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The Society provides: 

 A two day scientific meeting, held annually 

 Publication of the Fish Veterinary Journal 

 Publication of policy documents on fish health and welfare 

 Political lobbying and representation on behalf of the members interests 
 

COMMITTEE OF THE FISH VETERINARY SOCIETY 
President         Ronnie Soutar 
Senior Vice-President        vacant 
Junior Vice-President                                Matt Metsaaljar 
Honorary Secretary        Morag Clinton 
Honorary Treasurer         Chris Walster 
Publications Officer                David Sutherland 
          

PAST PRESIDENTS 
 

1990 – 91      Graham Cawley  
1991 – 93                Tony Wall 
1993 – 95         Ronnie Soutar 
1995 – 97       Pete Southgate 
1997 – 99         Andrew Grant 
2000 – 01             Marian McLoughlin 
2001 – 03     Edward Branson 
 

2004 – 05            Lydia Brown 
2006 – 07                    Hamish Rodger 
2007 – 08               Marianne Pearson 
2008 – 09        Andrew Grant 
2009 – 12              Peter Scott 
2012 – 15       Jimmy Turnbull 
2015 – 16   Tony Wall 

MEMBERSHIP of Fish Veterinary Society is open to members of the Royal College of 
Veterinary Surgeons, although the Society will consider applications from overseas 
veterinarians and those with an appropriate interest/degree as set out in the constitution. 
Currently membership costs £60 per annum. Veterinary students and suitably qualified non-
veterinary graduates may become associate (non-voting) members of the Society; veterinary 
students do not pay a fee until they graduate, at which point they will become full members 
if they wish. ). Applications can be made online through the FVS 
web site at: www.fishvetsociety.org.uk 
 



 
 

v 
 

_____________________________________________________________________ 

 
Notes for contributors 
The Fish Veterinary Journal invites contributions from members and other professional 
colleagues, and is keen to publish original research, review articles and clinical case histories 
on all aspects of fish health. Letters, book reviews and other comment on relevant topics are 
also welcome. 

Scientific articles submitted to, or published in, other refereed journals will not be 
considered for publication. Papers and short communications submitted for publication are 
subject to peer review. The editor has final decision on publication and if accepted, the 
copyright becomes the property of Fish Veterinary Society. 

Manuscripts and all communications should be sent to – David Sutherland, Westside 
Veterinary Surgery, Bixter, Shetland, Scotland, U.K. ZE2 9NA. Manuscripts should be 
submitted in duplicate, typewritten using a Times or Roman font (double line spaced) on one 
side of A4 paper with wide margins. Scientific articles may also be submitted as a Word 
document on disc or memory stick (MS-DOS format) or by e-mail to 
david@shetlandvets.co.uk. The journal cannot accept responsibility for loss or damage of 
manuscripts.   

Format 
Papers should be headed with the full title, which should describe accurately the subject 
matter. The initials and surnames of the authors, with full postal addresses should follow. 
Each paper should have a self-contained summary (maximum 150 words) which embodies 
the main conclusions. 

Abbreviations should be avoided. Where they must be used, the word or phrase must be 
given on the first occasion, e.g. infectious pancreatic necrosis (IPN). All units of 
measurement should be given in the metric system and temperatures in degrees Celsius. 
Blood biochemistry values should be expressed in SI units. Medicinal products should be 
referred to by their generic name followed by proprietary name and manufacturer in 
brackets when first mentioned e.g. Amoxycillin (Vetremox®, Pharmaq). The full Latin name 
for each species should appear at least once when mentioned in the text. 

Length of papers 
Papers should be concise. As a guide, the maximum length for scientific articles is 3,000 
words; for review articles up to 4,000 words; for short communications and clinical case 
reports up to 1,500 words. 

Tables and illustrations 
The minimum number of figures necessary to clarify the text should be included and 
should contain only essential data. Tables must be typewritten on separate sheets and 
numbered. Illustrations should be drawn in black ink on white paper and should be 
suitable for direct photographic reproduction. 
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President’s Reflections  

Ronnie Soutar 

Aqualife Ltd., Stirling University Innovation Park, Stirling, Scotland UK. 

Welcome to the latest edition of the Fish Veterinary Journal. We have a lot to be proud of in 
our thriving Society. This (almost) entirely digital FVJ and yet another successful Spring 
Conference are perhaps our most obvious outputs. However, as President, it is the networking 
and cooperation which goes on between members to the overall benefit of fish health and 
welfare which really pleases me. 

For years now we have been talking about the need to engage a new generation of the fish 
veterinary community in FVS, as members but also as office holders in our Society. How, 
then, did you end up with me as President again? This is my second stint, after a gap of over 
twenty years and, by a strange coincidence, I followed Tony Wall in the role last time too. At 
least I can say that on both occasions I have been younger than the previous President! 

Having had a spell away from fish work then returning, the development of our Society in the 
intervening period is both obvious and encouraging. What particularly impresses me is the 
diversity of range of interests within FVS now. Back at the beginning, we were a small group 
focussed on the needs of the developing salmonid aquaculture industry in the UK, particularly 
Scottish salmon farming. Now we have members from across the veterinary spectrum and we 
are making a real difference, for example, to the lives of ornamental and laboratory fish as 
well as those which are farmed. 

That breadth of involvement is vital to our future. However, I do think it remains crucial that 
FVS is seen as the “go to place” for stakeholders in UK aquaculture looking for a veterinary 
voice. I have had conversations with bodies such as SSPO and SEPA which suggests they 
would welcome more structured discussions. I hope to be able to take that forward during my 
Presidency. 

As the Society’s liaison person with the British Veterinary Association, I have been involved 
in BVA’s re-examination of its governance and, in particular, the way in which it interacts 
with species-focussed societies including ours. Although I don’t think it is how we primarily 
see our Society, FVS is one of twenty specialist divisions of BVA. There is no doubt that 
BVA, more than in the past, recognises the importance of fish and the vets who work with 
them. The Association is very much on our side when it comes to the big political issues 
which may affect us. 

Of course, at the time of writing, the biggest of those issues is Brexit. As individuals, we will 
all have our own opinion of whether the UK’s decision to leave the EU is a good or bad thing; 
that diversity of opinion means that FVS should maintain a neutral position. There is, 
however, no doubt that the vote will have a significant effect on many areas of our members’ 
work. Uncertainty is likely to prevail in the coming months and, indeed, years. As Brexit 
negotiations go on, I believe the Society must engage and work to protect and promote the 
interests of our members, their clients and fish generally.  
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We have an on-going struggle to maintain and expand the range of preventative and 
therapeutic agents available to us. A range of legislation affects the development of new drugs 
and vaccines and our ability to effectively use them. The vast majority of that legislation will 
now have to be revisited during Brexit, up to and including the Veterinary Surgeons Act. Fish 
health is unlikely to be top of the list of politicians’ priorities in these discussions, so it is 
vitally important that our voice is heard and made to count. 

One vital factor in the Brexit negotiations will be the status of non-UK workers. Many of the 
brightest and best of the new generation of FVS members have come from other EU countries 
to work here in the UK. I know that there is real and understandable concern in this section of 
our community, over both the direct consequences of the referendum result and what that vote 
says about the UK’s attitude towards them. I can’t offer any reassurances on the bigger 
political issue but, as President, I can say that all of our members, wherever they are from, are 
very, very welcome within FVS and that I will do anything I can to protect your interests.   

 

 

Ronnie Soutar, 

July 2016 
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Editor’s Comments 

David Sutherland 
Shetland Vets, Bixter, Shetland, Scotland. ZE2 9NA 

Here we are with another Fish Veterinary Journal, and things have changed since the 
last issue. Mike Williams of Akalat, who had done such a sterling job of publishing 
the journal over the years, died suddenly, leaving us without a publisher. At the next 
conference, the membership voted to change to an electronic format, and this is the 
first issue in that form. Another change is that we in the UK have voted for Brexit 
(how I hate that term – sounds like a breakfast cereal – “Have you eaten up your 
Brexit this morning, Johnny?). How much that changes things for fish vets remains to 
be seen. In Norway, they still have to comply to a lot of EU regulations on medicines 
etc, even though they never voted to join the EU. So, it might not change a lot. 
 
Education is an important issue for us, especially as many of us did not get a lot of 
information as an undergraduate. Admittedly, when I was an undergraduate, 
aquaculture was much smaller than it is now – Scottish production was only a few 
thousand tons. However, from what I can gather from the students that come to us, 
some vet schools still don’t give undergraduates much teaching time on fish. So, 
Chris Walster tells us about educational opportunities in fish medicine, of which there 
is a large variety. Of course, our conferences form part of the information available to 
students, and I hope they get some good out of it. 
 
Last year, the conference had a theme of parasites, which cause the fish we look after 
(and us) a lot of problems, even though the biology of some of them is very 
interesting. Parasites from the microscopic amoebae to White Spot, via Saprolegnia to 
the not so microscopic flukes and worms, and of course sea lice, were discussed, as 
well as the many species affected. Iva Dykova was kind enough not only to come 
from the Czech Republic to speak about the fresh water, but was good enough to write 
it up. 
 
This year, the theme was recirculation aquaculture systems. These seem to be getting 
more common, and from my experience, can be quite tricky, although great strides 
have been made over the years. There was a good variety of people who shared their 
experiences of  We welcomed some delegates from WAVMA, including Nick Sainte-
Erne from USA, who tells us about the drugs and treatments available there. I always 
find the ways different countries deal with this differently. 

The great vogue at the moment is to try non-therapeutic methods to control sea lice. 
We have lumpsuckers, brushes to brush them off, warm water to wash them off, and 
even lasers to zap them! Perhaps this is not surprising considering the difficulties we  
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have had getting new products licensed, at least in UK. We received a paper from 
Cameroon (is this our first paper from Africa?) on using plant extracts to combat gill 
flukes in tilapia, so they are looking at alternatives to “chemicals”.  

Ah! “Chemicals”, that is another word I do not like, at least when it is applied to 
licensed medicines or treatments for fish. In no other sphere of animal medicine are 
approved products referred to as chemicals, whether it is worm tablets for dogs, 
drench for cattle, or antibiotics for a horse. If you take some wood and make a chair 
out of it, you call it a “chair”, not a “wood”. If a pharmaceutical company takes an 
active ingredient, formulates it, tests it for efficacy, as well as all the toxicity testing 
that has to be carried out, surely the resultant product deserves to be called a medicine 
or treatment! Maybe this could be a subject for our next conference (if only in the 
bar/meal afterwards). 

That’s enough ranting for one issue! Anyway, I hope you find this issue interesting! 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ERRATUM 
In John McArdle’s paper in Issue 14 (Heart pathology 
is a consistent finding…) Onchorhycus should read 
Onchorhychus 
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Scientific Paper 

Hook removal from a bull huss (Scyliorhinus stellaris) with a 
complete oesophageal perforation. 

Smith, L.E.1* Matthews, C.2 and Cliff, A.3 

1 Macduff Marine Aquarium, 11 High Shore, Macduff, Scotland, AB44 1SL 

2C. Matthews, Fish Vet Group UK, 22 Carsegate Road, Inverness, Scotland, IV3 8EX 

3A. Cliff, Crown Vets Referrals, 58 Argyle Street, Inverness, Scotland, IV2 3BB 

Keywords: Scyliorhinus stellaris, hook retention, oesophageal perforation, elasmobranch 

*Corresponding author L E Smith, Macduff Marine Aquarium, 11 High Shore, Macduff, 

Scotland, AB44 1SL. E-mail; lauren.smith@aberdeenshire.gov.uk 

Summary 

Relatively few studies to date have examined recreational hook-and-line capture in 

elasmobranchs. Those that have report physiological and physical injury due to hook 

retention (Borucinska et al 2001, 2002a, 2002b) as well as metabolic disturbances 

(Hoffmayer and Parsons 2001, Hoffmayer et al 2012, Danylchuk et al 2014). This short 

communication highlights the physiological injuries sustained following hook ingestion by a 

small shark and the procedures undertaken to remove it, the authors believe this may be of 

particular interest to those in the aquarium industry that obtain exhibit animals caught by 

hook and line. 

 

On 21st August 2015 a juvenile bull huss (Scyliorhinus stellaris) measuring 66cm in length 

and weighing 2.5kg arrived at Macduff Marine Aquarium having been foul hooked through 

its palate with a stainless steel barbed “J” hook with a section of wire leader attached, as a 

result of a hook and line capture. Following closer inspection by aquarium staff, it was 

decided that in order to remove the hook, the shark would need to be anaesthetised and bolt 
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cutters used to cut through the hook in order to prevent further damage to the palate. In the 

meantime, the juvenile bull huss was eating well, taking two whole Californian squid (Loligo 

opalescens) three times a week. 

However before an attempt to remove the hook was able to take place the bull huss stopped 

feeding. Though appearing to remain appetent, the bull huss was thought to be dysphagic. In 

order to ascertain whether the hook had become dislodged and/or to look for signs of 

infection, the aquarist team at the aquarium anaesthetised the animal using a tricaine 

methonesulphonate (Tricaine PHARMAQ) by immersion (100mg/L seawater). On inspection 

of the upper palate, the hook was no longer present and there were no signs of infection at the 

site. The assumption therefore was that the hook had become dislodged and swallowed, 

resulting in the cessation of feeding.  

At this point a veterinary surgeon was contacted and radiography performed the following 

morning under anaesthesia (technique and dose as previous, fish removed from water for no 

more than 15 seconds).  Lateral and dorsoventral views were taken at 32 mAs/40kV (Fig 1) 

using a Poskom PXP-60HF x-ray generator and AGFA CR-35X digital radiography system. 

The images demonstrated that the hook was lying in a horizontal position in the lower 

oesophagus (Fig. 1).  

The decision was made to undertake an internal examination under anaesthetic (technique and 

dose as previous) using a 5mm 0-degree rigid endoscope and if feasible, to attempt removal 

of the hook. The examination revealed a complete perforation of the oesophagus by the hook, 

however with careful manipulation using endoscopic grasping forceps the hook was reversed 

allowing the barb to disengage the oesophagus and removed in its entirety (Fig. 2). 
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Figure 1. Lateral (upper) and dorsoventral  Figure 2. The removed hook and leader  

(lower) radiographic views showing the  alongside the juvenile Scyliorhinus 

 hook and leader in the lower oesophagus stellaris 

 

Further exploration by the endoscope did not reveal any significant bleeding or infection but did show 

several ulcerations of the oesophagus. No food was present in the stomach so whilst under anaesthetic 

a small amount of food (c. 10g) was given via syringe and silicone airline tube (3mm internal 

diameter) directly into the stomach. The entire procedure was completed in just under one hour, with 

the endoscopic examination and hook removal completed out of water whilst moving the animal 

between anaesthetic and normal seawater periodically in accordance to the depth of anaesthesia 

observed. Out of water procedures were kept to no more than 45 seconds at a time. Following 

completion the shark began taking offered feed at 24hrs, with normal appetence fully restored over the 

subsequent three days. As far as the authors are aware, this is the first report of an elasmobranch 

surviving a complete oesophageal perforation. 

The type of hook featured in this communication is a stainless steel barbed J hook which if left inside 

the shark would have been likely to result in the death of the animal by infection, starvation or a 

combination of both. Stainless steel is chosen for its longevity and resilience to rust even in aquatic 
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environments. The J shape of the hook is easily swallowed by animals, so deep hooking and gut 

hooking is not uncommon with higher percentage mortalities often reported (Bartholomew & 

Bohnsack 2005). In addition, the barb can make the removal of the hook more time consuming adding 

further stress to the animal. In both commercial longline fisheries and recreational fisheries, hook 

shape and design have received much attention over the last decade. Barbless circle hooks have been 

found to reduce at-vessel mortality, hooking injury and unhooking time in sharks and multi-species 

mixed fisheries (Godin et al 2012, Alos et al 2008). Due to the majority of sharks’ life histories being 

characterized by slow growth, late maturity, long lifespan and low fecundity rates (Musick 1999, 

Lewison et al 2004) they are particularly vulnerable to fishing mortality and have in recent years 

suffered large declines in abundance (Dulvy et al 2008, Cahmi et al 2009), therefore capture methods 

such as hook design which have been shown to reduce mortality should ideally be used in both 

commercial and recreational fisheries. 
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In vivo anthelminthic activity of Markhamia tomentosa and 

Combretum molle  against monogenean gill parasites infecting the 

Nile tilapia, Oreochromis niloticus. 

DONGMO Paul Christian1, TOMBI Jeannette2, WABO PONE Josué1*, YONDO 
Jeannette1, MBOGNING TAYO Gertrude1, NGANGOUT ALIDOU Marc1 AND MPOAME 
MBIDA1 
1Laboratory of Biology and Applied Ecology, Department of Animal Biology, Faculty of Science, 
University of Dschang, P.O. Box 67 Dschang, Cameroon 
2Laboratory of Parasitology and Ecology, Faculty of Science, University of Yaoundé I, PO Box 812, 
Yaoundé, Cameroon. 
 
*corresponding author 
waboponejosue@yahoo.fr 
(+237)/699521863/675390318 
 

Abstract 

Monogeneans frequently cause severe epizootics in cultured or aquarium-held populations, 

due to the concentration of fish and parasites in confined quarters. Despite the overall progress in the 

breeding of fish in tropical and subtropical areas of the world, Monogenean infections of 

Oreochromis niloticus represent one of the most important problems in fish production. This is 

aggravated by the increasing resistance of parasites to traditional anthelminthic drugs caused by 

inadequate fish stock management by breeders. Ethnopharmacological data indicate Markhamia 

tomentosa and Combretum molle as promising alternative for the control of helminths, because of 

their general anthelminthic properties. Thus, the aim of this study was to evaluate the in vivo 

anthelminthic activities of aqueous (infused and macerated) and ethanolic extracts of Markhamia 

tomentosa and Combretum molle against monogeneans infections in Oreochromis niloticus. The 

aqueous extracts were diluted using distilled water while the ethanolic extracts were first dissolved 

with DMSO (0.01% for M. tomentosa and 0.02 % for C. molle) and later diluted by adding distilled 

water to obtain different concentrations to be tested. For M. tomentosa extracts, four concentrations 

(125, 250, 500 and 1000 mg/l) were tested whereas for C. molle extracts, only three concentrations 
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(12.5, 25 and 50 mg/l) were used. Naturally infested O. niloticus fry were exposed to different 

concentrations for 48 hours at ambient temperature (24 to 26˚C). Filtered groundwater and DMSO 

were used as negative controls. They had no effect on monogeneans on the gills. Concerning M. 

tomentosa, ethanolic extract was significantly (P < 0.05) more effective than aqueous extracts, killing 

98.6% of gill monogeneans at 500 mg/l. For C. molle, infused and macerated extracts were both 

effective, having similar mortality rates (99.4 %) at 50 mg/l. Exposure of infected fish to C. molle 

extracts leads to the complete destruction of the parasites, whilst extracts of M. tomentosa removed 

monogeneans from  the gills and caused damage to the tegument and internal structures. The result 

obtained in this study suggested that M. tomentosa and C. molle contain bioactive substances that are 

effective against monogenean gill parasites of O. niloticus.     

Keywords: Markhamia tomentosa and Combretum molle, anthelminthics, monogenea, 

medicinal plants, phytotherapy.  

 

1. Introduction 

Combretum molle R. Br. X. G. Don (Combretaceae) and Markhamia tomentosa (Benth) K. 

Schum ex Engl. (Bignoniaceae) are two medicinal plants from Cameroon. Traditional health 

practitioners usually employ their leaves, their roots and their barks for a variety of both 

human and animal ailments including abdominal discomfort, worm infections, microbial 

infections, respiratory disorders, body pains, colds and fevers. Combretum molle is reported to 

possess antibacterial (Njume et al., 2011), antifungal (Masako et al., 2007), antimalarial 

(Asres and Balcha, 1998) and anthelminthic (Suleiman et al., 2013) properties. Different 

parts of M. tomentosa are also known to possess antiprotozoal (Tantangmo et al., 2010), 

antimicrobial (Aladesanmi et al., 2007), analgesic and anti-inflammatory activities (Temdje 

et al., 2012). To the best of our knowledge, there is no published study on anthelminthic 

activities of C. molle and M. tomentosa against monogenean parasites. Thus, the present study 
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evaluates in vivo the anthelminthic activities of aqueous and ethanolic extracts of C. molle and 

M. tomentosa against monogenean infections in O. niloticus. 

 

2. Materials and methods 

Stem barks of Markhamia tomentosa and Combretum molle were collected at 

Foumban periphery (Noun Division, West-Cameroon region). Leaves, fruits and flowers of 

these plants were first collected and taken to the National Herbarium of Cameroon (HNC) 

where they were identified under the references numbers 9315 SRF-CAM and 6518 SRF-

CAM for M. tomentosa and C. molle respectively. The collected plant parts were dried in the 

shade at ambient temperature for 3 weeks. The dried barks were crushed, passed through a 

mesh and stored at room temperature (24 – 26oC) in airtight plastic bags in the Laboratory of 

Biology and Applied Ecology (LABEA) of the University of Dschang. 

 

2.1 Preparation of plants extracts 

Aqueous (infused and macerated) and ethanolic extracts were prepared to compare 

their activities on adult Monogenea in vivo. 

The procedure used was according to Wabo Poné et al. (2011). Briefly, 400 g of 

stored powder was macerated in 4 litres of 95% ethanol. The mixture was stirred once daily at 

8 am to allow better extraction of active compounds, and 72 hours later this solution was 

filtered through a layer of cotton and a filter paper of pore size 2.5 µm. Dried ethanolic 

extracts were obtained in aliquots using a rotary evaporator at 82˚C. For aqueous extracts a 

similar procedure was carried out, except that boiling (100˚C) and cold distilled water were 

used as solvent for infused and macerated aqueous extract respectively. Dried aqueous 

extracts were obtained after seven days of evaporation of the filtrates in a ventilated oven 

heated at 45˚C. 
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2.2 Preparation of stock and working solutions 

For M. tomentosa, 6 g of dried extract was dissolved in 1mL of dimethyl sulfoxide 

(DMSO) and diluted with 11 ml of distilled water to obtain 0.5 g/ml (sample/solvent) of stock 

solution. From this solution, four working solutions with concentrations of 125, 250, 500 and 

1000 mg/l were obtained by diluting in distilled water. For C. molle, the procedure was the 

same as with M. tomentosa extracts, but the desired concentrations (12.5, 25 and 50 mg/L) 

were obtained from a stock solution of 0.05g/ml using 0.6 ml DMSO. All the desired 

concentrations were selected based on preliminary tests which were performed to avoid 

occurrence of fish mortality at high concentration. 

 

2.3 Source and acclimatization of fish 

A total number of 700 naturally infected with Oreochromis niloticus weighing 3.98 ± 

0.23 g (mean ± SD) were collected using a net at fish culture station of Foumban’s Institute of 

Agricultural Research for the Development (IRAD), Noun Division, Western Region of 

Cameroon. Fish were transported alive in large plastic bags to the LABEA, and then 

acclimatized in two glass aquaria, each containing 100 litres of filtered groundwater at 

ambient temperature (24 to 26˚C) with constant aeration for 10 days. Fish were fed with 

commercial ration twice a day. 

 

2.4 Parasitological examination 

Ten O. niloticus were randomly selected in each aquarium and were killed by spinal 

severance. Gills arches from each side were removed, isolated in a Petri dish containing tap 

water, and each arch was analyzed under a stereomicroscope. Monogenean specimens were 

collected to determine the parasitic load.  
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2.5 Evaluation of the anthelminthic activity of plant extracts 

Anthelminthic activity of aqueous (infused and macerated) and ethanol extracts was 

determined against gill monogenea infecting O. niloticus. Tests were conducted in glass 

aquaria of 10 l capacity filled with three litres of aerated groundwater, each containing ten 

naturally infected O. niloticus. Aqueous and ethanol extracts were added in each tank at a 

different series of concentrations. The blank control groups with no extract were set up under 

the same experimental conditions, with 0.01 and 0.03 % DMSO as control for ethanol extracts 

of C. molle and M. tomentosa respectively. All treatment and control groups were repeated 

five times independently. Fish were not fed during the experiment and mortalities were 

recorded. After 48 hours, all the surviving tilapia were killed by spinal severance; gills were 

carefully removed with a pair of scissors and placed into a Petri dish containing tap water. 

The numbers of surviving monogeneans were counted under a stereomicroscope. The 

anthelminthic efficacy of each treatment and control group was calculated according to the 

formula proposed by Wang et al. (2008). 

        

Where AE is anthelminthic efficacy, B is the mean number of surviving monogeneans 

in the blank control and T is the mean number of surviving monogeneans in the treatment. 

Dead monogeneans were recovered according to Hutson et al. (2012). Dead parasites 

usually detached from gill arches and sank to the bottom of aquarium. Treatment and control 

solutions were filtered through a 40 µm mesh. The mesh was then washed and dead 

monogenea were collected in 250 ml tubes and fixed in 40% ethanol. These parasites were 

mounted on slides in a drop of haematoxylin and examined using a light microscope at 40 X 

in order to evaluate the effect of different extract on the parasites. 
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2.6 Statistical analysis 

Differences between treatments were analyzed using the Kruskal-Wallis and the Mann-

Whitney U-test. The significance level was taken at P < 0.05.  Effective concentration (EC50) 

was determined using the regression lines of the probit according to logarithm of the 

concentrations (Finney, 1971). Statistical analyses were performed using SPSS, Version 19. 

 

3. Results 

The prevalence of infected fish before the test was 100% and the mean number of 

monogeneans on the gills was 35 per fish. Based on the morphology of attachment and 

reproductive organs recovered parasites were identified according to Pariselle and Euzet 

(2003, 2009) as Cichlidogyrus sp. (see Figures 1a and 1b) and Scutogyrus sp. (see Figures 

2a and 2b). The results of the anthelminthic activity of aqueous and ethanolic extracts of M. 

tomentosa and C. molle  against  monogenean gill parasites of O. niloticus are presented in 

Table I.  

For M. tomentosa, ethanolic extract exhibited the highest anthelminthic efficacy (98.6 

± 3.1%) at a concentration of 500 mg/l. Aqueous macerated extract resulted in a more 

moderate anthelminthic efficacy of 55 ± 20% and 75.4 ± 8.8% at concentrations of 500 mg/l 

and 1000 mg/l respectively, with a significant difference seen between treatments (P < 0.05). 

At these same concentrations, anthelminthic efficacy of infused aqueous extract was less than 

15 %. Anthelminthic efficacy of ethanolic extracts at concentrations of 125 mg/l and 250 mg/l 

were 43.8 ± 26% and 64.5 ± 12% respectively with no significant difference between 

treatments (P > 0.05). EC50 calculated from equations of regression lines of probit according 

to the decimal logarithm of concentration were 1749.4, 398.1 and 158.5 mg/l for infused, 

macerated aqueous extracts and ethanolic extract respectively. Mortality (100%) of fish 

occurred only with ethanolic extract at 1000 mg/l.   
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For C. molle, macerated and infused aqueous extracts resulted in similar anthelminthic 

efficacy of 99.4 ± 1.2% at a concentration of 50 mg/l. The efficacy of infused aqueous extract 

was 12.2 ± 58.5% and 95.5 ± 5.8% at concentrations of 12.5 mg/l and 25 mg/l respectively, 

showing a significant difference (P < 0.05). However, at these same concentrations, 

anthelminthic efficacy of macerated aqueous extract was 48.2 ± 50.7% and 51.8 ± 34.5% 

respectively, with no significant difference between treatments (P > 0.05). Ethanolic extract 

gave an efficacy of 77.9 ± 9.2%. The calculated effective concentrations (EC50) were 17.29, 

16.2 and 12.12 mg/l for infused, macerated aqueous extracts and ethanolic extract 

respectively. Compared to M. tomentosa extracts, lower concentrations of C. molle were 

tested, as mortalities occurred at high concentrations, especially with ethanolic extract. In the 

control groups, DMSO and filtered groundwater showed no anthelminthic activity. 

 

                                    

                                  

Fig. 1a: Adult Cichlidogyrus  
Fig. 1b: Cichlidogyrus’s haptor 
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Fig. 2a:  Adult Scutogyrus Fig. 2b: Scutogyrus’s haptor 
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After the examination of the filtrates of aquaria treated with C. molle extracts, dead monogenea 

were not observed, surprisingly. We suspected that this extract destroyed all monogenea during 

the test. In aquaria treated with M. tomentosa extracts, dead monogenea from gills were 

recovered (see Figures 3a and 3b). This suggests a deworming effect of the extract. 

Reproductive organs and vitelline glands of these parasites were not visible (see Figure 4a) 

under the microscope at 40 X magnification compared to normal parasites (see Figure 4b). The 

plant extracts also caused damage to the tegument. 

                                                             

 

                                    

 

 Fig. 3a: Dead Cichlidogyrus Fig. 3b: Dead Scutogyrus 

Fig. 4a: Anterior part of a treated gill monogeneans 
with reproductive organs and vitellin glands not 
visible  

Fig. 4b: Anterior part of an 
untreated Cichlidogyrus 
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4. Discussion 

Monogeneans frequently cause severe epizootics in cultured or aquarium-held 

populations, due to the concentration of fish and parasites in confined quarters (Thoney and 

Hargis, 1991). To control these parasites a variety of synthetic anthelminthic drugs are used. The 

reports of drug resistance in parasites, drug residues, environmental contamination and host 

toxicity have discouraged the used of these products, especially trichlorfon and formalin (Yao et 

al., 2011). For now, medicinal plants products offer enormous potential in the development of 

new antiparasitic drugs, and integrated and sustainable approach to control fish parasites in 

developing countries.  

In the present study, aqueous (infused and macerated) and ethanolic extracts of the stem 

barks of M. tomentosa and C. molle were tested against monogenean gill parasites of O. 

niloticus. All the tested extracts have shown a concentration dependent activity, suggesting that 

increase in concentration enhances the bioavailability of active compounds (Mbogning-Tayo et 

al., 2014). Ethanolic extract of M. tomentosa was more effective than infused and macerated 

aqueous extracts. Hu et al. (2014) recorded the same observation between methanol and water 

extracts of Citrus medica and Dioscorea collettii against Dactylogyrus intermedius. The 

variation in activity of these extracts might be due to the difference in the proportion of the 

active components responsible for the tested anthelminthic activity resulting from the difference 

in solubility (Eguale et al., 2007). Moreover, ethanol penetrates the cellular membrane more 

easily to extract the intracellular contents more effectively (Bimlesh et al., 2010; Wang et al., 

2010a). However, high concentrations of M. tomentosa extracts were tested, as these were well 

tolerated by O. niloticus.  For C. molle, both infused and macerated aqueous extracts had 

comparable activity, with 99.4 ± 1.2% of gill monogenean mortality at 50 mg/l. The similarity 
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observed between the activity of infused and macerated aqueous extracts on gill monogenea 

could be due to the presence of similar or related water soluble chemicals having anthelminthic 

activities in nearly equivalent proportions.  

The anthelminthic activity of extracts of M. tomentosa and C. molle could be attributed to 

secondary metabolites such as alkaloids, flavonoids, glycosides, saponins, tannins and steroids 

which are present in the two plants (Temdje et al., 2012; Suleiman et al., 2013). These 

substances may contribute to the anthelminthic activity of different extracts independently or in 

combination (Hu et al., 2014). The synthetic anthelminthic drug, trichlorfon works as an 

inhibitor of the enzyme acethylcholinesterase, generating a continuous flow of stimuli from the 

nerve cells, leading to a total exhaustion of the terminal organs such as monogenean’s haptor 

(Schamhl, 1991). The extract of M. tomentosa may act in the similar way, explaining the 

deworming effect of these extracts.  Moreover, alkaloids are competitive antagonists of 

muscarinic acethylcholine receptors, preventing the binding of acethylcholine and causing 

paralysis of the worm (Bimlesh et al., 2011). Thus, alkaloids contain in M. tomentosa and C. 

molle extracts may be involved in this process. Damage at the level of the tegument and internal 

structures might occur through two ways. (i) through the transcutaneous route, with secondary 

metabolites such as saponins inducing changes in cell membrane permeability and pore 

formation (Wang et al., 2010b), allowing toxic molecules to enter the parasites and affect their 

internal organs.  (ii) By the oral route; Monogenea, whilst feeding on the mucus and epithelial 

cells of the gill, may ingest compounds which can affect their internal organs. Wang et al. 

(2010b) showed that praziquantel and toltrazuril (two conventional anthelminthics) affect the 

permeability of the cell membrane of the parasites, and cause vacuolization and disintegration of 

monogenean teguments. According to the same authors, saponins possess the same biological 
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activity, and could responsible for the anthelminthic effect of C. molle extracts, which has lead to 

total disintegration of gill’s monogenean teguments, and hence to their lysis or eradication.  

 

5. Conclusion 

This study indicates that aqueous and ethanolic extracts of M. tomentosa and C. molle 

were effective against monogenean gill parasites. However, furthers pharmacological and 

toxicological studies are required before the use of these extracts as new antiparasitic agents. 
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Educational Opportunities in Aquatic Medicine 
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Abstract  

      The need and demand for veterinarians trained in aquatic veterinary medicine has never been 
greater. Realistic projections suggest that globally there is a requirement for at least 100,000 aquatic vets 
to service the projected size of the aquaculture industry alone, yet currently it is difficult to identify much 
more than 10,000 suitably trained aquatic veterinarians.  

      This paper briefly discusses the background behind the need for a suitably trained and enlarged 
aquatic veterinary workforce. It then considers the issues in expanding the number of veterinarians 
through traditional undergraduate and postgraduate routes and concludes with how the profession and 
industry might circumvent some of the issues and bottlenecks to ensure sufficient suitably qualified 
aquatic veterinarians to provide not only for aquaculture but also the needs of ornamental fish, sports 
fisheries and wildlife. 

 

Background 
      By 2050 it is estimated that a 100% increase in global food production will be required 
(Simmons 2011). Through greater interconnectedness and speed of distribution from global 
imports and exports there is an increased risk and impact of animal diseases. A recent report 
from the World Bank (World Bank 2013) predicted that by 2030, 62% of seafood consumption 
will come from aquaculture. The President of the OIE stated in 2009 that, “predictions are that 
by 2050 half the animal protein consumed by people will come from aquaculture”.  However, the 
greatest need for an aquatic veterinary workforce derives from the impact of animal disease on 
production coupled with the recent expansion in knowledge of, and societal focus on, aquatic 
animal welfare. 

      Comparing predicted aquaculture production to similar agricultural industries (e.g. beef) one 
can estimate the global required veterinary workforce.  Using these comparisons the requirement 
for 100,000 veterinarians is not unrealistic, and could, once one includes sectors such as sports 
fishing and ornamentals, be considerably more than this figure. The biggest database of aquatic 
veterinarians (www.aquavetmed.info) indicates there are currently around 10,000 veterinarians 
identifiable (roughly twice the number currently registered).  Recognition of Aquavetmed does 
vary by country so once again this does not seem an unrealistic figure which could be higher. 
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Whether or not one agrees with these figures they do provide at least some basis on which to 
consider the necessary educational opportunities required. 

      There are numerous organisations looking at how veterinary education can address 
contemporary societal needs, incorporate new technologies and how to harmonize and 
standardize veterinary education through accreditation. These include the European Coordination 
Committee on Veterinary Training (ECCVT), the European Association of Establishments for 
Veterinary Education (EAEVE), the North American Veterinary Medical Education Consortium 
(NAVMEC), the World Veterinary Association (WVA) and the World Organisation for Animal 
Health (OIE). Through the OIE’s Performance of Veterinary Services (PVS) tool/pathway the 
OIE has developed two documents, one outlines a model Veterinary Education Core Curriculum 
(OIE 2013) and the second what are the required day one competencies expected of a graduating 
veterinarian (OIE 2012). The second document states in the last paragraph of Section 1.2 Scope 
that, “Animal production, in particular the growing sector of aquaculture, is key to satisfy the 
growing global demand for food. Aquatic animal health programmes need to be strengthened 
and, to this end, the involvement of veterinarians with competence in aquatic animal health 
should be assured” and “However, the aquaculture sector is not of equal importance to all 
countries. Therefore, veterinary education establishments should address competence in aquatic 
animal health as appropriate to the importance of the aquaculture sector in the country or 
region”. 

Current Veterinary Training 
    Historically the veterinary profession has responded to changes in societal needs and 
requirements. This can be broadly seen through initial provision of services for equines, 
progressing to farm services and most recently the expansion of small animal services. For 
aquatic veterinary medicine it can be seen that where there is an active aquatics industry, 
veterinary schools have introduced appropriate courses. As examples, there has been a Chair of 
Fish Diseases at LMU (Ludwig Maximilian University) Munich veterinary school for over 100 
years due to local carp production, the development of aquaculture in Scotland led to the 
establishment of the Institute of Aquaculture Stirling, but not undergraduate training in the 
countries veterinary schools, the University of Florida has long been involved in ornamental fish 
medicine based on Florida’s historic importance within that trade, and other examples can be 
found such as the Atlantic Veterinary College at UPEI (University of Prince Edward Island) and 
the Norwegian Veterinary Institute. Veterinary schools introduce new content to courses when 
the economic environment is suitable for the maintenance of private practice. It is also necessary 
that staff recognise the importance and diversity of aquatic veterinary medicine as demonstrated 
by North Carolina State University College of Veterinary Medicine (see 
www.cvm.ncsu.edu/dvm) where there has been an aquatics department providing courses since 
its founding in 1981, with these courses often enrolling more than 100 students (G. Lewbart pers. 
Comm).       



C. Walster 
 

29 
 

Within the UK it is only in the in the last few years that both Edinburgh and Glasgow Veterinary 
Schools have offered the option of final year electives in aquaculture despite the importance and 
size of the aquaculture industry there. DeHaven and Scarfe (OIE 3) noted in a 2011 presentation 
that 58% of veterinary schools in 19 European countries provided some education in aquatic 
animal veterinary issues and that surveys carried out during the 1990’s indicated 84% of 
veterinary schools in North America provided content relevant to aquatic veterinary issues. The 
Federation of Veterinarians of Europe (FVE) has an aquaculture working group and in 
conjunction with EAEVE is looking to update the information on the provision of aquatic 
veterinary medicine teaching within Europe. It can be difficult to identify courses specific to 
aquatic veterinary medicine as they are often included in lectures on exotics and public health (R 
Soutar pers. Comm.). However, it should not be forgotten that few veterinary undergraduate 
courses expose students to all animal species and that regardless of species the fundamentals of 
diagnoses, treatment, surgery and regulatory framework is similar. As a result, despite an 
apparent lack of opportunity at the undergraduate level, it could be argued that undergraduates 
receive 90% or more of the training they require to enter a career in aquatic veterinary medicine.     

      Additionally it can be difficult for undergraduates to gain practical experience during periods 
of extra mural studies (EMS). There are few private practices that focus on aquatic veterinary 
medicine with the situation for many practices being that aquatic veterinary medicine is a minor 
part of turnover. Thus students often need to gain experience through academic departments, 
research facilities or public aquaria. Within the UK, public aquaria do not employ full time 
veterinarians as opposed to the situation in the USA, nor are there similar courses such as 
Aquavet(www.vet.cornell.edu/aquavet),Seavet (http://aquatic.vetmed.ufl.edu/education/courses), 
and Marvet (www.marvet.org) (all are also open to postgraduates). An undergraduate often 
needs to source experience and be prepared to travel to gain it.  

      Turning to post graduates it is clear that for those wishing to continue along an academic 
track there are numerous opportunities for an MSc or PhD. As example, all of the UK veterinary 
schools are currently active or have previous experience in research related to aquatic animal 
health and welfare. Disincentives to follow this route may include student debt, lack of 
awareness of aquatic veterinary medicine opportunities and a desire to earn income.  

      For practitioners the options include taking a career break and returning to full time study, 
enrolling in on-line course such as Master, Post Graduate Diplomas and Certificates. All of these 
require periods away from practice and as a result some find it preferable to go down the 
“Board” Certification or Diplomate route which is more flexible when it comes to study and 
gaining experience. Currently there is no RCVS (Royal College of Veterinary Surgeons) 
Certificate module in fish health although it is rumoured that Edinburgh University may act as 
the accrediting university, and indeed the only purely aquatic animal health certificate or diploma 
offered globally is from the Australia New Zealand College of Veterinary Scientists through 
their Aquatic Animal Health Chapter (ANZCVS). In Europe the European College of Aquatic 
Animal Health (ECAAH) was accepted during the early part of 2014 and within the USA there 
are moves to organise a Board Diploma by the American Association of Fish Veterinarians. 
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However, a stumbling block might be how sustainable this award may be, as a diploma is more 
costly and attracts less people than say a certificate. Few diplomats see an increase in their 
salary, so the only reason for doing this is professional satisfaction.  . It is one reason why 
WAVMA went down the CertAqV route. 

In South Africa the veterinary authorities are working towards a system of aquatic medicine 
accreditation with the first aquatic veterinarian specialist award having been made (D Scarfe 
pers. Comm.).  Whilst these routes offer considerable flexibility they can still be expensive. As 
example, the cost of obtaining Diplomate status with the ANZCVS can cost around A$20,000 
(approximately £11,000) (R Loh, pers. Comm.) and the return on investment is low. Once again 
applicants need to find sources of funding to assist with the costs. 

 

The future 
      The benefits the veterinary profession provides to increased food production and food 
security are well recognised (Bonnet et al 2011) but equally so is how full undergraduate 
veterinary curricula are (Hartman et al 2006). Whilst most authors agree it is preferable to 
provide aquatic veterinary medicine teaching within veterinary schools it is unlikely to happen 
soon. Indeed, even if more veterinary schools were convinced of the relevance of aquatic 
veterinary medicine it could take as long as 10-15 years for them to gear up. Using the workforce 
requirements previously mentioned, the maintenance/replacement of 100,000 veterinarians is 
currently equivalent to the annual output of 30 veterinary schools (total number of USA 
veterinarians is approximately 100,000 with 29 veterinary schools in that country) which is 
roughly 7% of the total number of veterinary schools globally recorded by the World Veterinary 
Association (WVA).  Does this figure provide sufficient encouragement to ensure adequate 
training at the undergraduate level? The most likely source of encouragement would seem to be 
from the aquatic veterinary profession and industries themselves.   

To some extent this encouragement is already being provided by the profession. The Fish 
Veterinary Society (FVS) provides free student membership and scholarships to attend their 
annual scientific meetings. The World Aquatic Veterinary Medical Association (WAVMA) 
provides incentives for students to form Veterinary School Chapters and provides Aquatic 
Veterinary Education Grants through the WAVMA/AVMA (American Veterinary Medical 
Association)/AVMF (American Veterinary Medical Foundation) programme. Many members of 
the profession provide talks to students thus increasing awareness of aquatic veterinary medicine, 
and most mainstream congresses/conventions (e.g. WVA, WSAVA (World Small Animal 
Veterinary Association), FVE (Federation of Veterinarians in Europe), AVMA, NAVC (North 
American Veterinary Community) & FAVA (Federation of Asian Veterinary Associations)) now 
provide aquatic veterinary streams. To be more effective, it is necessary that the 13 or more 
aquatic veterinary organisations globally learn to coordinate and cooperate with each other to 
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further develop and disseminate aquatic veterinary education and knowledge, promote increased 
awareness among veterinarians and students of the options and work available, whilst working 
with the various industries to ensure sufficient trained veterinarians are produced.  

      There is also a need for the profession to develop novel methods of education and 
recognition to circumvent the lag phase in the development of veterinary curricula, the lack of 
teaching time within veterinary curricula to include yet another subject, and the needs of current 
practitioners for training and recognition. To this end the internet provides suitable tools such as 
websites and social media to help with promotion as well as educational tools through webinars 
and Massive Open Online Courses (MOOC’s). Use of the internet increases accessibility but 
does not defray costs fully. The cost in time, materials and staff for a university department to 
produce and run a MOOC through a platform such as Coursera® (www.coursera.org) can be as 
much as $20 - $30,000. However, participation can run into the tens of thousands. Currently 
there are no specific aquatic veterinary medicine MOOCS but practitioners can engage and 
update their knowledge for free in diverse subjects such as epidemiology, genomics, proteomics, 
epigenetics, model thinking (using models to simulate life e.g. tipping points, Markov process, 
decision theory) and medical statistics. As with any course the quality and teaching can be 
variable, but it is possible that each 10 week course can be equivalent to a module in a Masters 
from a learning perspective. 

     Some specific examples of where the profession is utilising these methods includes 
WAVMA’s Certified Aquatic Veterinarian Program (CertAqV), LMU’s Fish Welfare Dialogue 
and e-learning platform, a series of webinars from “The Aquarium Vet” aimed at curators and 
veterinarians working in public aquaria and WAVMA’s Clinical Corner. All are striking 
examples of where the internet can be used to provide education at convenient times to those 
who access them at a comparatively low cost compared to other sources of CPD(Continuing 
Professional Development)/CEPD. 

      The CertAqV has a minimum standard or level of knowledge, skills and experience 
equivalent to “Day 1” competency in aquatic veterinary medicine, a level to that expected when 
graduating with a veterinary degree and is open to practitioners and students although the 
certificate will not be awarded until students graduate. It provides useful guidance for veterinary 
schools wishing to explore the topics needed to complete an aquatic veterinary medicine 
curriculum and can be seen to act as a stepping stone for those wishing to progress to “Board 
Certification”. The course has nine core subject matter modules: 
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1. Life Support & Environmental Systems 
2. Taxonomy, Anatomy & Physiology 
3. Industries & Husbandry 
4. Disease Pathobiology & Epidemiology 
5. Diseases, Diagnostics & Treatment 
6. Public Health, Zoonotics & Seafood Safety 
7. Legislation, Regulations & Policies 
8. Practical Veterinary Experience, Client Communications & Entrepreneurship  
9. Principles of Aquatic Animal Welfare & Well-being 

 

These modules target support at, essential areas in veterinary curricula that might not be covered, 
existing veterinary programs, national and international regulatory veterinary workforce 
programs and client/industry needs. The applicant is required to nominate a mentor from a list 
provided, whom they work with to gain and submit documentation of sufficient experience in 
each module. This documentation is then further assessed by their peers (those who have 
previously passed the certificate). Since launch in December 2013 over 40 veterinarians have 
either completed or are going through the process. The program description has been circulated 
to FVE and veterinary schools in Norway and Hong Kong who have expressed enthusiasm. 

      To coincide with World Veterinary Day in 2014 (26th April), LMU’s department of Fish 
Diseases and Fish Biology launched a series of webinars given by recognised speakers on 
various aspects of fish welfare. This will be coupled with an e-learning system and dialogue 
forums open to both professionals and the public. Potentially it may be one of the first veterinary 
MOOCs, as previously described, MOOC’s are not necessarily cheap and the further use of this 
system is one area where the various veterinary organisations may wish to collaborate. 

      For the past few years “The Aquarium Vet”, in Australia, has provided monthly webinars as 
part of the e-quarist course he provides.  These webinars provide much useful information for 
students. 

      A recent addition to WAVMA’s website is the clinical corner. Here members can watch 
presentations and videos on a specific disease presentation and then can enter in to a dialogue 
and ask questions with other members and the presenter. This compliments and provides learning 
for those registered with the CertAqV. Through collaboration with Michigan State Veterinary 
School there is currently a good supply of new material and it is hoped that as the system 
becomes more familiar, practitioners will be more confident, to submit their own material. 
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Conclusions 
      It is clear that there will be a need for a marked increase in the number of aquatic 
veterinarians and there is a question mark over whether traditional veterinary education can meet 
that need. The profession and aquatics industry must work together to develop novel channels for 
learning not only to provide for future needs but also the requirements of existing practitioners. 
Further clarity is needed to accurately assess the number of veterinarians currently available, the 
numbers needed to meet projected targets and provide for the needs of current veterinarians. 
Until such clarity is obtained it would behoove the profession and industry to work together to 
ensure adequate provision of training and to ensure the future of aquatic veterinary medicine. 

Web Resources 
 
American Association of Fish Veterinarians (AAFV) 

www.fishvets.org  

 

Australian and New Zealand College of Veterinary Scientists (ANZVC)  

www.anzcvs.org.au  

 

Aquamed. Gulf States Consortium for Aquatic Pathobiology, Baton Rouge LA  
www.vetmed.lsu.edu/aquamed.htm 

 

AquaVet I and II. University of Pennsylvania/Cornell University 

www.vet.cornell.edu/aquavet/generalinfo.cfm   

 

Federation of Veterinarians in Europe (FVE) 

www.fve.org  

 

 

Fish Veterinary Society (FVS) 

www.fishvetsociety.org.uk  

 

Marine Veterinary Medicine (Marvet). 

www.marvet.org/ 
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Seavet. University of Florida.   

www.aquatic.vetmed.ufl.edu 

 

The Aquarium Vet 

www.theaquariumvet.com.au  

 

World Aquatic Veterinary Medical Association (WAVMA) 

www.wavma.org  

 

World Veterinary Association (WVA) 

www.worldvet.org/education.php 
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Abstract 

In the history of salmonid aquaculture, the negative economic impact of viral and bacterial diseases is well known. 

Along with these, several diseases caused by eukaryotic microorganisms, such as the whirling disease and 

proliferative kidney disease of salmonids, were important almost to the same degree and have been subjects of 

milestone studies on life cycles of myxosporeans. Currently, also free-living amoebae are recognized as important 

eukaryotic agents responsible for losses in both seawater- and freshwater-reared salmonids. As against Amoebic 

gill disease (AGD) of marine fish, Nodular gill disease (NGD) caused by free-living amoebae in rainbow trout has 

received less attention. Our understanding of amoebic aetiology of NGD and its component causes/contributing 

factors is still not sufficient. There are numerous topics of interest that are related to the biology of so-called 

amphizoic amoebae, i.e., free-living amoebae capable to colonize fish gills and, less frequently, other organs. The 

same applies to risk factors involved in disease outbreaks (e.g., density of populations, quality of water including 

oxygen concentration) and to pathogenesis of gill lesion and possibilities of disease control related to the extent of 

pathological changes. 

 

Background 

The introduction of free-living amoebae as potential pathogens of fish in general and of farmed salmonids 

specifically was preceded by recognition of amoebic infections in the digestive tract of salmonid 

fingerlings. The agent Schizamoeba salmonis Davis, 1926 was described and documented by 

diagnostically valuable line drawings that testified its relationship to microaerophilic archamoebae (Davis 

1926; Noble and Noble 1966). Along with Entamoeba spp. diagnosed in other fish species, S. salmonis is 

considered a non-pathogenic, specific endocommensal (Noble and Noble 1966; Lom and Dyková 1992). 
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Amoebae associated with gill alterations of rainbow trout belong to a heterogeneous group of aerobic 

organisms with representatives within four of five supergroups of eukaryotes whose evolution differed. 

Despite of this, free-living naked amoebae have much in common as regards their biology. Shape 

changeability of trophic stage due to the lack of firm structures and ability of adhesion to substrates that 

can be followed by multiplication seem to be the principal common features. Gill lesions in fish 

associated with amoebae were reported for the first time by Sawyer, Hnath and Conrad (Sawyer et al. 

1974, 1975). Unfortunately, Thecamoeba hoffmani that they described as the agent of gill lesions in 

salmonid fingerlings was not documented in sufficient detail allowing comparison with current valid 

species of free-living amoebae. Daoust and Ferguson (1985) and Ferguson (1989) were the first to 

describe a nosological entity characterized as multifocal epithelial hyperplasia accompanied by presence 

of amoebae in gills of freshwater salmonids. They called it Nodular gill disease (NGD) evidently because 

of specific alterations of gill filament tips resembling small nodules grossly and club-shaped formations 

histologically. The causative agent of these lesions was assigned to the family Cochliopodidae and 

Cochliopodium sp., respectively (Daoust and Ferguson 1985; Ferguson 2006). Series of other reports on 

gill diseases in freshwater salmonids (Speare 1999; Buchmann et al. 2004; Antychowicz 2007; Tubbs et 

al. 2010) were either attributed to amoebae in general or did not contain an appropriate documentation of 

the agent diagnosed. Many other NGD cases were presumably not reported due to difficulties in 

recognition of amoebae. The increasing number of NGD outbreaks in rainbow trout farms has initiated 

studies supported by novel data accumulated on free-living amoebae in general. The aim of this 

contribution is to summarize the principal data available on NGD currently along with key questions 

arising from gaps in our knowledge. 
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Nodular gill disease from the view of a diagnostic pathologist 

Comparison of cases that have been a source of our experience shows that preliminary diagnosis of NGD 

based on the presence of clinical symptoms and gross lesions is usually made by farm specialists. They 

are good observers sensitive to changes of fish behaviour and are able to recognize early stages of disease 

with delicate changes in colour, size and surface appearance of rainbow trout gills (Fig. 1). Sometimes the 

farm authorities underestimate the possibility of a fast development and spread of NGD if favoured by 

contributing factors. 

The examination of altered gills in fresh, using scrapes, squashed pieces of tissue and imprints can easily 

confirm preliminary diagnosis of NGD if amoebae are recognized. Unfortunately, routine methods of 

examination falls far short of informing us about the generic, and even less, specific assignment of the 

amoebae observed. Changeability of cell shape that characterizes especially the so-called naked amoebae 

(Gymnamoebia) makes the generic diagnosis extremely difficult when amoebae are observed under the 

pressure of coverslip or in osmotically artificial conditions. Morphological diagnosis of amoebae requires 

comparison of multiple individuals in trophic stage with known trophozoite morphotypes, described 

within each group of amoebae under ideal conditions of observation, i.e., hanging drop preparations. The 

latter method allows trophozoites to display their important morphological characteristics. The 

observation of live amoebae in hanging drop preparations with the aid of Nomarski differential 

interference contrast (DIC) has proven to be the best of light microscopical methods. Unfortunately, it can 

hardly be applied in the initial phase of diagnostic work when only a mixture of mucus, gill tissue and 

trophozoites are available for observation. The importance of an adequate method of observation of 

amoeba morphology is shown in Fig. 2. 
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FIG 1: Gross lesions as observed in initial and 

advanced stages of NGD. 

 a) and b) Moderate hyperplasia combined with 

hypertrophy of gill epithelium seen as 

“clubbing” of gill filament tips.  

c) Gross lesions in final phase of NGD: necrotic 

changes caused by alterations of 

microcirculation manifest as white patches. 

 

 

 

 FIG 2:  a) Trophozoites of Naegleria sp. 

observed in hanging drop preparation using 

Nomarski DIC display features facilitating 

generic diagnosis. Monopodial eruptive cells are 

characteristic of the genus).  

b) Trophozoites of Naegleria sp. observed in 

translucent light under the pressure of coverslip 

resemble different morphotype of another genus 

(compare with Fig. 2c).  

c) Trophozoites of Vannella sp. as seen in 

hanging drop preparation using Nomarski DIC. 

  

 

 

 

 

 

 

 

 



Amoebic infections in freshwater salmonids 

Fish Veterinary Journal  •  Number 15 • 2016 
 

FIG 3: Histopathological changes characteristic 

of NGD. Right: gill filament still has unaltered 

secondary lamellae. Left: gill filament is altered 

by hyperplasia of epithelium. Amoebae are 

marked with arrows. H&E x 390. 

 

 

FIG 5: Advanced stage of NGD. Left side of 

gill filament manifests massive alterations. 

Note numerous amoebae associated with 

lesion.  H & E x 210 

FIG 4: Fusion of gill secondary lamellae due 

to hyperplasia combined with hypertrophy 

of epithelium. Amoebae are marked with 

arrows. H&E x 370. 
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FIG 6:  Hyperplasia of epithelium in gills 

affected by NGD changes the architecture of the 

organ in irreversible way. Surface available for 

exchange of oxygen between water and blood 

has diminished. H&E x 200. 

 

FIG 7: Club-shaped tip of gill filament 

transformed by adhesion and multiplication of 

amoebae. H&E x 200

FIG 8: Representatives of five genera of free-living amoebae isolated from gills of rainbow trout with 

fully developed NGD:  a – Naegleria sp., b – Vannella sp.  c – Acanthamoeba sp. 

d – Protocathamoeba sp.     e – Vermamoeba sp
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Histopathology of NGD 

This short overview on pathogenesis of NGD is based on both, targeted histopathological examinations of 

diseased fish and routine checks of fish health in farms with/without history of repeated outbreaks. Both 

sources of data contribute to our knowledge of early as well as advanced stages of NGD. This disease has 

not been reproduced experimentally in order to study gill lesions throughout their development. 

Hyperplasia of gill epithelium, especially in early stages combined with hypertrophy of epithelial cells, 

along with an increased production of mucus have been noticed as the predominating basic pathological 

processes since the onset of NGD when first trophozoites of amoebae attach to the epithelium. 

Pronounced changes of gill architecture observed in advanced stages of infection consist of the fusion of 

hyperplastic secondary lamellae, enormous hyperplasia of gill epithelium in tips of filaments, alterations 

in microcirculation and, as a consequence of the latter, occurrence of necrotic foci (Figs 3–7). In gill 

samples taken for histopathological examination, both the presence/absence of amoebae at the beginning 

of infection and their numbers on the surface of hyperplastic epithelium in advanced stages of disease 

may differ, because they are influenced both by the nature of infection and suitability of the fixative 

applied. Due to its fast penetration Davidson’s fixative is superior to the routinely used 10% neutral 

buffered formalin (NBF) both for tissue structure and amoeba trophozoite retention in stained sections. 

Unfortunately, histology, whether using NBF or Davidson’s brings no useful information on trophozoite 

morphology necessary for generic assignment of the agent, i.e., a reasonably exact aetiological diagnosis. 

Thus the evaluation of gross lesions plus examination of fresh and fixed material, which in many other 

fish diseases are sufficient for final diagnosis, fail in infections caused by free-living amoebae. In this 

respect, derivation of the disease name from the typical lesions (but not involving the name of agent) by 

Daoust and Ferguson (1985) was far-sighted and should be appreciated.  
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Current data on aetiology of NGD inferred from isolation attempts 

Similarly as in studies of other eukaryotic organisms, the results of isolation attempts and subsequent 

culturing of isolated organisms have substantially contributed to the knowledge of free-living amoebae 

capable to colonize gills of freshwater salmonids. Methods of isolation have been those originally 

described by Page (1988) and Kalinina and Page (1992) and later applied by Dyková and collaborators 

(Dyková and Lom 2004; Dyková and Kostka 2013).  

To date, the isolation attempts from rainbow trout with fully developed NGD have resulted in 

establishment of 18 strain representatives of five genera of naked amoebae, including Acanthamoeba (4 

strains), Naegleria (3), Protacanthamoeba (1), Vermamoeba (3) and Vannella (7) along with a naked 

amoeba strain that is still in the process of determination and a testate amoeba strain (Dyková and Tyml 

2015) (Fig. 8). Numerous Vannella isolates may give the impression that the “true agent” has been 

discovered, however, vannellids are frequent and the most easily culturable amoebae present on gills of 

healthy fish. Also, their adhesion ability is mostly weaker than that of other amoeba strains. In 

consequence, Vannella presence in NGD cases is currently considered of low importance. A massive 

infection of rainbow trout gills by the testate amoeba Rhogostoma minus Belar, 1921 observed in a 

culminating NGD outbreak has widened the spectrum of potential primary/contributing agents and, at the 

same time, brought to light the importance of an appropriate moment of sampling (Dyková and Tyml 

2015). In the latter case, and corresponding to the current knowledge, naked amoebae were suspected to 

be the main cause of disease but, as against R. minus, were isolated from a minority of diseased fish, 

which probably reflected an inappropriate moment of outbreak sampling. 

From asymptomatic rainbow trout, a total of 34 strains have been isolated; 26 of those belonged to five 

nominal Naegleria species; another 8 strains belonged to five non-vahlkampfiid genera of free-living 

amoebae (Acanthamoeba, Protacanthamoeba, Ripella, Vannella and Vermamoeba). All these strains have 

been determined using morphological criteria and molecular markers (our long-term studies; see in 

Dyková and Kostka 2013). As may be seen, the spectrum of amoeba species isolated from diseased vs. 
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asymptomatic rainbow trout is similar. At the same time, isolation of several strain representatives of 

different genera from a single fish is not uncommon. In summary, the aetiology of NGD is far from being 

clear. 

 

Direct diagnosis of NGD agent by in situ hybridization 

The isolation of different amoeba species from a single individual of fish and the variety of amoeba 

species combinations isolated from different individuals of the same stock suggest that the aetiology of 

NGD may be heterogeneous. That is why we attempted to identify the amoeba genus directly in gill 

lesions. In a case of NGD, in situ hybridization (ISH) method adopted from Young et al. (2008a) was 

applied as the direct diagnostic procedure using amoeba positive histological sections and digoxigenin-

labelled oligonucleotide probes designed from the SSU rDNA sequences of the most common genera of 

free-living amoebae. The probes were synthesized by Metabion (Germany) and checked up by the ISH 

procedure and with trophozoites of corresponding strains that either were attached onto poly-lysine-

coated slides or fixed on agar plates, washed off and then pelleted, embedded in Histoplast and sectioned 

as tissue material (Dyková et al. 2010). Supported with a series of controls, the ISH proved that the 

amoebae found in histological sections from affected gills of a rainbow trout were identical with a 

Naegleria sp. strain obtained by isolation from the same individual  

fish (Dyková et al. 2010). The same Naegleria species was diagnosed among potential pathogens in 

another case of mixed infection by naked amoebae and the testate amoeba R. minus (Dyková and Tyml 

2015). Phylogenetic analysis of ITS1, 5.8S and ITS2 sequences that are currently used for identification 

of Naegleria spp. revealed a close relationship of the studied strains with Naegleria dobsoni De 

Jonckheere, 2004 (unpublished). The method faced a series of problems related to fixatives, availability 

of histologically positive semi-serial gill sections, low number of amoebae that remain attached to the gill 

epithelium after the completion of histological protocol, etc. Overall, our attempts of direct diagnosis of 

an agent in gill lesions have shown that ISH is a powerful diagnostic tool, which, however, requires a 
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series of prerequisites not easy to comply with on a fish farm. Before this method may find a wide 

laboratory application it should be modified in terms of ensuring that DNA of amoebae does not degrade 

by gill sample fixative and, generally, the procedure should be simplified. 

 

Sources of infection / Infection sources 

The ubiquitous distribution of free-living amoebae in soil and aquatic habitats has been well documented 

in monographs, reviews, introductions to case reports and papers on medically important genera. Modern 

sequence-based approaches in ecological research on microbial eukaryotes that have been applied in 

studies of total diversity of ecosystems clearly show the important role of free-living amoebae. They are 

the prevailing unicellular organisms in freshwater bodies and the main predators controlling populations 

of bacteria in water and soil.  

For individual fish farms the water supply and its vulnerability to contamination with unusual number of 

amoebae (either of water or soil origin) is of primary importance. Harmless presence of amoebae in 

communities of diverse microorganisms is a constant phenomenon even in farms that never did 

experience NGD outbreaks and which comply with strict sanitary regulations. Amoebae can be found, for 

example, in samples obtained as large-volume water filtrates or in biofilms that cover the inner surface of 

tanks at the water-air interface. In a farm, up to four different amoeba species (members of different 

genera) were isolated from a small amount of biofilm samples whose volume did not exceed an 

equivalent of rice grain. Analyses of information collected from producers who experienced outbreaks of 

NGD have shown that outbreaks were preceded by unusual events in the environment supplying farm 

with water that in turn provoked unusual propagation of amoebae on farms. Heavy rains or inundations 

with changes in water temperature and turbidity were mentioned as those environmental events. 
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NGD and AGD, significant similarities and differences  

No substantial difference can be found in the spectrum of lesions and pathogenesis of NGD in freshwater 

rainbow trout and those of AGD in Atlantic salmon, which makes us compare also the results of 

aetiological studies. In AGD of Atlantic salmon, which has received a great attention in the last decades, 

the aetiology has been solved and Paramoeba perurans declared the only agent (Young et al. 2007, 

2008b). Diagnosis of AGD agent is not difficult in histological sections due to the fact that Paramoeba 

trophozoites contain in the cytoplasm a vitally important obligate eukaryotic symbiont (Perkinsela-like 

organism) seen as a structure of almost the same size as the amoeba nucleus. None of the potential agents 

of NGD known to date has a specific structure discernible in histological sections. As mentioned above, 

identification of freshwater free-living amoebae is only possible by isolation and culturing followed by 

morphological and molecular analyses.  

The agent of AGD, same as freshwater amoebae (potential agents of NGD studied by us), is sensitive to 

changes in salinity. A substantial change in salinity is the basis of long-term practice in AGD control via 

freshwater baths. In potential agents of NGD, amoebicidal effect of seawater (75% artificial seawater; 

Sigma) has been proven in laboratory cultures of trophozoites; however, neither sensitivity of various size 

categories of rainbow trout in relation to particular sea salt concentrations nor exposure times have been 

tested, nor costs of such control measures calculated. In summary, as against AGD, the data collected on 

NGD are still fragmentary and inconclusive as far as its aetiology and control are concerned.   

 

Priority areas of research on NGD, perspectives and prospects 

The data collected on NGD to date are consistent with the concept that free-living amoebae are potential 

pathogens, so their role in gill disease conditions of freshwater salmonids (and other farmed fish) should 

be further studied.  

The aetiology of NGD is a big diagnostic challenge. Detailed aetiological studies of NGD should explain 

the so far inconclusive results of isolation attempts (see above), i.e., determine whether or not the 
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inconsistent data on amoeba species involved reflect amoeba multi-species aetiology of NGD. Findings of 

the unexpected testate amoeba (Rhogostoma minus) and an undetermined amoeboid organism in 

association with NGD lesions emphasize even more the need to collect additional data on outbreaks, 

taking into account all potential agents known from asymptomatic cases.   

The direct diagnosis of Naegleria sp. in rainbow trout gill lesions, frequent findings of these amoebae in 

asymptomatic fish, and the life cycle with actively moving flagellated stage support naegleriae as strong 

candidates among the prospective agents; currently, however, the problem cannot be simplified to 

Naegleria spp. being the only, true NGD agents. Thus, contrary to AGD, in NGD the attention should be 

turned to the possibility of heterogeneous, amoeba multi-species aetiology.  

Convincing results of aetiological studies could create conditions favourable either for vaccination or for 

aetiological treatment. To the best of our knowledge, ambitious projects on DNA vaccine control in AGD 

are in progress.   

To achieve a confident aetiological diagnosis of NGD, surveillance of as many cases as possible is 

desirable, as is the application of the direct ISH diagnostic method. The latter, however, can only succeed 

if a sufficient number of amoebae remains attached on gills after fixation with NBF (its pH should be 

neutral indeed!) for no longer than necessary (maximum 12 hr) time and storage in 70% ethanol at 4°C 

before being processed for histology. Selection of adequate histological sections is also a crucial step. Of 

the same importance is the quality of reference material (i.e., pelleted cells of a defined amoeba culture) 

for testing oligonucleotide hybridization probes. Fortunately, the ISH procedure requires probes specific 

and sensitive at the level of amoeba genus only and such probes are ready for most free-living amoebae 

genera because they have been designed for their molecular studies. In the context of direct diagnosis of 

NGD agents in gill lesions accentuated above it is necessary to note that isolations of free-living amoebae 

from gills of clinically diseased fish along with a simultaneous study of the strains thus established can 

contribute also to the knowledge of free-living amoebae as vectors of bacterial infections. Ultrastructural 
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studies of free-living amoebae have helped select amoeba strains containing potential fish-pathogenic 

bacteria that survive phagocytosis and proliferate in the cytoplasm of amoebae in huge amounts as well as 

strains containing bacteria as obligate endosymbionts (Fig. 9). Bacteria associated with some free-living 

amoebae have attracted considerable attention because of their proven role in human diseases; bacterial 

endosymbionts of amoebae isolated from fish and their pathogenicity, however, have rarely been studied. 

Rickettsiae (Dyková et al. 2003) and chlamydiae (unpublished) in amoeba strains isolated from fish 

certainly present a challenge for future research. 

 

FIG 9: a) Bacteria multiplying in cytoplasmic vacuoles of Acanthamoeba sp.  b) Trophozoite of an 

undetermined free-living amoeba containing enormous amount of bacteria. 
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Summary 
Treating aquarium fish in the past has utilized many drugs that are not approved for veterinary use by the 
United States Food and Drug Administration. Historically these unapproved medications have still been 
marketed through pet stores and pond supply companies. Over the last few years there have been some 
new medication options approved to use in treating aquaculture (food fish) species, and some of these 
have application for treatment of tropical aquarium fish diseases. Many of these medications are safer 
not only for the fish, but also for the person using the medication. Many of the medications used for 
treating fish are the same as those used in our other veterinary patients, but some are unique to treating 
fish and not available through the normal pharmacy distrubution network.  
 
Veterinarians in the United States (US) can choose any approved drugs to use on our patients, even if the 
approved drug is not labeled for the species or purpose for which we use it. This is extra-label use of 
FDA-approved drugs, and it allows access to medications that otherwise would not be available for the 
species seen in aquatic veterinary medicine. 
 
Chemical treatments (drugs) are approved by the US Food and Drug Administration (FDA), and 
biological treatments (vaccines) are approved by the US Department of Agriculture (USDA). Below is a 
list of the currently approved or indexed medications for use in aquaculture. 
 
Approved Drugs (FDA 2016) 
 
Immersion (added to the water) 
Chloramine-T 
 Halamid® Aqua – NADA 141-423 
Formalin (37% formaldehyde solution) 
 Formalin-F™ - NADA 137-687  
 Formacide-B - ANADA 200-414  
 Parasite-S® - NADA 140-989  
Hydrogen peroxide 
 35% PEROX-AID® - NADA 141-255  
Oxytetracycline hydrochloride 
 Oxymarine™ – NADA 130-435  
 Oxytetracycline HCl Soluble Powder-343-ANADA 200-247  
 PENNOX 343 - ANADA 200-026   
 TERRAMYCIN 343 (oxytetracycline HCl) Soluble Powder – NADA 008-622  
 TETROXY Aquatic - ANADA 200-460  
Tricaine methanesulfonate 
 Tricaine-S – ANADA 200-2 

Proceedings 
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Injectable Drugs 
Chorionic gonadotropin 
 Chorulon® - NADA 140-927  
  
Medicated Feeds 
Florfenicol 
 Aquaflor® - NADA 141-246 - Original approval, enteric septicemia of catfish; 
 Supplemental approval: coldwater disease in salmonids; 
 Furunculosis in freshwater-reared salmonids; 
 Streptococcal septicemia in freshwater-reared warmwater fish;  
 Columnaris disease in freshwater-reared finfish; and increase the dose for enteric septicemia for 
catfish.  

 
Oxytetracycline dihydrate 
 Terramycin® 200 for Fish - NADA 038-439  
Sulfadimethoxine/ormetoprim 
 Romet-30® - NADA 125-933 - original approval 1984 
 Sulfamerazine - NADA 033-950- original approval 1967 - not currently marketed 
 
Drug Indexing (FDA 2015) 
 
Minor Uses and Minor Species (MUMS) Animal Health Act of 2004. 
The Index of Legally Marketed Unapproved New Animal Drugs for Minor Species (the Index) is a list of 
new animal drugs intended for use in non-food producing minor species (species other than dogs, cats, 
horses, cattle, swine, turkeys, and chickens) that have had their safety and effectiveness affirmed through 
an alternative FDA review process. In many cases, minor species drug products are intended for uses that 
cannot reasonably go through the standard drug approval process. They are often intended for use in 
species too rare or varied to be used in traditional safety and effectiveness studies. The Indexed drugs will 
be especially helpful to individuals treating animals or classes of animals representing markets too small 
to support the costs of the drug approval process.  
 
The Index of Legally Marketed Unapproved New Animal Drugs for Minor Species (Aquatics): 
Western Chemical Inc. 
 sGnRHa + domperidone - Ovaprim® Injectable (intraperitoneal, intramuscular).  
      For use as a spawning aid in ornamental finfish broodstock. 3/17/2009   
 Metomidate hydrochloride - Aquacalm™ Soluble powder.  
      For the sedation and anesthesia of ornamental finfish. 6/3/2009 
 
 
 
Extra-Label Use: The actual or intended use of an FDA-approved drug in a manner that is not 
in accordance with the approved label directions. Extra-label use is permitted only by, or on the 
order of, a licensed veterinarian when a valid veterinarian-client-patient relationship exists.  
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Currently Available Biologics for Fish (USDA 2016): 
 
NOVARTIS ANIMAL HEALTH, INC., U.S. Veterinary Permittee No. 303A,  
 Aeromonas Salmonicida Bacterin, Code 2035.02 (01JUN05)  
 Arthrobacter Vaccine, Live Culture, Code 1K11.00 (01JUN05)  
 Aeromonas Salmonicida-Vibrio Anguillarum-Ordalii- Salmonicida Bacterin, Code 
 2138.02 (01JUN05)  
 Flavobacterium Columnare Bacterin, Code 2974.00 (01JUN05)  
 Infectious Salmon Anemia Virus Vaccine, Killed Virus, Aeromonas Salmonicida-Vibrio 
 Anguillarum-Ordalii- Salmonicida Bacterin, Code 4A45.20 (01JUN05)  
 Yersinia Ruckeri Bacterin, Code 2638.00 (01JUN05)  
 Vibrio Anguillarum-Ordalii Bacterin, Code 2858.03 (01JUN05)  
 Infectious Hematopoietic Necrosis Virus Vaccine, DNA, Code 17A5.D0 (MAR14) 
NOVARTIS ANIMAL HEALTH, INC., U.S. Veterinary Permittee No. 303B,   
 Cyprinid Herpesvirus Type 3 Vaccine, Modified Live Virus, Code 1443.20 (03FEB12)  
Merck Animal Health, U.S. Veterinary License No. 165A,  
 Edwardsiella Ictalurii Vaccine, Avirulent Live Culture, Code 1531.00 (26OCT09)  
 Flavobacterium Columnare Vaccine, Avirulent Live Culture, Code 17F1.00 (26OCT09)  
 
Quick Reference Guide to Extra-Label Chemotherapeutic Dosages Used in Fish:  
 
Amikacin – 5 mg/kg IM, IP every 72 hours (q72h) 
Aztreonam (Azactam) – 100 mg/kg IM, IP every 2-5 days 
Butorphanol – 0.1 mg/kg IM for pain control postsurgically 
Dexamethasone – 1-2 mg/kg IM, IP q12h 
Diflubenzuron (Dimilin) – 0.06 mg/L once weekly for 3 doses 
Enrofloxacin (Baytril) – 10-14 mg/kg IM, IP q48h, or PO q24h 
Epinephrine (1:1000) – 0.2-0.5 ml IM, IP, IC 
Fenbendazole (Panacur) – 50 mg/kg orally for 2 days, 2 mg/L water q7d x 3 doses 
Formalin (37% formaldehyde) – 25 mg/L (1 ml/10 gal) in pond every other day 
Florfenicol (NuFlor) – 30-50 mg/kg IM, IP, PO q24-72h 
Furosemide – 2-3 mg/kg IM, IP q12-72h 
Gentamicin – 3 mg/kg IM once only due to kidney toxicity 
Hydrogen peroxide – 250-500 mg/L dip to prevent fungal growth on eggs 
Levamisole – 10 mg/L for 12-24h bath; 50 mg/L for a 2h bath 
Metronidazole – 50 mg/L bath, daily for 3-10 days, 10 mg/g of food daily for 5 days 
Oxytetracycline (Terramycin) – 50-75 mg/kg BW, added to food daily for 10 days 
Povidone-iodine – 0.1% solution topically, 100 mg/L for 10-min dip to disinfect eggs 
Praziquantel (Droncit) – 5-25 mg/kg IM, IP, PO, 10 mg/L for 6-24h bath 
Prednisolone – 1 mg/kg IM, IP 
Sulfadimethoxine-ormetoprim (Romet, Primor) – 50 mg/kg IM or added to food 
Tetracycline – 250 mg/100 g of food 
Trimethoprim sulfa – 30 mg/kg IM, IP, PO q24-48h 
Vitamin C – 3-5 mg/kg IM, PO q24h 
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Chart of Common Ornamental Fish Diseases and Treatments 
 

PATHOGEN DISEASE SIGNS TREATMENTS 
VIRUS   
Lymphocystis White irregular growths extending 

from fins or skin 
 Formalin  

Cyprinid Herpesvirus-1 
(Carp Pox) 

Raised smooth bumps on fins or skin 
of Koi 

Cyprinid Herpesvirus-3 
(Koi Herpes Virus) 

Gill hyperplasia and erosion, skin 
hyperplasia, kidney failure 

 Increase water temperature 

FUNGUS 
Saprolegnia 
(Water mold) 

Long whitish cotton-like filaments on 
fins or skin, also can occur on fish 
eggs, uneaten food, or on fish 

 Formalin  
 Hydrogen Peroxide  

 
BACTERIA 
Aeromonas, 
Pseudomonas 

Fin and tail rot, skin ulcers, dropsy 
(ascites), pop-eye, red fins and skin  

 Antibiotic injections based on 
sensitivity testing results. 

 Antibiotic medicated fish food 
 

Flavobacterium 
(Flexibacter) columnaris 

Fuzzy skin or lip lesions 

NOTE: Bacterial infections often occur with 
poor water quality or when fish have 
parasite problems. 

PROTOZOA 
Skin Parasites 
Ichthyophthirius multifiliis 
(Ich) 
Costia 
Chilodonella 
Trichodina 
Epistylis 

 White spots on body and fins, 
scraping body on rocks (flashing); 
increased slime coat (white or 
grayish cast on skin) 

 Increased gill movements, fins 
clamped to sides, lying on bottom 

 Formalin 
 
 

Oodinium (Velvet Disease) Golden speckled cast on skin   Copper Sulfate  
Internal Parasites 
Spironucleus (Hexamita) Lesions in Cichlids along head and 

lateral line (Hole-in-Head) 
 Metronidazole  

WORMS 
Camallanus 
Capillaria 

Red worms protrude from vent. 
Poor growth, weight loss 

 Fenbendazole  
 
 

 Praziquantel  
 

Skin and gill flukes  
Encysted Digenean flukes 

Inflamed gills, excess mucus on skin, 
scraping body on rocks (flashing) 

Leeches and other worms Worms on outside of fish or in tank 
CRUSTACEA 
Fish Lice (Argulus) Small discs that move across the skin 

of the fish, or swim through the water 
 Dimilin  

Anchor Worms (Lernaea) Gray to white worm-like parasites 
attached to the fish’s skin; the head is 
embedded under the skin 
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Recirculating Filtration Systems in Ornamental Fish Aquaculture 
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Summary 

Filtration of the water in aquaculture is what allows an artificial containment 
of water to support aquatic life, and the system can recirculate and reuse the water, 
so a continuous flow of incoming water (as used in certain aquaculture facilities, such 
as with trout raceway production facilities) is not required to maintain good water 
quality. With filtration, the aquarium will be cleaner, the water clearer, and it will 
support a greater density of fish. Without recirculating filtration, an aquarium will 
run out of oxygen, the ammonia will accumulate and the water may stagnate and 
become cloudy and toxic to fish. 
  
Filtration Size and Types 

The size of the filter unit should be as large as is practical.  It could be summed up as “the 
bigger, the better!” Most filters are connected to the aquarium by a series of pipes, and water is 
circulated through them by water pumps. The water passes through various filter compartments 
containing foam, sand, lava rock, ceramic rings, plastic beads, and other filter media.  

The flow rate of water through the filters should be such that the total volume of 
aquarium water passes through the filter 1-3 times every hour. Therefore, a 100-liter aquarium 
would need a water pump for the filter that pumps 100 liters per hour at a minimum, and as high 
as 300 liters per hour. In highly stocked fish systems, a greater volume would be even more 
beneficial. The pipes used in the filter system should be the same diameter as the pump outflow 
port, or only slightly bigger. Larger diameter pipes will cause low water pressure in the pipes, 
resulting in settlement of debris within the pipes. Smaller pipes will cause increased pressure, 
possibly damaging the pump, or causing gas supersaturation, leading to "gas bubble" disease in 
the fish. Keep bends in the pipes and total pipe length to a minimum to reduce resistance. The 
water intake for the filters should be near the bottom of the aquarium for removing particulate 
debris that settles to the bottom of the tank.  

There are three main types of filtration that are used in recirculating systems. Biological 
filtration is the most important in making the water safe for fish, but mechanical filtration is 
necessary to keep the water clear and free of particulate matter, and chemical filtration is useful 
in removing contaminants such as ammonia, chlorine or other chemical compounds. 
  
 
Biological Filtration 

This is the most important filtration process for living organisms. There should be a 
mechanical filter prior to the biological filter to remove debris that may otherwise clog or impede 
the water flow through the biofilter. The biofilter requires living aerobic chemolithoautotrophic 
bacteria to function, so if the water flow is greatly diminished or stopped, even for a few hours, 
the oxygen levels to the bacteria will be reduced and they will begin to die. This will prevent the 
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nitrification of the toxic ammonia waste in the aquarium. It may take days or weeks to replace 
the live nitrifying bacteria and return the biofilter to normal function. 

When setting up a new biofilter, it is relatively sterile, without any nitrifying bacteria 
(Nitrosomonas, Nitrobacter, Nitrospira and other species). With water circulating through the 
filter, gradually the nitrifying bacteria will grow on the filter media, producing biological 
filtration. This process can take several weeks to develop at an adequate level to convert all the 
toxic ammonia and nitrite into nitrate.  In the meantime, toxic conditions can occur in the 
aquarium affecting the fish. This is called the “new tank syndrome”. Adding nitrifying bacteria 
to the biofilter can reduce this stage of inadequate biological filtration. One way of doing this is 
to add some filter media (gravel, plastic beads, filter foam) from an established running biofilter.  
This provides large quantities of live nitrifying bacteria immediately. They will continue to grow 
and rapidly colonize the new filter media. There is a slight risk in doing this of spreading disease 
organisms from the old system into the new filter, however. When changing biofilter media, do 
not remove all of the old material at the same time, but leave some to help seed the new material. 

Another way of seeding the new biofilter is to add a commercially prepared bacterial 
supplement. These have bacterial spores or live bacteria in a suspension that become active when 
added to water in the filter. Some of these products work better than others, and all have a 
limited shelf life before they lose their efficacy. Be sure to buy fresh products that have been 
stored properly for best results. 

The optimum water temperature for biological filtration is 24-35 C. The rate of 
nitrification by bacteria decreases as the water temperature drops, and is minimal below 10 C. 
Nitrification occurs most rapidly at pH levels of 7.1–7.8 and ceases at pH below 5.0 or above 
9.0. Maximum saturation levels of dissolved oxygen are required for most efficient nitrification 
by aerobic bacteria. Placing air stones connected to aquarium air pumps into the biofilter will 
ensure adequate oxygen levels.   

An ideal biofilter setup would have shut-off valves on the pipes to the biofilter with a 
separate air or water pump in the biofilter. This way the biofilter could be bypassed when 
medicating the aquarium, but it would still be oxygenated to keep the bacteria alive. The main 
pump would continue moving water through the mechanical filter (bypass the chemical filter as 
well when medicating) and back to the aquarium to aerate the water. 
  
Mechanical Filtration 

This is the process of removing suspended solids, detritus, and debris (Total Particulate 
Matter) from the water.  Water is pumped from the aquarium into filter chambers, where it 
moves by gravity through the filter media and drains back into the aquarium or into a sump. The 
filter media is usually sand, gravel, nylon brushes, foam, or fiber matting. The solid debris is 
trapped in the filter media, which needs to be cleaned frequently to prevent obstruction of the 
water flow. Mechanical filtration clears or “polishes” the water, but does not remove dissolved 
wastes or toxic chemicals. Water should pass through the mechanical filter before the other filter 
units to reduce sediment build-up in those filter chambers. Mechanical filters that are separate 
from the biological filtration units are often called “prefilters.” 
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Chemical Filtration 
This is a process where chemical reactions are used to remove dissolved substances such 

as ammonia, chlorine, soluble heavy metals, dissolved organic carbon compounds, and other 
chemicals. The filter medium is placed into a separate chamber of the filter, or placed into a 
removable mesh bag. Periodically it must be replaced with fresh medium.  

One commonly used filter medium for chemical filtration is granular activated carbon. It 
is produced by heating carbonaceous material to create porous internal structures. This allows it 
to adsorb chemicals such as chlorine, copper, and other heavy metals into microscopic pores on 
its surface. Eventually all of the pores will be filled and the activated carbon will need to be 
replaced. Activated carbon will also remove most medications when the aquarium is treated, so 
remember to remove it from the filter before treating for diseases. It can be used to safely and 
quickly remove excess medication when the aquarium is accidentally overdosed. Activated 
carbon does not remove ammonia, nitrite, or nitrate from the water. 

Zeolite (clinoptilolite, alumino-silicate clay) can be used to remove ammonia from the 
water by ion exchange. This occurs by the zeolite releasing sodium ions (Na+) into the water and 
absorbing ammonia, as ammonium ion (NH4

+). Periodically the zeolite must be “recharged” by 
removing it from the water and placing it in a plastic container of 3.5% salt water. After 24 
hours, rinse the zeolite in fresh water and return it to the filter. There it will gradually release the 
sodium again in exchange for any ammonia. One precaution – if using salt to treat for fish 
disease, remove the zeolite from the filter first. Otherwise, as the salt concentration in the water 
increases, the zeolite will recharge itself, releasing ammonia back into the water in exchange for 
the added sodium. Zeolite, therefore, is not useful for ammonia removal in marine aquariums.  

In locales that have very soft, acid water, using calcium carbonate (crushed oyster shells 
or limestone) or dolomite [calcium magnesium carbonate, CaMg(CO3)2] in the filter will 
increase the hardness and buffering capacity of the water. In locales with very hard water, the use 
of ion exchange resins may be necessary to lower the hardness of the water before adding it into 
the aquarium. These units exchange the sodium cation from salt (NaCl) added to the unit for the 
calcium and magnesium cations in the hard water, producing a softer water. 
  
Fluidized Bed Filters 

These filters are both biological and mechanical filters in a single unit. Some have small 
diameter (3 mm) polyethylene beads that are “fluidized” in the filter by the upward flow of 
water, suspending them within the filter chamber. The beads trap debris acting as a mechanical 
filter, and nitrifying bacteria colonize the bead surfaces providing biological filtration. Other 
versions may use fine sand or even glass beads as the media in the filter. 

Because of the constant motion of the fluidized media, no channeling or dead spaces 
occur, and biological filtration is increased. This results in highly efficient filtration. Regular 
backflushing (temporary reversal of the flow of water through the filter to flush out waste) of the 
filter keeps the detritus from accumulating in the beads. Since the plastic beads are not tightly 
packed, as is the sand in standard, non-fluidized sand filters (where the water flow is down 
through the sand, rather than up through it), the bead filters are easier to clean when 
backflushing, and use less water in the process. 
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Wet/Dry Filtration 
This section of a filtration system increases the air-water interface for improving 

biological filtration. Air is composed of 21% oxygen, while aquarium water at 25 C has 8.3 
mg/L (0.00083%) oxygen; therefore air contains significantly more oxygen than does the 
average ornamental aquaculture system water. By trickling or spraying water onto a biofilter 
media that is not submerged under the water, but exposed to the high oxygen levels in the air, yet 
keeping the nitrifying bacteria wet, the bacteria have more accessible oxygen than if they were 
submerged in the water. This optimizes the aerobic breakdown of ammonia and nitrite wastes in 
the water. 
  
Pressurized Sand Filters 

These are typical swimming pool filters that are sometimes used in aquaculture.  They are 
large, oval fiberglass containers filled with sand. Water is pumped through them under pressure 
and is filtered mechanically. If the pressure gauge reading increases, then it is time to backflush 
the unit to remove accumulated waste trapped in the sand. The disadvantage of this system is that 
it clogs rapidly so it requires frequent checks on the pressure gauge and backflushing. If the sand 
packs and channels form around the sand (“channeling”) the pressure may not increase as there 
is still good water flow, but the water is no longer being filtered, and the “dead space” in the 
packed sand can become anaerobic and toxic hydrogen sulfide gas may be formed in the sand 
filter. 
  
Settling Tank or Sump 

This filtration unit allows sediment and heavy debris to settle out of the water before it 
flows into the mechanical filter. The water enters from the top, goes under a baffle to reduce 
turbulence, and overflows into the next filter unit. This leaves behind the heavy particulate 
matter that settles to the bottom where it can be periodically removed through a bottom drain.  
The settling tank or chamber must be large enough to slow down the water flow sufficiently to 
allow the suspended particles to settle out. 

  
Ultraviolet Sterilizers 

An ultraviolet (UV) sterilizer uses a fluorescent low-pressure mercury vapor bulb that 
produces electromagnetic radiation in the far UV wavelengths of 185-300 nanometers (nm), 
most often 253.7 nm.  The UV bulb is placed into a quartz sleeve that is inserted into the water 
pipes of the filtration system. Water flows outside the sleeve past the UV bulb and any algae, 
fungi, viruses, bacteria, or protozoa exposed to the UV rays will be killed by irradiation of the 
microorganism’s DNA or RNA. This is helpful in controlling algal blooms and in treating the 
free-swimming stages of parasites like Ichthyophthirius. The quartz sleeve must be kept clean of 
debris and the bulb needs to be replaced after 12-14 months of continuous operation. After this 
period of time, the amount of UV light produced will be ineffective, even though the lamp 
appears to still be working.  

The optimum operating temperature for the UV lamp is 40 C. Direct contact with cooler 
water will lower the lamp’s efficiency. The quartz sleeve insulates the lamp from the water to 
allow it to operate at a higher temperature, but still allows the UV rays to penetrate through it 
into the water.  
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The UV sterilizer should be placed at the end of the filtration circuit so the water passing 
through it is relatively free of suspended particles that would block the UV rays. The UV 
sterilizer should be temporarily turned off when adding medications to the aquarium to avoid 
loss of the medication’s efficacy. It may not be necessary to run the UV sterilizer continuously, 
but only when disease conditions or algal blooms occur. However, frequent on-off cycles of the 
UV lamp will shorten its useful life in comparison to continuous operation. 
  
Protein Skimmers 

Protein foam fractionation (skimming) is a process where air, pure oxygen (O2), or ozone 
(O3) is injected into a vertical column of water, producing foam made of proteinaceous 
compounds dissolved in the water adsorbing onto tiny bubbles. The foam rises up the vertical 
tube and is collected in a dry chamber above the water line, which is periodically emptied and 
cleaned. The treated water is returned from a spout near the top of the vertical tube to the 
aquarium. A strong flow of extremely fine bubbles is necessary to efficiently extract dissolved 
proteins from the water. The use of foam fractionation removes the dissolved organic carbon 
(DOC) compounds from the water, which reduces toxic compounds, detritus, and yellow 
discoloration of the water. It can also remove medications from the water, so should be turned 
off during treatments, but can be turned on again when wanting to eliminate residual chemicals 
from the water.  
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Fish Veterinary Society 

 
The Fish Veterinary Society is an organisation for veterinary surgeons, fish 
health professionals, and veterinary students with an interest in fish. It seeks 
to promote the health and welfare of fish, whether farmed commercially, in 
public aquaria, or kept as ornamental pets, and the interests of those who 
look after them. 
 
Fish Veterinary Society: 
• Holds two days of scientific meetings annually, where a wide variety of  
papers relevant to fish health are presented, and includes a “Clinical 
Club”, where interesting cases can be discussed. It is also a chance to 
meet fellow professionals in a relaxed atmosphere. 
• Publishes the Fish Veterinary Journal, a peer-reviewed journal of 
papers based on presentations in our meetings as well as other submitted 
papers. 
• Produces other publications, such as “Fish Welfare”, edited by our late 
past president Edward Branson. 
• Sends out a newsletter to members, with a report on our meetings, plus 
any other relevant news items. 
• Lobbies government and other bodies on matters relevant to fish health 
and welfare. 
• Acts as a discussion forum for the professional problems and issues of 
members 
• Hosts a website for members and promotes the Society to the wider 
public. It includes a members forum, news items, has past issues of the 
Fish Veterinary Journal and other publications, a list of vets interested 
in treating fish, as well as other features. 
 
Membership is open to veterinary surgeons with a veterinary degree in the 
UK, or the equivalent abroad, as well as fish health professionals with an 
appropriate degree. 
 
Membership is FREE to bona fide veterinary students. 
 
For further details please visit our website (www.fishvetsociety.org.uk) 
or contact our secretary by e-mail (secretary@fish-vet-society.org.uk). 
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