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Introduction

Aquaculture in New Zealand has advanced rapidlynduthe last two decades. This has been mainlytdue
development of three species; mussels, salmongysidrs, which have evolved from a few small sdai@estic
operations to extensive multimillion dollar indues. In 1998, they collectively represented a vaiBZ$200M
and composed more than 17% of the total value aff Mealand's seafood exports (Holland & Jeffs 2000).
Further expansion of these industries is plannédemear future and if current trends continug thi#d become

an increasingly important part of New Zealand'shecay, providing seafood for both local and expoarkets as
well as jobs and regional economic development.

Diversification into new species is being incregbiremphasised. Research into the biology of higlne marine
species which have aquaculture potential, suchoek lobsters, paua, snapper, kingfish, and seaholsss
become a high priority in recent years. Howevegrehs increasing evidence that disease may sériongede
expansion of both the existing and newly develog@eties on which aquaculture in New Zealand isthase

This handbook is intended as a resource for thag&img in New Zealand aquaculture. It covers mutkvioat
we know about the diseases of fish and shellfisiNéw Zealand to date, updating information contaiime
earlier disease guides which dealt mainly with Hvegter fish (Hine & Boustead 1974, Boustead 1988y
including for the first time in this country seai®mon diseases of cultured marine fish, molluskd, @ustaceans.
This handbook is intended for the intelligent lagoes, though additional material which will helpesgalists
diagnose and control disease outbreaks has also ibeleded for many diseases. (However, please thee
disclaimer on page 7).

As well as listing, and in many cases illustratitigg diseases that are known occur in New Zealgodaulture,
we also include a number of diseases exotic tocthisitry to provide an international perspectivedseases of
importance to aquaculture and international tradether parts of the world. An emphasis has beanepl on
exotic diseases which are listed by the Office rraéonal des Epizooties (OIE), the World Animal dith
Organization based in Paris, France. The three raams of the OIE are: to inform governments of the
occurrence and course of animal diseases througiheutworld, and of ways to control these diseases;
coordinate, at the international level, studiesotied to the surveillance and control of animal akss; and to
harmonise regulations for trade in animals and ahproducts among member countries. As of June ,208{v
Zealand was one of 157 member countries which gigreatories to the international agreement (OIEL200

This handbook has been produced to raise industayemess of the pivotal role they play in the friamé against
incursion of exotic diseases, and also in the obmif endemic diseases, which could threaten Newalatel's
reputation as a producer of high quality, "clead green" seafood.
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Disclaimer

NIWA has used all reasonable care and skill in déngpthis information. Every reasonable effort haeen
made to ensure that all information and advicéigs handbook is accurate at the time of publicatrmwever the
information is general in nature and is made abk#dlan the understanding that NIWA provides no gotees
and accepts no liability for any loss or misfortumeich might result from use of information conthin this
handbook. Any person using this publication shaoltependently verify the information before relyiog it.
Treatment and disinfection information containedhis handbook is intended only as a guide to yiped of
treatments and disinfection procedures commonlyl digea given disease. NIWA strongly recommends ¢ha
diagnosis is obtained from a qualified aquatic atihvealth specialist prior to administration of angatments
and that any such treatments are administered uhdesupervision of suitably qualified persons. é\titat in
New Zealand antibiotics can be prescribed onlyimlified veterinarians.



Disease and stress in the aquatic environment

It is necessary to clarify some of the terms andcepts used in this handbook. Many terms are givehe
glossary, but it is necessary to comment on thekabin more detail.

Terms such as parasite, parasitism, disease, patbognd pathogenicity are used. A parasite isrgansm

which lives on (ectoparasite) or in (endoparasitehost and in so doing gains some benefit fr@rhitst. In
general, when the relationship between the parasiehost is long-standing, the parasite and hmat hdapted
to each other, so that they can co-exist withoaitpirasite causing harm to the host. Such reldmpssend to be
obligate, that is, the parasite can survive onlgrion the host, and is not free-living for anyajrperiod of its
life. Other potential parasites are normally freent, but can and do become parasitic, from timéirhe. These
opportunistic parasites can slip from one lifestyhto another. Parasitism is not the core subpécthis

handbook. Those who are specifically interestefisim parasites are referred to checklists of thewkm parasites
of New Zealand fishes (Hine et al. 2000). If, hoee\a parasite does cause harm to its host sutththhost can
die from parasitic infestation, the parasite becomepathogen, and pathogens cause disease (FigiBach a
situation may arise if the host is being affectgdabnormal environmental conditions or another pa¢im that
has weakened the hosts ability to defend itselabsge its immune system is impaired. Therefore, whading
this handbook, it is important to distinguish paessand parasitism from pathogens and disease.

Disease is defined as an abnormal condition tHat@fthe performance of vital functions of theeaféd animal
and which sometimes displays diagnostic signs€daiymptoms in human medicine) typical of that akse The
ways in which different infectious agents may cadisease differ between, and sometimes within gifferent
groups of pathogens. Viruses are very small, vample infectious agents which can replicate (repozd only
inside living cells (Figure A). They take over thest cell and use the internal components of theaeeplicate,
and in doing so often destroy the host cell. Wineshhappens on a large scale, tissues and orgarisecafected.
However, in such cases, death may also be par#iytauhe response of the host immune system agstto
contain the virus and deal with the toxic debridlefd cells. Water is the ideal medium for virusiegrevents
desiccation, protects from UV light, and activalyrisports the viral particles to potential hosts.

Bacteria are much larger organisms than virusegu(EiB), and most are capable of living outsidet lveds.
Bacteria are ubiquitous in the aquatic environnaamt also occur naturally on and inside many pdrtsealthy
fish and shellfish. With a few notable exceptiobacteria cause disease only in fish and shellfisichvare
injured, stressed, or otherwise have compromiséehde systems. Some types of bacteria, such acéfiular
forms such as rickettsias and chlamydias, proditite if any toxin, and tend to be relatively haass. Other
forms may, or may not, produce damaging toxins witiguse widespread damage to surrounding hostarells
hence disease. Often different strains of bactexist which differ in their toxicity and, therefgréheir
pathogenicity.

Protozoans (single-celled organisms, Figure C) oweor inside their hosts, and some are obligatasgas.

Protozoan parasites can infect fish and shellfistbath freshwater and marine areas, and are paricu
important pathogens of mollusd@3onamia exitiosuin the Bluff oyster Qstrea chilensisis an example of an
intracellular protozoan as it lives inside the kla®lls (haemocytes) of Bluff oysters. Low numbafrprotozoans
seldom cause disease; however, due to their abilitpultiply rapidly, the numbers of protozoans dacrease

quickly and cause disease under suitable envirotaheonditions, or when hosts are stressed.

Many larger metazoan (many celled organisms, Figyrearasites infect fish and shellfish, particlylacto- and
endoparasitic worms, copepods and other typesrakjpia crustaceans. Usually fish and shellfiseraie natural
infections of these quite well, because evolutiavofirs co-existence of host and parasite so teahadist is not
usually killed by the parasite. However, for cartparasites (particularly those with a direct lfele without the
need for intermediate hosts), aquaculture providessually favourable conditions which allow the gsite to
flourish to the detriment of the host, due to tighhdensity of hosts in a confined area.

These latter examples highlight how both infectiagents and their hosts are influenced by theiremwment.
Simply because an infectious agent is present, doemean that disease will develop. However, emvirental
changes can upset the balance between infectiergsagnd their hosts, leading to pathogenicity disdase
(Figure 1). In such cases the change either faviberenfectious agent, or is detrimental to theth8smetimes,
disease may result from a build up in infectiougragnumbers, until the host can no longer suppaeh s
burden, becomes weakened, and dies.



Environmental changes for aquatic animals are lystelated to changes in water quality and stockdegsity.
Water quality parameters such as pH, salinity, tmaoire, ammonia, nitrite, or oxygen content maynéluence
the establishment of disease. In fact, it is natommmon in instances of extremely poor water qudlity
example, very high (supersaturated) or very lowsalised oxygen) to have disease without the preseiice
infectious agents (non-infectious disease, Figyr&écause of this, naturally occurring events Wtdan change
water quality, such as floods, algal blooms, amdtifitation, can exert substantial influences ba health of
cultured fish and shellfish, as can human indudeahges in water quality such as pollution. Highclsitag
densities also provide favourable conditions faréased transmission of most infectious agentenatsulting
in disease. However, in such cases, if environnheotatrols can be implemented, or stocking derssitesluced,
it is possible to reverse the situation and elin@rdisease.

Pathogen

Figure 1: The interaction of pathogens and environmental
stressors. Obligate pathogens can cause infectious
disease (ID) in the absence of adverse environienta
conditions. Opportunistic pathogens (OP) can cause
infectious disease under environmental conditions
adverse to the host, while adverse environmenta
conditions can result in non-infectious diseasdXNI

Reference

Hine, P.M.; Jones, J.B.; Diggles, B.K. (2000). Aecklist of parasites of New Zealand fishes, inabtgdipreviously
unpublished recordNIWA Technical Report 795 p.

Examples of the main types of disease agents dfritapce
to aquaculture to illustrate their respective sizes

A: Virus. Transmission electron microscope (TEM)
photograph of an array of herpesvirus particleslenthe
cell of an oyster. Scale bar = 0.0001 mm. PhotMb¥ine.

B: Bacterium. TEM of &/ibrio sp. from the kidney of a
turbot. Scale bar = 0.0005 mm . Photo by B. Diggles

C: Protozoan. A ciliateTrichodinasp., from the gills of a
turbot. Scale bar = 0.01 mm. Photo by B. Diggles.

D: Metazoan. A copepod crustace8phryionsp.,on a
ling. Scale bar = 10 mm. Photo by B. Diggles.




Who to contact when disease is suspected

In New Zealand, the National Centre for Diseasedtigation (NCDI ) is an operational unit estaldidtby the
Ministry of Agriculture and Forestry (MAF) to invitggate outbreaks of animal disease throughout thumtey.
The unit is specifically concerned with diagnosfsesotic diseases, including those listed by th& QUAF
define an exotic disease as a disease of animatswh

* is not recognised as previously occurring in NewlZed;

» is capable or potentially capable of causing une@iiarm to any natural and physical resources;

» could potentially have an economically significamipact on the viability of animal production or rket
access.

MAF consider exotic disease to include any new emerging diseases which are not known to occuraw N
Zealand, regardless of their origins. The NCDI &&<l hour 0800 number which aquaculturists arewwaged to
call if an outbreak of a new or exotic diseasauspected in their stock (see below). If the diseadbreak is not
suspected to be a listed disease (see appendimeag 2), or is already known to exist in New Zealamdyou
have reason to suspect the disease outbreak tedé¢ta management, water quality, or environmefatetiors,
NCDI advise contacting your normal aquatic aninedlth advisors, such as NIWA, universities, or iaggians,
rather than using the 0800 number. NIWA staff atedgrated with the NCDI natification process, ahduring
the course of routine investigations an importagw ror exotic disease is detected, NIWA staff arkged to
notify the NCDI and, where necessary, other Govemtrauthorities.

The diagram below outlines the procedure followieahioutbreak of an exotic disease is suspected*

Ring 0800 809 966
(24 hours a day, 7 days a week)

!

Investigation by National Centre
for Disease Investigation

'

Diagnosis

New or exotic ‘/ T Other diseases,
disease pests etc.

| i

Follow the NCDI incident Referred to relevant authority
response management for advice and management*

structure and process

*Note: If management, water quality, or endemic diseasesuspected, please
contact your normal diagnostic advisers such asAllWiversities, or
veterinarians. If in any doubt, ring 0800 809 966.
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Submitting a sample for diagnosis

It is not uncommon for aquatic pathologists to reeesamples and submissions for diagnosis whicle Heaen
treated in such a way that obtaining a meaningfabmbsis is impossible. Before sending specimems
diagnosis, first contact your aquatic animal heatflisors to discuss the case. This is essentedtablish how
serious or widespread the problem is and to deterrtie most appropriate samples to take to helairolat
diagnosis.

Under most circumstances the ideal material fomméxation is live or moribund fish or shellfish ekking
representative signs of disease. Receipt of suetiragns allows pathologists to note the gross simisease,
culture causative bacteria when indicated, prepatepreparations of affected organs, and obtaimaptfixation
for histopathology and other diagnostic technigiesvision of a 500 ml water sample in a glassaaet is also
helpful when algal blooms or toxic contaminatioe auspected.

Transport of live and moribund specimens usuallgessitates careful packing in sufficient water desi
watertight containers lined with plastic bags. Ulsuan inner and outer container are used to miggnieakage.
For fish or delicate shellfish, such as scallobs,water may need to be supplemented with oxygdricanpacks
to keep temperatures low. The latter is particylamportant during summer, when most disease oakisreccur.
Air freight or fast courier services are recommehder transferring specimens from affected fa@itito the
diagnostic laboratory in the shortest possible time

Chilling samples at 4 °C (e.g., on ice or in aigdrator) is acceptable for short periods of timé/ qusually less
than 12 hours). If transport of live specimensdsfeasible, and samples need to be held for lotiger 12 hours,
fixation is the next preferred method as it allopreservation of specimens for diagnosis. For maoastima

specimens, including whole small fish, molluscs] anustaceans, fixation in 10% formalin in filtere€awater
(2100 ml of formalin (40% formaldehyde) in 900 ml fifered seawater) provides adequate fixationcas) las
sufficient fixative is used, e.g., at least 4 ordbumes of fixative to each volume of specimen € provision is
made to allow entry of the fixative to areas sushbady and mantle cavities by slicing the body tyawer

carapace, or shucking. Specimens from freshwaéasaare treated similarly except that distilledaqr water is
substituted for seawater, though these preparati@ysneed to be buffered with sodium phosphatéofug-term

storage. Other fixatives such as ethanol, glutefaide, or combinations of these (e.g., Davidsdrative —

100 ml = 33 ml ethanol, 22 ml formalin, 11.5 ml gkl acetic acid and 33.5 ml distilled water) aoenstimes
used for particular diagnostic methods. Well fixexdterial is excellent for histopathology and sontkep
diagnostic techniques, but generally is unsuitedrizrobiology.

Freezing of samples is usually of limited value ageherally should be avoided unless toxic poisongg
suspected or there are no feasible alternativeshwhiould allow access to moribund, chilled, or fafim fixed
specimens. This is because many cellular structaregisrupted by the freezing process, makingndisig by
histopathology difficult. However, for some typds@sting which require use of genetic probes dentification
of disease agents, freezing can be the preferrédocheof storage. Bacteria can also be cultured ffiooren
specimens, though diagnosis of causative bacterimdre difficult due to the post mortem prolifeoatiof
autolytic bacteria.
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Basic anatomy of fish and shellfish

Molluscs

Basic anatomy of a flat oyster (the Bluff oyst®strea
chilensig. Photo by B. Diggles.

A, adductor muscle, used to close the shell valves
Dg, digestive gland, or gut, inside gonad
Gi, gills, used for feeding and oxygen uptake

Go, gonad. The white coloured gonad surroundsuhe g
or digestive gland

M, mantle, a thin layer of tissue located betwdendills
and the shell valve

Sv, shell valve

Basic anatomy of a scallopécten novaezelandipe
Photo by A. Blacklock.

A, adductor muscle, used to close the shell valves
Dg, digestive gland, or gut
Gi, gills, used for feeding and oxygen uptake

Go, gonad. The bright orange (ovary) or white {gst
gonad is located between the gill rows

M, mantle, a thin layer of tissue located alongetige of
the shell valve

Sv, shell valve

External anatomy of a pauddliotis iris). Photo by B.
Diggles.

E, epipodium, a skirt-like extension of the foot
F, foot, a muscular organ used for attachment

M, mantle, a thin layer of tissue located alongdtige of
the shell, under the epipodium

Mo, mouth

S, shell

12



External anatomy of a rock lobster (packhorse Ebdasus verreauyi Photo by J. Booth.
Ab, abdomen, composed of 6 segments; Ant, anterfDaegphalothorax (or carapace), under which age th

internal organs; G, gills (under each side of theapace); P1,%Iperieopod (walking leg); P2—P5"20 5"
perieopods; U, uropod (til

Fish

Basic anatomy of a fish (chinook salm@mcorhynchusshawytscha Photo by N. Boustead.
D, dorsal fin; Gi, gills; Go, gonad; H, heart; htéstine; K, kidney (behind swim bladder); L, livé, pelvic fin;
Sb, swim bladder; Sp, spleen; V, vent.

13



Freshwater and marine fishes

Quick help guide

Gross signs

Possible causes

Abdominal swelling

p. 20, 22, 28, 34, 68, 88

Abdominal adhesions

p. 28

Anaemia

p. 24, 28, 72, 102

Appetite suppression

p. 40, 44, 46, 50, 52, 8096892, 94, 96, 98, 102, also advanced
stages of most diseases

Calcareous deposits in kidney

p. 62, 112

Darkened skin

p. 20, 22, 28, 30, 34, 36, 40, 4466874, 78, 80, 88, 94, 102, also
general stress

Darkened liver

p. 24

Emaciated appearance
(anorexia)

p. 22, 36, 40, 44, 64, 92, 94, 96, 98, 100, 102, a0 advanced
stages of most chronic diseases

Enlargement of kidney

p. 30, 34, 36, 62, 112

Enlargement of liver

p. 24

Enlargement of spleen

p. 18, 72, 84

Eroded mouth, frayed fins,
partial loss of fins

p. 36, 38, 42, 80, 82, 100

Erratic swimming /whirling

p. 22, 30, 58, 74, 80

Excessive mucous production

p. 52, 54, 90 (g¥1R),94, 106

Exophthalmia (pop eye)

p. 20, 22, 24, 28, 30, 4044, 48, 76, 86, 88, 108

Flashing and rubbing behaviou

r

p. 52, 54, 56, 4298, 98, 100

Fluid in body cavity (excessive

p. 18, 20, 22, 48, 68, 88

Gas bubbles in tissues

p. 60, 108

Granulomatous lesions in
internal organs

p. 34, 44, 50, 62, 84, 110, 112

Haemorrhages in eye p. 24, 28, 30, 36, 42, 46{&0B8
Haemorrhages on body p. 18, 28, 42, 46, 48, 5888086, 88, 96, 98
Haemorrhages at base of fins p. 18, 20, 34, 3642046, 48, 54, 82, 88, 100
Haemorrhages in gills p. 28, 36, 42, 46, 48, 7282686, 88, 90, 106
Haemorrhages in mouth p. 36, 46, 48, 86, 88

Hyperactivity p. 20

Increased opercular ventilation
rate

p. 38, 56, 90, 92, 94, 102, 104, 106, also pooemaality, especially
low dissolved oxygen

Lethargy p. 18, 20, 24, 28, 30, 34, 40, 46, 48,722,388, 90, 94, 96, 102, 106,
also poor water quality, advanced stages of masiadies

Pale gills p. 20, 24, 30, 90, 102, post mortem gkan

Pale heart p. 24

Pale liver p. 20, 24, 26, 30

Petechiae (pin point
haemorrhages) on body

p. 20, 22, 42, 46, 48, 88

Petechiae at base of fins p. 18, 20, 34, 36, 4048248, 88

Petechiae in internal organs p. 20, 22, 24, 2638042, 46, 48, 76, 88
Protrusion of the vent p. 28, 42, 46, 48, 88

Parasites on body, fins p. 52, 54, 92, 94, 96108,

Parasites on gills p. 52, 54, 90, 92, 94, 96, 102

Skin lesions p. 38, 40, 54, 66, 80, 82, 86, 92,986,106
Spinal deformity p. 58, 110, also nutritional d&fhcy, non-inflation of swimbladder
Tumors on body p. 26, 110

Ulcers on body p. 18, 26, 32, 38, 40, 44, 46, 6682, 86, 96, 98
White spots/nodules in gills p. 52, 78, 94

White spots <1 mmin skin, gill p. 52, 94

White spots > 1 mm on skin p. 56
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Crustaceans

Quick help guide

Gross signs

Possible causes

Appetite suppression

p. 116, 118, 120, 122, 12@, 132, 134, also advanced stages of
most diseases

Blackened areas on carapace

p. 120, 124, 128, 130

Blackened lesions in p. 130, 132
hepatopancreas

Blister-like lesions on tail fan p. 128
Brown lesions on gills p. 122, 124
Brown/black lesions at base of | p. 124
walking legs

Fouling of external surfaces p. 122

Lethargy

p. 116, 118, 120, 122, 124, 126, 130, 132,also advanced stages
of most diseases

Luminescence p. 126
Opaque body musculature p. 120, 130
Reddened haemolymph p. 130, also sometimes ocouediately prior to moulting
Swollen, turgid appearance p. 134
Turbid haemolymph p. 130
White spots under cuticle p. 116
Molluscs
Gross signs Possible causes
Abnormal swimming behaviour | p. 144, 146
in larvae
Blisters in shell p. 186, 188
Brown deposits in nacre of shell p. 148, 156, 1'B§, 188
Burrows in shell p. 186, 188
Gaping of shell valves p. 160, 164, 166, 172, 182,
Flatworms inside shell p. 184
High mortalities in larvae p. 144, 146

High mortalities in spat/juvenileg

p. 138, 14081dlso advanced stages of most serious diseases

High mortalities of adults

p. 162, 166, 168, also advanced stages of mosusaliseases

Lethargy (abalone)

p. 138, 154, 156, 158, 162, &l&®, advanced stages of most
diseases

Pale, digestive gland, shrunken
gonad

p. 164, 166, 172, 182

Pustules on foot, epipodium p. 154, 158

(abalone)

Pustules on mantle, adductor | p. 142, 150, 152, 158, 174, 176, 178, 180, 182
muscle, gills

Reduced fecundity

p. 170, 182, advanced stage®sf diseases

Swelling of heart

p. 166

Unable to adhere to substrate
(abalone)

p. 138, 154, 162, 178

Unusual raised shell posture
(abalone)

p. 154

Wasting of foot (abalone)

p. 138, 162, 178

Yellow/green/brown spots on

gills, mantle, palps

p. 142, 152, 174, 180

15
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Diseases of Importance to Aquaculture in New Zealand

Diseases of Freshwater Fishes
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FRESHWATER FISHES
Viral diseases of freshwater fishes

Disease: Epizootic haematopoietic necrosis (EHXgSV, ECV)

Species and life stage affected®edfin perch Rerca fluviatilig, rainbow trout Qncorhynchus mykissinder
125 mm long, sheatfist&{lurus glaniy (ESV), and catfishi¢talurus melay (ECV) in Europe. Larger trout may
be infected without mortality.

Gross signs: Lethargy, swimming slowly on the surface, or otharusual behaviour. High mortality in
susceptible species. Infected perch show reddearognd the brain and nostrils, areas of musculéorpa
petechial haemorrhages at the base of fins, phtiguthe anal fin. Cutaneous ulcers. Pale foci 1 in
diameter in adult fish. An enlarged and bright gedatinous spleen in juveniles. Sometimes peritofiaa
present (Langdon & Humphrey 1987, Langdon et 88819

Causative agent:Epizootic haematopoietic necrosis virus (EHNW)aaavirus (family Iridoviridae).
Diagnosis:Virus isolation into fish cell-lines, IFAT, ELISAAnd PCR.

Treatment and prevention: No known treatment. Prevention is by controls onvemoent, destruction of
infected stock, and disinfection.

Distribution in New Zealand

Unreported, but both rainbow trout and redfin perch
occur in New Zealand.

EHN IS AN INTERNATIONALLY NOTIFIABLE
DISEASE. IF YOU SUSPECT THAT YOUR STOCK
HAVE THIS DISEASE, RING MAF ON 0800-809-966

Worldwide distribution: EHN is confined to Australia, and ESV and ECV todne.

General comments:EHN is a serious disease in redfin perch, but $esi rainbow trout. The viruses causing
EHN are also antigenically related to viruses regmbfrom sturgeonXcipenser transmontanydargemouth bass
(Micropterus salmoidgsand sticklebackg3asterosteus aculeafum the U.S., sturgeoA€ipenser guldenstadi
from northern Europe, red sea bredPagrus majoy in Japan, pike-perctstizostedion luciopergan Finland,
tilapia (Oreochromis niloticusimported into Canada, and many frog species (&taw. 1997, 1999).
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No photographs currently available
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Disease: Infectious haematopoietic necrosis (IHN)

Species and life stage affectedSalmonids, particularly species d@ncorhynchus(e.g., rainbow trout
Oncorhynchus mykigsalso Atlantic salmonSalmo salayand brown trout§almo truttd.

Gross signs:In acute disease fish may die without clinical sigMore typically fish are lethargic, interspersed
with periods of hyperactivity. Fish may darken, éaw distended abdomen, exophthalmia, with pale gitid
mucoid opaque faecal casts. Petechial haemorrmgg®ccur at the base of the fins, vent, and somestigills,
mouth, eye, skin, and muscle. Internally the liggeen, and kidney of fry may be pale, with watiuid in the
stomach. Yellowish fluid occurs in the intestinasd petechial haemorrhages occur in the visceraénteries,
fatty tissues, swim-bladder, peritoneum, meninges, pericardium. The blood-forming tissues of tlum&y and
spleen are the most seriously affected.

Causative agent:Infectious haematopoietic necrosis virus (IHN\§n(lily Rhabdoviridae).

Diagnosis: The virus can be isolated by cell culture, with seduent identification by serum neutralisation,
immunofluorescence, or staphylococcal agglutinatiimere are also several immunoassays availablESA4,
dot blots, western blots, and immunoperoxidase.vihes may also be identified by electron microscdpCR,
nucleic acid probes, or serum antibodies.

Treatment and prevention: No known treatment. Control may be exercised byrdeson of infected stocks,
disinfection of affected facilities, screening ebbdstock for the virus and removing carriers, aacktination.

Distribution in New Zealand

Unreported (Boustead 1993), although farmed saldso
are under active surveillance.

IHN IS AN INTERNATIONALLY NOTIFIABLE DISEASE.
IF YOU SUSPECT THAT YOUR STOCK HAVE THIS
DISEASE, RING MAF ON 0800-809-966

Worldwide distribution: The west coast of the U.S., Japan, and Europe.

General comments:IHN occurs as several types, and the course @fades and clinical signs vary with host
species, age and reproductive state. Young fisimare susceptible than older fish. Outbreaks arst tilely at
water temperatures of 10-12 °C, and are unlikefyvall5 °C, but rainbow trout may be diseased a8 3€l
Although IHN is predominantly a freshwater diseaseloes occur in ocean net pens among Atlantimaal
Transmission may be vertical or horizontal. Theisimay occur as a latent infection in fishes thatige mass
mortalities, and may not be reisolated from infddigh until they reach sexual maturity. Becausé fnmay be
latently infected, testing for IHN before movememay require holding and testing over an extendetbgef
time.
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Coho salmon@ncorhynchus kisutgtirom Japan infected with infectious haematopoisg&crosis virus.
(Photo reprinted from Fish Pathology® dition, Roberts, R.J. (ed.) 1989, Plate 6.1, daynission of the
publisher, Bailliere Tindall).

This fish is exhibiting haemorrhages in the fat$gties surrounding the pancreatic tissue, a typigalof IHN in
older fish.

21



Disease: Infectious pancreatic necrosis (IPNaquatic birnavirus infection)

Species and life stage affected=ry and fingerling salmonidsSalimosp., Oncorhynchussp., Salvelinussp.),
freshwater eelsAnguillasp.), and many marine fish species, praviengeusand molluscsNleretrix, Telling.

Aquatic birnaviruses have also been isolated witlsigns of disease in many families of fishes, sk and
crustaceans.

Gross signs:There are no specific signs of IPN. In salmonidd)dvioural changes include anorexia, corkscrew
swimming, and ataxia. Externally the fish may shewollen bellies, hyperpigmentation, exophthalmiad a
petechial haemorrhages on the ventral surfacernkmitg, there may be visceral petechial haemorrbagad a
yellow exudate in an empty gut. These signs majlyebe confused with those of infectious haematepoi
necrosis (IHN).

Causative agent:Infectious pancreatic necrosis virus (IPNV), an nuedoped icosahedral birnavirus. Strains
exist that vary in virulence in relation to the age species of host.

Diagnosis: Primary isolation into one of the many cell-linésitt are available. Serological techniques involving
serum neutralisation, conjugated antibodies bintingral antigen, or molecular probes.

Treatment and prevention: No known treatmeniPN is an extremely difficult disease to controtaese it can
be transmitted vertically or horizontally, and #@nditions of culture are ideal for transmissidncdn also be
spread by humans, and because it occurs in wilddigd shellfish, these may act as a reservoir fetiion.
Effective control may be established using 1.0-11%° uW s cm? UV irradiation (Yoshimizu et al. 1986), and
treatment of facilities and eggs with iodophordN IB inactivated after 14 days in 250 ppm formaéfso by
chlorine and iodine (Desautels & MacKelvie 1975piwe (Liltved et al. 1995), and quaternary ammonium
compounds (Dorson & Michel 1987).

Distribution in New Zealand

IPNV has been found in healthy chinook salmon rety from
the sea (Tisdall & Phipps 1987, Anderson 1997), lsasinever
been associated with disease in this country.

IPN IS REGARDED AS AN INTERNATIONALLY
SIGNIFICANT DISEASE. IF YOU SUSPECT THAT YOUR
STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢€

Worldwide distribution: Worldwide. As well as causing IPN in fish, the drinfects and causes disease in
clams in Taiwan (Lo et al. 1988).

General comments: Transmission can occur through the ovarian fludasl milt of salmonids, but these
infections are external to the gametes. Horizomtadsfer is via infected fish urine and faeces, mnwedrtebrate
faeces and tissues. Rainbow trout excrete virusinv? days of immersion challenge, with the ratexdretion
highest at 4-8 days, declining thereafter. IPNV meaist in the carrier state in salmon, trout andrchvith
replication primarily in head kidney leukocytes fdasen & Sommer 1995). The presence of IPNV inadkn
salmon in New Zealand was recorded from asymptamaild caught, sea run fish after being at sea2for 3
years (Tisdall & Phipps 1987).
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Above: IPN in hatchery reared rainbow trout
(Oncorhynchus mykissfrom Norway. Fry
showing swollen bellies typical of IPN
infection. Photo by T. Hastein.

Below: Electron micrograph of negatively
stained IPNV, showing typical icosahedral
shape. Photo by N. Boustead.
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Disease: Infectious salmon anaemia (ISA)

Species and life stage affectedCauses disease in growout sized Atlantic salnsatngo salar and coho salmon
(Oncorhynchus kisut¢hOther salmonids, including brown tro@almo truttd and rainbow trout@ncorhynchus
mykis$, may be covertly infected without showing sigfisigease and hence may act as reservoirs of iofect

Gross signs:Infected fish are often lethargic and have diffiguhaintaining a horizontal position in the water.
The infection is characterised by anaemia (palls gihd heart), ascites (fluid in the body cavitygtechial
haemorrhage of the visceral fat, and congestionesatargement of the liver and spleen. The livefréguently
dark but may range in colour from yellow/pale t@adi. Exophthalmia (pop eye), haemorrhage in the eye
chamber, and inflammation of the foregut may begne

Causative agentinfectious salmon anaemia virus (ISAV), an envetbpiegle-stranded RNA virus belonging to
the family Orthomyxoviridag¢see Krossoy et al. 1999).

Diagnosis: Isolation of the virus from kidney or spleen inmah head kidney (SHK-1) or chinook salmon
embryo (CHSE-214) cell lines, followed by ident#tmon by immunofluorescence and RT-PCR. Other diagn
methods include examination of kidney imprints BAT and histopathology of the liver which demontgsa
multifocal haemorrhagic hepatic necrosis that megolne confluent, leaving areas around large vetast — a
typical symptom of advanced stages of infectiorodBistock can be screened for ISAV by RT-PCR of iawar
fluids (Melville & Griffiths 1999).

Treatment and prevention:. No known treatment. Prevention is based on skaugind disinfection of affected
facilities, and reducing the risk of ISA transfer thhe implementation of good husbandry and sanpaagtices
(e.g., use of ISA free broodstock, disinfectioregfs with iodophors (100 ppm for 10 minutes), uUs@atbaths
and brushes, detergent and disinfectant sprayageetfdisinfection systems). The virus is inactghby sodium
hypochlorite (bleach) (100-1000 mg/L for a minimafrl0 minutes) or iodophors (100—-200 mg/L for 5 ntes)
ozone (8 mg/L/min for 3 minutes), and UV radiat{@ye & Rimstad 2001).

Distribution in New Zealand

Unreported.

ISA IS REGARDED AS AN INTERNATIONALLY
SIGNIFICANT DISEASE. IF YOU SUSPECT THAT YOUR
STOCK HAVE THIS DISEASE, RING MAF ON
0800-809-966

Worldwide distribution: ISA was first described in Norway in 1984 (Rober®98) and spread to Canada in
1997 (Lovely et al. 1999), Scotland in 1998, andeCin 1999 (Kibenge et al. 2001).

General comments:ISA is a contagious viral disease mainly Of farndgidintic salmon $almo salay. The virus
is transmitted via seawater, fish wastes and mucsls,blood, and waste waters from processing plaltis
uncertain whether true vertical transmission océMmslville & Griffiths 1999). ISA outbreaks have & closely
linked with horizontal transmission of infection seawater, and therefore use of untreated seavvatie
production phase in hatcheries is not recommenkded. fish movements have been identified as a maghk
factor in the spread of ISA.
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Gross appearance of Atlantic
salmon Galmo salay from
Scotland infected with ISA.
Photos by D. Bruno.

Above: A salmon with

typical ISA signs including

petechial haemorrhage of the
visceral fat and darkening
and enlargement of the liver
and spleen.

Below: Closer view of an
enlarged and markedly
darkened (almost black) liver
(L) of a salmon infected with
ISA.



Disease: Oncorhynchus masou virus disease(OMVD) (yamame tumour virus, nerka
virus, coho salmon tumour virus,Oncorhynchus kisutch virus, coho salmon herpesvirus, rainbow
trout kidney virus).

Species and life stage affectedilasou salmon@ncorhynchus masdukokanee salmorQncorhynchus nerka
chum salmon @ncorhynchus keja coho salmon @ncorhynchus kisutg¢hand rainbowtrout (Oncorhynchus
mykis$.

Gross signs: Oedema, haemorrhaging, and heavy mortalities irerjie fish. The virus multiplies in the
endothelial cells of the host, causing cell deatld &he resulting signs. After 4 months some fishilak
epithelioma (Yoshimizu et al. 1988), mainly aroume mouth. The kidney is severely infected, andigdar
necrosis of the liver, spleen, and pancreas mayrqd@anaka et al. 1984). In coho salmon, 1 yearfistd show
ulcers in the skin, white spots on the liver, aegplasia around the mouth or on body surfaces.b@airtrout
may be largely asymptomatic, but may have skinraldatestinal haemorrhages and white spots ofivibie

Causative agent:Oncorhynchus masourus (OMV), a herpesvirus.
Diagnosis:Isolation of the virus in cell cultures, serum talisation, IFAT, and ELISA.

Treatment and prevention: No known treatment. Disinfection of eggs just aftetilisation or at the eyed stage
with iodophors gives effective prevention.

Distribution in New Zealand

Unreported.

OMVD IS AN INTERNATIONALLY NOTIFIABLE
DISEASE. IF YOU SUSPECT THAT YOUR STOCK HAVE
THIS DISEASE, RING MAF ON 0800-809-966

Worldwide distribution: Japan only.

General comments:Clinical signs and course of disease vary witht Bpecies and age.
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Disease: Spring viraemia of carp (SVC)

Species and life stage affecte@yprinid fishes. Overt infections occur in commarpand koi carpQyprinus
carpio), grass carp Gtenopharyngodondellus), silver carp KHypophthalmichthys molitr)x bighead carp
(Aristichthys nobili}, crucian carp and goldfisiCarassius auratys tench Tinca tincg, roach Rutilus rutilug,
sheatfish Gilurus glani¥, pumpkinseedLlepomis gibbos)s and guppiesLbistes reticulatys Young more
susceptible than adults.

Gross signs:Usually occurs during springtime. Lethargy, lying the bottom, slow reaction to sensory stimuli.
Oedema, haemorrhaging, enteritis and peritoniks) darkening, swollen belly, exophthalmia. Petatland
congestive haemorrhaging in the skin, gills, antt@or eye, anaemia, and protrusion and inflammatbthe
vent. The faecal casts are long, white to yellowesid mucoid. Abdominal adhesions of the visceta Virus
multiplies in the endothelial cells (which line thdood vessels), haematopoietic tissues of theekidiand
nephron cells.

Causative agent:Spring viraemia of carp virus (SVCV), a rhabdosiru

Diagnosis: Isolation and culture of the causative virus frdme kidney, spleen, brain or gills of infected fish,
serum neutralisation, IFAT, and ELISA.

Treatment and prevention: No known treatment. Prevention is by controls orvemoent, slaughter of infected
stock, and disinfection of affected facilities.

Distribution in New Zealand

Unreported.

SVC IS AN INTERNATIONALLY NOTIFIABLE
DISEASE. IF YOU SUSPECT THAT YOUR STOCK HAVE
THIS DISEASE, RING MAF ON 0800-809-966

Worldwide distribution: Continental Europe.

General comments:The reservoirs of infection are clinically infedtéish and asymptomatic carriers among
cultured or wild fish. The virus is shed via fagcesne, gill and skin mucus, and exudates of dNiaters.
Transmission is horizontal, but possibly also waiti The virus may also be spread by vectors sich a
ectoparasitic copepods and leeches. Susceptibditynly varies between host species, but withiost species.
Whether this is due to innate immunity or the afdghe fish is unclear. Temperature is very impadrtam
virulence. For example, under experimental conagjdiigh mortality occurs within 10-15 days at 16=C, but
later at 11-15 °C. The disease does not develdighirkept constantly at 18 °C. In yearling or oldish, overt
infection is not often observed at over 17 °C, wlearfry may be infected at 22—-23 °C. The sheddingrions
from asymptomatic fish at 13—-14 °C during winteryrba an important factor in transmission.
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o

Spring viraemia of carp in a common carp from Eetq@hoto reprinted from Fish Patholog¥; &dition,
Roberts, R.J. (ed.) 1989, Plate 6.3, by permissighe publisher, Bailliere Tindall).

This fish is exhibiting severe haemorrhages, peitisband adhesions of the viscera due to infeatith SVCV.
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Disease: Viral haemorrhagic septicaemia (VHS)

Species and life stage affectedkry, fingerlings, and adults of most salmonids, atsb other species including
turbot Scophthalmus maximuyssea bassOjcentrarchus labra) Atlantic cod Gadus morhup Pacific cod
(Gadus macrocephalysand Pacific herringGlupea harengus pallasi

Gross signs:Rainbow trout Oncorhynchus mykis$ry become lethargic, darker in colour, and svematically
with a corkscrew motion, or on the surface. They mehibit exophthalmia with haemorrhaging arounel ¢ye,
and pale gills. Internally, extensive haemorrhagimigh a swollen dark kidney that is necrotic i tanterior and
mid-sections. The liver may be pale or yellowishthwihaemorrhaging giving a mottled appearance.
Histopathologically the kidney is the most affectedjan, showing extensive necrosis of the haemgicha
tissues. Focal necrosis occurs in the liver.

Causative agentViral haemorrhagic septicaemia virus (VHSV), a mows (family Rhabdoviridae).

Diagnosis:VHSV may be isolated in a variety of cell-lineadddentified by serum neutralisation. The virusyma
also be identified by IFAT or ELISA tests, with geprobes, by PCR, or by monoclonal antibody capdimet
PCR.

Treatment and prevention:.. No known treatment. Sterilisation of intake andste water by UV irradiation is
useful in controlling VHS in farms (Yoshimizu et 4086, Oye & Rimstad 2001). Development of vacgihas
provided protective immunity in rainbow trout (Enanm et al. 1997, Lorenzen et al. 1998), but otla@cines
will be needed against other strains of the dise@ismsmission is horizontal and fish in watersraumding
farms may become carriers from exposure to farntemader. Therefore farms may be re-infected froenvtiid
after the disease has been eradicated from thefarm

Distribution in New Zealand

Unreported, although farmed salmonids are undérea
surveillance.

VHS IS AN INTERNATIONALLY NOTIFIABLE DISEASE.
IF YOU SUSPECT THAT YOUR STOCK HAVE THIS
DISEASE, RING MAF ON 0800-809-966

Worldwide distribution: Freshwate®VHS occurs in continental Europe and the Meditexeam Marine VHS
occurs in the North Sea, off the coast of Alaskaybfts et al. 1994) and in Japan (Isshiki et al1200

General comments:VHS occurs as many strains and some of the clisigas may be confused with IHN and
IPN. A reverse transcriptase-PCR technique has teegloped to rapidly differentiate the VHS and IMiKuses
(Miller et al. 1998). Stress, the age of the hagihpow trout fry are the most susceptible), amdperature (VHS
is a cold water disease) predispose stocks totiafecThe virus enters the fish through the gided spreads
quickly via the blood. It enters endothelial celisid then to the kidney where it causes severesiscof the
blood forming tissues. It then spreads to the laugat pancreas where it causes further necrosis.
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VHS in rainbow trout
(Oncorhynchus mykissfrom
Norway. Photos by T. Hastein.

Above: Fry with VHS

showing markedly swollen
bellies and haemorrhages in
the eye.

Below: A juvenile rainbow
trout with extensive
haemorrhaging of the
musculature, pale gills and
pale, mottled liver, all
classical signs of VHS.
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Microbial diseases of freshwater fishes

Disease: AtypicalAeromonas salmonicida (carp erythrodermatitis, ulcer disease of goldfish
head ulcer disease of Japanese eels).

Species and life stage affecteddlost salmonids and other freshwater fish. Also@ffenarine fish, particularly
flatfish.

Gross signs:Skin ulceration.
Causative agentsBacteria of the genu&eromonasincludingAeromonas salmonicida masoucifkalmonids,
Japan) A. salmonicida achromogenésalmonids and non-salmonids, in many countri@s)salmonicida nova

(salmonids and non-salmonids, many countridskalmonicida smithiénon-salmonids, England), and other un-
namedA. salmonicida.

Diagnosis:Isolation onto microbiological media, biochemipabfiling, serological identification.

Treatment and prevention: Treatment with antibiotics and, in a few caseshsas in carp erythrodermatitis,
vaccination.

Distribution in New Zealand

Unreported despite investigation.

ATYPICAL A.SALMONICIDA ARE IMPOSSIBLE

TO DISTINGUISH FROM FURUNCULOSIS, EXCEPT IN
THE LABORATORY. IF YOU SUSPECT A DISEASE
MAY BELONG TO THIS GROUP, RING MAF ON
080(-80¢-96¢

Worldwide distribution: Atypical strains occur worldwide, except in New Egal. In Australia they infect
goldfish (Carassius auratys silver perch Bidyanus bidyanysand greenback flounddrRlombosolea taparina

General comments:Whereas the strains & s. salmonicidare all very similar, the atypical strains are muc
more heterogeneous.
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Carp erythrodermatitis in a mirror carp causedridgation with an atypical strain éeromonas salmonicida
(Photo reprinted from Fish Pathology® dition, Roberts,R.J. (ed.) 1989, Plate 6.1, bynission of the
publisher, Bailliere Tindall).

Note the shallow haemorrhagic ulceration of tha skithe caudal peduncle.

33



Disease: Bacterial kidney disease (BKD)

Species and life stage affectedsalmonids ©ncorhynchussp., Salmosp., Salvelinussp.) (Fryer & Sanders
1981). Natural infections in Danube salmétu¢ho huchpand grayling Thymallus thymallys

Gross signs:From complete lack of signs to darkening of theyhatistended abdomen, exophthalmia, petechial
haemorrhaging, and haemorrhaging near the fins.oVbe disease occurs only at advanced stagededition,
when fish have completed their first year of lifgystemic granulomatous lesions can be found irorgns,
particularly the kidneyGreyish necrotic abscesses in the kidney multipiil they merge, resulting in diffuse
granulomatous lesions throughout the swollen kidney

Causative agent:Renibacterium salmoninarura,gram-positive bacterium most closely relatechtodubacterial
division of the actinomycetes.

Diagnosis: Isolation and bacteriological identification, amtig detection and identification by serological
methods, including agglutination testing and imnfluarescence, ELISA, or by PCR. Seropositive rasatd
molecular techniques do not indicate the diseapeesent in the absence of bacterial isolation.

Treatment and prevention: Erythromycin sulphate given by injection (11 mg/koy) feeding (200 mg/kg) for 21
days. Controls on movement, segregation of infeatetluninfected fish.

Distribution in New Zealand

Unreported even though there have been concerte
efforts to find the pathogen in New Zealand salrdeni

BKD IS REGARDED AS AN INTERNATIONALLY
SIGNIFICANT DISEASE. IF YOU SUSPECT THAT YOUR
STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢

Worldwide distribution: North America, western Europe, Japan, Chile, Scandinavia.

General comments:BKD is a chronic disease that may take up to 9 h®rnb present clinical signs after
infection. Therefore the disease may become wedbéshed before it is detected. Even when clingighs are
apparent, the causative bacterium can be difftoudrow. The bacterium can be transmitted bothziootially and
vertically. The condition must be distinguishednfrgroliferative kidney disease (PKD), in which kign
hypertrophy is not associated with any discoloratio
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BKD in chinook salmon®@ncorhynchus tshawytschiom British Columbia. Photo by N. Boustead.

Note granulomatous lesions evident in the kidneso(es).
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Disease: Enteric redmouth disease (ERM)

Species and life stage affecte@®almonids, and non-salmonids, including sturgesipenser baeji European
eels (Anguilla anguillg, goldfish (Carassius auratys channel catfish I€talurus punctatus turbot
(Scophthalmus maximuysnd Dover soléSolea solep

Gross signs:Bacterial septicaemia withnorexia, darkening of the skin, lethargy, subcetais haemorrhaging
and reddening of throat and mouth. Erosion of #wegnd palate may occur. Haemorrhaging occurs @ially
surface, at the gill tips, at the base of the finghe eye, along the lateral line, and at thet\veernally there is
congestion of the blood vessels of the peritoneand petechial haemorrhaging in the liver, pancreasm
bladder, lateral muscles, and adipose tissues.Kidmey and spleen may be swollen, with mucoid yekb
matter in the gut.

Causative agent:Yersinia ruckeri a gram-negative rod of the Enterobacteriaced@eyrh. in diameter and 2-3
um in length.

Diagnosis: Isolation on to media and biochemical identificatianonoclonal antibodies, ELISA, antibody
detection by latex-agglutination, PCR. There hasenbproblems with validation of PCR (Hiney & Smit998).

Treatment and prevention: Avoidance of contaminated stocks, disinfection g vaccination, antibiotic
treatment (potentiated sulfonamides). ERM is oftarindicator that fish are stressed, possibly duysobr water

guality, poor nutrition, overcrowding, high tempenras (peak mortality in summer, no infection betb®°C), or

high levels of suspended organic matter. Handliray tnigger the disease in fish that are alreadyssed but
appear healthy. Avoidance of these conditions pyvélvent disease.

Distribution in New Zealand

ERM has been isolated in salmon hatcheries onabkieceast of
the South Island. Improvements in fish husbandmetlraduced
the incidence of ERM in recent years.

Worldwide distribution: North America, Europe, Iran, South Africa, Austeida Chile.

General comments:In chinook salmon in New Zealand the most obvisigs of ERM is the presence of blood
spots in the eye: however, these signs can be sedfwith other septicaemias.
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ERM in rainbow trout. Photos by H. Schlotfeldt.

Above: Classical reddening of the mouth associated wibitstaneous haemorrhaging.
Below: Reddening of the mouth and haemorrhage in the eye.
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Disease: Flavobacterial diseasggolumnaris, cold-water disease, bacterial gill diease, fin
rot)

Species and life stage affected®robably all species of freshwater fish can susil@me form of flavobacterial
disease (Shotts & Starliper 1999).

Gross signs:Columnaris: infection begins at the mouth, fins gilts, as an increase in mucus on the head and
upper body, appearing as greyish patches with lawish tint. Gills initially have whitish tips, f@dwed by
overgrowth of the filament. Spots may appear orstivéace, followed by necrosis, septicaemia, aradrdeCold-
water disease: tissue necrosis (fin rot), whichsts rough skin and loss of fin tips, whitishwgtlo along the fin
margin, followed by fin erosion that may finallyogie the musculature of the body, exposing the sjiaeterial

gill disease: anorexia, with the fish lining uptia¢ freshwater inlet. Small yellowish-white to grgyots appear
on the gills, bleeding may occur, and eventualéydghls are smothered in bacteria, leading to death

Causative agents: Columnaris Flavobacterium columnaje cold-water disease Flavobacterium
psychrophilury, bacterial gill diseasd-{avobacterium branchiophilujn

Diagnosis: Clinical signs, taken together with prevailing aratemperatures, and microscopic examination of
scrapings from an eroded area may allow presumjlizgnosis. Definitive diagnosis requires isolatmm to
cytophaga medium and biochemical identificatiomutyh this can sometimes be difficult due to overghoby
opportunistic bacteria. PCR can be used to disishgthe three pathogens (Bader & Shotts 1998, Wiklet al.
2000). An ELISA also exists fdf. branchiophilum.

Treatment and prevention: Improvement in water quality and husbandry are Itlest preventatives for
columnaris and cold-water disease. Similarly, béategill disease thrives when fish are stressed by
overcrowding and build up of faeces and uneaten foothe environment. Experimental vaccines havenbe
developed, but chemical treatments are favoufetiranchiophiluncan be treated with choramine-T (Bowker &
Erdahl 1998), benzalkonium chlorides at 1-2 mg/fipéPet al. 1983), hydrogen peroxide (Lumsden e1298),

or a 5% salt bath (Heo et al. 1990).

Distribution in New Zealand ‘

These bacteria are ubiquitous in the environmedt@obably
occur throughout New Zealand's freshwaters. Theyallys
cause disease only under poor environmental conditior
when fish are stressed.

Worldwide distribution: Ubiquitous worldwide.

General comments: Flavobacterial diseases are often the first toeappvhen fish are stressed by poor
environmental conditions. In New Zealand, bactegidll disease occurs in chinook salmon fry and kwegr
sockeye salmon when ammonia levels and turbidigy lkagh, and columnaris disease has been recorded in
overcrowded cultured eels and as the cause ofibkped gills of chinook salmon at water temperasuoé 18 °C
(Boustead 1989). Cold-water disease has been egtimdNew Zealand salmonids and eels at water teaahypes

of 8-10°C (Jones et al. 1983, Boustead 1989).
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Flavobacterial disease in chinook salm@m¢orhynchus tshawytschdhoto by N. Boustead.

Tissue necrosis associated with flavobacterialciida has caused extensive erosion of the caudahiid
musculature of the caudal peduncle, exposing timesp
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Disease: Furunculosis

Species and life stage affecte@almonids, ee|sarp, and many other species of freshwater fish.

Gross signs:Boil-like lesions on the skin and in the musclgéhaligh furuncles do not always develop on the
dorsal body and are more common on older fish walittonic disease. In acute infections of youngdr, fikeath
can be so rapid that only exophthalmia will be pn¢s Microcolonies occur in many organs without an
inflammatory response or much necrosis. Cardiacag@nmay be the cause of death. Covert infectiosigadi
none of these signs. Acute infections in growirgd fare characterised by darkening of the skin, pppetite,
lethargy, and haemorrhaging at the base of the fins

Causative agentAeromonas salmonicidsubspeciesalmonicida,a non-motile aeromonad bacterium.

Diagnosis: Internally the fish may have haemorrhages in thdoeninal wall, viscera, and heart, a soft liquefied
kidney, enlarged cherry-red spleen, pale liver vadlemorrhages, an empty digestive tract excephtaus and
blood, and muscular furuncles. The causative oggartian be readily cultured from affected organswatnient
media and identified a&. salmonicidaSeveral techniques exist to separate typicadalmonicidarom atypical
strains (antibiogram typing, biotyping, multiloceszyme electrophoresis, phage typiRgeudomonamhibitory
assay, LPS antibody binding, serotyping, plasmidfilimg, DNA techniques). In covert infections th&.
salmonicidamay be amplified by stressing the host.

Treatment and prevention: As diseased fish lose their appetites, oral astitbitreatment only prevents new
infections. Standard treatments in freshwater aygetracycline at 80 mg/kg, oxolinic acid at 10 kgy/Romet at
50 mg/kg, florfenicol at 20 mg/kg, and amoxycilah 40—80 mg/kg, and in seawater are oxytetracyein&20
mg/kg, oxolinic acid at 30 mg/kg, methasul at 40/kgg and sulfatrim at 60 mg/kg. Vaccination using o
adjuvant injection vaccines. Site rotation and féafftowing, by removing the host biomass for a pdrireduces
infection pressure.

Distribution in New Zealand

Absent. Furunculosis has never been found, despite
investigation (Anderson et al. 1994).

FURUNCULOSIS PROBABLY POSES THE GREATEST
SINGLE THREAT TO FISH AQUACULTURE IN THIS
COUNTRY. IF YOU SUSPECT THAT YOUR STOCK
HAVE THIS DISEASE, RING MAF ON 0800-80¢-96€

Worldwide distribution: Worldwide except New Zealand and South America.

General comments: Should this disease be introduced into New Zeal&ngould affect not only salmonid
aquaculture, but many other species of freshwikr This disease is particularly likely to affective galaxiid
fishes, which are salmoniform fishes.
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Furunculosis caused \eromonas salmonicid&hotos by N. Boustead.

Above: A brook trout from the USA with furunculosis exhibg a furuncle (arrow) in the dorsal muscle.
Below: A classic furuncle (arrow) on the side of a brawout with furunculosis.
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Disease: Haemorrhagic septicaemigeromonas hydrophila complex)

Species and life stage affectedilost cultured and wild freshwater fish are susdaptio infection, particularly
coldwater species (salmonids, cyprinids, anguilids

Gross signs:Haemorrhagic septicaemia. Cutaneous haemorrhagaleg@dtion of the fins, trunk, and stomach.
In carp, tail and fin rot may be present.

Causative agentAeromonas hydrophilaa motile aeromonad bacterium.

Diagnosis: Isolation on to media and biochemical identifioati Techniques such as gel-diffusion, direct and
indirect fluorescent antibody techniques, immuntibig, and ELISA are available, but are of limiteske because
many strains of\. hydrophilaexist in fish farms. Ribotyping, ISHnd PCR give more precise results.

Treatment and prevention: A. hydrophilais common and free-living in water, but it becona@sopportunist
pathogen when fish are stressed by overcrowdingh) kémperatures, sudden temperature change, hgndlin
transport, and low dissolved oxygen. The rectifaratof such husbandry problems is the best andkgsic
solution. Antibiotic (florfenicol, tetracycline, ghonamides, nitrofuran derivatives, and pyridomegaylic
acids) treatment may also be effective. Howevahdfpoor husbandry is not rectified, the diseadl@eturn.

Distribution in New Zealand ‘

Aeromonas hydrophilss common in freshwater all around New
Zealand.

Worldwide distribution: Occurs worldwide.
General comments: In some circumstances, signs Af hydrophila septicaemia may be confused with

furunculosis, but a#. hydrophilais a motile aeromonad, a#d salmonicidaa hon-motile aeromonad, they can
be presumptively distinguished in smears of infécians.
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Haemorrhagic septicaemia in eedfuilla australi3. Photos by B. Diggles.

Above: Note large necrotic ulcers in the skin on theKkanf both eels. The lower eel also exhibits haehagye

of the anal fin, and rectal prolapse.
Below: Typical appearance of ulcerative lesions in the ekan eel with haemorrhagic septicaemia.
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Disease: Mycobacteriosigtuberculosis)

Species and life stage affecteduveniles and adults of many species of freshviister particularly ornamental
fish.

Gross signs:Cessation of feeding, emaciation, exophthalmiagres ulceration, discoloration, multiple nodules
in the skin and internal organs. This disease i®reh and may take several years to progress froen t
asymptomatic state to clinical iliness.

Causative agents: Acid-fast, gram-positive bacteria of the genhiycobacterium usually M. fortuitum
M. marinum or M. cheloneibut also other species.

Diagnosis: Isolation of the bacteria in culture is difficudVet smears or routine histopathology, using Zeihl
Neelsen stain for acid fast organisms, is usedetachstrate the presence of strongly acid-fast Ib4eiB pm
long from inside granulomatous lesions, particylanl the liver, kidney, and spleen. Sometimes csaduwith
infections byNocardiasp. Specific diagnosis requires isolation of thetbria and identification (Chinabut 1998).

Treatment and prevention: Outbreaks of mycobacteriosis in cultured fish aseally related to management
factors such as poor water quality and/or highlkstacdensity. However, the disease can also beadpamd
transmitted vertically to fish larvae via eggs (@but et al. 1994). Chemical treatments are oftesuccessful,
especially if administered during the later stagésinfection. Antibiotic treatments (rifampicin) mabe
practicable when used to treat expensive ornamésita{Dulin 1979).

Distribution in New Zealand ‘

Probably present in ornamental fish throughout Mealand.

Worldwide distribution: Mycobacteriumis ubiquitous in the water and sediment (Chinab8€8), and
mycobacteriosis has been recorded in over 150 espexfi marine and freshwater fish worldwide (Nigréll
Vogel 1963, Austin 1988).

General comments:These bacteria can also infect humans, causiaggallskin reactions or infections (Barrow

& Hewitt 1971), hence caution should be exercisdgtrwimmersing arms or hands with open wounds into
affected aquariums.
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Mycobacteriosis in an ornamental fish (Australiambowfish,Melanotaeniasp.). Photos by B. Diggles.

Left: Histological section of the kidney showing numeraecrotic granulomatous lesions (L) associatetl wit
massive destruction of the kidney tubules (arrow).

Right: Same kidney stained with Zeihl Neelsen stain shgwiumerous red staining acid fddgcobacteriunsp.
(arrows) inside the lesions.
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Disease: Vibriosis(Vibrio anguillarum)

Species and life stage affectedAffects most species of freshwater fish, includigglmonids and eels,
particularly when they occur in brackish watersua reared in seacages.

Gross signs:Red spots on the ventral and lateral areas ofishe dnd swollen regions of skin which develop to
ulcers and release a bloody exudate. Corneal kesiorsevere infection, mortality is so rapid thatsigns may
be present.

Causative agentVibrio anguillarum,a gram-negative, curved bacterium with a polarefiagn.

Diagnosis: Isolation on to media and biochemical identifioati Serotyping, fluorescent antibody tests,
monoclonal antibodies (Hanna et al. 1991), ELISAd apecific oligonucleotide probes are available €t al.
1995). Bacteraemia develops in the early stagasfettion, with changes in the blood, loose conivectissue,
kidney, spleen, gills, and posterior intestinalctraThis contrasts withVibrio ordalii infection, in which
bacteraemia occurs late in infection, with changaily in the skeletal and cardiac muscle, digestimact, and
gills (Ransom et al. 1984).

Treatment and prevention: Antibiotics (ampicillin, oxytetracycline, Romet, olnic acid, sarafloxacin,
erythromycin, streptomycin, nalidixic acid derivegs, nitrofuran derivatives, sulphonamides, arddthoprim)
may be used (Giles et al. 1991), but are not faaturecause of the development of antibiotic rastgta
Effective vaccines are available, and also protéothay be used to suppress proliferation (Austial.e1995).
Disinfectants may be used to clean contaminatexs gBako et al. 1988), and UV to sterilise wateak{S&

Sorimachi 1985).

Distribution in New Zealand ‘

Vibrio anguillarumoccurs in New Zealand estuarine and
marine waters.

Worldwide distribution: Occurs worldwide.

General comments:Again the occurrence of disease is a combinationamy factors including, virulence of the
strain, environmental factors, stressors amondishestocks, fish genetics, and age.
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Vibriosis in chinook salmon@ncorhynchus tshawytschd&hoto by N. Boustead.

These two reddened, focal ulcerative lesions iracage reared salmon are suggestive of infectiovittnyo
anguillarum
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Disease: Vibriosis(Vibrio ordalii)

Species and life stage affected€Chinook salmon@ncorhynchus tshawytschaockeye salmonQncorhynchus
nerka, and other salmonids

Gross signs:Selectively infects the muscle and skin and malble to actively penetrate the skin. It is also
found in the gills, and digestive tract which may as other portals of entry. The spleen, lived blood are less
often infected.

Causative agent.Vibrio ordalii , a gram-negative, curved bacterium with a polareiagn.

Diagnosis: Isolation on to media and biochemical identifioati Serotyping, fluorescent antibody tests,
monoclonal antibodies (Hanna et al. 1991), ELISAd apecific oligonucleotide probes are available €t al.
1995). InVibrio ordalii infection, bacteraemia occurs late in infectiontmehanges mainly in the skeletal and
cardiac muscle, digestive tract, and gills. Thisitcasts withV. anguillaruminfection in which bacteraemia
develops in the early stages of infection, withrges in the blood, loose connective tissue, kidaplgen, gills,
and posterior intestinal tract (Ransom et al. 1984)

Treatment and prevention: Antibiotics (oxytetracycline, Romet-30, oxolinicid, sarafloxacin, erythromycin,
streptomycin) may be used (Giles et al. 1991), dvat not favoured because of the development obiatit
resistance. Effective vaccines are available, aotiptics may be used to suppress proliferations{iuet al.
1995). Disinfectants may be used to clean contaethsites (Sako et al. 1988), and UV to sterilisgew (Sako
& Sorimachi 1985).

Distribution in New Zealand

Reported from chinook salmo®corhynchus tshawytscha
from Owaka, Stewart Island, and the Marlboroughrigisyand
sockeye salmordncorhynchus nerRdrom the Marlborough
Sounds (Wards et al. 1983).

Worldwide distribution: Pacific northwest of the U.S.and Japan.

General comments:It is thought thatv. ordalii infections are acquired while fish are kept in sages. All
infections recorded in New Zealand were from fislestuaries or marine areas.
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Vibriosis in chinook salmon@ncorhynchus tshawytschd@hoto by N. Boustead.

The vibriosis lesion near the vent of this salm@swrobably associated with handling damage.
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Protozoan diseases of freshwater fishes

Disease: Amoebic granulomatosis
Species and life stage affecteduvenile and adult goldfisiarassius auratus

Gross signs:None in early stages. In advanced infections cessaf feeding, multiple internal lesions, rapid
increase in mortalities.

Causative agent: Unclassified amoeba-like organisms within intéorgans.

Diagnosis: Definitive diagnosis requires histology to deteatmerous small (2—-3 pm) amoebae-like protozoans
at the periphery of granulomatous lesions in irdkangans, particularly the kidney and liver. Thietpzoans can
also be found inside macrophages, where they apihacan survive and divide. Staining with the Zé\leelsen
method is required to eliminate mycobacteriosisctvicauses grossly similar lesions.

Treatment and prevention: No known treatment. Transmission is horizontal, degemuarantine of new
introductions before stocking tanks is recommendéds disease appears to increase in prevalerbe warmer
months and is associated with high stocking desssii water temperatures above 20 °C. Loweringefaater
temperature and reducing stocking density wouldefioee appear likely methods for limiting mortadii
associated with this disease.

Distribution in New Zealand ‘

Probably present in goldfish throughout New Zealand

Worldwide distribution: Amoeba-like organisms occur throughout the rangecyggrinid fish worldwide,
including Asia, Europe, the Middle East and thet&bhiStates (Voelker et al. 1977, Lom & Dykova 1992)

General comments: Amoebae recorded to be parasitic in the internghms of freshwater fishes include
members of the genefecanthamoebaHartmanellg Naeglerig VahlkampfiaandVexillifera (see Lom & Dykova
1992, Dykova et al. 1996). Most of these are nahgmgenic in the digestive tract, however, hencedbatity of
the amoeba-like organisms which cause granulomag¢siens in internal organs in goldfish remainsanicmed
(Dykova et al. 1996). Other potential causativendégeénclude poorly knowrDermocystidiurdike organisms
(Landsberg & Paperna 1992).
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Amoebic granulomatosis in goldfish. Photos by Bydbés.

Left: Low power view of a histological section of a guiomatous nodule in the kidney. The nodules cormist
an inner area of cellular debris (d), surrounded bgyer of amoeba-like protozoans and host inflatony cells
(i) which may be surrounded by a fibrous layer.

Right: High power view of the edge of a nodule showingnatbus amoeba-like protozoans both between host
inflammatory cells (arrows) and intracellularly hiit host cells (arrowhead).
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Disease: White spot diseas&h)

Species and life stage affecteduveniles and adults of all species of freshwagér:

Gross signs:Pinpoint white spots in the epidermis of the skid éins, flashing and rubbing behaviour, decreased
appetite. Lethargy, excessive mucus production,otisnimbalance, and secondary infections occur éaviy
infections.

Causative agentichthyophthirius multifiliis a ciliate.

Diagnosis: A presumptive diagnosis can be obtained by observaf pinpoint white spots in the epidermis of
the skin and fins. Confirmatory diagnosis by micagEc examination of mucous scrapings containitigtes
under a microscope to demonstrate the distinctivedshoe shaped macronucleuk afultifiliis.

Treatment and prevention: Heavy infections can quickly lead to epizooticaqguaria or aquaculture when fish
are held at high densities, unless effective treatris administered. UV radiation of 9 x*10W s mi* kills the
infective theront stage, as do formalin baths op@m for 24 hours or adding common salt to the wate rate
of 5 g/L (Selosse & Rowland 1990). Ornamental fisim be treated with 0.1 mg/L malachite green org2Lm
methylene blue at 3—4 day intervals until the ititets are resolved. Interruption of the lifecycledaily transfer
of fish to different aquaria for 5-7 days is alfe&ive, but places additional stress on affedisul

Distribution in New Zealand ‘

Ichthyophthirius multifiliisinfects wild and captive freshwater
fish throughout New Zealand.

Worldwide distribution: Ichthyophthirius multifilisoccurs worldwide in wild and ornamental freshwéltsh
(Dickerson Dawe 1995).

General comments:White spot disease has been the only parasitausecsignificant losses in eel culture in
New Zealand (Boustead 1982), despite being easityralled. The life cycle of. multifiliis includes an obligate
parasitic stage on the fish called a trophont,afr@e living cyst stage called a tomont. Matuophonts exit the
fish and settle on a convenient substrate and grfoyming a tomont. The tomont divides internalbyproduce
large numbers of infective stages, called therodigon excystment (which occurs less than 24 hoties a
encystment at 23 °C) the theronts emerge and sapndly towards light and fish mucus, which helpsnthfind a
fish host (Dickerson & Dawe 1995).
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White spot disease caused by
Ichthyophthirius multifiliis
Photos by B. Diggles.

Above: A juvenile guppy with a
white spot infection. Note
relatively large white spots
which are the trophont stage

(arrow), and prominent
epithelial hyperplasia
(arrowheads).

Below: A  trophont  of

I. multifilis as seen in a wet
smear after silver staining. Note
the prominent horseshoe-shaped
macronucleus (arrow).



Metazoan diseases of freshwater fishes

Disease: GyrodactylosigGyrodactylus salaris infection)

Species and life stage affectedSalmonids, mainly Atlantic salmorSé&lmo salay, but also rainbow trout
(Oncorhynchus mykigsbrook trout Salvelinusfontinalis), and brown troutalmo trutt. Other closely related
parasites cause disease in a wide variety of rlarogal freshwater fishes.

Gross signs:Affected fish produce excessive mucus in areas evparasites attach to the fins and skin and may
perform flashing and rubbing behaviour. As disepsmgresses, secondary infection by bacteria oriforay
occur and under suitable conditions mortalitiesiltess parasite numbers build up rapidly.

Causative agent:Monogenean ectoparasites of the ge@ysodactylus Gyrodactylus salaricauses disease in
wild Atlantic salmon and cultured rainbow trout.h®t species oyrodactyluscause disease in various species
of freshwater and marine fishes.

Diagnosis: Diagnosis is by examination of the whole surfataftected fish, including gills and mouth, under a
dissecting microscope. Members of the ge@ysodactylusare easily identified by the presence of embryos
inside the uterus. Identification &yrodactylus salarigss based on morphology and morphometry of hookk an
bars on the opisthaptor, or by DNA analysis (OIB@0

Treatment and prevention: Gyrodactylus salarisis normally eradicated from aquaculture facilitiby
destocking and disinfection. Most chemical treattvesre not 100% effective, hence methods of cordfol

G. salarisin wild salmonid populations in Norway have inchgidradical measures such as rotenone treatment of
entire rivers to remove all fish. Novel alternativeatments include addition of aluminium (200 Pg#k rivers,
which removed 100% d&. salarisin 4 days (Soleng et al. 1999).

Distribution in New Zealand

Gyrodactylus salarigs unreported, though monogeneans o
the genusGyrodactylushave been reported from imported gr§
carp and wild estuarine fish such as flounder.

GYRODACTYLOSIS IS REGARDED AS AN
INTERNATIONALLY SIGNIFICANT DISEASE. IF YOU
SUSPECT THAT YOUR STOCK HAVE THIS DISEASE,
RING MAF ON 0800-80¢-96¢€

Worldwide distribution: Members of the genu&yrodactylusparasitise a variety of fish species worldwide
(Cone 1995), thougyrodactylus salarigs confined to northern Europe.

General comments:The only record of monogeneans of the ge@ysodactylusin freshwater fishes in New
Zealand is by Edwards & Hine (1974) who repoi@dtenopharyngodontisn the external surfaces of imported
grass carp(tenopharyngodon ideljaduring quarantine. An undescribed specie§gfodactylushas also been
reported from yellowbelly flounder (Hine et al. Z00
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Gyrodactylosis in Atlantic salmon.

Above: Gross signs of disease include necrosis and axeassicus production on the fins and on other piras
attachment sites, and evidence of secondary balctefection.Inset: Wet preparation oGyrodactylus salaris

Photos by T. HasteifBelow: SEM micrograph showing tw@. salarisattached to the skin of an Atlantic salmon.
Photo by T. Bakke.
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Disease: Myxozoan diseases of eels

Species and life stage affectedJuvenile and adult longfinned and shortfinned,e®tguilla dieffenbachiand
A. australis

Gross signs:Numerous moderately large white cysts up to 6 mameier on the gills, gill arches, and skin.
Heavily infected eels may show signs of respiratbsyress, swimming slowly and gulping at the wataface.

Causative agentsMyxozoan parasites of the gendgxidium (including M. giardi (synonymM. zelandicur
M. acinumandMyxidiumsp.) andvyxobolussp.

Diagnosis: The white cysts are easily confused with whitespfections caused blchthyophthiriusmultifiliis,
unless the cysts are removed and examined undarascope for the presence of large numbers ofespioside
the cysts. Members of the genMgxidium have fusiform spores 8-11.5 um long with pointadsecontaining
polar capsules at the opposite ends of the spares (E078).Myxobolushas rounded to oval spores with two
polar capsules adjacent to each other at one et afpore (Lom & Dykova 1992).

Treatment and prevention: None reported. However, treatment with the antibid-umagillin (0.1% in
medicated pellets fed 1% body weight per day) cesssful in preventing clinical outbreaks of theselly related
Myxobolus cerebralisthe causative agent of whirling disease (El-Matb& Hoffmann 1991), and thus similar
treatments may be effective against myxozoan deseafseels.

Distribution in New Zealand ‘

Myxidiumsp. andViyxobolussp. are common on wild eels
throughout New Zealand

Worldwide distribution: Members of the geneMyxidiumandMyxoboluscommonly parasitise a variety of fish
species worldwide (Lom & Dykova 1992).

General comments:The life-cycle of these parasites probably requ{em as yet unknown) intermediate host. If
these parasites caused disease in cultured eefsglit be possible to identify the intermediate t{g)sand
investigate methods of eliminating these in ordenterrupt the life cycle of the parasite.
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Myxozoan disease of eels. Photos by N. Boustead.

Above: Cysts ofMyxidiumsp. embedded in the lateral line of an eel.
Below left: Stained spores dflyxidiumsp. from the lateral line of an eel.
Below right: Stained spores dflyxobolussp.
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Disease: Whirling disease (WD)

Species and life stage affectedvlost salmonids, particularly rainbow trouDifcorhynchus mykiss Some
species may act as asymptomatic carriers.

Gross signs:Acute infections of juvenile fish may cause bladkgnof the tail and the characteristic whirling
("tail chasing") swimming behaviour. Other signsdidease include cranial or skeletal deformitied armratic
darting movements, but most infected fish do nspldiy signs of disease.

Causative agent:Myxobolus cerebralisa myxozoan parasite with a mud worfiuifexsp.) intermediate host.

Diagnosis: Presumptive diagnosis of acute infections mayfelbbservation of the characteristic darkened tail
and abnormal whirling behaviour in clinically affed fish, but these signs can be caused by otlseasks
(Margolis et al. 1996). Histology of sections oftdage from the skull, enzymatic digestion of hezdtilage, or
plankton centrifuge methods are required to confirfaction withM. cerebralis A DNA based diagnostic test is
also available (Hedrick et al. 1999).

Treatment and prevention: Treatment with the antibiotic Fumagillin (0.1% nmedicated pellets fed 1% body
weight per day) is successful in preventing clihmatbreaks of whirling disease in fish infectedlanlaboratory
conditions (ElI-Matbouli & Hoffmann 1991a). Infeativstages survive at least 5 months in mud, freeaing
—20 °C for 3 months, and passage through the gtislofand birds (El-Matbouli & Hoffman 1991b), bate
inactivated by exposure to 1300 mW srhlV irradiation (Hedrick et al. 2000).

Distribution in New Zealand

Whirling disease has been recorded in 16 locatonihe east
coast of the South Island, including seven hatelsggsome of
which are no longer operating).

Worldwide distribution: Salmonid whirling disease was discovered in Euindeg93 and has since been spread
with shipments of cultured and wild fish to NortlmAarica, South Africa, and New Zealand (Hoffman 1980t
has not been detected in Australia.

General comments:In New Zealand, whirling disease has been founthinook and sockeye salmon as well as
brown, rainbow, and brook trout (Boustead 1993) iy diseasevas detected only through disease testing of
wild or hatchery fish except for two occurrenceglafical disease in rainbow trout reared in hatidsefor sports
fisheries. Myxobolus cerebralihas caused clinical disease and substantial rt@s$aln wild rainbow trout
juveniles in the United States (Nehring & Walke®&)
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Whirling disease in rainbow
trout.
Photos by M. El-Matbouli.

Above: A classical sign of
acute whirling disease in
juvenile rainbow trout is
darkening of the tail (arrow).

Below: Histological section of
cranial cartilage of a trout with
acute whirling disease
showing numeroudyxobolus
cerebralis spores (arrows)
embedded in digested
cartilage.
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Husbandry related diseases of freshwater fishes

Disease: Gas bubble disease

Species and life stage affecteduveniles and adults of all species of freshwigér including chinook salmon
(Oncorhynchus tshawytschand longfinned and shortfinned edaguilla dieffenbachiandA. australis

Gross signs Unusual behaviour, gas bubbles evident in fieges, qills, lateral line and other tissues,
exophthalmia.

Causative agent:Oxygen supersaturation of the water.
Diagnosis:Diagnosis is through visualisation of gas bublthesughout various tissues.

Treatment and prevention: Remove source of oxygen supersaturation (e.gkebror cavitating pumps). Also,
aerate cold water which has been heated beformusmimise the chances of supersaturation (coldmearries
more oxygen than does warm water). Bubbles mayalesorbed if fish are pressurised to simulate degater
(Elston et al. 1997).

Distribution in New Zealand ‘

Gas bubble disease is a husbandry related disdask gan
occur wherever freshwater fish are cultured thraughthe
country.

Worldwide distribution: Gas bubble disease has been recorded in fishhatitish worldwide.

General comments: Fish can usually tolerate quite high levels of egspturation for short periods of time
(minutes, hours), but disease and mortalities cacuroif chronic exposure to even very low levels of
supersaturation is allowed. There may be an ext@maunt of variation in susceptibility to gas bubhbisease,
both within a given population of fish (Mesa et 2000) and between fish species. Fish in the wiy miso be
exposed to human-induced supersaturated wateradggth from dams and reservoirs, and photosynthetieity

of aquatic plants can be a natural source of sapeegion (Schisler 2000). See also p. 108 for mesfishes.
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Please refer to the marine fish section (p. 100pfwmtos of some gross signs of gas bubble disease.
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Disease: Nephrocalcinosis

Species and life stage affectediuveniles and adults of a variety of freshwated amarine fish, including
salmonids, particularly rainbow troudcorhynchus mykissand white breanmQiplodus sargus

Gross signs:Upon dissection white calcareous deposits are siidaghe kidney, particularly in the posterior par
of the kidney and the ureters, which may apped#hiak, white convoluted threads.

Causative agentsUsually associated with high carbon dioxide gc@ntent in hard water supplies, but is also
associated with feeding diets with high levels afcmm, cadmium, and other metals (Hicks et al.4198
Romestand et al. 1986).

Diagnosis: Presumptive diagnosis requires observation of wtdleareous deposits in the kidney. This can be
supported by histological assessment of kidney danfealcification, granuloma formation) and detactof the
presence of high levels of carbon dioxide in tharirgy water or high levels of calcium, cadmium, arber
metals in the diet.

Treatment and prevention: Can be treated and prevented by feeding dietsriometals and calcium and rearing
fish in water with safe levels of free GQ.e., less than 6 mg/L and ideally 1-2 mg/L (Beas 1989). Levels of
CO, can be reduced by vigorous aeration.

Distribution in New Zealand ‘

Nephrocalcinosis is a husbandry related diseasetwdan
occur wherever freshwater or marine fish are cattur
throughout the country.

Worldwide distribution: Has been recorded worldwide in sea-farmed andhrater farmed rainbow trout
(Schlotfeldt & Ahne 1979), and also in white brean$pain (Gomez 2000).

General comments:Nephrocalcinosis in sockeye and chinook salmoNew Zealand has been associated with
minimal mortalities (Boustead 1989). The reportedidence of nephrocalcinosis in rainbow trout dtedent
CO, concentrations was as follows: free g@ncentrations of 12 mg/L, 24 mg/L, and 55 mg/levalence of
nephrocalcinosis was 4.8%, 9.7%, and 47.2%, respéc{Boustead 1989). Ninety percent of rainboautrfed

a diet containing high levels of selenium developephrocalcinosis (Hicks et al. 1984).
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Nephrocalcinosis in salmonids. Photos by N. Boukstea

Above: Nephrocalcinosis in the kidney of a sockeye salrf@@ncorhynchus nerBaNote the white calcareous
deposits in the ureters (arrovBelow: Nephrocalcinosis in chinook salmo®ricorhynchus tshawytscha\ote

the massively enlarged kidney with white calcaredrsosits (arrow).
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Disease: Pinhead syndrome

Species and life stage affectedfry and juveniles of most species of culturedhvester and marine fish.

Gross signs:Extreme emaciation of fry or juvenile fish so tiléy appear to have a disproportionately large
head.

Causative agent:Starvation, failure to feed.

Diagnosis:Observations of the gross signs of emaciationeratbsence of other known disease agents is required
to diagnose this syndrome. Histopathology may destnate a lack of food in the gut together with dueion in
height of the epithelial cells of the gut mucosd aeduced fat storage in the liver (Margulies 199®)te that
infection by a wide variety of disease agents @rse cessation of feeding in fry and juvenile fish.

Treatment and prevention: This syndrome is thought to be due to feeding lerob related to poor palatability
of diet or unsuitable conditions for first feedirmgich as the incorrect tank colour, lighting regiete. To reduce
the incidence of pinhead syndrome a change iragiétor modification of husbandry conditions is raoeended.

Distribution in New Zealand ‘

Pinhead syndrome is a husbandry related syndronahwhn
occur wherever freshwater or marine fish are cattur
throughout the country.

Worldwide distribution: This syndrome occurs worldwide wherever freshwatenarine fish are cultured.
General comments:It is important that the diagnosis of pinhead sgnik is made only after undertaking a

diagnostic process which includes elimination dfeotdisease agents which might cause similar gigss or
cessation of feeding.

64



References

Boustead, N.C. (1989). A guide to diseases of salmdNew ZealandNew Zealand Freshwater Fisheries Report No. 112.
Freshwater Fisheries Centre, MAF Fisheries, Chnstth.

Margulies, D. (1993). Assessment of the nutritiac@hdition of larval and early juvenile tuna andusish mackerel (Pisces:
Scombridae) in the Panama Bighttarine Biology115 317-330.

(

One normally developed fry (arrow) is surrounded rfaymerous emaciated fry which are smaller and have
disproportionately large heads.

Pinhead syndrome in chinook salm@ng¢orhynchus tshawytschiry. Photo by N. Boustead.
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Disease: Sunburn

Species and life stage affectedJuveniles and adults of many species of marine feeghwater fish, but
particularly salmonids.

Gross signs:Sunburn usually begins as a slight darkening ofdihvsal surfaces of fish, followed by erosion of
the skin which eventually exposes the white epiderand underlying tissue. Secondary infection by
opportunistic bacteria and fungi may follow.

Causative agentExcessive ultraviolet radiation, mostly due to UV-B

Diagnosis: Presumptive diagnosis can be based on the chastictéesions on the dorsal surface of the fish. A
definitive diagnosis requires histopathology toeruwut involvement of other possible disease agents
demonstrate the presence of characteristic sunteite with fragmented nuclear material and a radocin
mucous cells in affected areas of epidermis.

Treatment and prevention: Provision of shade or deeper water (over 1 metgllow fish to escape from
excess solar radiation. Upon providing shade th®ration of normal epidermis occurs rapidly byqasses of
cell proliferation and tissue closure resemblingsthof wound healing.

Distribution in New Zealand ‘

Sunburn is a husbandry related disease which aaur oc
wherever susceptible freshwater or marine fishcateired
throughout the country.

Worldwide distribution: Sunburn can occur worldwide wherever susceptilsie &re held in shallow, clear
water.

General comments:Mortalities caused by sunburn may be insignifichot the lesions reduce the marketability
of affected fish (Boustead 1989). Some specied) agachannel catfishictalurus punctatusand salmonids, are
quite sensitive to UV-B radiation (Blazer et al979Ewing et al. 1999). These species appear koalanethanol-
extractable skin substance that is associated retistance to sunburn in other fish species (Ewingl. 1999).
Ultraviolet B radiation can penetrate water up todire deep (Roberts 1989). Under natural conditfish avoid
exposure to potentially damaging UV radiation bying to deeper water or shade during the middihefday.
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Sunburn in cultured chinook salmd@r{corhynchus tshawytschdhoto by N. Boustead.

Note the erosion of the skin in two areas alongdbesal surfaces of this fish (arrows) exposing ltgbter
coloured epidermis and underlying tissue.

67



Diseases of unknown aetiology of freshwater fishes

Disease: GDAS (gastric dilation air saculitus) ofamon (bloat, water belly)

Species and life stage affectedSalmonids such as rainbow trodrcorhynchus mykigsAtlantic salmon
(Salmo salay, and chinook salmonQncorhynchus tshawytschapredominantly growers in seawater, up to
harvest size.

Gross signs:Distended and enlarged abdomen. Internally, thanshiadder and/or stomach are stretched,
enlarged and filled with fluid. Sometimes no ertdrabnormality is visible, but internally the stach and/or
swim bladder are affected.

Causative agentsGDAS in chinook salmon appears not to be causddfbgtious organisms but is suspected to
be caused by dietary or feeding factors. Similand@ons in other species can be multifactorialyewer,
(Rorvik et al. 2000) and the exact cause is unknown

Diagnosis: Diagnosis of the condition is based on the distiectnassive accumulation of fluid in the stomach
and swim bladder and the absence of known pathogens

Treatment and prevention: A change to the source of food used has beeniatswevith a significant reduction
in the incidence of this condition.

Distribution in New Zealand

The condition has been found predominantly in sege culture
of chinook salmon in the Marlborough Sounds, bt dlao
been reported at a low incidence in freshwatersamde other
marine farming locations elsewhere in the Soutinid!

Worldwide distribution:  Similar conditions have been reported from pexred salmonids on the Pacific
Northwest of America (Kent 1992) and from maringrfad rainbow trout in Europe (Staurnes et al. 1880yvik
et al. 2000).

General comments: Gastric dilation syndromes have been recorded verak species of farmed salmonids.

Although apparently multifactorial events (Rorviek al. 2000), many cases have been temporally dirtke
changes in feeding programmes (Staurnes et al., Bjf#are 1998).
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GDAS in chinook salmon. Photo by N. Boustead.

Note the abdominal distention caused by a massimenaulation of fluid in the stomach and swim bladde
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Diseases of Importance to Aquaculture in New Zealand

Diseases of Marine Fishes



MARINE FISHES
Viral diseases of marine fishes

Disease: Red sea bream iridoviral disease (RSIVD)

Species and life stage affecteddas been reported in 20 species of cultured mdishen Japan, including red
sea breamRagrus auratup (snapper), yellowtail Seriola quinqueradiaia seabasslLateolabrax sp.), and
parrotfish Oplegnathus fasciatyisMainly juvenile fish are affected.

Gross signs:Affected fish are lethargic, exhibit severe anaemitechiae of the gills, and enlargement of the
spleen.

Causative agent:Red sea bream iridovirus (RSIV).
Diagnosis:Isolation of RSIV in cell culture (BF-2 cells areeferred (Nakajima & Sorimachi 1994)) from kidney
or spleen tissues followed by identification wittomoclonal antibodies, IFAT, or PCR based diagnastats

(Oshima et al. 1998).

Treatment and prevention: No known treatment. Control methods currently @tyimplementation of hygiene
practices, though a vaccine may soon be commeraiadlilable (Nakajima et al. 1999).

Distribution in New Zealand

Unreported, though significant as the major hostss
in Japan . auratug also occurs in New Zealand waters

RSIVD IS REGARDED AS AN INTERNATIONALLY
SIGNIFICANT DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢€

Worldwide distribution: Known only from Japan.
General comments: An acute and highly contagious disease of snag@eticularly troublesome during the

summer months. The principal means of transmissidhe virus is horizontal via the water. The dseaffects
mainly juvenile snapper, but mortality of marketesl fish has also been reported.
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A Japanese red sea bredPagrus auratuswith RSIVD. Photo by K. Nakajima.

This fish exhibited severe anaemia, petechiaeefils, and enlargement of the spleen, typicatsigf infection
with red sea bream iridovirus disease. The openculas removed to show bleeding from the gills.

73



Disease: Viral encephalopathy and retinopathy (VER)viral nervous necrosis (VNN))

Species and life stage affectednown to infect 22 species of marine fish from &inflies, including trevally
(Pseudocaranx dentgxand flatfish such as halibuHippoglossus hippoglossusand turbot $cophthalmus
maximu$. Some species, such as sparids (&parus auratan Europe) may be asymptomatic carriers of the
virus (Castric et al. 2001).

Gross signs: Neurological abnormalities, erratic swimming beloavi and abnormal coloration, particularly
evident in very young fish (less than 40 days oM)croscopically evident lesions include vacuolatiand
necrosis of the central nervous system tissue e retina. Endocarditis can occur in haliddippoglossus
hippoglossus(see Grotmol et al. 1997).

Causative agents:Betanodoviruses, family Nodaviridae. Four genosypee known to exist (Nishizawa et al.
1997).

Diagnosis: Presumptive diagnosis in fish exhibiting erratidireming behaviour and other gross signs of VER
may be obtained by demonstrating vacuolation ofames tissues and the retina using histopatholotgcti®n
microscopy and examination by negative and posist&ning. Isolation into cell-lines, IFAT, ELISARCR
(Mushiake et al. 1994), and immunohistochemistry.

Treatment and prevention: No known treatment. Prevention is by screening robbstock for the virus and
removing carriers from the spawning group. Surfdisnfection of eggs may increase survival (Grotr&ol
Totland 2000), though this does not guarantee pt@re as the virus is vertically transmitted in sBpecies
(OIE 2000), includingP. dentex Avoidance by controls on movement, slaughter disthfection of affected
stocks, not feeding trash fish to farm fish, anlduring susceptible species in separate areas [iassible carrier
species (Castric et al. 2001).

Distribution in New Zealand

Unreported.

VNN IS REGARDED AS AN INTERNATIONALLY
SIGNIFICANT DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
0800-809-966

Worldwide distribution: Regarded as worldwide (Munday & Nakai 1997). Mopedifically it has been
reported from Europe, Japan, Australia, Asia, andtmecently in the U.S.

General comments:This disease is included here because it infettswa Zealand marine species, trevaly (
dente) (see Nguyen et al. 1996), and this species mgyteessed for feeding as trash fish to culturextiss.
Such feeding may transmit the disease. The codrtdeealisease varies greatly between host spdwigsn all
cases it is likely that the virus is horizontaltgrismitted. However, it may also be vertically smatted inP.
dentex. Hatchery reared juvenile turboCdlistium nudipinniy with minor vacuolation of the spinal chord
sampled during mortality events in New Zealand wergative for VER using the IFAT technique (Diggktsal.
2000).
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VER in barramundi and groupers. Photos by B. Munday

Left: VER in convict groupers. Dark coloured fish halisical VER (retinal lesions).
Right: Histology of a VER infected barramundi showing sias vacuolation in brain and retina (arrows).
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Microbial diseases of marine fishes

Disease: Enterococcal infection

Species and life stage affected®rimarily a disease of yellowtailSériola quinqueradiatain Japan, but can
affect numerous other species, including red searbrPagrus auratusand eels Anguilla japonicd. Affects
both juveniles and adult fish.

Gross signs: Bilateral exophthalmia, petechiae on the insidelsvalf the opercula, and congestion and
haemorrhage of the intestine, liver, spleen, amthdy. An infectious systemic disease characterisgd
haemorrhagic septicemia.

Causative agent:Lactococcus garvieafreviously known a&nterococcus seriolicidesee Eldar et al. (1996)),
a bacterium.

Diagnosis:Presumptive diagnosis can be obtained by deteofitypical gross signs of the disease (e.g. biddter
exophthalmia, petechiae on the inside walls of dpeercula). Definitive diagnosis requires isolatiof
0.7 x 1.4 pum gram-positive ovoid cells forming ghamains from the kidney, spleen, and intestinentdcted
fish. Culture on BHI agar with or without 1.5-2 %a@l. Rapid and reliable direct or indirect fluorestantibody
tests are available (Kusuda & Kawahara 1987).

Treatment and prevention: Maintenance of good water quality and adoptiorhwébandry techniques which
minimise handling or other damage are strongly menended. Antibiotics such as erythromycin and spyan
were widely used in Japan, but resistant strairisaoferia evolved. Vaccines have now been develapddhow
promise for control of the disease (Kawai & Hataond®©999), and bacteriophages may also be useful for
controllingL. garvieaeinfections (Nakai et al. 1999).

Distribution in New Zealand

Unreported. This disease is included as it ocaudapan
in species which are being farmed in New Zealand.

ENTEROCOCCAL INFECTIONS MAY BE EXOTIC. IF
YOU SUSPECT THAT YOUR STOCK HAVE THIS
DISEASE, RING MAF ON 0800-809-966

Worldwide distribution: Besides Japari,actococcusand Enterococcudike bacteria have been reported in
marine and freshwater fish in Europe and Austi@idar & Ghittino 1999).

General comments:Enterococcal infection is a chronic septicaemsardse. This disease is the major bacterial

disease of yellowtail in Japan, being responsibte60% of total losses due to bacterial infectiori®89. It was
also responsible for about 5% of total losses tificed Pagrus auratusn Japan in 1989 (Kusuda & Salati 1993).
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Disease: Epitheliocystis

Species and life stage affecteduveniles and adults of a wide variety of marisé fincluding snappePégrus
auratug and pilchardsSardinops sagax neopilchargus

Gross signs:No obvious external signs, usually benign, but banassociated with epizootics in confined,
hyperinfected fish, especially those which mountraliferative response. Small whitish nodules olts gare
visible in heavy infections. Juvenile fish appearensusceptible, but also found in adults.

Causative agentsinfection of the gill epithelium by rickettsia alod chlamydia-like organisms.

Diagnosis: Presumptive diagnosis can be obtained by takingetisquash of a gill biopsy. Epitheliocystis
affected cells appear whitish and are enlargedranghly spherical. Histology will demonstrate thegence of
characteristic basophilic inclusion bodies in taenéllar epidermis of gills. The inclusions contaimmerous
chlamydia and or rickettsia-like cells 0.5-1 pmdomefinitive diagnosis requires TEM and/or molecul
techniques.

Treatment and prevention: Occurs in wild fish, including pilchardssérdinops sagax neopilcharguaround

New Zealand. Direct fish to fish transmission osc(loffman et al. 1969), hence exclusion of possdalrrier

species from culture facilities may be warrantextlésion of the bacteria from intake water using lohddiation

is also highly recommended. Isolation of infectexdches of fish is also recommended to prevent dpoéa
infection. Antibiotic treatments are usually ineffiee.

Distribution in New Zealand ‘

Has been recorded from wild pilchards and cultweapper in
the North Island. Probably occurs throughout Newl&ed
waters.

A2

Worldwide distribution: Affects numerous species of wild and cultured flsloughout the world (Bradley et al.
1988), includingSparus auratan Europe (Paperna 1977) aRdauratusin Japan and Hong Kong (Miyazaki et
al. 1986).

General comments: Epitheliocystis hyperinfection has been associatgld mortality of a variety of cultured
fish, including lake trout in the U.S. (Bradley &t 1988), andSparus aurata(see Paperna 1977), flounder
(Paralichthyssp.) and Pacific yellowtailSeriolasp.) in Europe (Benetti 1997). It is a potentiagrious problem
in the culture of snapper in New Zealand.
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Epitheliocystis in cultured snappdtdgrus auratuys Photos by B. Diggles.

Above: A juvenile snapper swimming near the surface eftdmk (arrow) heavily infected with epitheliocgsti
disease. Note the darkened coloBelow: Histology of affected gills showing hypertrophieells in the lamellar
epithelium (arrowheads) with basophilic inclusiods.granulomatous proliferative response is alsadewi
between the secondary gill lamellae (arrows).
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Disease: Epizootic ulcerative syndrome (EUSJed spot disease, mycotic granulomatosis)

Species and life stage affectedds many as 100 species of estuarine and marinenfig be susceptible,
including mullet Mugil spp.) and rainbow trouOncorhynchus mykiss

Gross signs:Loss of appetite, darkening, erratic movements,spads on the body surface, head, operculum, or
caudal peduncle, with large red or grey shalloverdcoften with brown necrosis, at later stagesst\pecies
will die at this stage, but more susceptible speaeach as snakeheads and mullets, may show cengstetion

of the posterior body, or erosion of the craniurpasing the brain.

Causative agents:A fungus,Aphanomyces invadandowever, the disease is a syndrome and other patisog
may be involved, such as the bacterid@romonas(see Igbal et al. 1999pr viruses (Frerichs et al. 1993,
Kanchanakhan et al. 1999), once the primary pathégénvadansnfects the fish. HistoricallyA. invadanshas
been calledAphanomyces piscicida, Aphanomyces invagdand ERA (EUS-relateAphanomycgs

Diagnosis: Histopathology (large branching hyphaeabout 10diameter deeply penetrating into tissues with an
intense granulocytic response), isolation of thegfis and sporulation of the fungus for positiventdieation.
Gross signs are similar to those of other ulcegadigeases, and hence are not reliable for diagnosi

Treatment and prevention: Hydrogen peroxide may be used to treat the disaaseProxitane 0510 to disinfect
contaminated facities (Lilley & Inglis 1997). Cools on movements, slaughter, and disinfection andedllance
are also recommended.

Distribution in New Zealand
Unreported, but red codPiysiculus bachyslo someti
show signs of a similar disease.

EUS IS REGARDED AS AN INTERNATIONALLY
SIGNIFICANT DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢€

Worldwide distribution: EUS was first reported from Japan in 1971, andglaiclonal genotype (Lilley et al.
1997) has since spread throughout Southeast Asighamn Australia, India, and Pakistan. EUS-likeides
associated with fungal infections also occur alting east coast of the U.S. (Noga & Dykstra 198&)e O
probable mode of spread of this disease is via itajgd aquarium fishes.

General comments:EUS is generally regarded as a warm water pathdgenyas first observed in a temperate
country, Japan. It probably could not survive innN&ealand at present, but may spread southwardsghibal
warming. It is included here as it infects many f@s of fishes, and those in New Zealand would be
immunologically naive. Also, grey mulleM(gil cephaluy, which is particularly susceptible and may have
aquaculture potential, occurs around New Zealand.
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EUS-like lesions in
Atlantic menhaden
(Brevoortia tyrannup
from Virginia,U.S.
Photos by B. Diggles.

Above and below:
EUS-like lesions on
the ventral surface
associated with mixed
fungal- bacterial
infection.
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Disease: Flavobacterial diseaséfn rot)

Species and life stage affectedtuveniles and adults of virtually all species ofrima fish, including snapper
(Pagrus auratuls

Gross signs:Grossly visible, yellowish tinged erosive lesianfsthe pectoral, caudal, and anal fins, reddened
ulcerative lesions on the mouth, operculum, flaakel caudal peduncle, congested gills.

Causative agents:Long, thin, gliding bacteria of thElexibacterFlavobacteriumCytophagagroup, including
Flexibacter maritimusndFlavobacteriunmsp.

Diagnosis: Presumptive diagnosis requires detection of laqgté 30 um), thin (1-2 um) rod shaped bacteria
which exhibit gliding motility in wet squashes difexcted fin or skin. Definitive diagnosis requireslture of
yellow/orange pigmented, gram-negative bacteriagisytophaga agar made with 70% seawater (Pazak et
1996), or marine agar 2216, followed by identifieatusing biochemical or molecular techniques. @fteis
difficult to culture the causative agents due teirtfastidiousness and the large numbers of oppistia bacteria
(particularlyVibrio sp.) that invade external lesions (Kimura & Kusad83).

Treatment and prevention: The disease can be minimised by good husbandrypiovision of good water
guality, sensible stocking densities, and miningdiandling and other damage to fish. Use of immtimosants
can improve the non-specific immune response (Mub¢ral. 1998) and may be useful in preventing digease.
Treatment with antibiotics may be possible in s@ineumstances once the identity and antimicrotdabkgivities
of the bacteria involved are known, but routine ofantibiotics will promote development of resigtatrains of
bacteria and is not a viable long term alternativgood husbandry practices.

Distribution in New Zealand ‘

These bacteria are ubiquitous in the marine enmient and
usually cause disease under poor environmentaltoamsland
in stressed or damaged fish.

A2

Worldwide distribution: Flavobacterial diseases occur worldwide (Austin @sin 1993).

General comments:Flexibacter maritimusvas originally described from an outbreak of déseen cultured red
sea breamR. auratu$ in Japan (Masumura & Wakabayashi 1977, Wakabayeiskal. 1986).Flexibacter
outbreaks irP. auratusare particularly problematic in Japan during wir(akabayashi et al. 1984). This may
correspond to the apparent predisposition of srmappew Zealand to flavobacterial disease durimg winter
months.
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Flavobacterial disease of
snapper. Photos by B. Diggles.

Above: Histopathology of an
eroded fin showing large
numbers of long, thin, rod
shaped Flavobacterium sp.
bacteria outside (arrowheads)
and inside (arrow) the surface of
a fin ray. Many Vibrio-like
bacteria are also present.

Below: Gram-stained  wet
preparation from an eroded fin
ray showing numerous long thin
Flavobacteriurdike  bacteria

which exhibit gliding motility.
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Disease: Pasteurellosi@seudotuberculosis)

Species and life stage affectedlapanese yellowtailSeriola quinqueradiata gilthead sea breanSparus
aurata), sea mulletNMugil cephalu}, turbot Scophthalmus maximysnd many more freshwater, brackish, and
marine fishes, both wild and cultured.

Gross signs:Few reliable external signs of disease. Internallynerous white bacterial colonies are visible
throughout internal organs, especially the spleed kidney. The spleen may be enlarged in some apeci
Granuloma formation occurs in chronic infectiorsysing the appearance of numerous white tuberciesarnal
organs — hence the name pseudotuberculosis.

Causative agent: Photobacterium damselaubsp piscicida (formerly known asPasteurella piscicida see
Gauthier et al. 1995), a bacterium.

Diagnosis: Presumptive diagnosis from gross or internal sighslisease is unreliable. Histology may show
extensive multifocal necrosis in the spleen anchdyd Definitive diagnosis requires isolation of nowtile,
gram-negative rod-shaped bacteria with bipolamstgi characteristics from internal organs, espbcighleen
and kidneys, followed by identification using biechical, antibody, or molecular techniques. Will\gron most
bacteriological media provided 0.5% NaCl is present

Treatment and prevention: Maintenance of water temperature below 20 °C, geatr quality, and adoption of
husbandry techniques which minimise handling oreptitiamage are strongly recommended. Antibiotics may

provide effective treatment, but resistant straieadily evolve and vaccination is the preferred hoét for
controlling the disease (Kusuda et al. 1988).

Distribution in New Zealand

Unreported. This disease is included here asetisfa
range of fish, including species closely relatethtuse
being cultured in New Zealand.

PASTEURELLA INFECTIONS MAY BE EXOTIC. IF
YOU SUSPECT THAT YOUR STOCK HAVE THIS
DISEASE, RING MAF ON 080C-80¢-96¢€

Worldwide distribution: Pasteurellosis occurs dapan, Taiwan,U.S., and Europe (Daly 1998).

General comments:In Japan and Spain, pasteurellosis tends to aegummer when water temperatures are in
the range of 20— 25 °C. The disease is a seriaidgm in culture of yellowtailferiola quinqueradiatein Japan
and can result in stock losses of up to 50% inviddal farms (Daly 1998). Yellowtail appear to bartcularly
susceptible to infection compared with other speadgSeriola (see Kawakami et al. 2000)Photobacterium
damselasubsp.piscicida is one of the few fish pathogens that can causssivea mortalities in wild fish
(Snieszko et al. 1964).
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Disease: Streptococcosis

Species and life stage affectedluvenile and adult Japanese yellowt&kriola quinqueradiata sea mullet
(Mugil cephalu} flounder Paralichthys olivaceys and many more freshwater, brackish water, and naari
fishes, both wild and cultured.

Gross signs:Exophthalmia, petechial haemorrhaging on the insfdée opercula, and congestion at the pectoral
and caudal fins and mouth. Skin lesions may oatspme species. Some species can be asymptomaigrca

Causative agent:Streptococcus iniag bacterium.

Diagnosis: Presumptive diagnosis from gross signs is unrglidbe to similarities with other diseases. Deifiit
diagnosis requires isolation and biochemical idigation of the causative bacterium from the intdrorgans of
affected fish.

Treatment and prevention: Maintenance of good water quality and adoptiohwébandry techniques which
minimise handling or other damage are strongly meoended. Antibiotics (penicillins, cephalosporins,
rifampicin, bacitracin, sodium nifurstyrenate, diaopyrimidines) may be effective treatments, butigent
strains are likely to evolve if antibiotics are dgeutinely as an alternative to good husbandrgtjmes.

Distribution in New Zealand

Unreported. This disease is included here as iirsdo
Australia, infects a range of fish, and also cdaahhuman

STREPTOCOCCAL INFECTIONS MAY BE EXOTIC. IF
YOU SUSPECT THAT YOUR STOCK HAVE THIS
DISEASE, RING MAF ON 0800-809-966

Worldwide distribution: Japan,U.S. (Eldar et al. 1999), South Africa, Aalgr(Bromage et al. 1999), Spain,
Italy, Israel, Bahrain, Venezuela.

General comments: Streptococcosis is a chronic septicaemic diseasie systemic involvement. Cellular
infiltration and bacteria occur in most organ syse(Perera et al. 1998). Gross signs of this disesmy be
confused with those dfactococcus garvieagsee p. 76), but histology can reveal notable difiees between the
two diseases (Eldar & Ghittino 1999)
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Disease: Vibriosis

Species and life stage affectedll life stages of virtually all species of marifieh, including turbot Colistium
nudipinnig, brill (Colistium gunthed, snapper Ragrus auratuy kingfish Seriola laland), and seahorses
(Hippocampus abdomina)is

Gross signs: Larvae: weak swimming, cessation of feeding, blaekk gut, rapid increase in mortalities.
Juveniles and adults: darkened colour, lethargs td appetite, haemorrhages at the bases okfiweghthalmia,
red external lesions on various parts of the boui/fans.

Causative agents:Infection and/or septicaemia from various speag®pportunistic marine bacteria of the
genusVibrio, includingV. anguillarum V. harveyiandV. splendidug.

Diagnosis: Presumptive diagnosis can be obtained by obsernvat the clinical signs of infection, i.e., ceea
of feeding, blackened gut in larvae, reddened tesmn the body and fins in juvenile and adult fiBefinitive
diagnosis is by culturing and identifying bactdriam the blood or internal tissues of affected fishTCBS agar
using standard microbiological methods.

Treatment and prevention: The disease can be minimised by good husbandrypiovision of good water
quality, good quality live food, and minimising tilimg and other damage to fish. Manipulating therotbial
flora of the rearing water or live food culturesthwprobiotic bacteria may reduce vibriosis and pthe&cterial
diseases in larval and juvenile fish (Gatesoupe&l9tnmunostimulants may also improve resistancésof to
vibriosis (Vadstein 1997). Treatment with antibistimay be possible in some circumstances oncedénity
and antimicrobial sensitivities of the bacteriadlved are known.

Distribution in New Zealand ‘

Opportunistic bacteria of the gendibrio are ubiquitous in the
marine environment and can infect damaged or comigexd
fish anywhere throughout New Zealand.

Worldwide distribution: Vibriosis occurs worldwide (Egidius 1987).

General comments:May occur whenever sub-optimal culture conditierist (Diggles et al. 2000). Routine use
of antibiotics to control vibriosis will promote delopment of resistant strains of bacteria andtsanviable long
term alternative to good husbandry practices.
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Vibriosis in marine fish. Photos by B.
Diggles.

Above left: A large red lesion on the
side of a snapperPggrus auratup
associated with handling damage.

Above right: Haemorrhages at the base
of fins of a turbot Colistium nudipinnip
associated with systemic vibriosis.

Left: Histology of the liver of a juvenile
turbot (. nudipinniy with vibriosis,
showing necrosis (N) and haemorrhage
(arrows).

Below left: Histology of the gills of a
seahorse H. abdominali} suffering

from vibriosis, showing clumps of
bacteria (arrowhead) adhering to gill
filaments.



Protozoan diseases of marine fishes

Disease: Amoebic gill disease (AGD)

Species and life stage affectediuvenile and adult salmonids reared in marine asgasmost commonly
affected, particularly Atlantic salmorsélmo salay and rainbow trout@ncorhynchus mykigsbut occasionally
chinook Q. tshawytschaand coho salmonQ kisutch. Also recorded in European turbdbcpphthalmus
maximu$, sea bascentrarchus labrax and sharpsnout seabreabiplodus puntaz2o

Gross signs:Reduced appetite, respiratory distress, and lgithawimming near the top of the cage. Pale areas
and congestion in the gills. AGD is usually asswmdawith high water temperatures (12-20 °C) and hig
salinities, but recently has been reported at wiateperatures of 9—10 °C (Douglas-Helders et @10

Causative agent:Amoebae of the genideoparamoeb@formerly Paramoebg usuallyN. pemaquidensis

Diagnosis: Experienced personnel can sometimes obtain a mpmswe diagnosis by viewing the gross
morphology of the gills. The presence of the ameeakeaults in prominent epithelial hyperplasia, ctatgfusion
of the secondary lamellae, and gill congestion.fl@matory diagnosis via IFAT or stained wet prepenas of
affected areas of the gill (Zilberg et al. 1999)dquired to demonstrate amoebae.

Treatment and prevention: Freshwater baths are used to treat AGD in Atlasdlonon in Tasmania (Parsons et
al. 2001). Some fish can acquire resistance to A@Bhably due to non-specific immune factors (Mundtal.
2001).

Distribution in New Zealand

Amoebae have been reported in the gills of cagatok
salmon in the Marlborough Sounds, but they havebeen
associated with any significant disease outbreakéew
Zealand.

Worldwide distribution: AGD has been recorded in salmonids in Australiau@l et al. 1989), the United
States (Kentet al. 1988), and Europe (Palmer et al. 1997) antlibot Scophthalmus maximusn Spain
(Dykova et al. 1998, 1999).

General comments:Neoparamoeba pemaquidengsan opportunistic pathogen that is normally Hflireieg in
seawater. Similar amoebae occur on seacaged ch#zbwion in New Zealand but appear to have no sogimif
impact on production. This is in contrast to Tasimarhere heavy losses of Atlantic salmon are cabgediGD.
This difference could be due to chinook salmon ihgwé degree of innate resistancé&emparamoebafection.
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Disease: Trichodiniasis

Species and life stage affected:arvae, juveniles, and adults of most species ¢d and cultured marine fish,
including snapperRagrus auratusand turbot Colistium nudipinnis

Gross signs:Heavily infected fish can lose their appetite, beecemaciated, and exhibit flashing behaviour and
respiratory distress.

Causative agentsCiliates of the genusgrichodina

Diagnosis: Trichodinids with their distinctive round dentictdarings and “flying saucer” shape, can be observed
in gill smears or squash preparations of gill bieps

Treatment and prevention: Formalin baths of 200 ppm for 30 minutes are ts®mmended treatment for
commercial situations (Diggles 2000). Heavy ciliatdoparasite infections usually occur as a redysbor water
guality and or stressors which predispose fisimfiection. Healthy fish in a clean environment arkelem heavily
infected. Many species of wild fish carry trichadinnfections in New Zealand (Laird 1953), so esatn of
these from the culture facility and quarantine @ivnintroductions is recommended.

Distribution in New Zealand

Trichodinids occur throughout New Zealand waterswid and
cultured fish.

Worldwide distribution: Trichodinid ciliates infect fish worldwide (Lom 198

General comments:Though wild fish may harbour heavy infections ¢hodinids, these usually do not cause
disease. However, ciliate numbers can build upkdyian confined fish, especially at higher temperes. If no
action is taken in instances of heaWichodina infection, skin and gill lesions can develop, @bly from
damage to the epithelium by the sharp borders efafhesive disc (Lom 1984). These lesions can becom
colonised by secondary bacterial and fungal inv&@ded can contribute to mortalities (Liewes 1983nL1984).
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Trichodiniasis of marine fish.
Photos by B. Diggles

Above: Trichodina sp. in a
histology section of the gill of a
turbot Colistium nudipinnis Note
the prominent dark staining, and
semicircular macronucleus (small
arrows) which is less evident in
side view (large arrow).

Middle: A  silver  stained
Trichodinamultidentisfrom a wild
caught flounder Rhombosolea
leporing, showing the intricate
pattern of denticles of the adhesive
disc.

Below: SEM of aTrichodina in
the gills of a flounder, showing
saucer shape and rows of adoral
(left side) and locomotory (right
side) cilia.
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Disease: White spot diseageryptocaryonosis)

Species and life stage affecteduveniles and adults of most species of wild andi@d marine fish.

Gross signs:Multiple, pinpoint white spots on the skin, finges, and gills, usually associated with flashing an
rubbing behaviour. Heavily infected fish may hal@uded eyes, produce excessive amounts of mucses their
appetite, become lethargic and emaciated, and iexédpiratory distress.

Causative agent: A ciliate, Cryptocaryon irritans A number of strains exist, including at least tatoains
adapted to waters temperatures of 15 °C or beldgg{Bs & Adlard 1997, Jee et al. 2000).

Diagnosis: Presumptive diagnosis can be made from the appma@inwhite spots on the fins, skin and gills.
Definitive diagnosis requires visualisation of larg0—750 um) round to pear-shaped ciliates inpregparations
of scrapes of affected organs. Infective stagee bayuadripartite nucleus.

Treatment and prevention: The direct lifecycle can be disrupted by trangfgrfish to new holding tanks every
3 days for at least 10 days (Colorni 1987), bus ttan be stressful to fish. Chemical treatmenthvkill the
theront infective stage include 3—-10 day bathsopiper sulphate (0.15-0.25 ppm) and formalin (50 )ppvhile

8 x 1¢ uW s* UV irradiation and 8 mg/h ozonation are also effec (Colorni & Burgess 1997). Oral
administration of lactoferrin (40 mg/kg body weigigr day for 28 days) prevent€&d irritans infections of red
sea bream in Japan (Kakuta & Kurokura 1995).

Distribution in New Zealand

Cryptocaryon irritanshas been observed in captive snapper
held in glass tanks in Auckland (Hine 1982). Itlpably occurs
in wild fish along the north east coast of the INdsiand. It
may also be present in imported marine ornameistal f

Worldwide distribution: C. irritans has caused disease in many species of culturedraadthental marine fish
worldwide (Colorni & Burgess 1997), mostly at watemperatures above 19 °C.

General comments:Global warming may predispose New Zealand fisthi® disease. Wild fish can be infected
by C. irritans at very low intensities (Diggles & Lester 1996 ieh do not cause disease. However, on confined
fish ciliate numbers can build up quickly. If notiaa is taken in these instances, fish can die freapiratory
failure, osmotic imbalance, and secondary bactarfattion. If fish survive a heavy infection, theyay become
refractory to further infection, suggesting thahfican develop acquired immunity (Burgess & Mat$hd®w95,
Bryant et al. 1999). Any attempts at treatment emotrol must consider the direct lifecycle, whicttludes an
encysted tomont stage, and an infective therogesaa well as the adult ciliate on the fish (Cdlda887).
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. \ White spot infections of marine fish causedyyptocaryon irritans

F o % : Above: A barramundi I(ates calcarifey heavily infected withC. irritans.
g R Y % ) Individual trophonts appear as distinct white spotde skin and fins.
R . Photo by M. Bryant.
Inset: SEM of a trophont, showing the oral apparatus.
Scale bar = 10 um. Photo by B. Diggles.

-
.‘
¥ . . . . i
§ ) < -5 Left: Unstained wet preparation of the theront infecttege ofC. irritans.

: 5 Note the prominent quadripartite macronucleus (engads).
{ Scale bar = 10 um. Photo bv B. Diaa
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Metazoan diseases of marine fishes

Disease: Copepod infestatio(I'sea lice")

Species and life stage affectedEctoparasitic copepods occur on many marine fisAbsrgasilus amplexus
exhibits low host specificity and may infect kahawArripis trutta), longfinned eel Anguilla dieffenbacl)j
shortfinned eel A. australig, yellowbelly flounder Rhombosolea leporinaand othersCaligus longicaudatus
occurs on sea-caged sockeye saln@ncprhynchus nerlaand unknown species of wild fisGaligus lalandei
andC. aesopusccur on wild and seacaged kingfisge(iola laland).

Gross signs: None recorded foA. amplexus For Caligus sp., heavily infected fish may exhibit appetite
suppression, flashing behaviour and may rub agamess and other objects while trying to remove the
ectoparasitic copepods, which can be seen withdked eye attached to the surface of the skinriadtéesions
and secondary bacterial infections are common avyhefections.

Causative agents:Ectoparasitic copepod#bergasilus amplexusccurs on the gills; members of the family
Caligidae Caligus longicaudatusC. aesopusandC. lalande) occur mainly on the skin and fins.

Diagnosis: Detection on the gills of ergasilid copepods watily three pairs of legs, or detection of copepods
conforming to the family Caligidae (see Jones 1988)he skin or gills.

Treatment and prevention: Arbergasilus amplexusMovement of fish either to freshwater or full esigth
seawater may remove them from the range of thespparavhich occurs only in euryhaline areas. Cdigi A
variety of chemotherapeutic agents have been ugaitist sea liceLepeophtheirus salmonign the Northern
Hemisphere, including organophosphate insectidiiehlorfon, dichlorvos), ivermectin, and hydrogperoxide
(Roth et al. 1993). Because of problems with dgualent of resistance (e.g., Treasurer et al. 208djoa
environmental concerns (e.g. Davies et al. 1998)g lterm use of most chemotherapeutic agents hHalseen
feasible. This has increased research into bicddgiontrol using cleaner wrasse (e.g., Deady €1305), and
development of vaccines (Raynard et al. 1994) meerésistant fish stocks (Mustafa & MacKinnon 1999

Distribution in New Zealand ‘

A. amplexus$as been recorded from euryhaline environments,
including Lake Ellesmere, the Awakino River, and @hatham
Islands.Caligus longicaudatusvas recorded from sockeye
salmon in the Marlborough Sounds, @&dalandeiandC.
aesopusccur on kingfish in the North Island.

Worldwide distribution: Abergasilusis a genus so far recorded only from New Zealaddw(tt 1979).
Members of the family Caligidae occur on mariné figorldwide and some are important pathogens afesesd
salmonids in the Northern Hemisphere (Roth et293).

General comments:Abergasilus amplexus a potentially dangerous pathogen, but its irhpacaquaculture is
likely to be minimal, unless fish culture is unddwtn in estuarine areas (Hewitt 1979). Memberb®fQaligidae
are widespread on wild marine fish but to date egqtty have not been problematic in sea-cage auladr
salmonids or other species in New Zealand.
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Left: SEM of gills of an eel Anguilla dieffenbachii infected with Abergasilus amplexusNote numerous
copepods (arrows) attached to the gill filamentanynof which exhibit clubbing, hyperplasia, andlasmon of
the secondary lamellae. Photo by M. Hine.

Right: Wet preparations ofaligus lalandeicollected from the skin of wild caught kingfisBgriola lalande).
The copepod on the left is the male; the fematmithe right. Photo by B. Diggles.
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Disease: Ectoparasitic worms on the skitbenedenisis)

Species and life stage affecteduvenile and adult kingfistsériola laland) and snappelPagrus auratus

Gross signs:Flashing and rubbing behaviour associated withptlesence of medium to large flattened worms
adhering to the flanks of affected fish, reducepletipe, skin lesions.

Causative agents: Monogenean worms (Phylum Platyhelminthes). Kstyfare infected bBenedenia seriolge
snapper are infected IBenedenia sekiirhese worms exhibit high host specificity.

Diagnosis: Diagnosis involves detection of relatively large-10 mm), flattened, clear, or pigmented capsalid
monogeneans conforming B seriolaeon the flanks of kingfish, dB. sekiiunder the fins of snapper. A simple
method of detecting infections without handlinghfis by placing plankton netting (50-100 um pomesiover
the water outlet from holding tanks for a few hoargl then examining the netting at 40x magnificatth a
dissecting microscope for tetrahedral eggs.

Treatment and prevention: Freshwater baths of 5 minutes are 100% effechivialing B. seriolae(see Sharp
2001) andB. sekii(Diggles unpublished). Anthelmintics (e.g., prasqtel, levamisole) may also be effective
(Thoney & Hargis 1991), but larvae inside eggs sanvive most treatments and will quickly reinfeetated fish
unless treatments are repeated two or three titri2svaek intervals.

Distribution in New Zealand ‘

Benedenia seriolaandB. sekiiare known to occur on kingfish
and snapper along the east coast of the Northdsard
probably occur throughout the New Zealand rangheif
respective host species.

Worldwide distribution: Monogenea of the genenedeniaause disease in captive fish worldwide.

General comments:Although these parasites occur naturally on wigth fivithout causing disease, numbers of
monogenean ectoparasites suchBasedeniatend to increase on confined fish (Roubal et 8B6) because
confinement increases the chances of completidinedf direct lifecycle.
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Benedenisis. Photos by B. Diggles.

Above left: A kingfish with numerou8enedenia seriolae
worms (arrows) on its flanks. The worms are nornnelkar

but have turned white after a freshwater bath meat.

Above right: An adultB. seriolae with distinctive oral
suckers (arrowheads).

Left: Tetrahedral eggs &. seriolae Some eggs have larvae
with eyespots (arrow), others have hatched (arradée
Below left: Characteristic reddened lesions under the fins of
snapper caused by site-specific attachmeBeoiedenia sekii
in these areas.

Below right: An adultB. sekij with pigment stripes which

aid camouflage.
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Disease: Ectoparasitic worms on the fin@noplodiscisig

Species and life stage affecteduvenile and adult snappétagrus auratuls

Gross signs:Fish exhibit flashing and rubbing behaviour in aipés to remove ectoparasites. Numerous oval
shaped monogeneans 1-2 mm long attached to thergleahd caudal fins and occasionally on the flaaukd
inside the nasal cavity. Emaciation and partiad lofsfins on heavily infected fish.

Causative agent: The monogenean worminoplodiscus cirrusspiraliPhylum Platyhelminthes).

Diagnosis: Scrapes of fins detect the presencéwbplodiscugype monogeneans with oval bodies and a small
opisthaptor.

Treatment and prevention: Freshwater baths (15 min, after determining theeaptibility of fish to freshwater)
or low salinity (5% for 1 hour) kill 100% oA. cirrusspiralis(see Roubal et al. 1992). Anthelmintics such as
praziquantel and levamisole may also be effecfivmfiey & Hargis 1991), but as larvae inside eggsstavive
most treatments, they will quickly reinfect treafesth unless treatments are repeated two or timesstat 2 week
intervals. These parasites occur on wild snappedew Zealand, so exclusion of wild fish from aquaoe
facilities, adequate water filtration, and quanaatof all new broodstock introductions is recomnezhd

Distribution in New Zealand

Anoplodiscus cirrusspiralibas been recorded from snapper
along the east coast of the North Island north fAarakland.
However, they probably occur throughout the ranfgenapper
in New Zealand.

Worldwide distribution: Anoplodiscus cirrusspiralifias been recorded frofh auratusin Australia and New
Zealand (Roubal et al. 1983, 1992, West & Roub8Bl$harples & Evans 1995a, 1995b, 1995c¢) anditisely
relatedAnoplodiscus tais found on culture®. auratusin Japan (Ogawa, 1994).

General comments: A monogenean which feeds on host mucus and epadecails on the fins, causing
increased chance of secondary bacterial infectMortalities do occur, but the major problem is reeld
marketability due to numerous visible ectoparas{tegawa 1994). Because of their direct life cydiese
parasites build up quickly on caged snapper, bukesfish are resistant to infection (West & Rouli208).
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Disease: Ectoparasitic worms on the gilléivaginisis, zeuxaptisis)
Species and life stage affecteduvenile and adult kingfistsériola laland), snapperFagrus auratus

Gross signs:Darkening and lethargy, pale gills, severe gilitation, coughing, appetite suppression, rapid gill
movements suggestive of hypoxia, emaciation, areemi

Causative agentsBlood feeding monogenean worms (Phylum Platyheimeis) on the gillsZeuxapta seriolae
on kingfish andivagina pagrosombn snapper. These worms exhibit high host spdgific

Diagnosis:Detection of long (up to 10 mm) thin worms strgnattached to the gills by an attachment organ with
numerous clamps. Fa&. seriolaethe clamps are larger and more numerous on oeeosithe attachment organ
than the other. FdBivagina pagrosomequal humbers of clamps occur on each side catiaehment organ. A
simple method of detecting infections without hamglifish is to place plankton netting (50-100 pnmepsize)
over the water outlet from holding tanks for a fémurs and then examine the netting with a dissgctin
microscope for fusiform eggs.

Treatment and prevention: Baths of 250 ppm formalin for 1 hour are 100% affee for removingB.
pagrosomifrom snhapper (Diggles, unpublished), and 400 ppmaélin for 1 hour is 100% effective in removing
Z. seriolaefrom kingfish (Sharp 2001). Anthelmintics suchpaaziquantel and levamisole may also be effective,
but as larvae inside eggs can survive most treagntirey will quickly reinfect treated fish unlessatments are
repeated two or three times at 2 week intervalgs&hparasites occur on wild snapper and kingfisNaw
Zealand, so exclusion of wild fish from aquaculttaeilities, adequate water filtration, and quaiaaof all new
broodstock introductions is recommended.

Distribution in New Zealand ‘

Zeuxapta seriolabas been recorded from kingfish along the
east coast of the North IslarBivagina pagrosomis known
from snapper throughout the North Island and aismfthe
Marlborough sounds. Both parasites probably odoaughout
the New Zealand range of their respective hostispec

Worldwide distribution: Gill dwelling monogeneans occur on many specieswdfl and cultured fish
worldwide.Zeuxapta seriola@ndBivagina pagrosomioth occur in Australia (Rohde, 1978, Roubal e1896),
andBivagina taioccurs orPagrus auratusn Japan (Ogawa 1988).

General comments: These parasites occur naturally on wild fish withoausing disease, but their numbers
increase on confined fish due to increased chaotesmpletion of their direct lifecycle. Heavy imteons of
blood feeding monogeneans on the gills can causenaia, emaciation, and a low packed cell volume &Etal.
1976, Roubal et al. 1996).
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Ectoparasitic monogeneans on the gills. Photos.yigyles and N. Boustead.

Above left: Zeuxapta seriolagfrom the gills of a kingfish. Note numerous clamps the asymmetrical
attachment organ (arrowAbove right: A heavy infection oBivagina pagrosomon the gills of a snapper. Note
also one specimen @horicotyle australiensigarrow).Below left: A clump of fusiform eggs of. seriolae Note
operculum of egg (arrowheaddelow right: A fusiform egg oB. pagrosomiNote operculum (arrowhead).
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Disease: Myxidium disease of snapper

Species and life stage affecteduveniles and adults of snappadrus auratuls

Gross signs:None known in New Zealand snapper, but gilt headlseam $parus aurathin Europe affected
by Myxidium leeiare emaciated and display a bloated abdomen.

Causative agentsMyxosporeans of the genidyxidium Myxidiumsp. occurs in New Zealand snapper, &hd
leeiis a pathogen of gilt head sea bream in Europe.

Diagnosis: Diagnosis by histopathology is required to demmaes largeMyxidiumsp. plasmodia in bile ducts.
In Myxidium leeiinfections, smears from the intestinal lining (d@ done non lethally through the vent) show
numerous arc-shaped myxosporean spores, 15 x 5 ifhmtwo polar capsules (with seven turns of theapol
filament) at each end.

Treatment and prevention: Oral administration of the antibiotic Fumagillimdabaths of toltrazuril have been
shown to be effective against some myxosporearstggrhmahl et al. 1991). Prevention is by exciusiowild

fish which can be carrier species from aquaculfastities and quarantine of all new introductiotas avoid
introducing myxosporeans. Filtration of incurren@ater to 5 um or less to remove infective stages is
recommended.

Distribution in New Zealand

To date known only from snapper on the east caarsh of
Auckland.

Worldwide distribution: The closely relatedvyxidium leeihas caused mortalities in gilt-head sea bream
(Sparus auratpin Europe (Diamant 1992, Diamant et al. 1994} ean also infect cultured red druBc{aenops
ocellatug (see Diamant 1998).

General comments: Although freshwater myxosporeans may require aerimediate oligochaete host to
complete their life-cycle, there is evidence tt@ne marine myxosporeans, includilg leei may have a direct
lifecycle (Diamant 1997, Diamant & Wajsbrot 199&i)d thus may become problematic in cultidgxidium leei
causes a chronic infection which can be pathogamicresult in significant mortalities (Diamant 1992
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Myxidiumsp. infection in cultured snappétagrus auratus Photos by B. Diggles.

Left: Histology of a bile duct in the liver of small gper infected withMyxidium sp. Note enlargement and
fibrosis of the duct due to a large plasmodiumad@taining numerouslyxidiumsp. spores.

Right: Higher magnification of the plasmodium showingiundual Myxidiumsp. spores with two polar capsules
(arrowheads).
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Husbandry related diseases of marine fishes

Disease: Algal blooms

Species and life stage affectedill life stages of all species of marine fish amelish.

Gross signs Varies between species and types of algal bldéish may exhibit signs of respiratory distress,
including slow swimming and gulping at the waterface. Shellfish may show minimal signs of diselasemay
harbour high levels of toxins which are harmfuhtonans when consumed.

Causative agentsBlooms of harmful marine algae, includiAgexandriumsp.,Chattonellasp.,Chaetocerosp.,
Dinophysissp., Gambierdiscussp., Gymnodiniumsp., Heterosigmasp., andPfiesteriasp. Disease may result
from abrasion or clogging of gills caused by highmibers of algal cells in the water, anoxia due ighh
biological oxygen demand at night or chemical oxygeemand when algal cells break down, or when algae
produce extracellular chemical compounds whicht@xi to fish and shellfish.

Diagnosis: Diagnosis is based on detection of high numberdanful species of algae in water around
aquaculture facilities in the absence of otheratieecausing agents. Usually algal blooms will teaaulisease or
death of a wide range of species of fish and shkJlirather than just one particular species. Stuxie algae
produce distinctive lesions in the gills and intdrergans of fish and shellfish which are dete&alsing
histology (Chang et al. 1990, Brusle 1995).

Treatment and prevention: Algal blooms require suitable environmental cods of temperature, rainfall, and
a source of nutrients. Aquaculturists have litihatcol over water temperature and rainfall, but rbayable to
limit nutrient loading in semi-enclosed systemstsas bays and estuaries by minimising wastage af fmd
using moderate stocking densities. Avoidance thmom@intaining an ability to move stock away fronodoshs
(e.g., moving racks of shellfish, towing sea cagsspne way of reducing the impact of blooms orfoeyt
develop.

Distribution in New Zealand ‘

Disease caused by algal blooms can occur whereaenenfish
and shellfish are cultured.

A2

Worldwide distribution: Algal blooms are becoming increasingly problematimarine aquaculture worldwide
(Hallegraeff 1993, Brusle 1995, Patterson 2000).

General comments:Disease involves interactions between organistiogan, and environment. Algal blooms
are an example of environmental events which caseaisease and death of cultured fish and slheltiishe
absence of other pathogenic organisms. The eftdctédgal blooms can range from catastrophic fishrtaliby
(such as the chinook salmon kill in Big Glory Bagtewart Island, in 1989 associated with a bloom of
Heterosigmecf. akashiwo(see Chang et al. 1990)), to the equally imporissues of food safety, public health,
product marketability, and public acceptance ofafeaculture industry.
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Algal blooms in sea cage culture. Photos by N. Bradc

Above: Dead chinook salmor®ncorhynchus tshawytschifoating at the surface of a sea cage after arblof
the dinoflagellatdHeterosigmect. akashiwo Below: Live Heterosigman a wet preparation.
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Disease: Gas bubble disease

Species and life stage affectedll life stages of all species of marine fish, inding snapperRagrus auratuy
kingfish (Seriola laland), and seahorsedHippocampus abdomina)is Also freshwater fish and crustaceans,
including lobstergJasus edwardsii

Gross signs Unusual behaviour, gas bubbles evident in fieges, qills, lateral line and other tissues,
exophthalmia.

Causative agent:Oxygen supersaturation of the water.

Diagnosis:Diagnosis is through visualisation of gas bublthesughout various tissues.

Treatment and prevention: Remove source of oxygen supersaturation (e.gkebror cavitating pumps). Also,
aerate cold water which has been heated beforsousmimise the chances of supersaturation (coleémearries

more oxygen than does warm water). Bubbles maalesorbed if fish are pressurised to simulate degater
(Elston et al. 1997).

Distribution in New Zealand ‘

Gas bubble disease is a husbandry related disdask @an
occur wherever marine fish and shellfish are catlur

A2

Worldwide distribution: Gas bubble disease has been recorded worldwiiEhiand shellfish.

General comments: Fish can often tolerate quite high levels of ssamration for short periods of time
(minutes, hours), but disease and mortalities cacuroif chronic exposure to even very low levels of
supersaturation is allowed. There may be an extemaunt of variation in susceptibility to gas bubbisease,
both within a given population of fish (Mesa et 2000) and between fish species. Seahorses appdze t
particularly susceptible to a type of gas bubbkedse when allowed to ingest air bubbles in heaehated
aquaria (Woods 2000). Fish in the wild may als@kgosed to human-induced supersaturated wateraaggdh
from dams and reservoirs, and photosynthetic agtofiaquatic plants can be a natural source ofiEgburation
(Schisler 2000). See also p. 60 for this diseaseeghwater fishes.
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Gas bubble disease in a juvenile snapPeag(us auratus Photo by B. Diggles.

Note unilateral exophthalmia of the right eye witbmerous gas bubbles evident (arrow). This fish was
euthanased by a cut through the backbone.
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Disease: Neoplasi&tumors)

Species and life stage affected:Neoplasms can occur in all species of marine aeshfvater fish. In New
Zealand, neoplasms have been observed in cultmagaper Pagrus auratus ornamental fish, and many wild
fish.

Gross signs: Variable. Sometimes abnormal growths are visibléermally. Other neoplasms may not be
externally apparent, but may be associated witloahal behaviour.

Causative agents: Some neoplasms are associated with viral infestiand many are associated with
environmental pollution or contamination of hatghesater supplies with substances such as chloMeyé€rs &
Hendricks 1984). Some may have a genetic basisgiMtaset al. 1985).

Diagnosis: Presumptive diagnosis can be obtained when abhgmroaths are grossly visible, but in all cases
confirmation of neoplasm and classification of tiype of neoplasm requires histology and perhapgroth
techniques such as immunocytochemistry.

Treatment and prevention: Usually unknown. If a high prevalence of neoplasksts in fingerlings, suspect

pollution of hatchery water or inbreeding depressiobroodstock. Separation of affected fish frogalthy fish
is advised in case a viral aetiology is implicated.

Distribution in New Zealand ‘

Tumours have been observed in fish throughout Neatahd.

A2

Worldwide distribution: Neoplastic growths have been recorded througt@utvorld in both cultured and wild
marine and freshwater fish.

General comments: Most neoplasms are non infectious, occur at Vewy prevalences, and hence do not
cause major problems in aquaculture. However, asaeé prevalence of neoplasms in an aguacultudéyfanay
indicate a predisposing virus is present, sub-agdticonditions of water quality, or genetic probleassociated
with inbreeding of broodstock (Hessler et al. 199V)ist of neoplasms recorded from New Zealant fip until
1980 was produced by Boustead (1982). Most of these from wild fish.
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Neoplasia in marine fish: (Registry of Tumors ofaey Animals, Accession no. 6872). Photos by B. [kgg

Above: Muscle (M) and kidney (K) of a moribund juvenilaapper which displayed massive swelling of the
muscles and abdomen and protruding scales. Theekidnd most of the muscle has been obliteratednby a
aggressive primitive neuroectodermal tumor withidfess of medulloblastoma.

Below: Liver of the same fish showing numerous metastatiwours (arrows) invading the organ.
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Diseases of unknown aetiology of marine fishes

Disease: Kidney cysts in snapper
Species and life stage affecteduvenile and adult snappétegrus auratus

Gross signs:No behavioural signs recorded. Affected fish apgesalthy and do not lose condition. Upon
filleting or dissecting affected fish, numerous (o200, but mostly 1-5) white nodules ranging frdo 7 mm
in diameter are evident in all parts of the kidney.

Causative agent:Unknown.

Diagnosis: Presumptive diagnosis can be obtained in instawbese the nodules are grossly visible when fish
are filleted or dissected. Definitive diagnosisuiegs histology of the kidney to demonstrate chiarastic fibrous
nodules with a mucoid degeneration of the centee\aious degrees of peripheral infiltration by iaophills
(Hine & Anderson 1981). The nodules may compriséoup0% of kidney volume in older fish.

Treatment and prevention: Unknown.

Distribution in New Zealand ‘

Kidney cysts have been recorded in wild snappen fao
number of locations along the northeast coastef th
North Island.

Worldwide distribution: Similar cysts have been recorded in the kidneyamdther sparid fish, the bream
(Acanthopagrus australigrom Moreton Bay, Australia (Roubal 1994).

General comments: In small snapper (under 15 cm) the nodules arellsfp. 2 mm) and occur at low
prevalences (< 10%). Once fish reach 30 cm nedlrfish have at least 1 to 5 nodules in all partshe kidney,
and rarely in the spleen. Both sexes are equaléciald (Hine & Anderson 1981). Though no signs isédse
have been recorded in affected fish, heavy nodufeciions must impair kidney function and henceldou
predispose fish to opportunistic pathogens.
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Kidney cysts in snappePégrus auratus Photos by M. Hine.

Above: A 28 cm snapper with multiple nodules evidentie kidney (arrows).
Below: Closeup of the kidney showing many white nodussofvs).
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Diseases of Importance to Aquaculture in New Zealand

Diseases of Crustaceans
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CRUSTACEANS

Viral diseases of crustaceans

Disease: White spot diseas@VSD) (white spot baculovirus, penaeid rod shaped DNA wis,
systemic ectodermal and mesodermal baculovirus, armther names)

Species and life stage affecteds wide range of crustaceans, particularly penaeddvps, but also crabs, spiny
lobsters, copepods, and other arthropods.

Gross signs Cessation of feeding, formation of white spot&{@ mm diameter) under the cuticle, loose shells
followed by a rapid increase in mortality (up t@d¥ within 5-10 days).

Causative agents: White spot syndrome virus (WSSV) complex, a dipselated group of double stranded
DNA baculo-like viruses.

Diagnosis: Presumptive diagnosis is sometimes attempted umwing white spots on the cuticle, but this is
unreliable as similar lesions can occur from irifectby other disease agents (e.g., Wang et al.)2@d@ some
species do not display lesions (Rajendran et &919A minimum of histopathology is required to darstrate
the presence of characteristic basophilic inclusiodies in the nuclei of tissues of ectodermal mredodermal
origin. Definitive diagnosis requires a combinatimfmone or more of the following methods; PCR, IS¥stern
blot analysis, or TEM (Lightner 1999, OIE 2000).

Treatment and prevention: No treatment available. Once WSD is confirmedniragquaculture facility, slaughter
followed by disinfection and drying out are reqdireWSSV can be deactivated using UV irradiation
(9 x 16 pW/ml), heat treatment (55 °C for 90 min, 70 °€ $omin), acidity (pH 3 for 1 h, alkalinity (pH 1@r

10 min), ozone (0.5 pg/ml for 10 min) and bleact pavidone iodine (100 ppm for 10 min) (Chang etL8B8).
Avoidance is through exclusion of wild crustaceatsch are potential reservoirs of infection, PCRtiteg of
broodstock, and development of resistant stocke.vittus survives freezing and can be introducedmijzorts of
frozen prawns and crabs originating from areas a/iez disease occurs.

Distribution in New Zealand

Unreported, but as WSSV infects a wide range of
crustaceans, it may be a potential threat to clbdr
crustaceans in New Zealand.

WSD IS AN INTERNATIONALLY NOTIFIABLE
DISEASE. IF YOU SUSPECT THAT YOUR STOCK
HAVE THIS DISEASE, RING MAF ON 0800-80¢-96¢€

Worldwide distribution: WSD was first reported in farmd@enaeus japonicus Japan in 1993, and has since
been spread throughout China and to other prawmirigr areas in Asia, India, Europe, the Middle E&se,
United States and South America.

General comments:WSSV has naturally or experimentally infected 086rspecies of crustaceans, including
most species of penaeid prawns (Lightner 1999)ers¢\genera of crabs, spiny lobsters (geRasulirug and
freshwater prawndacrobrachiumsp.) (Rajendran et al. 1999), and freshwater @layMany of these species
can act as asymptomatic reservoirs of infectiortalTlesses of 100% of stock and 80% of total préiducare
common in countries where penaeid culture has heeity affected by WSD (Gillespie 2000, Nair 2000dtal
financial losses to aquaculturists worldwide atttédal to WSD between 1993 and 2000 are thought pooaph
US$ 4 to 6 billion (Lightner 1999).
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White spot disease in cultured prawns. Photos hyidghtner.

Left: Gross appearance of WSSV infecRghaeus monodagxhibiting classical WSD lesions on the carapace.

Right: Histological section through the stomach of a paharawn showing the presence of WSSV intranuclear
inclusion bodies (arrows) within cuticular epithusth.
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Microbial diseases of crustaceans

Disease: Bacterial enteritis

Species and life stage affectedlarval, juvenile, and adult red rock lobstedagus edwardgii

Gross signs: No specific gross signs. Lobsters with advanceekciibns may stop feeding and become lethargic.
Causative agentsProbably numerous types of opportunistic marirgdsaa, includingvibrio harveyi

Diagnosis: Bacterial erosion of the hepatopancreas tubulesjally without septicemia, detected by
histopathology. Complete erosion of the epithelimay elicit a host reaction. If culture of implicdtbacteria is
attempted, discriminating causative agents from ltheterial flora normally present in the hepatopeas is
difficult.

Treatment and prevention: Bacterial diseases usually result from injury ob-eptimal culture conditions, so
improvement of water quality, food quality, or rear system design may be required to improve tladtihef
stock and prevent reoccurrence of disease. Anittbictatment may be possible if the bacteria ingdlcan be
identified and their antibiotic sensitivities cam Hdetermined, though problems with developmentesfstant
strains of bacteria may occur with prolonged antibiuse.

Distribution in New Zealand ‘

Observed in lobsters held throughout the countogsibly a
problem wherever lobsters are cultured intensivelger sub-
optimal conditions.

A 2

Worldwide distribution: Has also been recordeddnedwardsiifrom Australia (Handlinger et al. 2000).

General comments:Bacterial enteritis is usually recorded in heatiyled and/or moribund lobsters and may be
related to cessation of feeding.
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Histology of bacterial enteritis idasus edwardsiiPhotos by J. Handlinger.

Above: Note generalised necrosis of hepatopancreocytesalfidwhead) in one hepatopancreas tubule, and

bacteria (B, arrow)) in the lumen of other tubutefsa juvenile lobsterBelow: Areas of focal erosion of
hepatopancreas epithelium (arrowheads) associatedbacteria in an adult lobster.




Disease: Crayfish plagudkrebspest, kraftpest, crayfish aphanomyciasis)

Species and life stage affectedMost freshwater crayfish of the Families Astacidégambaridae, and
Parastacidae, but particularly European crayffs$tgcus astacys\. leptodactylusAustropotamobius pallipgs
Most crayfish native to North America, includingetisignal crayfish Racifastacus leniusculusand crawfish
(Procambarussp., Orconectessp.), are largely resistant and can be asymptoneiriers of the disease
(Dieguez-Uribeondo & Soderhall 1993).

Gross signs:Infected crayfish show whitened necrotic musculatin the tail, often accompanied in chronic
infections by melanisation (blackening) of affecedskeleton. Most mortalities tend to occur in swn but
disease can occur at any time of the year. In Eaograyfish, mortality is almost always 100% aadewnidence
of resistance has been observed in over 100 years.

Causative agent:The oomycete fungusphanomyces astaci

Diagnosis: Presumptive identification of the causative organcan be made from a fresh microscopic mount of
a piece of infected exoskeleton to demonstrateptesence of delicate, branching, aseptate fungipadin
diameter. Isolation and culture Af astaciare required for absolute confirmation.

Treatment and prevention: Aphanomyces astatias been controlled in the laboratory by bath€.6f mg/L
malachite green or 100 mg/L hydrogen peroxide fooar, and is killed in 5 minutes by bleach (100lmactive
chlorine) (Lilley & Inglis 1997). Once natural waseare infected, however, further spread of inactis
inevitable. In crayfish farms total destructionadff stock and disinfection may eliminate the pa#rgCrayfish
plague is principally transmitted on infected crslyf both susceptible and resistant. Preventidny isxclusion of
crayfish sourced from areas where crayfish plagieeis. Contaminated fishing gear, boots, and ecgiproan
also carry infection. Fish, birds, and other wilglinay act as vectors during large outbreaks.

Worldwide distribution: Aphanomyces asta@lmost certainly originated from North America, am@s
probably translocated to Europe with North Americaayfish in the mid 1800s. Between 1870 and 1940,
European freshwater crayfishgtacus astacusA. leptodactylusand Austropotamobius pallipgsvere almost
completely destroyed, mostly surviving only in simablated water systems above 600 m elevationweern
1960 and 1990, native crayfish populations in SpRiitain, Norway, and Greece were also largeltrdged by
crayfish plague (Alderman et al. 1990).

Distribution in New Zealand

UnreportedA. astaciinfects a wide range of freshwater
crayfish, hence is a potential threat to koura @wi\Zealan

CRAYFISH PLAGUE IS AN INTERNATIONALLY
SIGNIFICANT DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢€

General comments:North American crayfish, particularly the signahygfish, are largely resistant fa astaci
and therefore can act as carriers. However, in pogironmental conditions even signal crayfish barkilled by
crayfish plague. Laboratory tests have shown fresémcrayfish native to Australia and Papua Newn&aiare
susceptible to crayfish plague (Unestam 1975), estgjgy that New Zealand's native kouRarfanephrops
planifrons P. zealandicusare probably also susceptible.
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Crayfish plague in European crayfish. Photos blderman.

Above: Focal melanisation at the base of a walking Bejow: Hyphae and spores 8fphanomyces astaci
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Disease: Epibiont fouling

Species and life stage affected®hyllosoma larvae, puerulus larvae, and juvenifesed rock lobstersJasus
edwardsi) and packhorse lobsterk {erreaux). Adult paddle crabsJvalipes catharys

Gross signs:Fouling of external surfaces, especially the caramd gills, with microbial epibionts and organic
detritus, lethargic behaviour, low to moderate @dres, especially during the moult.

Causative agents:Various types of filamentoukeucothrixlike bacteria, sessile ciliatesC4rchesiumsp.,
Epistylissp.,Zoothamniunsp.), free living nematodes.

Diagnosis: Mixed growths of filamentoudeucothrixiike bacteria, rod shaped and gliding bacteria, sessile
stalked ciliates, and sometimes free living nemasaghd detritus are evident when whole larvaefectd areas

of gills of juveniles are examined using wet sqeasbr histology. Heavy fouling may be associatetth gill
necrosis in juvenile lobsters and adult paddlexrab

Treatment and prevention: Increasing water flow and aeration can reduceiriguproblems. Chemical baths
with formalin, chelated copper compounds, and ag& may also reduce epibiont loading. Preventiomia
increased water flow and improved system hygienigh Hemperatures (over 20 °C) increase the need for
adequate water flow. Decontaminationfsfemiaused as live food for phyllosoma larvae is impatrta prevent
Artemiaacting as vectors for fouling organisms.

Distribution in New Zealand ‘

Observed in samples taken from throughout the cpuintit
particularly in the North Island where water tengteres are
higher. Possibly a problem wherever lobsters aatscare
cultured intensively under sub-optimal conditions.

h o

Worldwide distribution: Epibiont fouling is a ubiquitous problem in the ensive culture of crustaceans
worldwide, including homarid lobsters (Fisher et18178) and penaeid prawns (Lightner, 1983).

General comments: Mortalities of juvenile lobsters in rearing systerasing recirculated seawater can be
associated with moderate to heavy growths of epibioAffected animals are sluggish and exhibit brow
coloration in the gills. Most deaths occur at nigidt before or during the moult, probably becaagggen
demand increases at night, when moulting usualbuis; and the heavy epibiont growth reduces respjra
effectiveness. Epibionts appear to be graduallyumectated over time. Their presence indicates pgetem
hygiene or poor water flow. Heavy epibiont growthghyllosoma larvae is common in upwelling systemsisg

a high percentage of recirculated water.
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Epibiont infestations idasusspp.. Photos by B. Diggles.

Above left: Wet preparation of normal gills of a juvenile edwardsii Above right: Wet preparation of lobster
gills with a moderate infestation of la&eucothrixlike flamentous bacteria (arrows$3elow left: Sessile ciliate
(Carchesiunsp.) attached to gill of a juvenile lobstBelow right: Wet squash of the leg of a phyllosoma larva
of J. verreauxishowing heavy fouling by leucothrixlike filamentous bacteria.
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Disease: Gill mycosis

Species and life stage affectedRed rock lobsterJasus edwardgiipuerulus larvae and juveniles up to 30 mm
carapace length.

Gross signs:Brown/black lesions at the base of the gills naaeition of the walking legs, lethargic behaviour,
low to moderate mortalities, especially during thault.

Causative agent:An invasive fungustaliphthorossp.

Diagnosis: Fungal mycelia are easily observed under the moape in wet preparations of the gill filaments
adjacent to the blackened areas, or by using mutistopathological methods. Specific identificatiof the
causative fungus can be obtained by inoculatingcted gill filaments into marine agar 2216 (Difoontaining
antibiotics to culture the fungus. Identificatioancthen be performed using morphological and/oremdéar
techniques.

Treatment and prevention: The fungal spores are susceptible to a varietgheimical treatments, including
trifuralin, formalin, and malachite green (Diggl@901), but the disease can be prevented by impgovin
husbandry such as removal of uneaten food andaegi@aning of detritus from tanks.

Distribution in New Zealand

Has been observed in onshore experimental groviacilities
on the southeast coast of the North Island. Notwknfsom wild ’
lobsters.

Worldwide distribution: Invasive mycosesaused by the fungusaliphthorosmilfordensishave been recorded
in homarid lobsters in the Northern Hemisphereh(@iset al. 1975, Fisher & Nilson, 1977).

General comments: This disease has been associated with signifigartalities in puerulus and juvenile
edwardsii held for ongrowing at water temperatures betwe@rarid 18 °C. Up to 30-50% of animals were
affected in poorly maintained systems. The disgaserally does not affect lobsters greater thamB@0carapace
length. Death of affected lobsters usually occuis pefore or during the moult, perhaps from rettm of
moulting due to extensive melanisation (Fisherlefl@75, Fisher & Nilson 1977), though secondargtéaal
infection may also be implicated in some cases.
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Gill mycosis in juvenilelasus edwardsiiPhotos by B. Diggles.

Above: A black/brown lesion in the gills (arrow) at aesibf fungal infection. Melanisation is particularly
apparent at the base of the walking IBglow left: Wet squash of normal gill, containing haemocyteso(vs).
Below right: Wet squash of gill from a gill lesion showing fahdpnyphae (arrows) inside the gill cuticle.
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Disease: Luminous vibriosis

Species and life stage affectedhyllosoma larvae of packhorse rock lobsias(is verreauyi
Gross signs: Larvae are luminous when viewed in the dark, madeaheavy mortalities.
Causative agentsLuminescent marine bacteria, particulavifrio harveyi.

Diagnosis: Presumptive diagnosis can sometimes be obtaineabbgrving larvae in complete darkness. Those
affected byV. harveyican be faintly luminous in the dark. Massive baatelaques will be evident in the lumen
of hepatopancreas tubules using histopathologyinbieé diagnosis requires culture of luminesceatteria such
asV. harveyifrom internal organs followed by biochemical orlewular characterisation.

Treatment and prevention: Vibrio harveyimay be introduced into larval culture tanks thiotige water or via
live food such agrtemig so thorough decontamination of water, live fomadg tank surfaces is recommended to
minimise bacterial growth. Any handling that mayune larvae will increase mortality rates. Infectimmay be
transferred by cannibalism, so removal of deadalarfrom affected systems is recommended. Treatmgimt
antibiotics may be successful initially, but defdres of larvae may occur and antibiotic resistaiscikely to
develop over time. Conditioning of culture wated&an live food with probiotic bacteria (Moriarty 28) are
worth investigation as possible methods of prewenti

Distribution in New Zealand

Has been recorded in experimental culture of pkylioa larvae
of Jasus verreauxn Wellington. Possibly a problem wherever
phyllosoma larvae are cultured intensively undér-gptimal
conditions.

Worldwide distribution: Luminous vibriosis is a persistent problem in negrof larval and juvenile penaeid
prawns worldwide (Lightner 1983, Lavilla-Pitogoadt 1998). It also occurs in phyllosoma larvad oédwardsii
in Tasmania (B. Crear, personal communication).

General comments:Onset of disease ih verreauxiphyllosoma larvae occurs as early as thandtar at water
temperatures of 23 °C, and can affect larvae apéeatures down to 16 °C (Diggles et al. 2000). kess up to
80% of stock have been attributed to the disease.
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Luminous vibriosis of phyllosoma larvae #dsus verreauxiPhotos by B. Diggles.

Above left: Uninfected larvae, note transparent appearakioeve right: Fourth instar phyllosoma infected with
Vibrio harveyi Note the opaque hepatopancreas and appenddgdsafith luminescent bacteria, and melanised
base of the eye stalkiBelow: Histopathology of hepatopancreas tubules of arloms phyllosoma. Note atrophy
of the lower tubule (arrow) which contains masddsaateria.
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Disease:Shell disease

Species and life stage affecteduvenile and adult red rock lobstedagus edwardsij adult packhorse lobsters
(J. verreaux, and adult paddle crab®yalipes catharus

Gross signs:Erosion and blackening of the carapace, tail fad,w@alking legs. Blister-like lesions on the taihf
may also occur, but their cause may be distinehfetassical shell disease.

Causative agents:Presumably chitinoclastic bacteridiifrio sp., Pseudomonasp., Aeromonassp.), and/or
unidentified fungi.

Diagnosis: Erosion and/or blackening of affected areas ofdhticle are easily observed with the naked eye.
Microscopic examination of the affected areas camded to attempt to determine whether diseasssciated
with bacterial or fungal invaders. Both may be biisiin wet preparations. Culturing causative agemtd
demonstrating their involvement is usually difficdlie to the high numbers of naturally occurringeherophic
bacteria present on the carapace.

Treatment and prevention: Occurrence of shell disease in cultured crustaceadicates that improvement of
water quality and/or holding conditions may be tieggh Elimination of potential sources of injuryosid assist
in reducing the prevalence of shell disease araitalkblisters.

Distribution in New Zealand

Occurs throughout New Zealand.

Worldwide distribution: Shell disease is ubiquitous and occurs in both meaend freshwater crustaceans
worldwide (Getchell 1989, Sindermann 1990, Nogal €2000). Tail blistering apparently has been regubonly
from Jasus edwardsin Australia and New Zealand.

General comments:Shell disease has been recorded in both wild aptve Jasus edwardsiandJ. verreauxi
In these species, shell disease lesions are megiusbon the ventral part of the tail fan and otaeras of the
carapace in contact with bottom surfaces or sultgeanjury. Superficial lesions are usually elimti@a during
moulting. The cause is assumed to be infectionafngls or abrasions by chitinoclastic bacteria. H@refungi
are occasionally implicated. Blistering of the faih may be a syndrome distinct from classicallstistase and
its cause requires further investigation.
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Shell disease and tail blistering in lobsters. Badity
B. Diggles and N. Raethke.

Above left: Tail blisters (arrows) id. edwardsiiheld
in a concrete tank.

Above right: Erosion of the tail fan of & edwardsii
held in a concrete tank.

Left: Wet preparation of a shell disease lesiord.in
verreauxishowing melanised tracks caused by fungal
hyphae.

Below left: Wet preparation of carapace df
verreauxi showing melanisation at edges of circular
lesions caused by chitinoclastic bacteria.

Below right: Histopathology of a tail blister lesion

in J. edwardsii showing numerous bacteria

(arrowheads) inside the cuticle and areas of nicros
(N), melanisation (M), and haemocyte infiltration
(arrow).
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Disease: Vibriosis(septicaemia)

Species and life stage affectedill life stages of red rock lobsterdgsus edwardsij packhorse rock lobsted.(
verreaux), and paddle crab®falipes catharus

Gross signs: Can vary between species. Phyllosoma larvae magnteopaque or exhibit blackened areas on
the carapace. Affected juvenile and adult lobstensl crabs are usually lethargic and stop feedirtge T
haemolymph may become turbid and body musculata Imcome opaque. A reddening of the haemolymph
has been observed in moribund paddle crabs.

Causative agents: Opportunistic bacteria of the genvibrio. Both Vibrio splendidud andVibrio harveyihave
been isolated from the haemolymph of adukdwardsiin New Zealand.

Diagnosis: Septicaemia is defined by an infection of the bkioeam, hence diagnosis is based on isolation of
bacteria from the haemolymph. Once bacteria arkatessh in culture on bacteriological media, they dan
identified using biochemical or molecular methods.

Treatment and prevention: Occurrence of bacterial disease usually resutimfinjury and/or sub-optimal
culture conditions. Elimination of potential sousa& injury, and improvement of water quality, fogdality, or
rearing system design may be required to improee hbalth of affected stock and prevent reoccurrayice
septicaemia. Antibiotic treatment may be possiblle bacteria involved can be identified and tlaeitibiotic
sensitivities can be determined, but routine usartibiotics will promote development of resistattains of
bacteria and is not a viable long-term alternatiivgood husbandry practices.

Distribution in New Zealand

Opportunistic bacteria of the gendirio are ubiquitous in the
marine environment and can infect crustaceans gfwaut New
Zealand if they are held or cultured under subroati
conditions.

Worldwide distribution: Opportunistic bacteriaf the genus/ibrio are ubiquitous in the marine environment
hence vibriosis is a problem worldwide whereverstaneans are injured, stressed or held under dirhadp
conditions (Brinkley et al. 1976, Lightner 1983n& rmann 1990).

General comments:Vibriosis, like other bacterial diseases of crastms, is caused by opportunistic pathogens
which become invasive and destructive when hostraefs are breached by injury or lowered due to ratelo
environmental conditions (Sindermann 1990).
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Vibriosis in lobsters and crabs. Photos by B. Déggl

Above: Vibriosis in juvenileJasus edwardsiiHistology of the hepatopancreas showing largguys#a of bacteria
(arrows) inside the tubule lumerBelow: Vibriosis in adult paddle crab®yalipescatharug. Histology of the
gill showing that bacteria on the outside of tHeaiticle (arrow) have penetrated the gill cutialeone area. The
presence of the bacteria inside the gill has elicia host response consisting of clumping of hagtesc
(arrowheads) to prevent bacteria entering the hhenpd spaces.
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Diseases of unknown aetiology of crustaceans

Disease: Black hepatopancreas disease

Species and life stage affectedRed rock lobsterJasus edwardsgiisub-adults.

Gross signs:Lethargy; upon dissection large, hard, blackenedatie lesions in the hepatopancreas.
Causative agent:Unknown, possibly related to diet and/or infectiith bacteria and/or unknown protozoa.
Diagnosis: Affected lobsters are reportedly lethargic, stegding, and eventually die. Presumptive diagnasis ¢
be obtained by dissecting lobsters and observindein@d, black, necrotic lumps in the hepatopanciasteria

and protozoan-like cells can be observed in higiofd sections.

Treatment and prevention: Unknown. Perhaps provision of an adequate didtpsélvent this condition from
occurring.

Distribution in New Zealand

Known only from one instance in lobsters used dhetary
experiment in an experimental grow-out facilitytie South
Island.

(W)

Worldwide distribution: Currently only recorded from lobsters in New Zealand. Thisedse resembles
bacterial necrosis and mummification of hepatopeasrtubules of marrorGherax tenuimanysn Australia.
Disease in marron was thought to be caused byédaitudigest an inadequate diet (Langdon et al2)199

General comments:This disease has been observed only once in aublabisters fed an experimental food
containing a high percentage of abaloktal{otis sp.) viscera. Histopathology showed complete rsesrof
affected hepatopancreas tubules which were sureabbyg a melanised layer with accompanying fibradS@mme
tubules contained a mass of gram-negative bacterih also protozoan-like cells. Whether the presiwapt
protozoa or bacteria play a primary or secondayirothe disease is at this stage unclear.
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Histopathology of black hepatopancreas
disease idasus edwardsiiPhotos by B.
Diggles and J. Handlinger.

Above left: Necrotic hepatopancreas
tubules showing necrosis of tubules (T),
melanin  deposition (arrows), and
extensive fibrosis (F).

Above right: Necrotic tubule at higher

power showing brown layer of melanin
and cell debris inside remains of the
tubule.

Left: High power view of cell debris
inside tubule showing clumps of
protozoan-like cells (arrows).



Disease: Turgid lobster syndrome (TLS)

Species and life stage affecteduvenile and adult red rock lobstedagus edwardsii

Gross signs: Affected lobsters exhibit fluid-filled, swollen arodial membranes apparently caused by an
increase in haemolymph volume.

Causative agent:Unknown. May be a nonspecific response to a wagestressors.

Diagnosis: TLS is associated with abnormal protrusion of #nthrodial membranes, especially between the
carapace and abdomen. Haemolymph is expelled ynegsure if the membrane is punctured. An increate
number of circulating granulocytes and pre-granyties is sometimes noted. In early stages of TLSaffexted
lobsters stop feeding, show limited swelling, amddime lethargic, while in later stages they carfleat their
abdomens and mortalities may occur. Bacteria ssthibaio harveyiandV. splendidus are occasionally, but not
always, isolated from the haemolymph.

Treatment and prevention: Specific methods of treatment and prevention arknown, but reduction or
elimination of possible sources of stress on adi@dobsters is recommended. In particular checlemaality
parameters, especially ammonia and salinity. Somstérs appear to spontaneously recover withoemtviantion.

Distribution in New Zealand

Has been observed in lobster holding facilitiestighout New
Zealand.

Worldwide distribution: TLS-like symptoms have also been reported.iedwardsiiand western rock lobster
(Panulirus longipekin holding facilities in Australia (A. Brown, WHosking, personal communication).

General comments:The swelling may be a nonspecific response torietyaof stressors. Possible causes may
include starvation, as this causes increased hgembl volume (Dall 1974), poor nutrition, salinitgnation,
osmotic imbalance, or exposure to toxicants sugteaticides (perhaps at levels below detectiortdimiobsters
appear more likely to be affected just before tloailin In one case TLS was associated with hypetisali44%o)
and the swelling was reversed when salinity wasaed to normal (36%o.) (A. Brown, personal communargt

In many cases, however, no salinity variation froonmal can be detected.

Reference

Dall, W. (1974). Indices of nutritional state iretivestern rock lobsteRanulirus longipeqMilne Edwards). |. Blood and
tissue constituents and water contdournal of Experimental Marine Biology and Ecolddy 167-180.
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Turgid lobster syndrome (TLS) frasus edwardsiiPhotos by B. Diggles.

Above: Normal appearance of the arthrodial membrane l@twie carapace and abdomen in an athdus

edwardsii Below: Characteristic protrusion of the arthrodial memilerdbetween the carapace and abdomen
(arrow) associated with TLS.
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Diseases of Importance to Aquaculture in New Zealand

Diseases of Molluscs
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DISEASES OF MOLLUSCS
Viral diseases of molluscs

Disease: Amyotrophia of abalone

Species and life stage affecteduvenile Japanese black abaloNer@otis discus disclis
Gross signs:Unusually high mortalities in juvenile abalone asated with wasting of the foot.
Causative agent:Unknown. Possibly a virus (Nakatsugawa et al. 1999)

Diagnosis:Detection of multiple tumours surrounding the nereé the foot by histology in the absence of other
potential disease agents.

Treatment and prevention: No known treatment. The disease agent is transinhtgizontally through the
water, but filtration to 0.22 um can exclude theedise agent (Nakatsugawa et al. 2000).

Distribution in New Zealand

Unrecorded.

AMYOTROPHIA IS AN EXOTIC DISEASE. IF YOU
SUSPECT THAT YOUR STOCK HAVE THIS DISEASE,
RING MAF ON 0800-809-966

Worldwide distribution: Currently known only from cultured juvenile abalanelapan.
General comments:Granulomatous, tumour-like lesions have been tedeio wild-caught adult pau#léliotis

iris) in New Zealand (Diggles, unpublished), but thesrevfound in various organs and were not limitetht®
nerves. Their cause is unknown.
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Histopathology of amyotrophia in Japanese blackosiga(Nordotis discus disclis200x magnification.
Photo by C. Friedman.

Note the three tumour-like lesions (arrows) adjatemerves in the foot.
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Disease: Digestive epithelial virosis

Species and life stage affectedsreenshell™ mussel$€rna canaliculus scallops Pecten novaezelandipe
rock oysters$accostrea glomerafatoheroa Paphies ventricogaand probably other bivalves.

Gross signs:Unusual mortalities of between 50 and 100% of rdsdanussel spat during the summer months.
Other species may not show any gross signs oftinfec

Causative agentsSmall unenveloped RNA viruses.
Diagnosis: Presumptive diagnosis may be obtained using higyolm show extensive haemocytosis and
liquefactive necrosis of digestive tubule epithelizlls. Definitive diagnosis is bglectron microscopy to

demonstrate electron-dense, uncoated virus-likiicpes 25—-45 nm in diameter in digestive tubulehadium.

Treatment and prevention: No known treatment. However improvements in husbanthy reduce the impact
of the disease (Jones et al. 1996).

Distribution in New Zealand ‘

Probably ubiquitous.

Worldwide distribution: Although reported only from Greenshell™ musselé¢3oet al. 1996), scallops, and
toheroa (Hine & Wesney 1997) in New Zealand, exatim of scallopsFHecten albafrom Port Phillip Bay,
Australia, and scallopsPécten maximysfrom Loch Fyne, Scotland, has shown the diseaséet equally
prevalent there (Hine : unpublished data).

General comments:The viruses are associated with sloughing of thidiging (epithelium), but their actual role
in this "disease" is unclear. The sloughing an@we of the gut lining occurs in many species ogbies, and it
appears to be a natural process in healthy anit@algy has shown that all scallops examined fromorzst New
Zealand have these viruses. It appears, howear htgh levels of these viruses occur in lethaagid dying
scallops, and therefore the viruses may be assdcvaith the natural process of renewal of the pumd, but if
they reach high levels, they may cause disease.

References

Hine, P.M.; Wesney, B. (1997). Virus-like particlessociated with cytopathology in the digestivendlapithelium of scallops
Pecten novaezelandid®eeve, 1853 and toherBaphies ventricosurfGray, 1843)Diseases of Aquatic Organisms. 29
197-204.

Jones, J.B.; Scotti, P.D.; Dearing, S.C.; WesneY(;1B96). Virus-like particles associated with marimussel mortalities in
New ZealandDiseases of Aquatic Organisms: 233-149.
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Histology of digestive epithelial virosis in scgi® Pecten novaezelandipd’hotos by B. Diggles.

Above: Light to moderate sloughing of epithelial cells thfe digestive gland (arrows) with a focus of
haemocytosis (arrowheaddelow: Extensive sloughing and necrosis of the digesgifead tubule epithelium

with numerous necrotic epithelial cells evidenthia tubule lumen (arrows).




Disease: Gill necrosis virus disease (GNWaemocytic infection virus disease (HIV))

Species and life stage affecteduveniles and adults of Pacific oyste€sgssostrea giggs

Gross signs:Gill erosion, yellow to brownish spots on the gillometimes yellow or green pustules on the
mantle or in the adductor muscle.

Causative agentAn iridovirus-like virus, 380 nm in diameter.

Diagnosis: Presumptive diagnosis is by examination of tissussg histology to demonstrate massive
haemocytic infiltration, polymorphic hypertrophiells, and hypertrophic globular cells containingsdgahilic
inclusions. Definitive diagnosis is bglectron microscopy to demonstrate virus partidleside basophilic
inclusions.

Treatment and prevention: No known treatment. Prevention is by slaughterdisthfection.

Distribution in New Zealand

Unreported.

GNV AND HIV ARE EXOTIC DISEASES. IF YOU
SUSPECT THAT YOUR STOCK HAVE THESE
DISEASES, RING MAF ON 0800-809-966

Worldwide distribution: France, Portugal, Spain, and the U.K.

General comments:This disease was first reported in France in Ndx&mi966 and caused epizootic mortalities
until 1970 when the similar disease HIV replace&ubsequently, HIV also disappeared, possibly imxa sub-
species ofCrassostrea gigaghen calledCrassostrea angulatayas particularly susceptible, and it was virtually
wiped out by the disease. Subsequently, it wascegl by the less susceptiflegigas.
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Publication 18 23-37.

No photographs currently available
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Disease: Herpesvirus infection of oysters

Species and life stage affected:arvae and spat of Pacific oystef@Bréssostrea giggs Adults, and probably
larvae and spat, of Bluff oyster®gtrea chilensis

Gross signs:Heavy mortalities in oyster larvae associated veitimormal swimming behaviouAdult Bluff
oysters may be asymptomatic carriers.

Causative agentsHerpesviruses.

Diagnosis: Definitive diagnosis requires electron microscomy demonstrate the presence of enveloped,
herpesvirus-like virus particles in affected orgdSR based molecular probes are also available.

Treatment and prevention: This disease is particularly problematic during $ummers, and in Pacific oysters it
can be avoided by lowering water temperatures.

Distribution in New Zealand ‘

In Pacific oysters around Northland, and in flasteys from
Wellington Harbour. Probably ubiquitous, but mocenenon in
the northern parts of the country.

Worldwide distribution: First reported from oyster€(assostrea virginicapn the east coast of the U.S. (Farley
et al. 1972). Subsequently reported from New ZehRacific oysters (Hine et al. 1992), French Paafjsters
(Renault et al. 1994) and flat oysters (Renaudt.€2000), Australian flat oysters (Hine & Thorr@9¥), and New
Zealand flat oysters (Hine et al. 1998). Thesesasualso occur in clam&(ditapes decussajusr France,
Sydney rock oysters, and Pacific oysters in Mexico.

General comments:The virus is probably vertically transmitted andlecular evidence suggests that the viruses
from different hosts in one region are more closelated to each other than the viruses from tiheesiaost in
different regions. One theory to account for tisishiat the natural host of the virus is the Padfister, and that
with the spread of Pacific oysters for aquaculttine,virus has been spread to new regions. In trexgens the
virus has started to infect other host species.
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Herpesvirus in Bluff oyster€strea chilensis Photo by M. Hine.

TEM micrograph of a paracrystalline array of enpelt herpes-like viruses (arrow) inside the nuatéws epithelial
cell in the mantle.
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Disease: Oyster velar virus disease (OVVD)

Species and life stage affectedlarvae of Pacific oyster€fassostrea giggs

Gross signs:Heavy mortalities in oyster larvae associated waitnormal swimming behaviour and detachment
of the larval velum.

Causative agent:An iridovirus.

Diagnosis: Necrosis and detachment of the larval velum (withHmacterial infection) may be observed by light
microscopy (Elston & Wilkinson 1985). Electron noscopy demonstrating the iridovirus for confirmatio
(Elston 1979, 1993).

Treatment and prevention: No known treatment. Prevention is by destructiod aafe disposal of infected
stocks, and disinfection of tanks and gear.

Distribution in New Zealand
Unreported.

OVVD IS AN EXOTIC DISEASE. IF YOU SUSPECT
THAT YOUR STOCKS HAVE THIS DISEASE, RING
MAF ON 0800-809-966

Worldwide distribution: Washington State, U.S.

General comments:First signs are that the larvae have problems imaving, and they gradually sink to the
bottom of the tank. However, larvae infected witbrgesviruses show the same behaviour, and electron
microscopic examination is needed to distinguisgts¢htwo diseases. Once either virus disease oddllirsg
stock and disinfection are recommended, but sulese¢quortalities may be avoided by lowering tempees in

the case of herpesvirus infections.

146



References

Elston, R.A. (1979). Virus-like particles assocthteith lesions in larval Pacific oyster€rassostrea gigds Journal of
Invertebrate Pathology 331-74.

Elston, R.A. (1993). Infectious diseases of theifiRRaoyster, Crassostrea gigas. Annual Review of Fish Disease8—
276.

Elston, R.A.; Wilkinson M.T. (1985). Pathology, n@yement and diagnosis of oyster velar virus dis€&3éVD).
Aquaculture 48189-210.

- I .
Vo S i AR S
{ : v j
5 |“- F e > * i
v i gl i
Y- e Lt 2
.i‘ ﬂ*’\ l.|
R e ST ) v
D TR A
\ . > YR
el =it
v i get,
J’J‘i.n' 1‘.@ ¥ .'-‘_.,
1 /
- lk I..
” L TR S N
\4‘1\
- ._.w . { o
- i" t;f? i \;-t?, d=
Vi SO G X
z . r ’ n.. =
‘fé i¥r '\-\“:E"? gt ;,jf’r_:l ’-‘_ .\I ‘%‘,—_“ ) =
1 Va0 Py
& b AGE
K i it .:.-'?1“-\\-‘ )
L F .,;Q.”‘__." o _"—':;:-C-"_";
| P\t )
g q_;'k 4 Eii\!*n.':'-. ;..u,l.v“'" |
f A - )
.-! N —
‘L_“;w 0V
= .’

Histological section of OVVD affected larvae of adfic oyster Crassostrea giggsPhoto by B. Diggles.

Note absence of bacterial infection in all threevde, necrotic cells (arrowhead), and detachmemt an
fragmentation of the velum (arrows) in one larveM was required to confirm this as OVVD.
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Microbial diseases of molluscs

Disease: Brown ring disease of clams (BRibriosis)

Species and life stage affectedSpat, juveniles, and adults of Manila clanfiuditapes philippinaruinand
carpet-shell clamsR. decussatysVibriosis occurs in many species of cultured losds, including pearl oysters
(Pinctadasp.).

Gross signs:An abnormal brown deposits in the nacre betweemtdetle and the edge of the shell.

Causative agents:Gram-negative bacteria of the gerwibrio. BRD is caused byibrio tapetis(also known as
Vibrio P1); brown conchiolin deposits in other speciesnoflusc can be associated with a variety of speaies
Vibrio, particularlyVibrio harveyi

Diagnosis: It may be difficult to detect bacteria by light mescopy in early infections. Confirmatory diagnosis
requires isolation and identification of the caivgabacterium from shell lesions and haemolymphgistandard
microbiological methods. A colony-blot ELISA is akadble for BRD (Noel et al. 1996).

Treatment and prevention: Vibriosis is usually associated with high stockitensities and poor water quality.
BRD may be controlled by raising water temperatuasshe disease does not occur along coastsahatwarm
summer temperatures, and although 100% infectimurecat 8—14 °C, only 20% infection occurs at 21 °C
(Paillard et al. 1999). Infections may be treatdthvantibiotics, though modification of husbandrsagtices,
particularly reduction in stocking density, are greferred method of control.

Distribution in New Zealand

Vibriosis may occur throughout New Zealand whereve
molluscs are reared at high densities or undeditons
of poor water quality. However, BRD has not begported

BRD IS AN EXOTIC DISEASE AND CANNOT BE
DISTINGUISHED FROM VIBRIOSIS EXCEPT IN A
LABORATORY. IF YOU SUSPECT YOUR STOCK HAVE
THIS DISEASE, RING MAF ON 0800-809-966

Worldwide distribution: Vibriosis has been recorded worldwide in culturealloscs, particularly in the warm
waters of the tropics and subtropics. BRD causedibgio tapetisis restricted to the Atlantic coasts of Europe.

General comments:BRD is particularly problematic in clams cultunedder crowded condition¥ibrio harveyi

is an ubiquitous marine bacterium that can causeade in crustaceans, molluscs, and less frequerfishes,
particularly when they are cultured under crowdedditions. The anomalous brown nacre in BRD oceasgra
thin ring around the perimeter of the shell (Pailat al. 1994). In contrast, molluscs with vibisosaused by
Vibrio harveyiusually display broad based conchiolin depositthennacre (Dybdahl & Pass 1985, Pass et al.
1987).
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Vibriosis in pearl oystePinctadasp. associated with infection Mjbrio harveyi Photo by B. Diggles.

The abnormal brown coloration in the nacre (arr@amproad based, which is different from the gragsss of
BRD, in which the brown stain occurs as a thin mghe nacre around the perimeter of the shell.
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Disease: Mycoplasmosis of scallops

Species and life stage affectedidult scallops Pecten novaezelandipe
Gross signs:There may be pinkish-orange pustules in the adduetiscle.
Causative agent:An unidentified mycoplasma (intracellular bacterjum
Diagnosis:Electron microscopy.

Treatment and prevention: None known.

Distribution in New Zealand

Probably ubiquitous.

Worldwide distribution: Mycoplasmas are known from scallops in New Zealaad in Patinopecten
yessoensiffom the west coast of Canada.

General comments:The causative mycoplasmas occur in haemocytes @ilesions, but their role in this minor
disease is unclear (Bower & Meyer 1991). Mycoplasraee a group of procaryote organisms that resemble
bacteria, but do not possess a cell wall and thue kariable morphology.

Reference

Bower, S.M.; Meyer, G.R. (1991). Disease of Japanssallops RPatinopecten yessoensisaused by an intracellular
bacteriumJournal of Shellfish Research:1513.
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Mycoplasmosis in New Zealand scallope¢ten novaezelandipd’hotos by M. Hine.

Above: TEM of a scallop haemocyte with its cytoplasm patkvith mycoplasma®elow: Higher power view
of mycoplasmas (arrows) of variable morphologyhia tytoplasm of the haemocyte. 49 000 x magnificati




Disease: Pacific oyster nocardiosis (PON)summer mortality)

Species and life stage affectedidult Pacific oysters@rassostrea giggspossibly also blue musselsiytilus
edulis.

Gross signs:Round yellow-green pustules up to 1 cm in diametethe surface of the mantle, gill, adductor
muscle, and heart.

Causative agent:Nocardia crassostrea@ gram-positive bacterium.

Diagnosis: Visualisation of groups of the bacteria, resentplinngal hyphae, in the connective tissue by light
microscopy. PCR based molecular probes are alstalbla(Gee & Elston 1997).

Treatment and prevention: Culturing oysters off the seafloor, and avoidingalklw embayments.
N. crassostreaés an opportunist that lives in sediment, and it§exysters when water temperatures are elevated
in mid summer.

Distribution in New Zealand

Unreported. However, the shallow embayments aro
Northland would be ideal for this bacterium to flish if it\
introduced into New Zealand.

PON IS AN EXOTIC DISEASE. IF YOU SUSPECT YOUR
STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢€

Worldwide distribution: West coast of the U.S., Japan, and possibly otheifie:rim countries.

General comments:The gross signs may be confused with those of Renisland disease (see p. 174), but the
latter occurs only at cold temperatures, and nocsislat elevated temperatures.
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Histopathology of nocardiosis in Pacific oystetsgssostrea giggsPhotos by C. Friedman.

Above: Low power view (100 x magnification) of atrophigéstive gland tubules with multiple foci of badter
(arrows).

Below: Higher power view (200 x magnification) of fouregsy stained bacterial colonies (arrows) in necroti
connective tissue, illustrating their superficesemblance to fungal hyphae.
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Disease: Paua epithelial erosion

Species and life stage affecteduvenile pauaHaliotis iris).

Gross signs:Affected paua exhibit a distinct posture with &ed shell, and white patches on the epipodium,
mantle, and foot. Some paua may trail thin straofddoughed, black epithelium, lose adhesion t& wurfaces,
or try to crawl! out of the water.

Causative agents:Opportunistic bacteriaF{avobacteriurdike gliding bacteriaVibrio sp., and perhaps others)
and both motile and sessile ectocommensal cil{@egphidiasp.).

Diagnosis: Histopathology is required to demonstrate erosiothe epithelium of the foot and mantle associated
with bacteria and epicommensal ciliates, sometimiés invasion of the underlying muscle. Culturingusative
agents and demonstrating their involvement is gul#fficult due to the high numbers of opporturssbacteria
which quickly colonise the lesions.

Treatment and prevention: This disease is associated with poor water qudl@yndling damage, and/or stress.
Improvement of water quality by improving watervil@nd removing possible sources of stress (e.gesswe
handling, elevated water temperatures) should ipiead of infections. Treatment with 50 ppm foimé&br 1
hour killed ciliates but did not halt the progressiof the bacterial infection (Diggles, unpublishe@intibiotic
therapy may be an option if antimicrobial sendii@& of opportunistic bacteria are known, but micdifion of
husbandry techniques is the preferred method dfalon

Distribution in New Zealand

Can occur in any batch of cultured paua if hangiedrly or
cultured under conditions of poor water quality.

Worldwide distribution: A Flexibacterlike infection associated with epithelial erostues also been reported in
abalone in Australia (J. Handlinger, personal comigcation).

General comments:The presence of large numbers of opportunistiteb@cmay result from poor water quality
or infection of a wound. Once the bacteria invade épithelium, ciliate infection appears commonyally
including both motile (genera undetermined) anditege.g.,Scyphidiasp.) ciliates. Motile ciliates may not be
detected by histology. It is assumed that thetetideed on bacteria and cellular debris in slouglepithelium.
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Epithelial erosion in paua
(Haliotis iris). Photos by B.
Diggles and A. Blacklock.

Above: Three juvenile paua

with erosion of the epithelium

of the epipodium, mantle and
foot associated with bacterial
infection. The whitening of the

epipodium (arrows) is due to
loss of black pigment

(arrowheads) which has
sloughed away and is adhering
to the side of the aquarium.

Above (inset): Characteristic
raised shell posture of affected
paua.

Middle: Histology of the edge

of a lesion on the epipodium,

showing loss of pigment

(arrowhead) due to necrosis and
erosion of the epithelium

associated with the presence of
a ciliate (black arrow) and high

numbers of bacteria (green
arrows).

Below: A section of eroded,
necrotic epithelium with two
ciliates and large numbers of
bacteria (arrows).



Disease: Paua shell mycosis

Species and life stage affecteduvenile and adult pauBldliotis iris, H. australis, H. virginea

Gross signs: Brown, jelly-like lesions on the inner surface tbie shell composed of conchiolin and fungal
hyphae.

Causative agent:Opportunistic fungi.
Diagnosis: A presumptive diagnosis can be obtained by obsgrtrie presence of brown lesions on the inside of
the shell, usually near the apex (Grindley et 898). Definitive diagnosis involves detecting fuhlggphae using

routine histopathology, or culturing fungi for iddication.

Treatment and prevention: None recorded.

Distribution in New Zealand

Has been reported in wild paua throughout the Staléimd,
and probably occurs throughout the natural rangeaof.

A3

Worldwide distribution: Fungal diseases are common in abalone worldwidee ®pportunistic fungus
Haliphthoros milfordensisauses tubercle-like lesions in the foot, martie] epipodium oHaliotis sieboldiiin
Japan (Hatai 1982Atkinsiella awabicauses similar lesions in both greenlitaliotis laevigata and blacklip
(Haliotis rubra) abalone in Australia (J. Handlinger, personal momication).

General comments: In severe cases of this disease, the brown lesiap undercut the adductor muscle
attachment to the shell, resulting in shell loser{@ey et al. 1998).
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Shell mycosis in pauad@liotis iris).

Above: A large brown lesion near the apex of the shell phua, associated with infection by fungi. PHiytdR.
Grindley.

Below: Histology of an affected paua showing fungal hypterrows) in the shell nacre staining darkly viRthS
stain. 1000 x magnification. Photo by C. Friedman.

-
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Disease: Pustule disease of abalone

Species and life stage affectedJuvenile pauaHaliotis iris, H. australi3 and other species of abalone
worldwide.

Gross signs:Light coloured, sometimes yellowish pustules orcabses on the base of the foot.
Causative agentsWound invasion by opportunistic bacteria, usuaflthe genu#/ibrio.

Diagnosis: Bacteria can be visualised using routine histagatly, or cultured from pustules using aseptic
techniques for identification.

Treatment and prevention: Prevention probably by eliminating mechanical dgenen foot when removing paua
from raceways and tanks, possibly by using anatsshg&ich as nembutal, benzocaine, or MS222 (Edwetrell.
2000, Aquilina & Roberts 2000) to relax paua betwreadling.

74

Worldwide distribution: Diseases characterised by pustule-like lesionsenfdot are probably ubiquitous and
would be expected to occur whenever abalone aregeshwhen reared under sub-optimal conditions. lysua
disease does not occur unless an open wound snprgs et al. 1998).

Distribution in New Zealand

Can occur in any batch of cultured paua if handbedrly
during harvesting or grading.

General comments:Pustule disease in abalone in China is causedfegtion withVibrio fluvialis-1l (see Liu et

al. 1995, Li et al. 1998), whilg. harveyiis more commonly associated with pustules in Aalist(J. Handlinger,
personal communication). Cases of pustule diseaddew Zealand paua have been associated with mixed
infections of Vibrio campbellij V. splendidud; and an unidentifiedvibrio sp. (B. Diggles & J. Carson,
unpublished data).
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Pustule disease in pataliotis iris. Photo by B. Diggles.

On the right is a pustule caused by infection &h#de wound (white arrow); on the left is a largestular area
associated with multifocal epithelial erosion (greerows).
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Disease: Rickettsiosis

Species and life stage affecte®luff oysters Ostrea chilensis Pacific oystersGrassostrea giggsrock oysters
(Saccostrea glomerata scallops Pecten novaezelandigeand cockles Austrovenus stutchbudyi but not
Greenshell™ or blue mussels.

Gross signs:None in oysters and cockles. Heavily affected spalimay be gaping and in poor condition.
Causative agent:Unidentified species of rickettsia-like organisri.Qs).

Diagnosis: Presumptive by histology showing basophilic inuas in hypertrophied gill, mantle, or digestive
tubule epithelium; confirmatory by electron micropy.

Treatment and prevention: These infections usually do not cause overt diséas®/sters and cockles, and
neither treatment nor prevention are required @s¢hspecies. However, heavy RLO infections in ilie are
associated with mass mortalities in wild scalldpgy@les et al. 2000). There are no known methodsréatment
and prevention of disease in scallops, as diseagebmtriggered by environmental stressors.

Distribution in New Zealand ‘

Ubiquitous in flat oysters, Pacific oysters, rogisters,
scallops, and cockles, but not mussels.

Worldwide distribution: Ubiquitous worldwide.

General comments: Rickettsiae are distinguished from other bactémiahat they are obligate intracellular
parasites, which usually cause hypertrophy of & bell. Their most common site is the epithatills lining
the digestive ducts and tubules. They do not caued disease in oysters and cockles, but in szaheavy RLO
infections are associated with mass mortalitiedK&at al. 1983, Leibovitz et al. 1984, Le Galbét1988, 1991,
Diggles et al. 2000). Mortalities are particulaglysociated with gill infections, but such infec8amso occur at
high prevalence (up to 100%) in apparently heatitgllops. It appears that it is not the presendbebacteria
that determines disease, but the intensity of tidec which may be related to environmental stress®his
pattern of high prevalence, and often high intgmsit RLO infection occurs i?. novazelandiagAs 23-39% of
New Zealand wild scallops may experience mortalidgach year (Bull 1976), these mortalities mayds@ciated
with RLO infection.
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Rickettsiosis in scallop$P€cten novaezelandipd’hotos by B. Diggles.

Above left: Histology of normal gill epithelium of a scalldpecten novaezelandiadbove right: Histology of
gill epithelium of a scallop heavily infected witRLOs, which occur inside markedly hypertrophiedisel
(arrows).Below left: Another type of RLO inside intensely basophilidtieglial cells (arrows) in scallop gill.
Below right: TEM of RLOSs in scallop gill.
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Disease: Withering syndrome of abalone

Species and life stage affectedtuveniles and adult abalone, includidgliotis cracherodii, H. rufescensind
H. fulgens, H. corrugata

Gross signs:Shrinkage of the foot, retraction of the visceiabues, and inability to adhere to the substrate.
Causative agent"CandidatusXenohaliotis californiensis”, a rickettsial orgamigFriedman et al. 2000).

Diagnosis: Light microscopy shows large numbers of rickett@edanisms in epithelial cells lining the gut.
Confirmation of identity by PCR (Andree et al. 20@0 ISH (Antonio et al. 2000).

Treatment and prevention: Slaughter and disinfection is standard procedurenwhfected stocks are detected,
but treatment with oxytetracycline can halt theedse (Shields & Friedman 1999). Prevention by rreat of
intake water is recommended in areas where withesymdrome is endemic.

Distribution in New Zealand

Withering syndrome has not been reported from Ne
Zealand, but rickettsial inclusions are occasignal
recorded in the gut epithelium of paua.

WITHERING SYNDROME IS AN EXOTIC DISEASE. IF
YOU SUSPECT YOUR STOCK HAVE THIS DISEASE,
RING MAF ON 0800-80¢-96¢€

Worldwide distribution: West coast of the United States.

General comments:Withering syndrome is a chronic disease. Affecteal@ne waste away through impairment
of digestion due to the abundance of organismslis &ning the gut. Since 1995 it has been acakfhat the
rickettsial organisms are the cause of the dis@aaadner et al. 1995), but why the disease occusredclear. It

is generally thought that climate change, partityl&l Nifio events, may have favoured the emergafdhis
disease (Martinez et al. 2000). Rickettsia-likdusmns have been observed in the gut epitheliupaah in New
Zealand, but to date have not been associatedvsiase.
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Withering syndrome in abalonkldliotis sp) from theU.S.

Above: The red abaloneH( rufescenson the right is normal; the one on the left hatheving syndrome. Photo
by J. Moore.Below: Histopathology of the gut of a black abalomé ¢racherodi) with withering syndrome.

Note numerous large basophilic inclusions (arrofifled with rickettsial organisms in the epithelieglls lining
the gut. Photo by B. Diggles.
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Protozoan diseases of molluscs

Disease: APX (Apicomplexan Parasite X)

Species and life stage affectedAdults and juveniles of Bluff oystergétrea chilensis and Greenshell™
musselsRerna canaliculus

Gross signs:Severely infected Bluff oysters may gape, and aralls shrunken, pale and translucent due to lack
of gametes in the gonads.

Causative agent:An undescribed apicomplexan.
Diagnosis:Histology, or whole body imprints in heavy infexts.
Treatment and prevention: No treatment available. As only one stage of theagite life-cycle occurs in

bivalves, it probably uses another host, possibtgrabellid polychaete worm. If an intermediate thoen be
identified, it may be possible to break the lifesleyby separating the hosts.

Distribution in New Zealand ‘

APX occurs in oysters all around New Zealand, i
exception of the Chatham Islands. In mussels,stideen found
only on two farms in the Marlborough Sounds.

A2

Worldwide distribution: Known only from New Zealand. Apicomplexans similar APX have not been
reported from any other host.

General comments:After Bonamia this is possibly the most serious disease offBlyéters in New Zealand.
APX occurs in virtually all Bluff oysters aroundettSouth Island, particularly in Foveaux Strait, &amthe south

of the North Island, but normally at very low infien intensities (few organisms per oyster). Diggagelated to
intensity of infection rather than presence or abseof APX. Heavy infections may occur in otherwise
apparently healthy oysters, and may predisposeetlmysters to bonamiosi@onamiadoes not appear to
predispose the oysters to APX. The disease copseass to be chronic, and heavily infected oysteag gape
for a long time before death, resulting in fouliwfghe insides of the valves.
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APX infections in
Greenshell™ mussel®érna
canaliculug.

Photos by B. Diggles.

Above: Histological section
through the gonad with a
number of APX zoites
present (arrows).

Middle: Higher power view
of the gonad showing a
number of paired zoites of
the APX parasite

Below: A oocyst-like body

(arrow) in the gut epithelium
of a terebelid worm, a
possible intermediate host
for the APX parasite.



Disease: Bonamiosis

Species and life stage affectedflat oysters (genudstreg, including Bluff oystergOstrea chilensis

Gross signs:Gaping, loss of condition, gill lesions, swellinfitbe heart, pale, shrunken digestive gland, claroni
mortalities.

Causative agent:Bonamia exitiosuddine et al.(2001) in New ZealandBonamia ostreaen the Northern
Hemisphere.

Diagnosis: Heavy to moderate infections can be diagnosedyusiht microscopy, by examining stained heart
smears or tissue sections for small (2—-3 um) poateg. Light infections require PCR (Carnegie e2@0D0) or
ISH (Cochennec et al. 2000).

Treatment and prevention: No known treatment. Slaughter, safe disposal,dasidfection required to prevent
spread of infections.

Distribution in New Zealand

In oysters all around the South Island, Stewaainid) and in
Wellington Harbour. Not in the Chatham Islands.

BONAMIOSIS IS AN INTERNATIONALLY
NOTIFIABLE DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢€ ¥y

Worldwide distribution: Bonamiosis affects juveniles and adults of all égsters, includingdstrea angasin
southern Australia an@strea edulisin the U.S. and Europdonamia ostreadas destroyed the flat oyster
farming industries of Europe, big thought to have originated on the east coash®fU.S. From there it was
probably moved to the west coast of the U.S. withvement of oysters. In the late 1970s infectedavgsivere
moved from the west coast of the U.S. to FrancemFthere it spread to the Netherlands, the U.Kairg§p
Portugal, Italy, and the Adriatic Sea.

General comments:Bonamiasp. are parasites of the haemocytes of oysters.péhasite transmits directly,
oyster to oyster. WhelBonamiaenters an uninfected oyster, the haemocytes resmgras foreign and engulf it.
Once inside the haemocy®onamiagrows and feeds on the cytoplasm of the cellividds many times and up
to 24 Bonamiamay be found in one haemocyte. The haemocyte buhrgt8onamiaare released, and they are
engulfed by other haemocytes and carry on the cytie oyster stops producing eggs or sperm, andadguts
energy into producing more haemocytes, further dawng the parasite. Eventually the oyster diesxblagistion.
Bonamia exitiosuappears to have an annual pattern of infectiofroleaux Strait it is usually hard to detect in
late winter/early spring, and numbers increase withspawning of predominantly male oysters in Malver—
January. HoweverB. exitiosusappears to rely heavily on the lipid reserves yster eggs, and it is during
absorption of unspawned eggs in the 25% of femgdteos that do not spawn, that it uses host lipidl :i@aches
its highest levels.
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Bonamiosis in Bluff oysters
(Ostrea chilensis

Above: The oyster on the left
appears healthy with a dark
digestive gland and normal
sized gonad (black arrow).
The oyster on the right is
infected  with Bonamia

exitiosus It has a gonad and
digestive gland which are
comparatively small and pale
(green arrow), and an
enlarged heart (red arrow).
Photo by B. Diggles.

Below: Stained heart imprint
showing heavy infection of
haemocytes with numero@s
exitiosus (arrows). Photo by
M. Hine.
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Disease: Haplosporidiosis (MSX, SSO)

Species and life stage affectedluveniles and adults of eastern oysté&sagsostrea virginichand Pacific
oysters C. gigas.

Gross signsWeakened condition, large scale mortalities dutitegsummer months.

Causative agent:Haplosporidium nelsonfin both hosts), an#i. costale(in C. virginica), both belonging to the
Haplosporidia.

Diagnosis: Histology in moderate to heavy infections, PCR&Aland ISH using specific DNA probes or
multiplex PCR (Russell et al. 2000) for both spscie

Treatment and prevention: No treatment available. Controls on movements,gtiger and disinfection of
infected stock and use of resistant oysters miinasses. Can be excluded from hatcheries bytfdtraand UV
sterilisation of incoming water (Ford et al. 2001).

Distribution in New Zealand

Unreported, despite examination of large numbers
Pacific oysters.

HAPLOSPORIDIOSIS IS AN INTERNATIONALLY
NOTIFIABLE DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢€

Worldwide distribution: H. nelsonioriginated in Japan (Friedman 1996), but was mevdte west coast of the
U.S. with movement of Pacific oysters. It was timeoved to the east coast of the U.S. where it juntped into
C. virginicaand began killing oysters in 1957 (Burreson eR@00). More recentlyd. nelsonihas been reported
from Pacific oysters in France (Renault et al. 20@8d it may have been introduced there with thgoirtation
of Pacific oysters into France to repladstrea edulisvhich had been devastated kharteilia refringensand
Bonamia ostreaeH. costaleappears to be a long-standing parasit€.ofirginicaon the east coast of the U.S.

General comments: Haplosporidiosis is an OIE internationally nofifia disease, because of its devastating
impact on the eastern U.S. oyster fishery and doitbon to new areas with movements of Pacific engstor
aquaculture. As Pacific oysters are the naturat bbsl. nelsonj it may occur at low prevalence and intensity
levels, making it difficult to detect. Once thiaplosporidiumspp. have infected the host, they move between the
cells of the connective tissue until sporulatiogihe. ForH. nelsonj sporulation occurs in the epithelium of the
digestive tract, particularly in small oysters; tér costale sporulation occurs in the connective tissue. Neithe
species transmits directly oyster to oyster, ardetiore it is suspected they have an intermediase Attempts

to identify those hosts have so far been unsuadessirrently it is thought that they may be plakt.
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MSX disease in eastern oyst@réssostrea virginica
from theU.S. Photos by E. Burreson.

Above left: Plastic histological section showing
numerous MSX plasmodia between digestive gland
tubules.

Above right: ISH of a heavily infected oyster. Each
black signal is a MSX plasmodium.

Left: Spores of MSX in the digestive gland epithelium.
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DiseaseMarteilioides infection of oyster eggs

Species and life stage affectedihe parasite infects the ova of adult Pacific ags{€rassostrea giggsand
Saccostrea echinata

Gross signs:Failure to spawn. In heavy infections there maghlargement of the ovarian follicles.
Causative agentMarteilioides chungmuensia paramyxean parasite.
Diagnosis: The parasite is readily detectable in histoldgse&tions of the gonad by light microscopy.

Treatment and prevention: No known treatment. Prevention is by controls orvements of infected oysters,
destruction of infected stocks, and disinfectiorafbécted facilities.

Distribution in New Zealand
Unreported.
MARTEILIOIDES IS AN EXOTIC PATHOGEN. IF

YOU SUSPECT THAT YOUR STOCK HAVE THIS
DISEASE, RING MAF ON 0800-809-966

Worldwide distribution: Japan, Korea, China, northern Australia, and th&t e@ast of the U.S.

General comments:This parasite may kill its host (Imai et al. 19a88)t its greatest impact is on the fecundity of
the host, as it causes spawning failure (Matsuettd. 1977). It may be spread by shipping, pogdill oysters
on ships’ hulls, because in northern Australis itastricted to the wharves in the port of Darviimé & Thorne
2000), and in the U.S. to the port of Eureka (Beék®auley 1968).
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Disease: MarteiliosigAber disease Karteilia refringens), QX disease Klarteilia sydneyi))

Species and life stage affecteddlarteilia refringensinfects flat oysters@strea edulis, O. angasi, O. chiler)sis
and blue musseldytilus eduliy. Marteilia sydneyinfects Sydney rock oysterS4ccostrea glomerulata

Gross signs:Poor condition with a translucent emaciated digesgland, cessation of growth, tissue necrosis,
and mortalities.

Causative agent: Marteilia spp. belong to a group called the Paramyxea, whisb infect other marine
invertebrates. The Paramyxea are not closely cetatany other group (Berthe et al. 2000).

Diagnosis: Light microscopy (histology) is normally sufficieno diagnose these diseases, as the causative
organisms are relatively large. Very light or eanfections may be missed using light microscopyt, holecular
techniques based on PCR and ISH have been develogedect light infections (Anderson et al. 1988,Roux

et al. 1999, Kleeman & Adlard 2000).

Treatment and prevention: Restrictions on movements, and fdr refringens,avoidance of planting seed
during the transmission time. These parasites ddahmive at high salinities (35—-37%o), and this danused to
inhibit disease.

Distribution in New Zealand
Unreported. As these parasites are relatively gasy
diagnose, New Zealand is almost certainly frednefrt.

MARTEILIOSIS IS AN INTERNATIONALLY
NOTIFIABLE DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢€

Worldwide distribution: Marteilia refringensoccurs in France, Greece, Italy, Morocco, Portugad, Spain, and
M. sydneyin Australia (New South Wales, Queensland, Westerstralia).

General comments: Other species oMarteilia may also cause disease, but as the classificafioinese
organisms is confused, their relationship to the $pecies presented here is uncertain. Marteilzzised byv.

refringensand M. sydneyi is an OIE internationally notifiable disease. TiHe-cycles of Marteilia spp. are
unknown, but the diseases cannot be transmittedtfliranimal to animal (Roubal et al. 1989, Berthal. 1998),
suggesting that the parasite may have an intermteckigst.
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QX disease in the Sydney rock oysteaiccostrea glomerulat&hotos by S. Kleeman.

Left: Histological section of the remains of the epitimal of a digestive gland tubule heavily infectedhwiarious
developmental stages of QX (arrowBight: The appearance of heavily infected tubules usmdS&d method
specific for QX. Each black spot is a QX developtakstage.
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Disease: MikrocytosisDenman Island disease)

Species and life stage affectedAdults of Pacific oystersQrassostrea giggs and possiblyOstrea edulis,
O. conchaphilaand eastern oyster€ (virginica).

Gross signs:Green pustules under 5 mm in diameter within théybweall or on the surface of the labial palps
and mantle. Often there is a brown scar on thd abglcent to the lesion.

Causative agent:Mikrocytos mackinia protozoan parasite of uncertain affinity
Diagnosis:In heavy infections, histology of sections throlgsions shows oyster blood cells to be infecteti wi
small round unicellular parasites. Light infecticare hard to detect with certainty, and problenth wurifying

the parasite have prevented development of moletadés.

Treatment and prevention: The parasite is restricted to temperatures beloWwCl5s0 maintenance of oysters
above 15 °C can be used to control or eliminatalibease.

Distribution in New Zealand

Unreported.

MIKROCYTOSIS IS AN INTERNATIONALLY
NOTIFIABLE DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
0800-809-966

Worldwide distribution: Around islands off the west coast of Canada.

General comments:Gross signs of mikrocytosis may be confused witsé of Pacific oyster nocardiosis (see p.
152), but the latter is a warm water pathogen. Riceleveloped techniques which have allowed peatfon of
Mikrocytosmackini (see Joly et al. 2001) should speed the developofesensitive molecular diagnostic tools
for this disease.
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Mikrocytosis (Denman Island disease) in Pacifictess Crassostrea gigas

Above: A stained imprint from an experimentally infectegster, showing numeroud. mackini microcells
(white arrows), including dividing forms (yellowram). Scale bar = 10 um. Photo by R. Adlard.
Below: TEM of a microcell oM. mackini(arrows) inside a leydig cell. Photo by M. Hine.




Disease: Mikrocytosis(Winter mortality)

Species and life stage affecteduveniles and adults of Sydney rock oyst&actostrea glomerulata

Gross signs:Focal abscess-like lesions in the gills, connedissie, gonads and alimentary tract.

Causative agentMikrocytos roughleyia protozoan parasite belonging to the Haploszorid

Diagnosis: Heavy infections may be diagnosed from gross say identification by histology of microcells,

(1-2um in diameter) with a spherical nucleugrh in diameter inside haemocytes. Light infectioresextremely
difficult to diagnose, but molecular tools are lgetreveloped (Adlard & Lester 1995).

Treatment and prevention: Mikrocytos roughleyithrives at temperatures below 15 °C and high gdadmi
(30—35%0), and holding oysters at higher temperatarel reduced salinity will contain or destroy plagasite.

Distribution in New Zealand

Unreported, even though surveys of New Zealand
glomeratahave been carried out specifically to look fo
this parasite.

MIKROCYTOSIS IS AN INTERNATIONALLY
NOTIFIABLE DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
080(-80¢-96¢€

Worldwide distribution: New South Wales, Australia.

General comments:Relatively little is known about this parasite daits ultrastructure is as yet unpublished.
However, preliminary observations confirm thatsta haplosporidian (the same groupHaplosporidiumand
Bonamig, and molecular data suggest that it is probalgtizer species oBonamia. Mikrocytos mackini
(Denman lIsland disease) is not a haplosporidiad, ias therefore not closely related k. roughleyi As

M. mackiniwas described first (Farley et al. 1988), it wétain that name arid. roughleyiwill be reclassified.
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Winter mortality in Sydney rock oysterSdccostrea glomerulataPhotos by R. Adlard.

Left: Mikrocytos roughleymicrocells (arrows) in a stained imprint.
Right: Histology showing microcells dfl. roughleyi(arrows) in host gonad. Scale bars = 10 um.

177



Disease: Paua haplosporidosis

Species and life stage affecteduvenile and adult paubldliotis iris).

Gross signs:Lethargy, loss of righting reflex, poor adherengestirfaces, wasting of the foot, pale areas in the
epipodium in heavy infections, chronic mortalitefguveniles during the summer months.

Causative agent:An unnamed haplosporidian parasite with intra¢atltckettsia-like organisms.

Diagnosis: Multinucleate plasmodia of the parasite are reddyilarge and easy to detect using histology ag th
normally are surrounded by a clear space or halissne sections. Spores occur in the right kidvfeadult paua
and are variably acid fast using Zeihl Neelsemst@lasmodia are detectable in wet smears of hgempdl in
advanced infections using light microscopy.

Treatment and prevention: No known effective method of treatment. Chlorimel dreshwater baths increased
losses, because diseased animals were weaker #adimyhindividuals. Wild-caught adult paua may ast
reservoirs of infection, hence separation of bramzkspaua from juveniles and filtration plus UV rdteation of
incoming seawater to prevent entry of infectivegeta(Ford et al. 2001) is recommended.

Distribution in New Zealand ‘

Known only from the northeast coast of the Nortarid.

Worldwide distribution: New Zealand only.

General comments: A severe chronic disease to which juvenile pauaparticularly susceptible. Losses of
80-90% of juvenile paua have been associated Whithdisease in affected culture facilities. Wildtght adult
paua used as broodstock may be asymptomatic caafiehe disease and could be a possible souricdeation

of juveniles in culture facilities. Whether transsipn of the disease is direct from paua to paugaguires an
intermediate host, remains unknown.
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nelsoni(MSX) andPerkinsus marinugDermo) in hatchery reared larval and juveniletess Aquaculture 19437—
49.

Hine, P.M.; Wakefield, S.; Diggles, B.K.; Webb, {ih press). The ultrastructure of a haplosporidiantaining Rickettsiae,
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Disease: PerkinsosigPerkinsus olseni/atlanticus)

Species and life stage affectedCockles Austrovenus stutchbujyiwedge shellsMacomona liliand, pipi
(Paphies australis andBarbatia novaezelandia@lso Australian abalonéialiotis ruber.

Gross signs:Sometimes soft yellow abscesses are evident ifigsie, but mostly no gross signs.
Causative agent:Perkinsus olsena parasitic dinoflagellate-like protozoan.

Diagnosis: Incubation in Ray's fluid thioglycollate medium (RW) followed by staining with lugols iodine to
detect enlarged spherical hypnospores is the nfiestiee means of diagnosis (Bushek et al. 1994ykinsusis
also easy to detect with histology using PeriodwidASchiff (PAS) stain to demonstrate the PAS-pesit
amorphous matrix formed around developing trophesoi

Treatment and prevention: Perkinsus olsersurvives at least one day at 0—4 °C, and at E¥&days at —60 °C.
Free-living stages are killed in less than 30 mésuin 6 mg/L chlorine, while those within tissuestlover
2 hours. Free-living stages survive for less thdrogrs in distilled water, over 6 hours in 7%. sei@nsand less
than 10 minutes in 120%. seawater (Goggin et alOL9%fective stages can be excluded from hatcherie
filtration and UV sterilisation of incoming watefdgrd et al. 2001).

Distribution in New Zealand

A recent New Zealand wide survey found tRatolsenioccurs
mainly in cockles around the Waitemata Harbouma@ilthe east
coast north of Auckland, and in Kaipara Harbour.

PERKINSOSIS IS AN INTERNATIONALLY
NOTIFIABLE DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
0800-809-966

Worldwide distribution: Perkinsus olserandP. atlanticusappear to be the same species (Robledo et al..2000)
P. olseniwas originally described from abalone in Austrdli@ster & Davis 1981), and probably occurs in a
wide range of bivalves from the Pacific Islandsitihern New Zealand, around Australia (Goggin & keegt995),

and Southeast Asi@erkinsus atlanticugauses large-scale mortalities in clarRuditapes philippinaruinin
Korea and Japan (Hamaguchi et al. 1998, Park etl@9), and in clamsRuditapes decussatuf.
philippinarum) in Spain, Portugal, and Tunisia (Figueras etl@b2). It is thought thaP. olseniwas taken to
Europe inR. philippinarumntroduced from Southeast Asia for trialling in aqulture.

General comments: Although pathogenic to venerid clamBuditapes, Austrovenusnd abalone kept under
elevated temperatureB, olseniis more frequently isolated from apparently healtiglluscs.
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Perkinsus olserin cockles Austrovenus stutchbudyirom northern New Zealand. Photos by B. Diggles.
Left: The groups of enlarged black spheres (arrows)Parkinsushypnospores in the gills after incubation in

Rays fluid thioglycollate medium and staining witlgols iodine.Right: Histology of a heavily infected cockle
stained with PAS showing bright pink/red stainidglevelopmental stages Bf olseni(arrows).
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Disease: PerkinsosigPerkinsus marinus)

Species and life stage affectedPerkinsus marinuifects juveniles and adults of eastern oyst€rmgsostrea
virginica). P. marinus also infects clams Nlercenaria mercenaria, Mya arenajiaand Pacific oysters
(Crassostrea giggsn experimental challenges (Barber & Mann 1994).

Gross signs: Severe emaciation, gaping, pale translucent digesgland, shrinkage of mantle, loss of
reproductive products, retarded growth, occasigradiscesses.

Causative agent:Perkinsus marinuss most closely related to dinoflagellates, Batrkinsusspp. form a group
separate from them.

Diagnosis: Incubation in Ray's fluid thioglycollate medium (RW) (Bushek et al. 1994) is the most effective
means of diagnosis, but the parasite is easy trdhistologically using Periodic Acid-Schiff (PASjain. PCR
based molecular assays have been developed (Maash1®95, Robledo et al. 1998). A microplate EAl&n
detectP. marinusat low levels, even in samples heavily contaminatéh oyster protein (Dungan & Hamilton
1997). Sensitive immunoassays have also been gqeckltor the detection oP. marinusin environmental
samples (Dungan 1997).

Treatment and prevention: Controls on movement of oysters from contaminatezhs are only partially
effective as the parasite occurs in many other tagaaimals (Ford 1992P. marinuscan survive at 4-28 °C
(Chu & Greene 1989), and at 3%o salinity (Chu et1893). Cyclohexamide may be effective in killifget
parasite (Calvo & Burreson 1994). Can be excludewh fhatcheries by filtration and UV sterilisatiohimcoming
water (Ford et al. 2001).

Distribution in New Zealand

Unreported in New Zealand. A& marinuss host
specific toC. virginica, it is unlikely that it is present he

PERKINSOSIS IS AN INTERNATIONALLY
NOTIFIABLE DISEASE. IF YOU SUSPECT THAT
YOUR STOCK HAVE THIS DISEASE, RING MAF ON
0800-809-966

Worldwide distribution: P. marinusoccurs inC. virginicaon the east coast of the U.S. from Maine
to Venezuela.

General comments:After invasion through surface epithelia, marinusgoes through division stages and forms
zoospores in presporangia, which develop to sp@afidpe zoospores are released, but it appeamndhent is
more effective in establishing infections (Chu 1P9%he minimum infectious dose under experimental
conditions is 100 meronts. After entry the pathogeoretes several substances that cause widedjssae
damage (La Peyre et al. 1996). As infection praggesoyster growth is slowed (Barber & Mann 19%4rier
1996), and reproduction reduced (Kennedy et al5L3%eath is probably due to massive tissue damage.
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Metazoan diseases of molluscs

Disease: Flatworm infestation

Species and life stage affectedP?acific oystersGrassostrea giggs Greenshell™ mussel®érna canaliculus
and scallopsKecten novaezelandipe

Gross signs:Gaping empty valves, flatworms attached to me&iding in empty shells.

Causative agent:Flatworms (phylum Platyhelminthes), includiBgterogonia orbiculari{Schmarda 1859) and
a member of the family Planoceridae (provisionehiifications).

Diagnosis: Detection of slow moving, well camouflaged flatwwr inside shellfish. The flatworms avoid light
and heat and produce mucus if handled.

Treatment and prevention: Freshwater, saturated salt, and chlorine solutia& only minimal effect. Heat
treatment (80 °C) for short periods is effectivat ban also kill spat. Treatment options are ugui@i more
expensive than prevention. To avoid infestatiohs|I§sh spat should be transported to growing su@asoon as
practicable and not left to become overcrowdedt Spd juveniles should be grown at acceptable tegash
areas of good current flow, adequate food avaitgbénd low sedimentation. Allowing access by fisheat
flatworms is also likely to prevent infestationsyster spat may be stored at levels above 0.5 nemetrlow
water neap.

Distribution in New Zealand ‘

These two species have been recorded in most ®acifi
oyster growing areas of the North Island that have
the past sourced spat from the Kaipara Harbour.
Flatworms have also been recorded predating oysters
scallops, and mussels in the Nelson/Marlborough
region.

Worldwide distribution: Flatworms occur in molluscs worldwide.

General comments: Factors associated with flatworm infestations grcific oysters include overcrowding,
intertidal oyster spat being left too long in bug]jl sedimentation, translocation from the Kaipaaabdur, and
poor farm management. In Greenshell™ mussels theewssociated with overcrowded spat trays, and eltgiss
seeded too densely, especially on the tie-off afdarm droppers. Flatworms are hermaphrodites,laamany
thousands of eggs, and have the potential to niyhgpidly, even after long periods of starvation.
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Flatworms collected from Pacific oyster spat ini€iles Harbour, Marlborough. Photos by S. Handley.

Above: A specimen oEnterogonia orbicularigprovisional identification)
Below: A member of the Family Planoceridae.
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Disease: Mudworm infestation(Boccardia sp.)

Species and life stage affectedCultured and wild shellfish: Bluff oyster©étrea chilensis Pacific oysters
(Crassostrea giggs rock oysters faccostrea glomerafa scallops Pecten novaezelandige cockles
(Austrovenus stutchbudyiGreenshell™ musselBé¢rna canaliculus and pauaHaliotis iris).

Gross signs:Burrows within the shell, brittle shell, shell tésing (mud blisters) in extreme cases.
Causative agent: Polychaete worms (Family Spionidae), includBarcardia acusB. knoxj andB. chilensis

Diagnosis: Gross signs are visible to the naked eye. Shdllomows evident inside shell matrix, blisters ie th
shell that may or may not contain sediment. Mudncid@ys can be seen on the outside surfaces of @ik sh
especially in the vicinity of the exhalant curraritthe feeding shellfish. Scallops can show smkltlk dots
inside the upper shell surface or inside their atlmtumuscle tissueBoccardiasp. have two types of setiger 5
spines, in two rows. The gills begin on setigend are absent on setiger 5 (Blake & Kudenov 1978).

Treatment and prevention: Soaking in freshwater with detergent for a minimof24 hours for early stages of
infestation. Drying shellfish out for 24 hours dal some species. Heat treatment (80 °C) for speriods can
be effective, but can kill spat. Avoiding infestats is recommended as treatment is expensive. @revtidal
oysters above extreme low water neap, prevent meding on farms, remove “rail” or “wild” oystersudng
harvest. For longline culture species, test growingronment for infestation levels. Cultivate s$figh outside of
dispersal season.

Distribution in New Zealand

VariousBoccardiaspecies are found throughout
New Zealand.

Worldwide distribution: Boccardia knoxis also found in Tasmania.

General comments:Boccardiaspecies are predominantly commensals that burrtwcilcareous and coralline
algae encrusted surfaces. They can induce shetébiig if their burrows penetrate through the Istiethe host,
especially in Pacific oysters grown on longlinB&ccardiaspecies brood their eggs inside blisters, and may
produce planktonic or fully developed larvae atatént times of yeaBoccardiaspecies are generally smaller
than largePolydoraspecies.
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Boccardiaknoxiinfections in molluscs. Photos by S. Handley.

Above left: Burrows beneath the shell surface of a Pacifitesy8bove right: Ridge-like blisters resulting from
Boccardiainfestation of a Greenshell™ mussBelow: Clear blister containing foul smelling seawateutisg

from B. knoxiinfestation in a Pacific oyster.
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Disease: Mudworm infestation(Polydora sp.)

Species and life stage affecte®luff oysters Ostrea chilensis Pacific oystersGrassostrea giggsrock oysters
(Saccostrea glomera)ascallops Pecten novaezelandipgaua Kaliotis iris).

Gross signs:Shell blistering (mud blisters), burrows within tsleell structure, brittle shell.

Causative agent:Polychaete worms (Family Spionidae) of the geRal/dorg including P. websteriand P.
hoplurasettling as larvae from the plankton.

Diagnosis:Blisters in the shell that usually contain seditnégdrogen sulphide in blisters. Mud chimneys ban
seen on the outside surface of the shell, espgcialir the exhalant current of the feeding shallffolydorasp.
have setiger 5 spines of one type only, and thisrtgegin posterior of setiger 5 (Blake & Kudent®78).

Treatment and prevention: Soaking in freshwater with detergent for minimum24 hours for early larval
stages of infestation. Drying shellfish out for el days may be needed to kill some largeult Polydora
worms. Heat treatment (80 °C) for short periods lmarffective, but can kill oyster spat. Avoidimdastations is
recommended as treatment is expensive. Grow idéribysters above extreme low water neap, prevent
overcrowding on farms, and remove “rail” or “wildlysters during harvest. For longline culture speciest
growing environment for infestation levels. Dis@rgf larvae likely to occur at temperatures abb8€C.

Distribution in New Zealand ‘

Polydora hopluraandP. websterhave been found in
most intertidal oyster farming areas of the North
Island, and also in the Nelson/Marlborough region.
They probably occur throughout New Zealand.

Worldwide distribution: Found worldwide.

General comments:Polydoraspecies are predominantly commensals that burréevaalcareous surfaces but
can settle as larvae inside the mantle edge dfidbe Larval settlement inside the shell surfacereault in shell
blistering, especially if the worms can accumuls¢eliment from the outer shell surfa¢®lydora can also
induce shell blistering if the worms expand thairrbws and re-penetrate the shell of the hestydoraspecies
mostly brood their eggs inside blisters and prodfudly developed larvae that re-infest locally. Howver,
planktonic larvae may also be produced in some latipus.
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Mudworm infestations of Pacific oysters causedPblydora websteriPhotos by S. Handley.

Above left: Close up ofPolydorafeeding tubes composed of mucus-bound sedimerhewputside edge of the
shell. Above right: Long feeding tubes formed in the absence of watiera Below left: A blister joined to the
edge of a shell most likely formed after the setdat of aPolydoralarva. Below right: Overlapping blisters
resulting from multiple settlement or burrowing #dworms, the darker blisters may contain foul dimgl
sulphides if the worms are not aerating the bkster
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Species/disease cross reference for New Zealand aqulture

Freshwater fishes

Diseases recorded in New Zealand

Brook trout
fontinalis)

$alvelinius

Flavobacterial disease, whirling disease, white digease

Brown trout Galmo trutta

Flavobacterial disease, haemorrhagic septicaara@plasm, vibriosis
(V. anguillarun), whirling disease, white spot disease

Chinook (or Quinnat) salmon
(Oncorhynchus tshawytscha

Algal blooms, amoebic gill disease, ERM, flavobaeladisease, gas bubble
disease, GDAS, IPN, neoplasm, nephrocalcinosifggid syndrome,
sunburn, vibriosis\{. anguillarum, V. ordal)i, whirling disease, white spot
disease

Carp/goldfish Cyprinussp.,
Carassiussp.)

Amoebic granulomatosis, flavobacterial dise&godactylus
ctenopharyngodontifiaemorrhagic septicaemia, vibriosis, white sjggakse

Eels Anguilla australis
A. dieffenbach)i

Copepod infestatiomApergasilu, flavobacterial disease, gas bubble disez
haemorrhagic septicaemia, myxozoan infections, lasap sunburn, vibriosi
(V. anguillarun), white spot disease

1se,

Ornamental fish

Flavobacterial disease, gas butibEase, mycobacteriosis, neoplasm, wh
spot disease

ite

Rainbow trout
(Oncorhynchus mykiys

Flavobacterial disease, gas bubble disease, neopt@phrocalcinosis,
pinhead syndrome, sunburn, vibriosis &nguillarun), whirling disease,
white spot disease

Sockeye salmorQncorhynchus

nerka

Copepod infestation, flavobacterial disease, negaicinosis, vibriosis
(V. ordalii), whirling disease, white spot disease

Marine fishes

Diseases recorded in New Zealand

Flounder Rhombosoleap.)

Copepod infestatioABergasiluj, trichodiniasis, vibriosis

Kahawai Arripis trutta)

Algal blooms, copepod infestatioAlfergasiluy, neoplasm, vibriosis

Kingfish
(Seriola laland)

Algal blooms, copepod infestation, ectoparasiticm® (benedenisis,
zeuxaptisis), gas bubble disease, pinhead syndnobr&sis

Seahorses
(Hippocampus abdomina)is

Algal blooms, gas bubble disease, vibriosis

Snapper
(Pagrus auratuls

Algal blooms, ectoparasitic worms (anoplodiscibenedenisis, bivaginisis),
epitheliocystis, flavobacterial disease, gas bubidease, kidney cysts,
Myxidiumdisease, neoplasm, pinhead syndrome, trichodaieifiriosis,
white spot disease (cryptocaryonosis)

Turbot/Brill (Colistiumsp.)

Algal blooms, flavobacterial disease, pinhgatrome, trichodiniasis,
vibriosis
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Crustaceans

Diseases recorded in New Zealand

Packhorse rock lobster
(Jasus verreauxi

Algal blooms, epibiont fouling, luminous vibriosihell disease, vibriosis

Paddle crab
(Ovalipes catharus

Algal blooms, epibiont fouling, shell disease, uilsis

Red rock lobster
(Jasus verreauxi

Algal blooms, bacterial enteritis, black hepatopaas disease, epibiont
fouling, gas bubble disease, gill mycosis, shalkdse, TLS, vibriosis

Molluscs

Diseases recorded in New Zealand

Bluff oysters
(Ostrea chilensis

APX, bonamiosis, herpesvirus, mudworm infestatrarkettsiosis

Cockles
(Austrovenus stuchbuyi

Algal blooms, mudworm infection, perkinsosis, rittk@sis

Greenshel™ mussels
(Perna canaliculuk

Algal blooms, APX, digestive epithelial virosisafivorm infestation,
mudworm infestation

Pacific oysters
(Crassostrea gig3gs

Algal blooms, flatworm infestation, herpesvirus,dmorm infestation,
rickettsiosis, vibriosis

Paua Haliotis sp.) Algal blooms, epithelial erosion, haplosposid, mudworm infestation,
pustule disease/vibriosis, shell mycosis
Pipi Perkinsosis

(Paphies australis

Rock oysters
(Saccostrea glomerulata

Digestive epithelial virosis, mudworm infectiongkettsiosis

Scallops
(Pecten novaezelandipe

Algal blooms, digestive epithelial virosis, flatworinfestation, mudworm
infestation, mycoplasmosis, rickettsiosis

Toheroa
(Paphies ventricoga

Algal blooms, digestive epithelial virosis

Wedge shells
(Macomona liliang

Perkinsosis
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Methods for decontaminating aquaculture facilities

Once the diagnosis of an exotic or serious dissasenfirmed, decontamination of the affected fac#ghould be

an immediate priority to minimise the risk of spiesy infections to other areas. In New Zealand, the
recommended procedures for decontamination of adjuae facilities are based on operational protscol
outlined by MAF Biosecurity. MAF guidelines contam list of sanitising agents approved for disirifegt
aquaculture facilities. Sanitising agents are cleahsubstances or physical processes which caemrevection

by inactivation of microorganisms. Below are bradscriptions of some of the substances and pracesse
commonly used for disinfection and/or decontamoratf aquaculture facilities. Measures of concéitnasuch

as mg/L (milligrams per litre) are equivalent tonpgparts per million). Much of this information hagen
obtained from Torgersen & Hastein (1995), Johng2000), and OIE (2000).

Chlorine and bleach

Chlorine is a gas which, in disinfectant form, isually purchased as either chlorinated lime (caiciu
hypochlorite, or pool chlorine), which is usuallp-50% active ingredient, or bleach (sodium hypactdp
which is an aqueous solution (usually 25-40% adtigeedient) prepared from sodium hydroxide anaiGhé.
When chlorine dissolves in water, it reacts to fdmgpochlorous acid (the main disinfectant), hydrggand
chloride. The alkaline nature of seawater reducestfectiveness of this reaction. Chlorine is Klyitcnactivated
by organic material and will dissipate in a few slayhen exposed to sunlight. All chlorine compouards potent
irritants which pose a risk to human safety and nibtural environment. Before disposal, chlorineutthde
neutralised with sodium thiosulphate. Five moleshadsulphate are required to neutralise 4 moleshbdrine,
which means that the weight of thiosulphate regusbould be 2.85 times the weight of the chlorieing
neutralised.

Formalin

Concentrated formalin is water containing 37% cotreged formaldehyde gas, but when used formalin is
generally assumed to be composed of 100% activedrent. Formalin is commonly used at low concditns
(50—250 mg/L (or 0.5-2.5 ml per 10 litres of wa}ém)bath treatments for ectoparasites, and is sorae used at
higher concentrations (8-10% or 80-100 ml formalam litre of water) for disinfection. Whenever usasl a
treatment, the treated water must be adequateyeibas formalin strips oxygen from the water alisisipates.
Formalin is a highly toxic irritant and a possilai@rcinogen (cancer causing agent), hence caredsheutaken
with use and disposal, especially to always proaidequate ventilation.

Heat/desiccation

Drying out or fallowing is an effective method ofabntaminating aquaculture facilities as desicoatio
deactivates most aquatic and marine microorganidihe. time required for effective decontaminationewh
using natural sunlight depends on the type of sarfheing decontaminated, type of pathogen, ambient
temperature, and intensity of UV radiation in sghti For example, up to 3 months is required toctileste
viruses from earthen ponds at 18 °C. The processbeaaccelerated by using chemical disinfectantbyor
increasing the temperature of the heat source usirlg such as flame throwers or blow lamps (dgtheor by
raising the water temperature to 80 or 100 °C (dbaeqt).

lodine

lodophors (e.g., betadine®) are generally availabld% iodine solutions and are useful for disitif@t of

viruses and bacteria. lodine is less sensitive tidorine compounds to the presence of organicmasteence is
more useful for hand washing and footbaths (at aB60 mg/L) and other applications where soil atitenp
organic contaminants are present. However, ashlorioe, the alkalinity of seawater reduces the@ffeness of
iodine. Like chlorine, iodine is also highly toxand should be neutralised with sodium thiosulphztore

disposal. The weight of thiosulphate required stidnd 0.78 times the weight of the iodine being radised.

Ozone

Ozone is a three atom form of oxygen. It is produitem air by electrical discharges or UV irradoati Ozone
has strong oxidative properties and is an effedigafectant, inactivating bacteria and virusesatcentrations
of 1-3 mg/L. However, ozone is costly to producd ase, and toxic residual ozone is difficult to swe in
seawater. Ozone is also quickly inactivated by migmaterial.
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Quaternary ammonium compounds

Quaternary ammonium compounds (ammonia) are widebilable disinfectants which are very useful for
disinfection of equipment. They are usually avdéalm concentrations of about 1200 mg/L and ared use
disinfectants against viruses and bacteria at ¢draté®ons of 2 mg/L for up to 1 hour.

Sodium hydroxide

Sodium hydroxide is an alkaline compound whichelbon high pH to inactivate bacteria and viruses the
recommended disinfectant for footbaths (1% actiggadient + 0.1% detergent to aid penetrationthearponds
and other surfaces where large amounts of orgaatemal may reduce the effectiveness of other flistants.
Solutions should be replaced once the pH dropsabglband the discarded solution neutralised wifl before
disposal. Care must be taken to ensure that footiweasistant to the high pH when used in footbath

Ultraviolet radiation

Ultraviolet (UV) irradiation of wavelengths betwe@®800 and 2650 A effectively destroys many pathegen
Because of this, UV is one of the preferred mettaddtisinfection of water supplies, but practioglibutput and
cost usually limit its use to small systems suchhatsheries. UV light does not penetrate very fo water,
which must be taken into account when designingttddtment units. Some pretreatment of water byighart
filtration is recommended to minimise shadowing ethimay otherwise reduce the effectiveness of a Ui, u
Using the UV which occurs naturally in sunlightdssinfect dried out earthen ponds requires abonto8ths
fallowing at temperatures around 18 °C.
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Disinfectants applicable to aquaculture and methodsf use(Torgersen & Hastein 1995).

Process

Situation

Method

Comments

Physical

Desiccation/light

Pathogens in the bottom of
earthen ponds

Dry for 3 months at an
average temperature of
18 °C

Drying period can be
reduced by using a
chemical disinfectant

Dry heat Pathogens on concrete, stone, Flame thrower, blow lamp
metal, plastic surfaces
Damp heat Pathogens in transportation = Steam at 100 °C or higher

vehicle tanks

for 5 min

Waste water

60 °C 10 min, 80 °C 4 mi

N

Ultraviolet radiation Viruses an bacteria in watt 10 mJ/cr” Minimum lethal dose
Protozoans in wat 35 mJ/cr®
IPN virus in wate 200 mJ/cr*
Chemical
Quaternary Viruses and bacteria on hands 1 mg/L for 1 min IPN virus is resistant
ammonium Gill bacteria on plastic surfaces 2 mg/L for 15 min
compounds

Calcium oxide (lime)

Pathogens on dry earth

0.5 kgffor 1 month

Replace water and
empty disinfected
pools, keeping the
effluent at pH < 8.5

Calcium Bacteria and viruses on all 200 mg/L* for 30 min Can be neutralised witl
hypochlorite* clean surfaces and in water 100 mg/L for 1 hour sodium thiosulphate **
(chlorine) 30 mg/L* several days

Calcium cyanamide

Spores on earthen base

3000 kg/ha on dry surfe
leave in contact for 1 mont

h

1CES,

Formalin

Pathogens in sealed premises

Gas released from
formgenic substances

Disinfect water

10 ml per litre water

Follow manufacturer’s
instructions

lodine (iodophors)

Bacteria, viruses on hands an
smooth surfaces

1200 mg/L for a few second

S

Eyed eggs

100 mg/L for 10 min

Gametes during fertilisation

25 mg/L several hours

Can be neutralised witt

sodium thiosulphate **

Ozone

Pathogens, water

1 mg/L for 1 minute

Costly

Sodium hydroxide

Pathogens on resistant surfac
with cracks

24 % solution, 0.1L/ rhfor
48 hours

Earth ponds

1% solution, 2 L/ fior
>2 weeks

May stain or bleach
treated surfaces

Sodium hypochlorite*
(bleach)

Bacteria and viruses on all
surfaces and in water

180 mg/L 20-30 s

30 mg/L for severgbda

Nets, boots, clothing, hands

Neutralise with sodium
thiosulphate as for
chlorine**

* Most swimming pool chlorine is approximately 6586tive calcium hypochlorite, hence to obtain 20Q0Lng
active calcium hypochlorite requires 300 mg/L (§/B) pool chlorine. Bleach is usually 35% activedison
hypochlorite so to obtain 30 mg/L requires 0.1 nilleach.

** 5 moles of sodium thiosulphate will neutralisendoles of chlorine/bleach or iodine. If a 1% thilphate
solution is used, the volume (ml) required is:

for chlorine: 28.5 x (number of litres of chloriselution x concentration in mg/L)/100. (e.g., taitralise 50
litres of 200 mg/L chlorine, requires 28.5x (5000100 = 2850 ml of 1% sodium thiosulphate).

for iodine: 7.8 x (number of litres of iodine sabrt x concentration in mg/L)/100. (e.g., to neusal50 litres of
100 mg/L iodine, requires 7.8 x (50 x 100)/100 © 88 of 1% sodium thiosulphate).
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Acute
Aetiology
Ameliorate
Anaemia
Anorexia
Apicomplexan

Asymptomatic carrier
Ataxia

Atrophy

Bacteria

Benign
Chronic

CL
Commensal

Definitive diagnosis
Detritus

ELISA
Emaciation
Enteritis
Exophthalmia
Exotic

Focal
Granulomatous
Haematopoietic
Haemorrhage
Haemocyte
Haemolymph
Hepatopancreas

Histology

Horizontal transmission
Hyperplasia
Hypertrophy

IFAT

Inflammation

ISH

lodophors
Latent infection
Lesion
Meninges
Metazoan
Moribund
Necrosis

OIE

Opisthaptor

Pallor
Parasite

PAS

Glossary

A rapid onset of disease with a short, buéss course.
Cause
Cause to become better, resolve.
A deficiency in the number of red bloods;edr haemoglobin.
Severely underweight.
A group of obligate pathogens inahgdi oxoplasma gondi{causes coccidiosis) and
Plasmodium(causes malaria).
An individual infected witldésease agent, but not exhibiting any signs ofadise
Imperfect control of voluntary body functsn
Abnormally small size of cells or tissues.
Unicellular (rarely multicellular) orgams which lack a membrane bound nucleus (i.e.
prokaryotes).
Harmless.
Lingering, long lasting.
Carapace length.
Living in close association with anothpecies without an apparent effect on each
other.
A diagnosis which confirms fldentity of the causative agent responsible fdisaase.
Organic debris.
Enzyme linked immunosorbent assay.
Becoming lean, wasting away.
An infection of one or more parts of the.
"pop eye", a condition characterisg@iotrusion of the eye in fishes.
Of foreign origin, not native or endemic.
Restricted in area.
A type of cellular reaction assodiatéh a chronic lesion.
Tissues that produce red blood cells
Bleeding.
A blood cell of an invertebrate.
Blood of an invertebrate.
(or digestive gland) An organ ofjthieof crustaceans made up of numerous tubules. It
is a major site of digestion and energy storage.
The study of tissues.
Transmission of diseasmfamimal to animal by cohabitation or via water.
Increase in the number of cells ou#ss
Increase in the size of cells or tissue
Indirect fluorescent antibody test.
A local protective response to injunydamage which serves to destroy, dilute, or wall
off both the injurious agent and the injured tissue
In situ hybridisation.
lodine based disinfectants.
An infection that does not prodwimble or clinical signs of disease.
A localised area of pathological changetincture of an organ, tissue, or cell.
Membranes which cover the nervous tisstresrtebrates.
A multicellular organism.
Near death.
Cell or tissue death.
Office International des Epizooties, the WoAdimal Health Organization, based in
Paris, France.
The posterior attachment organ of aagenean worm (phylum Platyhelminthes),
usually armed with various hooks, suckers andamps.
Pale or faded.
An organism which lives on or inside aeotbrganism (the host), deriving nutrition
from the host to the detriment of that host.
Periodic Acid-Schiff stain, a histological stawhich gives positive reactions to
polysaccharides (e.qg., glycogen), mucopolysaccesrhd glycoproteins.
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Pathognomonic
Pathology

PCR

Peracute

Pericardium

Peritonitis

Petechiae
Polymorphic

Prepatent
Presumptive diagnosis

Protozoan
RFTM

SEM
Septicaemia
Subacute
Symbiont

TEM

Vertical transmission
Virus

Zoonotic

Characteristic of a particular diseas
The study of structural and functionaraes caused by disease.
Polymerase chain reaction.
Extremely rapid onset (of disease).
The area surrounding the heart.
An infection of the peritoneum (bodyitg).
Pin point haemorrhages.
Occurs in more than one morpholodicah.
Period early in a disease process wkeaghi cannot be detected.
A tentative or provisionanidfication of the cause of a disease based oitelim
information.
A unicellular organism with a membranertgbnucleus.
Ray’s fluid thioglycollate medium, an anaembulture medium for microorganisms.
Scanning electron microscopy.
An infection of the bloodstream.
Onset and course of disease over a tenerggrmediate between acute and chronic.
An organism which lives on or in anothegamism in a relationship from which both
organisms derive benefit from the association.
Transmission electron microscopy.
Transmission of disease faglults to offspring through the egg or sexual #uid
Tiny organisms consisting of nucleic acidifer RNA or DNA) surrounded by a protein
or protein/lipid coat, which infect cells of badterplants and animals, using the host
cell machinery for replication.
Diseases of animals which can also irnfiechans.
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Appendix 1. List of diseases of aquatic animals notifiable tahe OIE, and other internationally significant
diseasegfrom OIE (2001). International Aquatic Animal HealCode, # edition).

Diseases notifiable to the OIEList B diseasesarticle 1.1.2.1.)
1. Diseases of fish

Epizootic haematopoietic necrosis
Infectious haematopoietic necrosis
Oncorhynchus masauirus disease
Spring viraemia of carp

Viral haemorrhagic septicaemia

2. Diseases of molluscs

Bonamiosis
Haplosporidiosis
Marteiliosis
Mikrocytosis
Perkinsosis

3. Diseases of crustaceans

Taura syndrome
White spot disease
Yellowhead disease

Other significant diseasegarticle 1.1.2.2.)
1. Diseases of fish

Channel catfish virus disease

Viral encephalopathy and retinopathy

Infectious pancreatic necrosis

Infectious salmon anaemia

Epizootic ulcerative syndrome

Bacterial kidney diseag®enibacterium salmoninarum)
Enteric septicaemia of catfiggdwardsiella ictaluri)
PiscirickettsiosigPiscirickettsia salmonis)
GyrodactylosigGyrodactylus salaris)

Red sea bream iridoviral disease

White sturgeon iridoviral disease

2. Diseases of molluscs
None at present
3. Diseases of crustaceans
Baculoviral midgut gland necrosis
Nuclear polyhedrosis baculoviros&atulovirus penaeandPenaeus monodetype
baculovirus)
Infectious hypodermal and haematopoietic necrosis

Crayfish plague
Spawner-isolated mortality virus disease
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Appendix 2. New Zealand’s listed diseases for fish, mollusksnd crustaceans

New Zealand category 1 diseases include highlyagpotis exotic diseases of animals of unknown aefigl
other specified diseases from the current OIE Aiahd any disease that the Chief Veterinary Offioay add to
this category. List A diseases are transmissitdeaties that have the potential for very seriougapid spread,
irrespective of national borders, are of seriouscseconomic or public health consequence, andoaraajor

importance in the international trade of animald animal products. An example of a List A diseasEdot and
Mouth Virus of farm animals. At present no diseasfesquatic animals are on the OIE List A.

New Zealand category 2 diseases include specifsshsles from the current OIE List A and List B dses and
any disease that the Chief Veterinary Officer mag # this category but excluding any OIE List Badises that
are endemic to New Zealand. List B diseases aresmissible diseases that are considered to be ab-so
economic and/or public health importance withinrdoies and that are significant in the internatianade of
animals and animal products.

New Zealand category 3 diseases include all diseasehe New Zealand lists of notifiable and unveant
organisms except those that are included in OI& Asor B or are endemic to New Zealand. This aatg@lso
includes any additional diseases that the Chie¢Nfedry Officer may add to it.

OIE LIST B DISEASES: Organisms affecting fish

Disease New Zealand category
of exotic disease

Epizootic haematopoietic necrosis virus 2

Infectious haematopoietic necrosis virus 2

Oncorhynchus masouirus disease 2

Spring viraemia of carp virus 2

Viral haemorrhagic septicaemia virus 2

Other significant organisms affecting fish

Disease New Zealand category
of exotic disease

Bacterial kidney diseas®énibacterium salmoninarym 3

Epizootic ulcerative syndrome 3

Furunculosis 2

(Aeromonas salmonicidla

Gyrodactylosis 3

(Gyrodactylus salaris

Infectious pancreatic necrosis virus (exotic sgpin 2

Infectious salmon anaemia virus 2

Viral encephalopathy and retinopathy virus 3
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Organisms affecting molluscs

Disease

New Zealand category
of exotic disease

Bonamiosis Bonamia ostrege 2
HaplosporidiosisKlaplosporidiumspecies) 2
Marteiliosis (M. refringens, M. sydneyi 2
Mykrocytosis Mikrocytos mackini, M. roughleyi 2
PerkinsosisPerkinsus marinygs 2

Organisms affecting crustacea

Disease New Zealand category
of exotic disease
Baculoviral midgut gland necrosis virus 3
Spawner isolated mortality syndrome 3
Whitespot disease 2
Yellowhead disease 2
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