas-filled buoyancy organ, the
swim bladder. In some fish, physostomes, there is a patent duct that connects
the swim bladder to the anterior oesophagus, which permits air to be swallowed and forced into the swim bladder. In other fish, physoclists, there is
no patent connection and the swim bladder is inflated by the release of gas
from arterial blood by a vascular rete in the wall of the swim bladder: this
also occurs in some physostomes.
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Buoyancy disorders are common in ornamental fish and goldfish (Carassius
auratus) in particular (Lewbart 2000). Affected fish often present following
a sudden onset and are found lying on the bottom of the tank or pond, or
floating at the surface. Most are solitary cases and they often deteriorate due
to skin damage through desiccation from exposure to air if at the surface or
trauma from contact with the substrate. Few cases ever improve but despite
the poor prognosis owners often want some investigation and treatment,
particularly if they are emotionally attached to their pet. There are very few
references in the scientific literature. Tanaka and others (1998) investigated
buoyancy disorders in goldfish and there are several individual case reports
(Tocidlowski and Harms 1998, Hobbie and others 2002, Britt and others
2005, Lewbart and others 2005, Matysczak 2005) and a brief discussion of
the subject (Reyes 2005). However, there is much comment and speculation
in the hobby literature (Andrews and others 2002) and on several Internet
web sites, which most call ‘swim bladder disease’. Poor genetics, poor water
quality, poor nutrition, a rapid drop in water temperature and constipation are
often cited as the underlying cause.
This paper reviews cases investigated by the author and several aspects relating to the environment, clinical history and pathology were examined in an
attempt to find some common factors.
Materials and methods
Fifty eight fish exhibiting abnormal buoyancy were examined between
May 1994 and December 2005. Cases were recorded following a routine
investigation of the clinical history and physical examination under anaesthesia using tricaine methane sulphonate (MS222®, Sandoz). Radiographs
were taken in 49 cases, most of which were taken in the second half of the
study period after the author had developed a good radiographic technique.
Ultrasonography was performed in only a few cases. Some fish (26%) were
given treatment at the owner’s request, most of which subsequently died and
were unavailable for further investigations. Fish were euthanased with an
overdose of tricaine methane sulphonate. Post mortem examinations were
carried out immediately on most fish and routine samples of several tissues
including the brain were sent for histological examination.
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Clinical results
Records over a four year period to December 2005 indicated that 13.5%
of phone calls from fish keepers involved buoyancy disorders. About 25%
of these were presented for examination in contrast to 10% that present
with other fish health problems. In the 11.5 year study period, 58 cases of
abnormal buoyancy were examined and all except two were solitary cases.
Of these, 81% were goldfish, 5% orfe (Leuciscus idus), 3% koi (Cyprinus
carpio), a few tropical freshwater species and one marine porcupine puffer
(fam. Diodontidae). In practice, the author mainly sees freshwater coldwater
species such as goldfish, koi, carp and orfe in fairly equal numbers. The
significantly higher percentage of goldfish confirms that this species is particularly susceptible to buoyancy disorders.
Goldfish were grouped according to body length for this review (Fig 1).
Radiographically, there is marked compression of the vertebrae in the area
dorsal to the body cavity which results in shortening of the body length and
rotund body shape in some varieties of fancy goldfish (Fig 2). The longbodied varieties (51%) consisted solely of common goldfish and comet-tailed
goldfish (Fig 3). The short-bodied varieties (49%) included orandas, fantails,
ranchus, black moors and a few other exotic varieties. The distribution of
varieties affected may be influenced by the popularity of those kept by
hobbyists rather than an increased susceptibility to buoyancy disorders.
FIG 1: Different varieties of fancy goldfish presented with buoyancy disorders

38%
13%

Long-bodied goldfish
Comet-tailed goldfish
Common goldfish

17%
15%
13%
4%

Short-bodied goldfish
Oranda
Fantail
Black moor
Ranchu

Most affected goldfish came from indoor aquaria (77%), primarily because
the short-bodied fancy varieties are not suitable for outdoor ponds. The age
of affected goldfish ranged from 6 months to 17 years (median 3.5 years).
The duration of clinical signs prior to examination ranged from 12 hours
to 5.5 years (median 21 days). Where post mortem examinations were
performed (35 goldfish), 46% were female and 37% were male: it was not
possible to determine the sex in the remaining cases.
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FIG 2: Radiograph of a short-bodied goldfish (oranda) showing marked compression
of the vertebrae dorsal to the body cavity. This fish had an enlarged ovary full
of eggs. Bar = 1 cm

FIG 3: Radiograph of a long-bodied goldfish (comet-tailed) showing the normal
shape and position of the two-chambered swim bladder. Bar = 1 cm

Clinically, buoyancy disorders present with abnormal position in the water
column and abnormal body posture. Twice as many goldfish cases were on
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the bottom (45%) (negative buoyancy) than were floating at the top (21%)
(positive buoyancy, Fig 4), and these fish sank to the bottom when not
actively swimming. Most fish exhibited varying degrees of listing or rolling
to one side (72%), with half of them being completely upside down. Some
fish rotated back to their original position when rolled over onto the other
side. Only a small number of goldfish had abnormal pitch, most of which
were ‘head down’ in the water (13%). In many cases, there was a combination of abnormal pitch and listing, particularly in the short-bodied varieties.
Only a few fish exhibited circling behaviour or abnormal swimming patterns
and these had granulomas in the cranial cavity.

FIG 4: A fancy variety of goldfish (oranda) presenting with excessive positive buoyancy and floating upside down at the surface. Radiographically, this fish had
an over-inflated swim bladder.

Clinical examination of affected fish was often unrewarding, with few
exhibiting any clinical signs other than abnormal posture. In some, there was
abdominal swelling and this was often asymmetrical: affected goldfish usually had polycystic kidneys or ‘kidney enlargement disease’ and oscars had
a renal tumour. Some fish exhibited exophthalmos, particularly if they had
systemic disease and in one case extensive granulomata were found behind
the globe of one eye. Hyphaema and generalised hyperaemia with engorged
Fish Veterinary Journal • Number 9 • 2007
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blood vessels in the fins or skin was sometimes seen. In a few fish that listed
permanently to one side, the upper eye was dorsally rotated. In general, clinical signs were of limited value in determining the underlying pathology.
Diagnostic imaging
Radiography proved the most useful non-lethal method of investigating
cases and clearly demonstrated the distribution of gas and space-occupying
lesions within the body cavity. The procedure requires only brief anaesthesia
to remove the fish from water and utilizes standard radiographic equipment
and techniques. The radiographic appearance of the swim bladder varies
slightly between the long- and short-bodied varieties of goldfish and the
posterior chamber is often much smaller or non-existent in the latter. A horizontal beam view is useful where there is partial filling of the swim bladder
with fluid. Contrast radiography using barium or other radio-opaque media
given by gavage can be used to delineate the intestinal tract. Although ultrasonography has limited use when examining the swim bladder and kidney, it
was very useful for identifying diseases of the other abdominal organs and
polycystic kidneys.
Several radiographic abnormalities were identified in fish with buoyancy
disorders.
Over-inflation of the swim bladder
In goldfish, the most common abnormality was over-inflation of the swim
bladder (44%) although in some cases this was difficult to assess because of
the variable appearance of the posterior chamber in the different varieties of
goldfish (Fig 5). In oscars (Astronotus ocellatus), a South American tropical cichlid, renal papillary cystadenomas are common and cause abdominal
swelling in the posterior part of the body cavity (Gumpenberger and others
2004, Wildgoose 2004). In two of the five oscars with this renal tumour seen
by the author there was excessive positive buoyancy resulting from significant over-inflation of the thin membranous swim bladder (Figs 6 & 7).
Displacement of the swim bladder
In goldfish, the posterior chamber was displaced in 22% of cases. The anterior
chamber of the swim bladder has a thick tunica externa and is firmly attached
to a bony vertebral process at the anterior pole. The posterior chamber is only
attached to the anterior chamber by the narrow ductus communicans and is
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FIG 5: Lateral view of a fancy goldfish (ranchu) with over-inflation of the anterior
chamber of the swim bladder. Despite paracentesis and antibiotic treatment
this fish deteriorated over four months and was found to have systemic granulomatous disease on post mortem examination. Bar = 1 cm

FIG 6: Radiograph of a 6 year old oscar showing mild ventral compression of the
posterior part of the swim bladder and increased radiodensity (asterisk) due
to a renal tumour. This fish did not exhibit any abnormal buoyancy. Bar = 1
cm
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FIG 7: Radiograph of an 8 year old oscar with severe over-inflation of the swim bladder. This fish was excessively buoyant and floated on its side at the surface
for five months. The renal tumour appears as an area of increased radiodensity in the posterior body cavity. Bar = 1 cm

FIG 8: Dorsoventral view radiograph of a fancy goldfish (oranda) showing displacement of the posterior chamber of the swim bladder to the right side due to a
polycystic kidney disease. This fish was originally presented after floating at
the surface with its right side uppermost for two weeks. Bar = 1 cm
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easily displaced laterally from its normal midline position or ventrally into
the body cavity by space-occupying lesions (Fig 8). The gap between the two
chambers is small, usually about one to two millimetres, but this is widened
in goldfish with enlargement of the posterior kidney with polycystic disease,
extensive granulomata or neoplasia.
Fluid in the swim bladder
There is rarely any fluid seen in the normal swim bladder, although the
epithelial cells produce a surfactant that is thought to have an anti-adhesive
and protective function. Researchers studying surfactant deficiency diseases
in humans such as premature babies have used goldfish as a model and
washed out the swim bladder (Daniels and Skinner 1994). Analysis of this
fluid shows that it contains surfactant proteins and phospholipids that bear
many similarities to those found in mammalian lungs. The radiographic
appearance of fluid in the swim bladder varies depending on the amount
present. When full of fluid, the swim bladder is barely visible and has a
homogeneous radiodensity similar to that of the surrounding tissues (Fig 11).
When partially filled, a faint area of radiolucency is seen in the centre of the
affected swim bladder chambers when radiographed in lateral recumbency:
the gas lies above the fluid and a fluid line can be detected more readily on a

FIG 9: Horizontal beam radiograph of a common goldfish with fluid partially filling
both chambers of the swim bladder. Excess gas is also present within the
bowel. This fish had exhibited negative buoyancy and a head-down posture
for 10 days. Bar = 1 cm

Fish Veterinary Journal • Number 9 • 2007

30

Buoyancy disorders of ornamental fish: a review of cases seen in veterinary practice

FIG 10: Radiograph of a common goldfish with intestinal tympany causing excessive
positive buoyancy. This fish failed to respond to paracentesis of gas and antibiotic therapy or diet change. The fish was euthanased due to lack of recovery after eight months. The anterior bowel was grossly dilated with gas but
the swim bladder was normal. No specific cause was identified. There was
also a marked degree of spinal lordosis. Bar = 1 cm

FIG 11: Radiograph of a common goldfish with rupture of the posterior chamber of
the swim bladder and free gas in the retroperitoneal space (asterisk). The
anterior chamber (arrowed) is full of fluid and has a homogeneous radiodensity. This fish was presented four days after it developed a head-down posture with its tail above the water surface. Bar = 1 cm
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horizontal beam image (Fig 9). Abnormal fluid was found in 12% of goldfish
in this review and varied from clear straw-coloured fluid to white purulent
material. One of the two koi seen had a purulent fluid in the swim bladder
with granulomas and contained acid-fast bacteria.
Intestinal tympany
The similar radiodensity of bowel, liver and body fat make it difficult to
differentiate the abdominal tissues. Normally, little detail is seen within the
bowel but occasionally there may be small amounts of radio-opaque foreign
matter such as sand or grit in pond fish or radiolucent gas. Three goldfish had
excessive amounts of gas in the bowel and all these were excessively buoyant (Fig 10). In one case, some gas was aspirated through the vent. All were
treated with antibiotics but showed no long-term improvement.
Rupture of the swim bladder
The absence of a thick tunica externa in the posterior chamber allows significant volume change and in extreme cases, predisposes it to rupture. Only one
goldfish was seen with a ruptured swim bladder and this was complicated by
the presence of purulent fluid in the anterior chamber (Fig 11). This case, in
common with two orfe with ruptured posterior chambers, occurred in winter,
suggesting that low water temperatures may be a contributing factor.
Post mortem examination
Detailed post mortem examinations were performed in 35 goldfish, of which
most were submitted for histological examination. Granulomatous disease,
probably due to mycobacteria, was present in 23% of cases and all of which
were kept in aquaria. Half of these had lesions within the cranial cavity and
only a third revealed acid-fast bacteria with Ziehl-Neelsen staining. Fluid
was present in 23% of cases and bacterial culture isolated Aeromonas and
Pseudomonas spp. in the fluid, and mycobacteria in one case. It is not known
how the bacteria enter the swim bladder but this may be via the patent pneumatic duct or are blood-borne and enter through the vascular rete. Polycystic
kidney disease was present in 17% of goldfish. Other identifiable diseases
including ovarian disorders, renal disease and neoplasia were found in 20%
of goldfish. However, in 17% there was no visible pathology and nothing
remarkable found on histological examination. There were very few common factors and even radiography gave mixed results with an even number
exhibiting normal, over- and under-inflation of the swim bladder. This may
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suggest that small but significant lesions were overlooked elsewhere such as
in the brain.
In the other species, two of the three orfe had a ruptured swim bladder, one
of which had a granulomatous disease caused by a septate fungal infection
and the other a non-specific acute inflammation of the swim bladder. The
other orfe had a large hepatic tumour and granulomas. The two oscars had
renal tumours and over-inflated swim bladders. Of the two koi seen, one
had purulent fluid with granulomas in the swim bladder and the other a nonspecific necrosis of the posterior kidney. Two of the four tropical species
had granulomatous disease and one molly (Poecilia sphenops) revealed
pathology in the brain suggestive of a lipid storage disease.
Discussion
In goldfish, the swim bladder is a two-chambered organ located dorsally
within the body cavity, adjacent to the ventral margin of the spine. The anterior chamber is lined with epithelial cells, supported by several tissue layers
and has an outer layer of dense connective tissue (tunica externa) (Morris and
Albright 1979). The anterior chamber is cuboidal in shape and has limited
capacity to change in volume. At the anterior pole, the tunica externa is firmly
attached to the Weberian ossicles and a flattened bony process at the base of
the fourth vertebra to assist in sound reception (hearing). The posterior chamber is thin-walled and is thus capable of significant volume change because
it does not have a tunica externa. There is a diffuse vascular rete mirabile
system that is involved in gas secretion and absorption into the posterior
chamber, which assists in buoyancy control. The posterior chamber connects
to the left side of the proximal oesophagus by a long patent pneumatic duct
and to the anterior chamber by the ductus communicans. The total volume of
the swim bladder is about 5-10% of the total body volume. The posterior or
body kidney is a compact organ situated dorsally between the two chambers
and responsible for excretion of fluid and some nitrogenous wastes.
One of the few scientific papers on swim bladder disorders in goldfish
describes buoyancy problems affecting young short-bodied goldfish (Tanaka
and others 1998). This was given the name ‘tenpuku’ by Japanese farmers
and means ‘capsized’. Affected fish develop the problem after a marked
drop in temperature or in winter. Several different postures and positions
were identified. Many may be affected at the same time, unlike in the cases
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reviewed here. The authors took radiographs and performed autopsies and
found a wide range in the size of the posterior chamber of the swim bladder
in both affected and unaffected fish. Many anatomical aspects of the swim
bladder were studied but the authors were unable to explain the pathogenesis
of the abnormal swimming and buoyancy of affected fish.
Goldfish have been subjected to short periods of weightlessness during parabolic flights and taken into space several times for various experiments studying the nature of motion sickness in astronauts (de Jong and others 1996,
Ohnishi and others 1998, Takabayashi 2004). In space, goldfish initially
exhibit backward somersault swimming behaviour. This gradually diminishes after several days as they adapt to the lack of gravity: the cerebellum
may be involved in this adaptation. Similar behaviour is also noted on return
to earth. Other experiments investigated the role of the labyrinth, the part of
the inner ear that is responsible for balance control. Researchers found that
following surgical removal of one or both labyrinths, fish exhibited tilting
behaviour with their dorsal surface tilting towards a light source and that the
swim bladder has a functional role as a gravity sensor (Takabayashi and others 1993). Although these abnormal swimming behaviours were not seen in
goldfish in this review, it suggests that various parts of the brain are involved
in balance and buoyancy control.
Treatment
The response of abnormal buoyancy cases to treatment is often poor due
to the severity of the underlying disease. Euthanasia is indicated in most
instances but in the absence of obvious pathology some owners may request
treatment. In a quarter of cases seen, the owners declined euthanasia for
personal reasons or because the fish were not exhibiting signs of distress.
Many of these deteriorated within a few weeks or died at home and were
not available for further investigations. Depending on the clinical signs and
radiographic findings some of the following treatments may be of benefit in
cases where owners initially request treatment.
Environmental management
Sodium chloride salt added to the water at 2–5 grams/litre as a permanent bath
is often physiologically beneficial to freshwater fish. Increasing or decreasing
the water temperature by a few degrees, provided it is within the fish’s tolerance range, may alter the fish’s metabolic rate and assist recovery in some
Fish Veterinary Journal • Number 9 • 2007
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cases. Starving for 2–3 days allows the bowel to empty and eliminate any gasproducing contents. There has been anecdotal evidence that feeding a lightly
crushed green pea (canned or cooked) once daily is thought to have a mild
purgative effect that may dislodge gas in the bowel (Lewbart 2000).
Medical therapy
In the UK, at least one proprietary pet shop medicine claims to treat swim bladder disorders (Aquarium Treatment 13 – Swimbladder Treatment; Interpet).
However, the manufacturers have not disclosed the ingredients, making it difficult to assess which cases may benefit from these products. Antibiotics given
by immersion, injection or in the food may be effective in some cases where
bacterial infections are involved. Carbonic anhydrase inhibitors such as acetazolamide have been used by injection at 6-10 mg/kg to treat gas bubble disease
in seahorses and may be beneficial in fish with over-inflated swim bladders by
reducing the production of new gas from the vascular rete.
Surgery
Fish with negative buoyancy due to an under-inflated swim bladder have had
various flotation devices fitted including cork, polystyrene and Floy® tags
with limited success (Lewbart and others 2005). Fish with an over-inflated
swim bladder can have some gas removed by paracentesis using a needle and
syringe to adjust their buoyancy. These often have a short-term effect and in
many cases the swim bladder becomes over-inflated again within a few days.
In some cases, repeated paracentesis may eventually resolve the problem.
There are reports of partial pneumocystectomy where part of the swim bladder is removed to reduce its size and hence the buoyancy of the fish (Lewbart
and others 1995, Britt and others 2002). Coelomic implants placed inside the
body cavity have been described on the Internet as a method of adding extra
ballast to fish that are excessively buoyant. However, other than paracentesis, most surgical interventions require an advanced surgical approach and
success often depends on the underlying cause.
Conclusion
Many cases in this review had no consistent clinical features that related to
the pathology found and the abnormal buoyancy may simply be a terminal
clinical sign. Many had chronic diseases despite the sudden onset and many
had granulomatous disease, probably due to mycobacterial infection. Most
goldfish with polycystic kidneys were pond fish, and most fluid-filled swim
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bladders had bacteria present. All the fish in this review were from private
owners and had been kept for several years. These may differ from young
fish with similar buoyancy disorders that are culled by farmers and retailers,
and which may have other underlying causes such as genetic or congenital
defects as suggested in the hobby literature. It is clear that more detailed
research is required to improve our understanding of this common disorder.
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Gill disorders: an emerging problem for farmed
Atlantic salmon (Salmo salar) in the marine environment?
H. D. Rodger
Vet-Aqua International, Unit 7b, Oranmore Business Park,
Oranmore, Co. Galway, Ireland
Abstract
Gill disorders have emerged as the most significant cause of mortality in
marine salmon farming in Ireland. The aetiology for these gill problems
can be multifactorial, but more commonly arise following a primary insult,
such as exposure to a harmful algal bloom or zooplankton swarm. The
clinical signs, gross pathology and histopathology of various gill disorders
are outlined as are the means to treat, prevent or reduce the impact of such
conditions.
Introduction
In the marine stage farming of Atlantic salmon (Salmo salar) gill disorders
have been a sporadic historical challenge in all regions where the species is
cultivated (Munday et al. 1990, Bruno & Poppe 1996), however, in Ireland
between the years 2003 to 2005, gill disorders have emerged to be the most
serious cause of mortality in the marine environment (Rodger & Mitchell
2005). This is illustrated in Table 1 where the causes of mortality in all
the marine salmon farms in Ireland in 2005 can be compared. The mean
mortalities in marine farms due to gill disorders during the three year period
(2003 to 2005) have been 12% with a range from 1 to 79% with all stages of
fish from post-smolts to harvest sized fish affected although younger, smaller
life stage salmon appear to be more severely affected in terms of mortality.
Table 2 shows the difference in mortality due to gill disorders where S0s
(autumn transfer smolts) are compared to S1s (spring transfer smolts).
The majority of the gill disorders occur in the summer or autumn months.
A similar pattern has been reported in Norway where the multifactorial
condition, proliferative gill inflammation (PGI) affected as many as 150
farms in 2003 (Kvellestad et al. 2005a). In addition to the direct mortalities,
loss of fish growth and the additional costs of mortality removal and disposal
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Causes of mortality in marine salmon 2005
(Ireland)
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Vibriosis
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PD
Gill disorder
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TABLE 1: The percentage mortality of marine stage Atlantic salmon in Ireland in 2005
(2004 S0s & 2005 S1s) and different causes of mortality (PD – pancreas
disease).

Mortalities due to gill disorders in marine
salmon in Ireland
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TABLE 2: Percentage mortalities in 2003 to 2005 due to gill disorders in the S0 and
S1 salmon livestock in the marine farms in Ireland.
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give rise to serious economic challenges for affected farms. This paper
aims to highlight these disease conditions and discusses the aetiology of the
disorders, diagnosis, possible treatments, prevention and control methods.
Aetiology of gill disorders in marine salmon farms
The causes of gill disease in marine stage farmed salmon can be broadly
grouped as follows:
a) Algal blooms can give rise to gill damage or mortality through
either
i)

direct physical damage, such as with some Chaetoceros sp.
where the diatom skeletons or silicacaeous spicules cause irritation of gill epithelial cells (Treasurer et al. 2003),

ii) toxic damage (harmful algal toxins or ammonia) as from Karenia
mikimotoi (formerly Gyrodinium aureolum) (Jones et al. 1982,
Mitchell & Rodger 2007) or
iii) deoxygenation during night-time or following the phytoplankton
die-off (Richardson 1997) or
iv) more commonly a combination of two of the above.
b) Harmful zooplankton swarms, specifically siphonophores (pelagic
hydrozoans) or scyphozoans (jellyfish) can cause direct damage
to the gill, and other body surfaces through the effects of their
nematocysts. Species that have been implicated in fish kills include
the siphonophores Apolemia uvaria (Båmstedt et al. 1998), Muggiaea
atlantica (Hellberg et al. 2003), and jellyfish such as Cyanea capillata
(Bruno & Poppe 1996) (Figure 1).
c) Amoebic gill disease (AGD) caused by the protozoan Neoparamoeba
pemaquidensis, is a major disease of salmonid farming in Tasmania,
but also occurs in northern hemisphere countries where significant
mortalities have been reported (Rodger & McArdle 1996, Munday et
al. 2001). Marine costia species have also been associated with gill
hyperplasia (Bruno 1992)
d) Bacteria, such as Tenacibaculum martimum (previously Flexibacter
martimus) are often observed associated with gill disorders in
marine stage salmon and these are often considered to be secondary
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opportunistic invaders after some primary gill insult (Handlinger
et al. 1997). A chlamydia-like bacteria, “Candidatus Piscichlamydia
salmonis” has been associated with epitheliocystis in salmon in
Norway and Ireland and its role in the proliferative gill inflammation
remains to be established (Draghi et al. 2004). However, some
workers consider that the chlamydia are contributory factors in the
proliferative gill inflammation in Norway (Kvellstad et al. 2005a).
e) In Norway the Atlantic salmon paramyxovirus (ASPV) has been
observed or detected in farms affected by PGI and is also considered
by some to be a contributory factor to this gill disease (Kvellstad et
al. 2005b) although the virus has not caused any mortality when used
to challenge salmon experimentally (Fridell et al. 2004).
f)

There are other seawater borne organisms that have been implicated
in gill damage such as blue mussel post-veliger larvae (Bruno
1987), however, their actual significance for salmon remains to be
established. Hydroids, which also have nematocysts and have a
medusa body form, and are common biofouling organisms on salmon
net pens, have been suggested as a possible cause for the clubbing and
necrosis gill syndrome described in salmon in Tasmania (Clark et al.
1997).

The aetiology of many marine gill disorders can be multifactorial, or
more commonly may originate with one primary insult which then allows
secondary opportunistic parasites or bacteria a surface for multiplication
and further epithelial damage, this in turn leading to a more dramatic host
response and consequent further respiratory distress.
Clinical signs of gill disorders in marine salmon farms
The onset of clinical signs of gill disease in farmed salmon can be very
dramatic and immediate following and/or during the insult and usually
presents as a reduced feeding response, fish swimming higher in the water
column, in some cases accompanied by a frantic jumping in the pens and then
some violent head shaking, and eventually many fish respiring rapidly near
the water surface (Figure 2). Subsequently mortalities will often be elevated
and gills of moribund fish exhibit pale patches of thickened or necrotic tissue
which can be discrete focal lesions often accompanied by erosion or necrosis
at the junction of the gill rakers and adjacent inner surface of the operculum
as in the cases of exposure to swarms of harmful zooplankton (Figure 3).
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FIG 1: The Lion’s Mane jellyfish
(Cyanea capillata) adjacent to
salmon pens in Scotland.

FIG 3: Erosion of inner surface of the
operculum of salmon at the
area of contact with necrotic
gill arches and rakers. These
fish had been exposed to
swarms of the nacromedusa,
Solmaris corona.

FIG 2: Moribund Atlantic salmon with
skin and gill damage, as a
result of exposure to a swarm
of Cyanea capillata, exhibiting
respiratory distress.

FIG 4: Blood tinged seawater appearing during anaesthesia of salmon as a result of their increased
gill fragility after being exposed
to harmful dinoflagellates
(Noctiluca scintillans).

Alternatively there may be more extensive gill thickening and increased
fragility of gill epithelial surfaces, which can present as bleeding in the
anaesthesia examination bin (Figure 4) in the cases of harmful algal blooms.
Increased mucus levels on gill surfaces may also be observed as a response
to irritant or harmful phytoplankton (Figure 5). In cases where the bacteria
Tenacibaculum sp. are involved there is often a yellow pigment obvious in
and over the damaged tissue (Figure 6). Apart from the gross pathology on
the gills the water in and around the pens will often be discoloured or turbid
during phytoplankton blooms. In addition, weals or small ulcers on the skin,
in the mouth or on gill covers as well as corneal opacities can be seen on
salmon where jellyfish or siphonophores are present in large numbers.
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FIG 5: Increased mucus on gills of
salmon after exposure to the
phytoplankton Cosinodiscus
wailesii.

FIG 6: Yellow pigmentation present on
gill rakers and arches due to
infection with Tenacibaculum
sp. in Atlantic salmon.

Diagnosis
The clinical signs and gross pathology of gill disease are diagnostic, however,
samples for investigation and confirmation of the cause of the gill disease will
be required and should include fresh gill smears for microscopy to screen for
amoeba, other ectoparasites (such as Trichodina sp.) or colonies of filamentous
bacteria. Water samples should be taken for phytoplankton analysis (5–10 drops
Lugols iodine in 20ml water sample as a preservative) and/or zooplankton
screening (5% formalin), in addition to histopathology. The histopathology of
certain gill conditions is diagnostic such as with amoebic gill disease where
there is extensive hyperplasia, lacunae formation and amoebic organisms present
associated with the pathology (Figure 7). In cases of jellyfish or siphonophore
exposure the histopathology often presents with focal loss of the gill epithelium
and focal necrosis and in later samples with a dramatic eosinophilic granular cell
response in the primary lamellae (Figure 8) or bacterial invasion. With harmful
algal blooms the initial response in the gills may be an irregular epithelial surface
with low numbers of necrotic cells (Figure 9), however, this can then progress to
secondary lamellar apposition and extensive hyperplasia. Epitheliocystis organisms can be observed as basophilic inclusions in the epithelial cells (Figure 10).
Treatment, prevention and control
In the cases where the gill damage is associated with harmful algal blooms
or zooplankton swarms an immediate cessation of feeding will usually be of
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FIG 7: Histological section of salmon
gill affected by amoebic gill
disease exhibiting hyperplasia,
lamellar fusion with lacunae
development and amoeboid
organisms (H & E, x 400).

FIG 8: Histological section of salmon
gill exhibiting hyperplasia and
massive influx of eosinophilic
granular cells after exposure
to Cyanea sp. swarms (H & E,
x 400).

FIG 9: Histological section of salmon
gill exhibiting an irregular epithelial surface and necrotic
cells after exposure to the dinoflagellate Karenia mikimotoi (H
& E, x 400).

FIG 10: Histological section of salmon
gill with low numbers of epitheliocystis-like colonies (arrow)
(H & E, x 400).

benefit as will aeration or oxygenation in the pens. With many blooms the
fish may be only exposed for a short period on one tide or by a pulse of the
harmful organisms in the current and no further avoidance action be required,
however, in the cases where the harmful organisms remain in the pen vicinity
movement of the livestock to another water body may have to be considered.
Where an early warning of incoming harmful organisms is available the use
of barrier tarpaulins to enclose the pens plus aeration has been employed by
some farms. In outbreaks of amoebic gill disease the most effective treatment
is a freshwater bath for two to three hours and although enclosed treatment
pens have been utilised for this purpose, bathing the fish in freshwater in wellFish Veterinary Journal • Number 9 • 2007
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boats has also proven to be successful. Improving the pen environment by
changing the nets assists in the recovery in cases of amoebic gill disease and
is also of benefit in cases where secondary bacterial invaders are involved in
the gill pathology. Where bacteria are involved in gill disease, and if the fish
are feeding, then a course of oral antibiotic therapy can usually assist in recovery and preventing the pathogen spreading and having a greater impact.
In regions with a history of harmful blooms regular monitoring of water
samples during periods of high risk may be available and can be bolstered
by on site monitoring through either secchi disc readings for turbidity or
chlorophyll measurements through permanent in-pen underwater probes. On
observation of either high turbidity, jellyfish swarms or abnormal behaviour,
feeding should cease until the rearing environment improves. Bubble curtains surrounding the pens have been used by some farm sites with a history
of fish kills due to harmful zooplankton, however, the sporadic nature of
blooms or swarms has meant that the practical effectiveness of such methods
remains to be demonstrated.
Gill disorders are currently the most serious cause of disease in marine salmon farming in Ireland and are also causing significant losses in Norway and
Scotland. Although it is not fully established if these conditions are increasing
in frequency and severity in all regions, it is apparent that in certain areas,
such as west coast of Ireland where salmon farming has been practiced since
the late 1970s, losses of S1 salmon livestock in their first summer at sea due
to gill damage are increasingly unsustainable. Whether this observation is as
a result of climate change and increased water temperature, overfishing of
zooplankton predators (Mills 2001, Hay 2006), localised fertilization, or a
combination of these factors remains to be established. There are already indicators that harmful algal blooms have increased in some areas of the northeast Atlantic over the past 50 years, as the seas have become warmer (MCCIP
2006). However, further research is required into gill disorder epidemiology,
fish challenge trials with suspect organisms, the use of dietary manipulation
to reduce the impact of water borne challenges and increased monitoring of
both gill condition and marine plankton in aquaculture areas.
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Abstract
Nematodes recovered from the stomachs of Chinook salmon (Oncorhynchus
tshawytscha) reared in sea cages in New Zealand were examined and
identified to the genus level. All were Anisakinid nematodes of the genus
Hysterothylacium, as indicated by the presence of both an intestinal caecum
and ventricular appendix, and by the placement of the excretory pore immediately posterior to the nerve ring. The detailed studies required to determine
the specific identity of these worms were not undertaken. Larval ascaridoid
nematodes are found in a wide variety of marine fishes and invertebrates
around New Zealand and the presence of these worms in the gut of salmon
suggests the salmon are eating wild baitfish, cephalopods or crustaceans
while in the sea cages. These worms naturally infect healthy wild fish and it
is considered unlikely that their presence in salmon will adversely affect fish
health because of their indirect lifecycle.
Introduction
Nematodes recovered from the stomach of Chinook salmon (Oncorhynchus
tshawytscha) reared in sea cages in New Zealand were identified using morphological features as belonging to the genus Hysterothylacium. Parasites of
the genus Hysterothylacium have previously been recorded in Coho salmon
(Oncorhynchus kisutch) and Rainbow trout (Oncorhynchus mykiss) reared in
Chilean waters (Carvajal & Gonzalez 1990; Gonzalez 1998). They have also
been recorded in wild sea trout (Salmo trutta) on the west coast of Ireland
(Byrne et al., 1999) and wild Chinook salmon in New Zealand (Margolis &
Boyce, 1990).
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Materials and Methods
Fish Sampling
As part of a routine health check, 30 fish (mean weight = 1265.3±503.8g;
mean length = 45.2±4.6cm; mean condition factor = 1.29±0.2) were euthanased by percussive stunning and examined both internally and externally
for signs of pathology. Fish were sampled from a sea farm located in the
Marlborough Sounds area of New Zealand. Free-living worms were located
in the stomachs of 10% of fish examined. A total of 5 individual worms were
fixed in 10% Phosphate Buffered Formalin prior to identification.
Parasite Identification
Samples were removed from the fixative and placed on microscope slides.
Lactic acid was used as a clearing agent and the worms were examined under
a compound microscope for morphological features that would identify them
at the genus level.
Results
The samples recovered were identified as one large adult female worm
(c. 60 mm long) and 4 smaller adult male worms (c. 40 mm long). All had
a prominent intestinal caecum (Figure 1) which was approximately twice as
long as the ventricular appendix (Figure 2). The excretory pore was evident
immediately posterior to the nerve ring (Figure 3).
All of the worms recovered from the stomachs of farmed Chinook salmon
were identified as ascaridoid nematodes based on their size and the
distinctive morphology of their three lips at the anterior portion of the body
(Bruce & Cannon 1989). All had both an intestinal caecum and ventricular
appendix, which places them in the Anisakidae as either of the genera
Contracaecum or Hysterothylacium. The placement of the excretory pore just
posterior to the nerve ring is characteristic of the genus Hysterothylacium,
while Contracaecum has the excretory pore opening at the base of the
sub ventral lips. Furthermore, all individuals examined were adults, and
Hysterothylacium commonly matures in fishes while Contracaecum matures
in mammals and birds (Deardorff & Overstreet 1981).
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FIG 1: Intestinal caecum (arrow) of a nematode recovered from the stomachs of
Chinook salmon. Scale bar = 300 µm.

FIG 2: Ventricular appendix (arrow) of a nematode recovered from the stomachs of
Chinook salmon. Scale bar = 300 µm.

Fish Veterinary Journal • Number 9 • 2007

52

The first record of Hysterothylacium sp. recovered from farmed Chinook Salmon
(Oncorhynchus tshawytscha) in New Zealand.

N

N

FIG 3: Excretory pore (arrow) immediately posterior to the nerve ring (N) of a nematode recovered from the stomach of Chinook salmon. Scale bar = 300 µm.

Discussion
Morphological examination confirmed the nematode worms recovered from
the stomachs of farmed Chinook salmon as representatives of the genus
Hysterothylacium. Although an undetermined species of Hysterothylacium
has been reported in the digestive tract of wild Chinook salmon in New
Zealand (Margolis & Boyce 1990), this study provides the first record of the
organism in farmed salmonids in the locality.
The detailed work required to determine the specific identity of these
Hysterothylacium was not undertaken in this preliminary study. There are at
least 6 described species of Hysterothylacium that differ in a number of subtle
characters, thus requiring extensive histopathological analysis to obtain a
definitive identification (Bruce & Cannon 1989). Furthermore, recent genetic
analyses have found the existence of cryptic species of Anisakinid worms
which otherwise appeared morphologically indistinguishable (Mattiucci
et al. 1994). PCR-RFLP techniques are now available to accurately identify
such organisms (Kijewska et al., 2002).
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The lifecycle of this genus is as follows: Eggs from adult worms pass out of
the intestine of large predatory marine fishes and are eaten by planktivorous
fishes, or planktonic crustaceans such as copepods. Within these first
intermediate hosts the worm grows to a 3rd stage larvae, which is infective for
the final host, which is any one of many species of large carnivorous fishes.
The final host encounters the larval worm either by eating planktivorous
fishes, or other fishes, cephalopods or crustaceans that ingested infected
intermediate hosts (Gonzalez 1998).
Larvae of Hysterothylacium sp. are found in a wide variety of marine fishes
around New Zealand, including pilchards (Sardinops sagax neopilchardus),
blue mackerel (Scomber australasicus) and other baitfishes (Hine et al.
2000), as well as in cephalopods and planktonic crustaceans (Deardorff
& Overstreet 1981). The presence of adult Hysterothylacium in the gut of
salmon therefore suggests the salmon were eating wild baitfish, cephalopods
or planktonic crustaceans whilst in the sea cages. These worms naturally
infect healthy wild fish and it is considered unlikely that their presence in
salmon will adversely affect fish health because of their indirect lifecycle.
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Abstract
This paper describes the rules governing the UK national control programme and additional guarantees for BKD allowed for under EU Directive
91/76/EEC.
Introduction
Bacterial kidney disease (BKD) is caused by a Gram-positive bacillus,
Renibacterium salmoninarum. Gross internal signs include splenomegaly,
pale liver, enlarged gall bladder and kidney, and ascites. There may be an
opaque white pseudomembrane around several of the internal organs. The
kidney is greyish, sometimes with white granulomatous lesions.
BKD has been notifiable in Great Britain since 1978. Controls on movements of infected fish are provided for under the Diseases of Fish Acts 1937
and 1983. BKD is a List III disease under Annex A of Council Directive of
28 January 1991 concerning the animal health conditions governing the
placing on the market of aquaculture animals and products (91/67/EEC).
List III diseases are present within the European Community but there are
no community-wide controls.
Additional guarantees
Member States can apply to the Commission for additional guarantees on the
introduction of aquaculture animals and products where the Member State
has a control programme in place or where the Member State considers that
its territory is free from one or more List III diseases under Articles 12 and
13, respectively, of 91/67/EEC.
The UK originally applied for approval of its national control programme
and additional guarantees in respect of BKD in 1992, but the Commission
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never considered the original application. An updated application was submitted in 2003 and additional guarantees were granted in April 2004 under
Commission Decision of 29 April 2004 implementing Council Directive
91/67/EEC as regards measures against certain diseases in aquaculture
animals (2004/453/EC).
Veterinary surveillance for BKD
In the early 1990s, the Official Service sampled fish farms annually for
BKD. From 1996–2004, routine sampling was replaced by clinical inspections and samples were only taken if clinical signs of disease were observed.
This change was made because R. salmoninarum was rarely, if ever, detected
in the absence of clinical signs of disease.
Since 1 May 2004, active targeted surveillance for BKD has been a condition
of maintenance of the additional guarantees on introductions of aquaculture
animals and products. Fish farms not holding brood stock are inspected by
the Official Service annually. Farms with brood stock are inspected twice per
year. Samples are taken from farms stocking susceptible species at the same
time as the sampling for the List II diseases viral haemorrhagic septicaemia
(VHS) and infectious haematopoietic necrosis (IHN). Unless the fish are
very small, the sample size is 30 fish.
The samples are screened by Enzyme-Linked Immunosorbent Assay
(ELISA). A positive result triggers suspicion of the presence of BKD and a
further sample of 150-fish may be required, at which time material is collected for a variety of different diagnostic tests. The 150-fish sample must
be taken during a period when the conditions are conducive to the development of clinical disease, usually in spring or autumn when the temperature
is between 10–12°C.
BKD is confirmed if R. salmoninarum is cultured, although the bacterium
is notoriously slow growing and this can take up to 12 weeks. Confirmation
can be made more quickly if Gram-positive rod-shaped bacteria are observed
by light microscopy in addition to a positive ELISA. Other combinations of
tests in conjunction with a positive ELISA are also confirmatory.
Official controls
On suspicion of the presence of BKD on a farm, a Thirty Day Standstill
Notice (TDN) is served. If BKD is confirmed, or if the suspicion cannot be
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ruled out within 60 days, a Designated Area Order (DAO) is made, the details
of which are made public. Movements of live fish, eggs or gametes on or off
a farm subject to a TDN or DAO are prohibited unless authorised in writing
by the Scottish Ministers. Also, fish from an infected farm are not permitted
to be used as brood stock since BKD can be vertically transmitted.
These control measures have been in place since BKD became a notifiable
disease of fish. In addition, since May 2004, as a condition of maintenance
of additional guarantees on introductions of aquaculture animals, a surveillance zone is established if BKD is confirmed. Neighbouring farms in the
same catchment area as the infected farm, in the case of freshwater farms, or
within one tidal excursion of the infected farm, in the case of marine farms,
are subject to official movement restrictions. Investigations are carried out
to determine whether the infection has spread. These investigations include
a 150-fish sample at a time when BKD is expected to manifest itself. If
evidence of spread of disease is not detected, the movement restrictions on
the neighbouring farms are revoked. Where a DAO for BKD was already in
place prior to 2004, no restrictions were served on neighbouring farms, since
past surveillance had not revealed evidence of spread of disease.
Eradication policy
In the past, the policy was one of containment; the intention was to prevent
the spread of BKD to uninfected waters. In order to maintain the additional
guarantees on introductions of aquaculture animals and products the Official
Service is obliged to implement a control programme with a view to eradicating the disease.
Eradication of infection from a farm can be achieved by one of two methods.
One option is that the entire farm can be cleared of all stocks, cleaned and
disinfected and fallowed. In this case, the DAO will be revoked immediately.
Alternatively, the infected stocks can be progressively removed with careful
farm management. If the second option is chosen, the farm may be restocked
provided that:
a) the fish used to restock come from a disease-free source,
b) new inputs must not be mixed with infected fish,
c) new inputs must go into fallow, cleaned and disinfected holding
facilities,
d) strict hygiene measures must be in place to ensure contaminated
equipment is not shared between stocks.
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In the case of cage sites, the nets must be removed and cleaned and disinfected and the surface structures of the cages must be cleaned and disinfected
above the water line if the cage cannot be removed.
A DAO will be revoked when a farm has been fallowed, or when an inspection and testing programme according to either Model A or B, as described
in Commission Decision of 22 February 2001 laying down the diagnostic
methods for the detection and confirmation of certain fish diseases and
repealing Decision 92/532/EEC (2001/183/EC), has been completed. Model
A involves two years freedom from clinical signs of disease followed by two
150-fish tests per year for two years. Model B requires four years documented historical freedom from disease, based on two inspections and one 30-fish
sample per year, followed by two 30-fish tests per year for two years.
Introduction and export of live aquaculture animals
All consignments of live fish or eggs for introduction into Great Britain must
originate from an approved zone or an approved farm in relation to VHS and
IHN. They must be accompanied by an original movement document signed
by the official authority at the place of origin. In addition, consignments
of salmonid fish or eggs must come from a BKD-free territory or from a
certified BKD-free farm. They must be accompanied by an original health
certificate signed by the official authority at the place of origin.
Farmers intending to export fish or eggs to other territories where additional
guarantees apply, must have their farm certified disease-free, i.e. the testing
requirements described in Model A or B under 2001/183/EC must be met.
Once the required level of testing has been reached, the farm can continue
to be certified disease-free based on two inspections and one 30-fish sample per year if all introductions of fish onto the site come from a certified
disease-free source. This means that farmers intending to export eggs must
ensure that the broodstock farm and all the farms in the supply chain to the
broodstock farm are certified disease-free. Consignments for export must
be inspected by the Fish Health Inspectorate on the day of loading and the
original health certificate must accompany the consignment.
BKD epizootic investigation in 2005
Since active targeted surveillance started in May 2004 until 31 October
2005, 279 fish farms have been screened for the presence of R. salmoni59
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narum as part of the programme of active targeted surveillance in Scotland.
Infection was detected on one freshwater trout farm as a result of routine
surveillance.
In March 2005, infection was detected at a freshwater trout farm following a
standard 30-fish test. The epizootic investigation revealed that the farm had
received fish from three different sources during the previous 12 months.
These farms were subject to movement controls while tests were conducted
to determine the source of infection. One of the farms, a Scottish trout fingerling producer, was found to be infected.
Other farms, which received fish from the infected fingerling producer, were
subject to movement controls while further investigations were carried out to
assess the spread of infection. Infection was eventually found to have spread
to two other farms, including one farm in England.
An attempt was made to find the source of the infection at the fingerling producer’s farm but tests on fry from the two hatcheries supplying the farm were
negative. Testing of wild fish in the vicinity revealed only one positive laboratory test (real-time polymerase chain reaction [Q-PCR]) from a stickleback
downstream from the farm. The significance of this result is unknown.
The fingerling producer’s farm was progressively cleaned and disinfected
and re-stocked with disease-free fish. New stocks and stocks that were on
site at the time of declaration of confirmation of the presence of infection
were kept separate under conditions of strict biosecurity. Once all of the
original stocks were removed, as a precautionary measure, four 150-fish
tests were conducted before the DAO was revoked.
Incidence of BKD in Scotland
The number of salmon and trout farms known to be infected with BKD in
Scotland is shown in Table 1. There are no freshwater salmon farms and only
three (1.1%) of 262 marine salmon farms are known to be infected. The low
number of infected salmon farms may be attributed to the fact that salmon
farms are generally fallowed after each production cycle. If they become
infected, they tend not to have controls in place for long but there are a few
examples of farms where infection regularly recurs.
The percentage of trout farms infected is much higher, with seven (10.6%)
of 66 freshwater farms and two (15%) of 13 marine trout farms infected,
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although the number of marine trout farms is relatively low. Some of these
farms have had official movement controls in force in respect of BKD for
many years, as they are not routinely fallowed.
In total, there are presently three salmon farms and nine trout farms, or 2.5%
of the industry, known to be infected with BKD in Scotland.
TABLE 1: Incidence of BKD in Scottish salmon and trout farms at 1st November
2005

Species

Water Total number Number of
Percentage of
type
of farms
with a DAO farms with a DAO

Atlantic salmon

Fresh

139

0

0

Atlantic salmon

Sea

262

3

1.1

Fresh

66

7

10.6

Sea

13

2

15.4

-

480

12

2.5

Trout (brown
and rainbow)
Trout (brown
and rainbow)
Total

A disease control dilemma
BKD appears to have little impact on the British trout farming industry. This
may be because trout are routinely harvested for the table as portion size fish
when they are less than one year old and BKD tends to be a chronic disease,
only causing mortality in older fish. The British Trout Association (BTA) has
argued for deregulation. However, BKD can cause morbidity and mortality
in harvest-sized salmon (3-4 kg fish), which can result in significant economic losses in the salmon farming industry. Scottish Quality Salmon are in
favour of keeping the current control policy.
Whether or not Great Britain will be able to maintain the current control
policy will depend on whether or not the Commission is minded to renew
the additional guarantees on introductions of aquaculture animals into
Great Britain when it reviews the additional guarantee awards in 2007.
Furthermore, the new fish health directive, which is currently the subject of
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debate at EU Council level, may influence future controls in respect of BKD
in the Community.

After graduating from the University of Glasgow with an Honours degree
in Microbiology in 1987, Pauline Munro worked as a reseach assistant in
the Microbiology Department of the same university with Professor Harry
Birkbeck on the bacteriology of larval turbot development. This work was
also the subject of her PhD. After working as a research fellow on a variety
of different projects, she joined the Fish Health Inspectorate at Fisheries
Research Services, Aberdeen, in 1998. She is responsible for supervising the
work of the inspectors and the provision of advice on fish health matters to
policy colleagues in the Scottish Executive Environment and Rural Affairs
Department. She sits on the Tripartite Working Group, which comprises
members from government, the aquaculture industry and wild fish interests
and the Aquaculture Health Joint Working Group, which is a discussion
forum for the aquaculture industry and government representatives. Pauline
Munro is a member of the European Association of Fish Pathologists as well
as an Associate Member of the FVS.
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Fish Veterinary Journal (2007) (9) 63–65

Skin Diseases of Exotic Pets
Edited by Sue Patterson
Blackwell Publishing Ltd
Publishing Date 3rd May 2006
ISBN: 0632059699
334 pp
Paperback
Price: £37.50/US$74.99
Available from: www.blackwellpublishing.com
This is not a dermatological tome but the sort of text book you keep round
the corner from the consultation room to unobtrusively confirm you have the
correct treatment or used the appropriate scientific terminology. It is such a
pleasant book to read that I found myself flicking through a chapter or two
during coffee breaks. Each chapter is short, concise and informative. All the
common exotic pets are covered.
The book is laid out in four sections by class; birds, reptiles, fish and mammals with the section on mammals unsurprisingly occupying around half
the pages. These sections are then divided by family or genus. Each section
starts with a chapter on the normal skin of the class, followed by a chapter
on examination and diagnostic techniques with a third chapter discussing the
individual skin diseases and treatments used in each family or genus. The
layout of the book is clear and logical with only one minor quibble which is
that it might have been better to arrange each disease in alphabetical order
rather than the apparently haphazard way they are listed although the index
appears thorough. The vast majority of the chapters provide a list of references for those who wish to delve deeper in to the subject.
The section on birds provides three chapters on skin disease and treatment
with chapters devoted to caged birds, raptors and waterfowl respectively.
The next section on reptiles provides chapters on snakes, lizards and chelonia. The next section is on fish which is discussed below. The fourth section
on mammals provides chapters on the skin diseases of chinchillas, ferrets,
gerbils, guinea pigs, hamsters, hedgehogs, mice, rabbits and rats. It is perhaps a surprise to see hedgehogs as an “exotic pet” but they are occasional
patients at veterinary practices.
For the aquatic vet there is an excellent section on fish skin written by
Willie Wildgoose which finishes with a formulary of the treatments used in
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ornamental fish medicine. The information provided in this chapter is sufficient to allow a vet new to the field of ornamental fish to obtain the skills
necessary to diagnose most of the common ailments of ornamental fish and
decide on the correct treatment. There is also a chapter on skin disease in
sea turtles.
As already stated the format of the book is similar throughout but to give a
better idea of each section it is worth expanding on the information provided
in the fish section. For those of you more interested in other exotic pets it is
worth noting that their sections being longer, contain a lot more information
presented in the same format which all appears current:
The first chapter discusses the normal skin of fish and its functions. It is
around five pages long with the information presented as bullet points along
with appropriate pictures and diagrams. For those unsure what a “gonopodium is, there is only a brief description, and if you were particularly interested in this modified anal fin, then you might have to look elsewhere for
further information. This though is the strength of the book, all the correct
terminology is there with a brief description allowing the reader to build on
this information if required.
The second chapter is again around five pages; the information is presented
as bullet points and once more is comprehensive. It walks the reader through
taking an appropriate history, examination and what diagnostic tests to perform from simple skin scrapes to histology. The paragraph on anaesthesia
is the first time I have seen printed such practical tips as anaesthetics may
reduce the number of ectoparasites on the host. We all know it, but it is often
considered such a basic point that no one bothers to mention it, but it is of
immense value to someone just starting out in the field.
The third chapter is around 21 pages long and discusses skin diseases and
their treatment. How many of us could name thirty-two different conditions
that affect the skin of ornamental fish? The list is comprehensive ranging
from water quality to ectoparasites and mycobacteriosis. A brief description
is given of the cause and pathogenesis, the clinical signs, how to achieve a
diagnosis and treatment selection. Although the information is brief it is certainly of use in aiding the budding fish vet in making the correct diagnosis.
At the end of the chapter is an excellent formulary which quite rightly points
out that except for MS-222 there are no other licensed medicines for the
treatment of ornamental fish. Once more a very useful tip for those new to
the field and a reminder to all of us that we must inform the client of this.
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The book is clearly aimed at the general practitioner who sees exotic pets
and it achieves its aim admirably. For those of us in small animal or mixed
practice it is definitely worth buying. I did initially think that the cost was
excessive but given the number of colour plates contained within the text I
can appreciate that the book offers good value for money. It would not have
been cheap to publish.
If you are a general practitioner then you should buy a copy but as a fish vet
it may well be hard to justify the cost unless you are in need of a ten minute
refresher in ornamental fish medicine or struggling to persuade practice colleagues to purchase a fish text and that is not to detract from Willie’s excellent section! I am though heartened by the fact that due to the information
contained within the book that Veterinary Surgeons who purchase it will
have the basic information necessary to treat ornamental fish and hopefully
it will encourage them to become more involved in this field.
Chris Walster
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Edward Branson

On November 14th, Edward John Branson, BVetMed, BSc, MSc, MRCVS
and RCVS Specialist in Fish Health and Production, of Red House Farm,
Llanvihangel-Ystern-Llewern, Monmouth, Gwent. Edward Branson qualified from London in 1979.
We record the passing of Edward Branson, a man without equal in many
ways; his humour, gentleness, compassion, empathy, enthusiasm, sense of
adventure, intelligence and love for family made him a wonderful person to
be with. His death came as a great shock to family, friends and colleagues in
aquaculture and veterinary science.
A man of presence, being six foot seven inches tall and having an impressive
intellect, once met, he was never forgotten. His legacy encompasses many
treasured memories and a lasting affect on fish welfare, not only in the
United Kingdom, but around the world.
Raised on the family farm in Hanslope in Buckinghamshire, Edward
attended the local grammar school and went on to Sussex University to gain
a degree in electrical engineering. His degree took him into employment
with the GPO, but this proved to be far too dull and led to a complete change
in direction. Raising funds through work on farms, Edward took further A
levels and went on to the Royal Veterinary College in London University.
Other part-time occupations included selling food at music festivals, as a
way of being there. Edward qualified from London in 1979 and moved to a
mixed practice in Somerset, which is where he met his lifetime partner Teona
Dorrien-Smith.
A desire to see more of the world led Edward to South Africa, where he explored
the south of the continent, joined on occasions by Teona and raising the necessary funds through locum work as a vet. Returning to the United Kingdom, they
bought a house in London where Edward worked in a small animal practice.
However, while he could handle the patients, he found he was less patient with
their owners. Again a change in direction was needed. Somewhat disenchanted
with the direction being taken by farming, Edward saw an opportunity in the
newly emerging farming of fish. He enrolled for a Master’s degree in Aquatic
Veterinary Studies at Stirling University, which he found fascinating.
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On completing these studies in 1987, Edward and Teona, with their new son
Oscar, moved to Ireland, where he worked at the University College Galway
helping the developing salmon farming industry. He worked there in close
collaboration with the Diagnostic Unit at Stirling, to which he later returned
for further work in salmon farming, both in Scotland and overseas, notably in
Chile. In this period, Edward earned a reputation as an excellent pathologist
with outstanding diagnostic abilities. This reputation rightly stayed with him
for the rest of his career. He was instrumental in the identification of many
fish disease conditions including salmon rickettsial syndrome in Chile and
sleeping disease of trout in the UK.

Edward Branson

Photo: John McArdle

In 1994, the family moved to a derelict farm near Monmouth in Wales and, while
Edward began a career as an independent fish consultant, they set about restoring
the listed farmhouse and bringing the farm back to life, eventually gaining certified organic status. The farm was a source of constant fascination for Edward,
who took great interest in conserving and creating habitats for wildlife, including the grey partridge that he re-introduced. Restoring the farmhouse and running the farm allowed Edward to indulge his many practical skills in carpentry,
plumbing, electrical installations and the maintenance of farm machinery.
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On becoming independent, Edward was recruited to work with Skretting as
a fish health consultant and combined this with part-time lecturing at the
Veterinary School of Bristol University and work for various aquaculture
businesses. His comprehensive knowledge and willingness to share and
explain his knowledge meant that everyone who was privileged to work or
study with him now knows far more about fish health than ever they could
without him. He had the ability to translate even the most complicated
scientific subjects into layman’s language so that people of all backgrounds
could understand. Edward also had the gift of communicating comfortably
with anyone, no matter what their background or occupation, and he
remembered them as individuals. His visits to fish farms would both reduce
anxiety levels if disease were present and leave people feeling they had just
spent time with a good friend.
Despite his success as a fish vet, Edward had doubts about the desirability
and sustainability of intensive fish farming. Also, on environmental grounds,
he greatly regretted the frequent flying needed for his work. Increasingly he
wished for a career change into environmental consultancy, which, had he
lived, may have come about. However, as it was, his driving passion in his
work as a vet was fish welfare and he worked tirelessly out on the farms,
on veterinary committees and in the Soil Association, to improve welfare
through better practices and by setting effective standards. He always
believed prevention to be better than cure and focused in particular on raising
levels of biosecurity, to prevent diseases from ever arriving at the farm.
At the time of his death, Edward was very close to completing the editing
of a new book on fish welfare. Colleagues will make the final touches and
Blackwells will publish the book in 2007.
Edward was instrumental in establishing the Fish Veterinary Society and
served on the committee in various capacities for many years, including
being the President from 2001 to 2003. His deeply held opinions on fish
and animal welfare and his interest in organic production, naturally brought
Edward and the Soil Association together. In 2000 he was invited to join
the Aquaculture Standards Committee. Here he soon became well known as
a keen and lively participant, bringing advice of the highest value together
with trustworthy judgement and total integrity, characteristics that anyone
who knew him would immediately recognise. His knowledge and views
have had an impact on organic production that extends well beyond aquaculture and beyond the Soil Association.
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Edward demonstrated his skills as a chairman, combining charm with
authority, when in 2004 he led a conference on fish health and welfare
and then in 2005 he chaired the first ever UK conference on organic
aquaculture.
Maintaining many connections with academic institutions and working on
many committees meant that Edward was exceptionally well informed and
provided a gateway to an extensive and valuable international network. He
was typically ahead of the game and his deep understanding of the industry
has contributed enormously to the success of many individual farmers and to
the progress of aquaculture in the UK, and in other parts of the world.
Outside work, Edward was someone you could consult about anything and
his advice was always valuable. He was a genuinely interesting person who
could talk at length about a wide range of topics, especially music and rugby.
Perhaps, what really set Edward apart from others was his wit and sense of
fun, and his ability to get on with all kinds of people of all ages. Anyone
that knew him will remember that infectious laugh of his! He was a true
gentleman and will be sadly missed, but there will be reminders: improved
standards of fish welfare and the many pairs of size 14 wellington boots
distributed around the UK – ready for Edward.
Donations in memory of Edward Branson can be made to the Gwent
Healthcare Trust, marked for the Nevill Hall Hospital Stroke Unit.
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New Global Aquatic Veterinary Association Formed
STAFFORD, UK; NEW YORK, USA; WELLINGTON, NZ – Emerging
from the needs of a large number of veterinarians already involved in aquatic
animal medicine, a new veterinary organization has been formed, initially
doing business under the name Aquatic Veterinary Association. The need for
the organization is compounded by the demands from owners of companion
aquatic animals, aquatic food species producers, industries such as aquaculture, and governments for veterinary assistance in aquatic animal health and
welfare, public health and seafood safety.
“Formalizing a group to address the concerns of aquatic veterinary medical practitioners under an organized, incorporated and registered non-profit
professional association will help elevate aquatic veterinary medicine from
a niche area of the veterinary sciences to a well recognized discipline within
the profession” says Dr. Peter Merrill who is serving as the Association’s
interim President. “We hope this organization will cater to the needs of an
estimated 5,000–10,000 aquatic veterinarians world-wide, and indirectly to
those who seek their expertise”, he adds.
After receiving input over the past year from aquatic veterinarians in the
UK, France, Germany, USA, Canada, Australia, New Zealand and other
countries, a group of 6 interim Directors stepped forward to consolidate
the ideas they heard into formalized preliminary bylaws and structure for
the association. These and other official documents will be ratified by the
founding members at the first Annual General Meeting, to be held in conjunction with the American Veterinary Medical Association’s convention in
Washington, DC. in July 2007.
Dr. Chris Walster, who is serving as the interim Secretary, says “We are
endeavoring to cater to the professional needs of all veterinarians and veterinary surgeons throughout the world who are involved with all disciplines of
aquatic veterinary medicine and all aquatic species.”
With outbreaks of disease in the fastest growing global sector of animal
production and animal ownership – aquatic animals – the demand for veterinarians involved with traditional farmed finfish, crustaceans and molluscs (e.g. farmed shrimp, oysters, and clams) has grown dramatically over
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the past decade. “Three of five recent animal disease National Emergency
Declarations in the US have been for aquatic animal diseases – the other two
being for Newcastle’s disease and avian influenza in poultry. “The problems
in the UK, Europe and Canada are similar”, adds Dr. Walster. Dr. Colin
Johnston, another interim AqVA Director who covers Australasia, states that
“a similar situation exists in Australia, New Zealand and Asia.”
National and International responses from governments and industries have
opened up huge demands for aquatic veterinarians. National plans and
programs, such as those of the US and Canadian governments, Australia’s
AQUAPLAN and AQUAVETPLAN, and European Union Directives and
Regulations that are being developed and implemented, place a huge demand
on an aquatic veterinary workforce. The World Animal Health Organization’s
(OIE) codified standards and its biosecurity initiatives for protecting aquatic
animal industries likewise require an organized aquatic veterinary approach.
“We are also seeing a similar demand for aquatic veterinarians in the private
practice sector that deals with pet or ornamental aquatic animals owned
by clients” said Dr. Julius Tepper, another of the organization’s interim
Directors who owns a private practice in New York. Dr. Tim Miller-Morgan,
a Director who is organizing the Association’s upcoming meeting, indicates
“a similar situation is being felt in the aquarium industry, with marine
mammals and in wild managed fisheries and hatcheries.” The final interim
director, Dr. Dusan Palic of Iowa State University, who is serving as the
Association’s treasurer, says that, “this association has significant potential
to represent the voices of aquatic veterinary practitioners around the world
and permit aquatic practitioners to become better identified through public
recognition of their role in all aspects of aquatic animal medicine.”
“The solution to demand for aquatic veterinarians in all spheres of practice
and with all aquatic animals is in organized veterinary medicine, which
requires the formation of a professional society that represents aquatic veterinarians” says Dr. Merrill, “If we structure this organization correctly it will
substantially contribute to all of veterinary medicine through strong liaisons
with existing large and small veterinary organizations, as well as industries,
governments and the public that have a need for our member’s expertise.”
The current Mission of the Association (formed in 2007 and doing initial
business as the “Aquatic Veterinary Association”) is to serve the discipline
of aquatic veterinary medicine in enhancing and advancing the science and
art of aquatic veterinary medicine, aquatic animal health and welfare, public
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health, and seafood safety in support of the veterinary profession, aquatic
animal industries and other stakeholders. For more information on this new
aquatic veterinary organization, to provide input into its development, or
to become a founding member, contact any of the interim Directors listed
above, or by visiting Association’s website at www.AquaVets.org.
FOR MORE INFORMATION
Dr. Chris Walster (UK)
Phone: +44(178)525-8411
E-mail: chris.walster@onlinevets.co.uk
Dr. Julius Tepper (USA)
Phone: (631) 281-8777
E-mail: dvm246@aol.com
Dr. Colin Johnston (NZ)
Phone: +64 (4) 894-0689
E-mail: colin.johnston@clear.net.nz
Website: www.AquaVets.org

FVS Web Site

The Fish Veterinary Society has a web site which can be found at:
www.fishvetsociety.org.uk
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MEMBERSHIP APPLICATION
Eligibility
Membership of the Fish Veterinary Society is open to all members of the
Royal College of Veterinary Surgeons, to those on the Supplementary
Veterinary Register and to students studying for a degree entitling them to
membership of the RCVS. The Society will also consider applications from
overseas veterinarians and those with an appropriate interest / degree as set
out in the Constitution of the Society (available on request from Treasurer).
I wish to become a member of the Fish Veterinary society, subject to the
conditions governing the same as set out in the Constitution of the Society.
I agree to pay my annual subscription in advance on 1st January each year,
and if at any time I wish to resign from membership, undertake to send my
resignation to the Honorary Treasurer by 1st December.
Name

:

Address

:

Telephone

:

e-mail

:

University

:

Degrees

:

Fax:

Date of graduation :
Fees

: £50 per annum (January to December)
(There is no charge to veterinary undergraduates)

*The sum of £50 is enclosed for full enrolment into the Fish Veterinary
Society and membership for the current year. Future payments will be made
by Standing Order each year in January (mandates available from Honorary
Treasurer)
*I am a veterinary undergraduate and wish to become an associate member
of the Fish Veterinary Society and I am due to graduate in_________(year)
*delete as appropriate
Signature
: • Number 9 • 2007
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MEMBERSHIP DATABASE
To help the Society provide a better service to its members we would be
grateful if you could complete the following questionnaire by indicating
your area of special interest.
Species of interest:
Salmon
Flatfish
Ornamental

❒
❒
❒

Areas of interest:
Pathology
❒
Bacteriology
❒
Mycology
❒
Diagnostics
❒
Immunology
❒
Management
❒
Pollution
❒
Surgery
❒
Water Quality
❒
Other (please specify)…

Trout
❒
Shellfish
❒
Other (please specify)…

Histopathology
Parasitology
Virology
Genetics
Legislation
Nutrition
Reproduction
Therapeutics
Welfare

Other Membership:
British Veterinary Association		
British Small Animal Veterinary Association
European Association of Fish Pathologists
British Trout Association		
Scottish Salmon Growers Association		
Institute of Fisheries Management		

❒
❒
❒
❒
❒
❒
❒
❒
❒

❒
❒
❒
❒
❒
❒

Return to: Chris Walster MRCVS
Island veterinary Clinic
132 Lichfield Road
Stafford
Staffordshire ST17 4LE
telephone
01785 258411
fax
01785 258416
email
cwalster@aol.com
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