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Cover photo by Bill Pennell — Adult male and female sea lice (Lepeophtherius salmonis) on a wild

chinook salmon (ca 15 kg) caught on the west coast of Vancouver Island in the summer of 2007. The

female lice are the ones with the long egg strings. Virtually all adult wild salmon carry this species of sea

louse which they bring back from the high seas. These lice do not appear to cause significant harm to adult

fish and the different species of Pacific salmon appear to have different degrees of resistance to the lice.

There is controversy over the role sea lice might play in the survival of juvenile salmon which are also

infected by sea lice. Much remains to be learned about these interesting parasites.



Vi ral Hem or rhagic Sep ti ce mia Vi rus,

Type IV in the Great Lakes

J.S. Lumsden, L. Al-Hussinee, S. Rus sell, K. Young, 

A. Yazdanpanah, P. Huber, S. Lord, and R.M.W. Stevenson

A genotypically dis tinct vari ant of vi ral hem or rhagic sep ti ce mia vi rus
(VHSV) ge no type IV was iden ti fied in as so ci a tion with on go ing mor tal -
ity events in 2005 and 2006 that af fected mul ti ple free-rang ing spe cies 
of fish in the lower Great Lakes. This dis cov ery, and the re sult ing reg -
u la tory re sponse, once again high lights the need for the rapid im ple -
men ta tion of na tional aquatic an i mal health pro grams in Can ada and
the USA, and for fund ing to sup port di ag nos tic work. Po ten tial man -
age ment op tions in stocked spe cies are con sid ered.

VHSV in the Great Lakes: Re view of events in 2005 and 2006

VHSV was first iden ti fied fol low ing mor tal i ties in fresh wa ter drum
(Aplodinotus grunniens) that oc curred in the Bay of Quinte in East ern Lake On -
tario dur ing April and May 2005. A con ser va tive es ti mate was that 30,000 drum
had died, al though net sur veys con ducted in the Bay of Quinte later in the year did
not note a de crease in the sam pled pop u la tion. The ma jor ity of the fish af fected
were adults and those sub mit ted for lab o ra tory study av er aged 3 kg. Dur ing this
time, round goby (Neogobius melanostomus) were also dy ing in the same area,
while in creased num bers of dead mus kel lunge (Esox masquinongy) were noted in 
the mouth of the St. Law rence River (ap prox i mately 75 ma ture fish).

Le sions in the drum were dra matic, with ex ten sive hem or rhage grossly typ i cal of
a viremia or bacteremia (Fig. 1). In ter nal le sions were less re mark able but in cluded

serosanguinous ceolomic fluid,
mild serosal hem or rhage, mildly
en larged spleens and marked seg -
men tal in tes ti nal con ges tion/hem -
or rhage. Histologically, the le sions
were also strik ing, with vasculitis,
of  ten fibrinoid,  and marked
necrotizing myocarditis, meningo-
en ceph a li tis (Fig. 2) and en ter i tis. In 
par tic u lar, the se ver ity and pat tern
of the myocarditis was a warn ing
that the causal agent was likely to be 
ex otic to the Great Lakes. Le sions
most com monly as so ci ated with
VHSV in salmonids are multifocal
to con flu ent necrotizing in ter sti tial
ne phri tis and splenitis; how ever
these were in con sis tently pres ent
and sub tle. The gobies had min i mal
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Fig ure 1

Florid dif fuse se vere

fibrinous men in gi tis from

a drum in fected with

VHSV (80x H&E).



gross le sions in clud ing mild hem or rhage and an en ter i tis. All the mus kel lunge sub -
mit ted for ex am i na tion had been frozen. A myocarditis was pres ent histologically
in the mus kel lunge; how ever pres er va tion was of ten very poor.(1) Ini tial at tempts to 
grow a vi rus on chi nook salmon em bryo-214 and rain bow trout go nad cell lines
from both frozen and fresh drum and goby tis sue were un suc cess ful; how ever nu -
mer ous bul let-shaped vi ral par ti cles were noted with trans mis sion elec tron mi cros -
copy in af fected drum heart. A vi rus was sub se quently iso lated on fathead min now
cells at the At lan tic Vet er i nary Col lege, Uni ver sity of Prince Ed ward Is land by Dr.
Carmencita Yason. Dr. Da vid Stone at the CEFAS Weymouth Lab o ra tory in the
United King dom con firmed the iso late to be VHSV by en zyme immunoassay and
poly mer ase chain re ac tion (RT-PCR). G-glycoprotein se quenc ing dem on strated
that it was most sim i lar to genogroup IV iso lates.(2)

In for ma tion about the work in prog ress was in cluded in an oral pre sen ta tion at
the East ern Fish Health Work shop in June 2005 Shepherdstown, WV, to alert
other fish health in ves ti ga tors to the sus pected pres ence of a novel agent. Sub se -
quently, VHSV was iden ti fied from a frozen mus kel lunge col lected in Lake St.
Clair in 2003.(3) The World Or ga ni za tion for An i mal Health (OIE), was duly no ti -
fied by Ca na dian and then US au thor i ties in 2005 (and in 2006 as re quired). Dur -
ing the spring of 2006, sev eral mor tal ity events in the Great Lakes re gion were
iden ti fied in Can ada and the USA, with the most dra matic events be ing ob served
in the states of New York, Ohio, and Mich i gan, and af fect ing fish in the St. Law -
rence River, Lake On tario, Lake Erie and Lake St. Clair. 

    Events of the past cal en dar year dra mat i cally il lus trate how, in Can ada, the
lack of funds and per son nel avail able and able to sub mit suit able ma te rial ham -
pers the abil ity to con duct dis ease sur veil lance in wild fish, com pared with the
USA. Di ag nos tic ser vices in both coun tries ex pe ri ence chal lenges in rec og ni tion
of mor tal ity events by field per son nel and sub mis sion of ma te rial in suit able con -
di tion for proper di ag no sis. The ma jor ity of states bor der ing the Great Lakes have
com par a tively more ro bust net works for rec og ni tion and col lec tion of ma te rial,
with lab o ra to ries spe cif i cally funded for sur veil lance of dis ease in wild fish, not
just pri mar ily for hatch er ies, as is the case in On tario. The few fish (drum and a
few smallmouth bass (Micropterus dolomieu), black crap pie (Pomoxis nigro-
maculatus), pumpkinseed
(Lepomis gibbosus) and mus -
kel lunge) col lected dur ing
2006 on the Ca na dian side of
the bor der had min i mal or no
gross le sions; how ever mi cro -
scopic le sions, in clud ing a
vasculitis, were pres ent and
vi rus was iso lated in cell cul -
ture and de tected by nested
PCR.(1) These few fish were
dif fi cult to ob tain, as bi ol o -
gists in the area were not ac -
cus tomed to mak ing such sub -
mis sions — nor, in deed, have
they had fund ing to do so. 

An im por tant need ap par ent
from these 2006 out breaks is
for a de tailed de scrip tion of le -
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sions as so ci ated with the VHSV in fec tions in Can ada and the USA. Even in the very 
lim ited num ber of spe cies ex am ined in our lab o ra tory, there were two dis tinct pat -
terns of histological le sions.(1) For a vi rus that in fects such a broad range of spe cies, 
this is n’t com pletely sur pris ing and spe cies-spe cific le sion pat terns have been de -
scribed pre vi ously for VHSV. (4) There are over a dozen spe cies from the lower
Great Lakes now rec og nized to be clin i cally af fected by VHSV, with sev eral ad di -
tional spe cies known to be in fected (vi rus iso lated) with out ap par ent clin i cal signs. 
This list of spe cies will con tinue to ex pand thanks to on go ing work, pri mar ily by
Drs. Faisal and Bow ser at Mich i gan State and Cor nell uni ver si ties, re spec tively.

At this point it is dif fi cult to prop erly as sess the real im pacts on any one spe cies.
The drum, goby, mus kel lunge and yel low perch (Perca flavescens) seem to be
highly sen si tive, with the im pact on the mus kel lunge pres ently of great est con cern.
While rel a tively smaller num bers of mus kel lunge have been ex am ined, a good por -
tion of the fish iden ti fied from Lake On tario to date have been gravid fe males that
have died be fore spawn ing.(5) The scope of wild life mor tal ity events, par tic u larly
aquatic ones, can be un clear and of ten are im pos si ble to ac cu rately quan tify.

All iso lates of VHSV col lected from fish in the Great Lakes are ge net i cally very
sim i lar, if not iden ti cal, based on the lim ited se quenc ing of G- and N-genes per -
formed to date.(6) The few iso lates ex am ined are also ge net i cally dis tinct from
other ge no type IV ‘North Amer i can’ strains.(2,3) The be hav ior in cell cul ture (cell
line sus cep ti bil ity and cytopathic ef fects) is also not typ i cal of known ge no type
IV VHSV strains and work is on go ing in a num ber of lab o ra to ries to better char ac -
ter ize the growth re quire ments.

Man age ment Op tions

The well-pub li cized mor tal ity events of spring 2006, months af ter ini tial no ti fi -
ca tion of the OIE of the pres ence of the vi rus in Lake On tario, sparked a be lated
reg u la tory re ac tion that cul mi nated briefly in a to tal move ment ban of a range of
live fish from eight states and two prov inces (On tario and Que bec) bor der ing the
Great Lakes and St. Law rence River in Oc to ber 2006. This ban was sub se quently, 
and cor rectly, al tered within weeks to al low in ter state move ment of VHS-sus cep -
ti ble spe cies for slaugh ter and cross-bor der ship ment of VHSV-sus cep ti ble
salmonids from On tario and Que bec hav ing met USFW Ti tle 50 cer tif i ca tion. This 
should also be ap plied (and may in the fu ture) to lots of baitfish or other fish that
have been cer ti fied to OIE or equiv a lent (Ti tle 50; Ca na dian Fish Health Pro tec -
tion Reg u la tions) stan dards. 

Ad di tional prac ti cal man age ment strat e gies to re duce the im pact of VHSV are
needed and some have al ready been im ple mented on a re gion-to-re gion ba sis.
These should in clude: a) re-ex am in ing the col lec tion of broodstock and fry for en -
hance ment, at least from cer tain sites; b) lim it ing use of sur face wa ter, par tic u larly
con tig u ous with lakes where VHSV is known to be pres ent, c) re view ing or up grad -
ing fa cil ity biosecurity, and d) re-vis it ing a cer tif i ca tion pro cess for in land
aquaculture op er a tions in On tario. Most of these prac tices are rea son able within ex -
ist ing frame works and pro grams, or can be put in place with rel a tively low ef fort or
fund ing. 

How ever, the re al ity is that the bod ies of wa ter in which the vi rus is al ready pres -
ent will con tinue to be in fected and, likely within a short time frame, the vi rus will
be en demic within the Great Lakes ba sin. There fore, strat e gies should also be pur -
sued that will blunt the im pact in en demic ar eas, par tic u larly for sen si tive spe cies.
A man age ment strat egy that de serves fur ther in ves ti ga tion would be to de lay
spring stock ing and likely ex po sure of naïve young-of-the-year un til the wa ter tem -
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per a tures are high enough to al low in fec tion yet pre vent pro lific vi ral rep li ca tion,
lim it ing clin i cal ill ness. VHSV rep li cates best be tween 4o and 14oC,(7) al though the
tem per a ture range of the Great Lakes strain may be slightly dif fer ent. Lim ited ex -
po sure would best stim u late de vel op ment of an anamnestic im mune re sponse, po -
ten tially pro vid ing im mu nity to VHSV. The per ti nent tem per a ture range for the
Great Lakes VHSV strain and for the tar get fish spe cies would re quire ad di tional
ex per i men tal work to as sess the ex pected ben e fit. In spe cies such as lake trout
(Salvelinus namaycush) where stock ing pres ently takes place at a time of year
when the wa ter tem per a tures are ap proach ing the up per limit of its range, it might
be pos si ble to al ter stock ing. Given the sub stan tial cost and prac ti cal con sid er ations 
of work ers, trans por ta tion, etc. in volved in al ter ing stock ing prac tice, the ex pected
ben e fit would need to be sig nif i cant. While the pre cise pre ferred tem per a ture range 
of the Great Lakes strain has n’t been de ter mined, the out breaks of VHSV in the
spring of 2005 and 2006 have oc curred when the wa ter tem per a tures were ap prox i -
mately within the above-men tioned range. Hit ting this win dow of op por tu nity may 
not be prac ti cal for all of the fish stocked but may pro vide a worth while in crease in
sur vival given the lack of readily avail able and in ex pen sive al ter na tives.

Vac ci na tion and ex per i men tal ex po sure to VHSV can pro duce im mu nity,(8-10)

sug gest ing that the above-men tioned strat egy could be suc cess fully em ployed.
En vi ron men tal ex po sure to a patho gen fol lowed by pro longed non-per mis sive
tem per a tures for patho gen rep li ca tion has been used for proliferative kid ney dis -
ease in Eu rope.(11) Ex per i men tal tri als would be needed to match the vi ral in fec -
tion to likely en vi ron men tal doses and es ti mate the ex pected ben e fit. An other,
less pal at able and more waste ful ap proach would be to sim ply stock greater num -
bers of fish in a body of wa ter once it is con firmed to be in fected. The suc cess of
ei ther strat egy would have to be eval u ated based on re cruit ment sur vey data.

Ex per i men tal tri als, sim i lar to those un der way in On tario outbred rain bow trout, 
would use graded waterborne doses of the Great Lakes strain of VHSV, ini tially
com pared to intraperitoneally (i.p.) in jected fish and hor i zon tal trans mis sion
from i.p.–in jected cohabitants. Mor bid ity, mor tal ity, an ti body titres and vi ral car -
riage (vi rus iso la tion and PCR) would be de ter mined and fish that sur vived
waterborne in fec tion would be re-in fected one month af ter the last mor tal i ties had 
oc curred. Af ter an ini tial trial with a unique spe cies to es tab lish the model, the
tem per a ture of ex po sure would be var ied from the op ti mum (e.g., 12oC to a po ten -
tially non-per mis sive one of ~17oC). 

Se lec tion for rain bow trout that are re sis tant to VHSV ge no type I in Eu rope has
been dem on strated.(12) Di rect se lec tion for re sis tance to an in fec tious dis ease is the
fast est method to po ten tially re duce pop u la tion sus cep ti bil ity; how ever this ap -
proach is fraught with pit falls, in clud ing in creased sus cep ti bil ity to other
agents(13) or un usual vari ants of the same agent.(14) As a crude ex am ple, se lec tion
of mus kel lunge for re sis tance to VHSV may re sult in fish more sus cep ti ble to
Renibacterium salmoninarum. The agent is al ways more mu ta ble than the host
and this is par tic u larly true for RNA vi ruses(15) such as VHSV. Di rect se lec tion
would re quire in fec tion of fish with an OIE listed agent in a hatch ery en vi ron ment,
which is not de sir able. A more prac ti cal (and less ex pen sive) im me di ate ap proach
would be to iden tify rel a tively ‘re sis tant’ ex tant strains of fish main tained for
stock ing pro grams (i.e., ex per i men tal in fec tion of lake trout strains in an iso la tion
fa cil ity with pref er en tial stock ing of ‘re sis tant’ strains to in fected wa ters). In the
lon ger term, in di rect se lec tion for mech a nisms of re sis tance (e.g., com ple ment ac -
ti va tion to block pri mary viremia in naïve young of the year fish) should take place 
si mul ta neously with se lec tion for a panel of in nate and ac quired im mune re sponse
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pa ram e ters. This ap proach should re duce the like li hood of a re sul tant in creased
sus cep ti bil ity to a given class of patho gen; how ever it is ex pen sive.(16) Ad di tional
mech a nisms of in nate re sis tance to vi ral spread be tween cells, spe cif i cally Mx
pro tein(17) and in ter feron,(18) should also be stud ied in high pri or ity spe cies. 

Im pact on De vel op ment and Im ple men ta tion of NAAHP

The dis cov ery of VHSV in 2005/06 and the re cent dis cov ery of spring viremia of
carp (SVC) vi rus in the sum mer of 2006 in Lake On tario have readily il lu mi nated
the de fi cien cies of dis ease sur veil lance in wild fish in the Great Lakes. This is par -
tic u larly true on the Ca na dian side of the bor der, with its rel a tively re duced man -
power and fund ing. SVC was iden ti fied(19) in carp held await ing ex port that oth er -
wise would n’t have been ex am ined. These fish were un ex pect edly held for a pro -
longed pe riod, likely re sult ing in stress and viremia. Fish caught and sam pled in
pre vi ous years from the same col lec tion site, but with out be ing held, were neg a tive
by vi rus iso la tion. SVC has likely been pres ent for a pe riod of time. It is un likely that 
SVC will have an im pact sim i lar to that of VHSV in Great Lakes fish. Nev er the less,
it is an OIE list dis ease and within the con text of de vel op ing na tional aquatic an i mal
health plans (NAAHP) in both the USA and Can ada, these  re cent dis cov er ies should 
be timely re mind ers of the need for crit i cal com po nents within these pro grams.

The fol low ing com ments are di rected to wards the Ca na dian pro gram as it is
more rel e vant to the au thors and is at a more ad vanced im ple men ta tion stage.
Given the re al ity that fund ing con straints will force re stric tion or elim i na tion of
por tions of de vel op ing pro grams, it is par a mount that a pas sive sur veil lance com -
po nent be given suf fi cient pri or ity. Pas sive sur veil lance net works are an in te gral
com po nent of Ca na dian Food In spec tion Agency (CFIA) ad min is tered ter res trial
sur veil lance pro grams and they must also be in cluded within NAAHP. On tario
Min is try of Nat u ral Re sources (OMNR) funded ac tive sur veil lance of On tario
hatch ery fish un der stand ably did not de tect the pres ence of this agent and no other 
sur veil lance was ef fec tively in place! The dan ger of re ly ing solely on an ac tive
sur veil lance pro gram is par tic u larly ev i dent when a novel vari ant such as a vi rus
that has al tered growth char ac ter is tics in cell cul ture, or is genotypically and/or
antigenicly dis tinct, is ‘newly’ pres ent. The Great Lakes strain of VHSV was de -
tected in the spring of 2005 be cause a mor tal ity event of suf fi cient size oc curred
and a di ag no sis was ac tively sought by Bruce Mor ri son, a con cerned bi ol o gist
with the Lake On tario Man age ment Unit of OMNR ( RR # 4, Picton, Ontario, KOK

2Y0). Sub se quent mor tal ity events in spring 2006 would have en sured the de tec -
tion of VHSV; at this point, how ever, a ma jor con sid er ation should now be en sur -
ing that NAAHP has ad e quate re sources al lo cated for de tec tion of novel or al tered
agents that may not oth er wise be de tected by rou tine ac tive sur veil lance for listed
patho gens. The emer gence of the Great Lakes strain of VHSV ge no type IV should
be ad e quate warn ing to en sure that di ag nos tic pro grams re spon si ble for in ves ti ga -
tion of un usual mor bid ity/mor tal ity oc cur rences are funded along side ac tive sur -
veil lance for listed patho gens within NAAHP.

As CFIA de vel ops the risk anal y sis re quired for VHSV in the Great Lakes re gion
and works in co or di na tion with the USDA-APHIS and state/pro vin cial agen cies to
de velop a sur veil lance pro to col for sam pling for spring 2007, the po ten tial im pact
of this vi rus is start ing to be ap pre ci ated. While it re mains to be seen if the great est
im pact of VHSV in the Great lakes will be on fish health or on al ter ations and im -
prove ments in how fish health and move ments are man aged. What is cer tain is that
VHSV will con tinue to pres ent a chal lenge to wild life agen cies, aquaculturists and
com mer cial fish ing op er a tions in the re gion, at least in the near fu ture.
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Phytoplankton Early Warn ing

Ap proaches for Salmon Farm ers in

South west ern New Bruns wick: 

Project Sum mary

B.D. Chang, J.L. Martin, F.H. Page, G. Harrison, L.E. Burridge,

M.M. LeGresley, A.R. Hanke, E.P. McCurdy, R.J. Losier, 

E. Horne, and M.C. Lyons

This pro ject in ves ti gated the use ful ness of sev eral po ten tial early
warn ing ap proaches for pre dict ing harm ful phytoplankton blooms at
salmon farms in south west ern New Bruns wick. The com po nents of
this pro ject in cluded: train ing farm per son nel on the sam pling, iden ti -
fi ca tion, and count ing of harm ful phytoplankton spe cies; im ple men ta -
tion of daily phytoplankton mon i tor ing by work ers at se lected salmon
farms; ret ro spec tive anal y ses of ex ist ing phytoplankton mon i tor ing
data; lab o ra tory ex per i ments to de ter mine thresh old con cen tra tions of
se lected harm ful phytoplankton spe cies that can cause prob lems for
farmed salmon; use of a tidal cir cu la tion model to pre dict move ments
of phytoplankton blooms in the vi cin ity of salmon farms; eval u a tion
of the ef fec tive ness of a light sen sor ar ray for bloom de tec tion; and
eval u a tion of the use ful ness of sat el lite im ag ery for bloom de tec tion.
The field and lab o ra tory pro grams were com pleted in 2004 and 2005.
Data anal y sis and re port prep a ra tion are nearly com pleted and the pro -
ject will end in March 2007. This pre sen ta tion pro vides a sum mary of
the pro ject’s ac tiv i ties and re sults. 

In tro duc tion

When phytoplankton blooms oc cur in ar eas where salmon farm ing is con -
ducted, se vere eco nomic losses can re sult, due to de creased fish growth or mor tal -
i ties. This has hap pened sev eral times in south west ern New Bruns wick (SWNB)
within the past de cade, es pe cially within the Passamaquoddy Bay area(1) (Fig. 1).
Blooms oc cur less fre quently in other ar eas of SWNB, but a bloom in 2003 caused
el e vated mor tal i ties at sev eral farms in east ern Grand Manan Is land.(2) 

As a re sult of the eco nomic con se quences, salmon farm ers would like to have a
mon i tor ing ap proach that warns them of a po ten tially harm ful phytoplankton
event. Warn ings of hours to days are use ful since farm ers could act on the in for ma -
tion by ad just ing har vest ing sched ules, de lay ing the en try of smolts, and/or ad just -
ing feed ing sched ules and med i ca tion treat ments. The pur pose of this pro ject was
to in ves ti gate the fea si bil ity and cost-ef fec tive ness of sev eral po ten tial
early-warn ing ap proaches and to es ti mate con cen tra tion thresh olds (for caus ing
losses in farmed salmon pro duc tion) of some of the dom i nant harm ful
phytoplankton spe cies in SWNB. The pro ject started in June 2004 and the ma jor
field and lab o ra tory work was com pleted in 2004 and 2005. The pro ject ter mi nates 
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in March 2007. A pre lim i nary re port from this pro ject was pre vi ously pub lished.(3)

Dis cus sions among par tic i pat ing sci en tists and fish farm ers in SWNB re sulted in 
the de vel op ment of a pro ject with the fol low ing com po nents:

• Train ing farm staff in the sam pling, iden ti fi ca tion and count ing of
phytoplankton, and im ple ment ing a means of rap idly com mu ni cat ing 
in for ma tion be tween Fish er ies and Oceans Can ada (DFO) and farms;

• En hanced (daily) phytoplankton sam pling by farm staff at crit i cal
lo ca tions and at crit i cal times of the year;

• Ret ro spec tive anal y ses of his tor i cal time se ries data for in di vid ual
phytoplankton spe cies to de ter mine the po ten tial for fore cast ing
bloom events;

• Lab o ra tory ex per i ments to de ter mine the crit i cal thresh old lev els of
some phytoplankton spe cies that cause harm to farmed salmon;

• Use of a wa ter cir cu la tion model to pre dict move ments of
phytoplankton blooms;

• Test ing the use ful ness of a light sen sor ar ray to de tect phytoplankton 
blooms;

• Ex am in ing the use ful ness of sat el lite im ag ery for de tect ing
phytoplankton blooms. 

This pro ject was a col lab o ra tive ef fort in volv ing sci en tists from DFO and
salmon farm ers in SWNB in clud ing Aqua Fish Farms Ltd., Cooke Aquaculture
Inc., Her i tage Salmon Ltd., Stolt Sea Farm Inc., Ad mi ral Fish Farms Ltd., and the
New Bruns wick Salmon Grow ers’ As so ci a tion. Fund ing was pro vided by the
DFO Aquaculture Col lab o ra tive Re search and De vel op ment Pro gram (ACRDP),
DFO Sci ence, and the par tic i pat ing com pa nies.
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Pro ject Com po nents

Fol low ing are sum ma ries of ac tiv i ties and find ings for each pro ject com po nent.
De tails on each com po nent will be pub lished in sep a rate re ports.

1.  Train ing and com mu ni ca tion of in for ma tion on harm ful phytoplankton

blooms be tween DFO Sci ence and salmon farm ers

Farm work ers were trained in phytoplankton sam pling tech niques, spe cies
iden ti fi ca tion, and count ing meth ods. The ini tial train ing ses sion was held in July
2004 and fur ther train ing was pro vided in May and June 2005.

An ef fi cient mech a nism for rap idly and fre quently com mu ni cat ing re sults was
es tab lished. This al lowed in dus try part ners to re port re sults to DFO via tele phone
or email and al lowed sci en tists to pro vide farm ers with up-to-date in for ma tion on
phytoplankton bloom oc cur rences, as well as key find ings and prog ress of the
pro ject.

2.  En hanced phytoplankton sam pling at fish farms

The goal of this com po nent was to im ple ment daily sam pling of phytoplankton
by work ers at par tic i pat ing salmon farms, fol low ing train ing of staff (see com po -
nent 1). When com bined with sta tis ti cal time se ries anal y sis ap proaches, this
sam pling was meant to test the hy poth e sis that the on set of a bloom in an area
could be de tected and fore casted by daily phytoplankton mon i tor ing at the farms. 

It was orig i nally pro posed that daily phytoplankton sam pling would be con -
ducted at 4 to 6 lo ca tions in the main ar eas of con cern (Passamaquoddy Bay and
Grand Manan Is land). Un for tu nately, due to an out break of in fec tious salmon
ane mia  (ISA) in Passamaquoddy Bay in 2004, it was not pos si ble for farms in that
area to par tic i pate. As a re sult, in 2004 the pro ject was lim ited to 4 farms in the
Grand Manan Is land area (Fig. 1). In 2005, en hanced mon i tor ing was also con -
ducted at 4 farms, two in the Grand Manan Is land area (in clud ing one of the farms
mon i tored in 2004), one in Passamaquoddy Bay, and one on the main land coast of 
New Bruns wick (Fig. 1). 

Farm work ers at each par tic i pat ing site were asked to col lect a 250 mL sur face
sam ple and a 10 m ver ti cal plank ton net haul each day, if pos si ble. Sam ple bot tles
with pre ser va tive were sup plied by DFO. Farm work ers were asked to count the
num bers of key phytoplankton spe cies in subsamples us ing a Sedgewick-Raf ter
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Table 1.  Num bers of sam ples col lected at four en hanced mon i tor ing sites in 2004 and 2005. Num bers are
ranges for the 4 sites in each year; num bers in pa ren the ses are means. For the per cent of po ten tial sam ples,
100% would in di cate that sam ples were col lected ev ery day from the first sam pling date to the last sam pling
date in the year. 

Sur face Sam ples Ver ti cal Hauls

2004 (July-Sep tem ber)

Num ber of sam ples col lected 21 - 66 (48.3) 15 - 64 (46.5)

% of po ten tial num ber of sam ples 26.6 - 97.1 (63.6) 19.0 - 94.1 (61.2)

2005 (May-Sep tem ber)

Num ber of sam ples col lected 50 - 93 (77.0) 45 - 93 (76.0)

% of po ten tial num ber of sam ples 56.8 - 93.9 (76.0) 51.1 - 93.9 (75.0)



slide. The data and pre served sam ples were for warded to DFO's  St. An drews Bi o -
log i cal Sta tion, where con fir ma tion anal y ses were done on se lected sam ples.  

The spe cies cho sen for iden ti fi ca tion and count ing in cluded 4 spe cies which
have been as so ci ated with prob lems at salmon farms in SWNB (Alexandrium
fundyense, Chaetoceros socialis, Ditylum brightwellii, and Eucampia zodiacus)
and other spe cies, known to cause prob lems for salmon farms else where, that
have been ob served in the Bay of Fundy. 

Data on the num bers of sam ples col lected by farms are shown in Ta ble 1. The
num bers of sam ples col lected av er aged over 60% of the pos si ble num bers in 2004 
(100% rep re sented one sam ple col lected ev ery day from the first day sam pled un -
til the last day sam pled in the year). In 2005, the av er age im proved to over 75% of
the po ten tial num ber.

Data on the num bers of sam ples for which phytoplankton were iden ti fied and
counted are shown in Ta ble 2. The num bers of re ports re ceived on phytoplankton
spe cies counts were much lower than the num bers of sam ples col lected. In 2004,
less than 10% of the pos si ble daily counts were sub mit ted, while in 2005, less than 
15% of the pos si ble counts were sub mit ted. Among the rea sons for these low
num bers were: work ers were busy with other tasks, phytoplankton iden ti fi ca tion
and count ing re quired much more time than sam ple col lec tion, there were no
large blooms at the pro ject sites, and in at least one case the com pany moved the
mi cro scope to an other site which was ex pe ri enc ing blooms of con cern. The small
num bers of counts sub mit ted were in suf fi cient to al low sta tis ti cal anal y sis to de -
ter mine if daily sam pling would al low fore cast ing of blooms.

A. fundyense was the main spe cies of con cern in both years. Dur ing the sum mer
of 2004, A. fundyense counts reached 190,000 cells×L-1 at one Grand Manan Is -
land site in July, but were low at the other en hanced mon i tor ing sites. There were
no el e vated mor tal i ties or re duced growth rates of salmon re ported from these
farms. How ever, el e vated salmon mor tal i ties, be lieved to be due to el e vated A.
fundyense lev els (which reached >3,000,000 cells×L-1), were re ported from at
least 5 farms in other ar eas of SWNB (Lime Kiln Bay, Bliss Har bour and Bea ver
Har bour) in July 2004. In 2005, A. fundyense lev els up to 160,000 cells×L-1 were
re ported by the farm on the main land coast in July, but num bers were low at the
other sites. Other spe cies that showed some el e vated counts at the pro ject sites in -
cluded Pseudo-nitzschia spp., Mesodinium rubrum, and Membraneis
challengeri. Ad di tional data on phytoplankton abun dance from this com po nent
are re ported in a sep a rate pa per in this is sue.(4) 
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Ta ble 2.  Num bers of sam ples for which phytoplankton spe cies counts were sub mit ted from en hanced mon i -
tor ing sites. Num bers are ranges for the 4 sites sam pled each year; num ber in pa ren the ses are means. For the 
per cent of po ten tial sam ples, 100% would in di cate that sam ple counts were done ev ery day from the first sam -
pling date to the last sam pling date in the year. 

Sur face Sam ples Ver ti cal Hauls

2004 (July-Sep tem ber)

Num ber of sam ples col lected 0 - 9 (3.3) 0 -17 (6.3)

% of po ten tial num ber of sam ples 0 - 12.0 (4.3) 0 - 20.7 (8.3)

2005 (May-Sep tem ber)

Num ber of sam ples col lected 0 - 36 (11.3) 0 - 23 (13.3)

% of po ten tial num ber of sam ples 0 - 40.9 (11.2) 0 -26.1 (13.1)



3.  Ret ro spec tive anal y ses of abun dance pat terns in harm ful phytoplankton

spe cies

This com po nent ana lysed ex ist ing phytoplankton mon i tor ing data to es ti mate
bloom char ac ter is tics of harm ful spe cies. The phytoplankton com mu nity in SWNB

has been mon i tored by DFO at sev eral 
lo ca tions at weekly to monthly in ter -
vals since 1988.(5,6) The data were an -
a lyzed for bloom char ac ter is tics such
as the time of on set, du ra tion, max i -
mum cell con cen tra tion, fre quency
per year, spa tial ex tent and inter-an -
nual time trends. Some re sults on
Alexandrium  have been pub -
lished.(7,8) Data anal y ses are be ing
com pleted on other spe cies (Chae-
toceros convolutus, Chaetoceros
socialis, Corethron criophilum, Di-
tylum brightwellii ,  Eucampia
zodiacus, Mesodinium rubrum,
Pseudo-nitzschia delicatissima
group, Pseudo-nitzschia seriata
group, and Pseudo-nitzschia sp.).
Ad di tional in for ma tion on this com -
po nent is re ported in a sep a rate pa -
per.(4)

 4.  De ter mi na tion of the thresh old      

con cen tra tions of

phytoplankton harm ful to

farmed salmon 

This com po nent ex am ined the
con cen tra tions (thresh old lev els) at
which harm ful phytoplankton will
cause mor tal i ties in farmed salmon.
This work can help de ter mine trig -
ger points for farm ers to ini ti ate hus -
bandry strat e gies to mit i gate the im -
pacts of the harm ful phytoplank-
ton. Lab o ra tory ex per i ments were
con ducted with monocultures of:
Alexandrium fundyense, Chaetocer-
os socialis, Ditylum brightwellii,
and two clones of Pseudo-nitzschia
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Fig ure 2

Maps show ing re lease points of model par ti cles that in ter sected the tar get fish farm (red out line; other farms

are shown in black out line). Top: the larg est cir cles in di cate that par ti cles re leased through out most of the

tidal cy cle in ter sect the tar get site, while the small est cir cles in di cate that this oc curs only dur ing a small part

of the tidal cy cle. Bot tom: the cir cle col ors in di cate the short est time be tween par ti cle re lease from this point

and in ter sec tion with the tar get farm (red in di cates the short est time, less than one tidal cy cle; black the lon -

gest, 5 to 8 tidal cy cles). Small crosses are re lease points of par ti cles which did not in ter sect the tar get farm.



delicatissima. Salmon smolts (sup plied by par tic i pat ing farms) were tested for
lethality dur ing 24 h ex po sure to a range of con cen tra tions of the cul tures. The
LC50 for A. fundyense was es ti mated to be 614,000 cells×L-1. Be hav ioral re -
sponses were noted in salmon ex posed to 4 x 106 cells×L-1 of C. socialis, but only
one fish died dur ing the ex per i ments. Cul tures of D. brighwellii as high as 106
cells×L-1 had no del e te ri ous ef fects. No mor tal i ties were ob served at con cen tra -
tions up to 128 x 106 cells×L-1 of the two clones of P. delicatissima.

5.  Pre dic tion of bloom move ments us ing a wa ter cir cu la tion model

The spa tial and tem po ral or i gins of wa ter that flows through a farm were es ti -
mated on tidal time scales us ing an ex ist ing nu mer i cal model of the mean tidal cir -
cu la tion in the SWNB area. This in for ma tion can be use ful for es ti mat ing the like -
li hood of a bloom be ing trans ported to a farm. 

In a pre vi ous ACRDP pro ject on fish health, we cal cu lated the tidal ex cur sion ar -
eas around salmon farms in SWNB us ing a tidal cir cu la tion model.(9-13) This data
can be used to pre dict if a bloom that is in fect ing one farm is likely to af fect neigh -
bor ing farms within a tidal ex cur sion (12.4 h).

For this pro ject, we used the same model to re lease par ti cles in a grid around
Grand Manan Is land to es ti mate the prob a ble move ments of blooms orig i nat ing
over a broader area around the is land (i.e., not just blooms orig i nat ing at other
farms). For this com po nent, we also ran the model for a lon ger pe riod (8 tidal cy -
cles, or ap prox i mately 4 days). Ex am ple re sults are shown in Fig ure 2. This meth -
od ol ogy can also be ap plied to other salmon farm ing ar eas of SWNB.

6.  Test ing the use ful ness of a real-time moored light sen sor to de tect
phytoplankton blooms

A pas sive light sen sor ar ray can be moored at a fish farm and will pro vide con tin -
u ous data col lec tion on light ex tinc tion through out the up per wa ter col umn. This
can pro vide an in di ca tor of gross phytoplankton abun dance, but can not iden tify in -
di vid ual spe cies. The sen sor ar ray re corded the in ten sity of the 490 nm wave length 
light at dif fer ent depths in the up per 16 m of the wa ter col umn (the 490 nm wave -
length is in the mid dle of the phytoplankton chlo ro phyll ab sorp tion range). 

We planned on start ing this work in the fall of 2004, but the pro ject  was de layed
due to dif fi cul ties in ob tain ing and de ploy ing equip ment com po nents. The equip -
ment was suc cess fully de ployed at a site in Passamaquoddy Bay be tween July
and Sep tem ber 2005. The data are still be ing an a lyzed, but pre lim i nary anal y ses
in di cate that the equip ment can mea sure light ex tinc tion with depth. The data
needs to be cal i brated with ac tual chlo ro phyll con cen tra tion data col lected at the
same time. Un for tu nately, dur ing the time of de ploy ment, no high con cen tra tions
of phytoplankton were ob served, so there was in suf fi cient data for cal i bra tion.
We also ex pe ri enced some dif fi cul ties with in stru ment per for mance dur ing the
trial. Nev er the less, we feel that this equip ment, with fur ther de vel op ment, may be
use ful in pre dict ing gross phytoplankton abun dance.

7.  Eval u a tion of the use ful ness of sat el lite im ag ery as a tool for de tect ing
phytoplankton blooms in the Bay of Fundy

His tor i cal Sea-view ing Wide Field-of-view Sen sor (SeaWiFS) sat el lite im ages
were ex am ined for ev i dence of be ing able to de tect and track phytoplankton
blooms within the lower Bay of Fundy. This com po nent re quired re pro cess ing of
ar chived sat el lite im ages and ex trac tion of in ten sity data for this area. For the pe -
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riod 1998-2004, there are po ten tially more than 5,000 sat el lite im ages (2 sat el lite
passes per day). How ever, due to the num ber of days when the SWNB area is
cloudy or foggy, the ac tual num ber of us able im ages was much lower. For the area 
around The Wolves, there were only 705 us able im ages for this time pe riod.

The chlo ro phyll sig nal ex tracted from the us able im ages must be cor rected due
to in ter fer ence from col ored dis solved or ganic mat ter, sus pended sed i ments, and
bot tom re flec tion in very shal low wa ters. This is done by cal i brat ing the sat el lite
chlo ro phyll sig nal with ac tual chlo ro phyll data col lected in the same area within a 
few hours of the sat el lite pass. The cor rected sat el lite chlo ro phyll sig nal can then
be com pared to data on ac tual phytoplankton spe cies abun dance in the area. At
The Wolves, peaks in chlo ro phyll con cen tra tion es ti mated from the sat el lite sig -
nal roughly co in cided with peaks in Alexandrium fundyense abun dance in ac tual
sam ples dur ing the years 1998 to 2003 (Fig. 3). How ever, in 2004, when there
was a large bloom of this spe cies, there was no peak in the sat el lite chlo ro phyll
sig nal. When the data in 1998 and 2001 were ex am ined in closer de tail, the peaks
in cell abun dance were seen to oc cur af ter the peaks in the sat el lite chlo ro phyll
sig nal. This data sug gests that the sat el lite im ag ery can be used to track bulk chlo -
ro phyll, but not blooms of spe cific spe cies such as A. fundyense.

The spa tial res o lu tion of these sat el lite im ages (1.5 ́  1.5 km) al lows for char ac -
ter iza tion of only very large scale blooms. Also, be cause of high back ground
chlo ro phyll lev els in SWNB, only very high in ten sity blooms will be de tected. Al -
though the sat el lite im ag ery prod ucts cur rently avail able may not serve as a prac -
ti cal early warn ing for phytoplankton blooms, they may be use ful, to gether with
phytoplankton mon i tor ing pro grams, in better un der stand ing the de vel op ment of
blooms. Fu ture de vel op ments in sat el lite im ag ery prod ucts may im prove their
use ful ness.

Sum mary

The par tic i pat ing farms felt that the pro ject was use ful, es pe cially the en hanced
mon i tor ing com po nent. Un for tu nately, the fre quency of sam ple iden ti fi ca tion by
farms was not suf fi cient to per mit fore cast ing. The ret ro spec tive data anal y ses
pro vided data on gen eral trends for blooms of sev eral spe cies. The thresh old com -

po nent pro vided in for ma -
tion on cell con cen tra tions
that may be harm ful to
farmed fish. The wa ter cir -
cu la tion model pro vided
pre dic tions of how blooms
may move to ward or from
farms. The light sen sor ar -
ray and sat el lite im ag ery
showed some prom ise for
de tect ing blooms, but both
re quire ad di tional de vel op -
ment. 
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In dus try Enu mer a tion, Early Warn ing

and Hindcasting of Harm ful

Phytoplankton Blooms in South west

New Bruns wick

J.L. Mar tin, M.M. LeGresley, F.H. Page, B.D. Chang,

and A. Hanke

Within the past de cade, harm ful phytoplankton blooms have
com pro mised the health of fish at a num ber of salmon farms in
south west New Bruns wick. An ACRDP collaborative project
between Fisheries and Oceans Canada and the aquaculture
industry was  un der taken in 2004 to look at a mon i tor ing ap proach 
that would pro vide an early warn ing of a po ten tially harm ful al gal
event. The ob jec tives were to de ter mine the fea si bil ity and need
for high-fre quency sam pling and to de sign a cost-ef fec tive
op er a tional ap proach for phytoplankton mon i tor ing. In dus try
part ners were trained in the col lec tion, iden ti fi ca tion, and
enu mer a tion of po ten tially harm ful phytoplankton spe cies that
might cause prob lems for the salmon. Phytoplankon sam ples
col lected from 4 sites dur ing 2004-05 were ana lysed by trained
per son nel at salmon farms and a comparison with re sults from
anal y ses done by staff at the Bi o log i cal Sta tion is presented, as
well as anal y ses of spa tial and tem po ral char ac ter is tics of ex ist ing
phytoplankton mon i tor ing data. In 2004, a num ber of salmon
farms were af fected when Alexandrium fundyense, the or gan ism
re spon si ble for pro duc ing par a lytic shell fish poi son ing (PSP),
bloomed at den si ties ex ceed ing 3 mil lion cells L-1. The abil ity of
the in dus try to ana lyse ad di tional water sam ples pro vided an
op por tu nity to mit i gate some of the bloom ef fects and re duce the
num ber of fish mor tal i ties. 

In tro duc tion

 Phytoplankton blooms can cause prob lems for the salmon aquaculture in dus try
through out the world. Blooms have been in creas ingly im pli cated in re cent years
in stress and mor tal ity to At lan tic salmon (Salmo salar) in the south west New
Bruns wick re gion of the Bay of Fundy. The area most af fected prior to 2003 has
been the Passamaquoddy Bay re gion where blooms of Chaetoceros spp.,
Mesodinium rubrum, and Eucampia zodiacus have caused con cern.(1) How ever,
in Sep tem ber 2003, high con cen tra tions of Alexandrium fundyense (8.8 x 105

cells L-1), the or gan ism re spon si ble for pro duc ing par a lytic shell fish poi son ing
(PS) tox ins, were ob served off east ern Grand Manan Is land (Fig ure 1) and re -
sulted in greater than “nor mal” lev els of shell fish tox ic ity and salmon mor tal i -
ties.(2)
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Fol low ing the 2003 event,  an ACRDP (Aquaculture Col lab o ra tive Re search
De vel op ment Pro gram) pro ject be tween the salmon cul ture in dus try and Fish er -
ies and Oceans Can ada (DFO) was ini ti ated in 2004(3,4) and con tin ued through
2005. In dus try per son nel were trained in the col lec tion and iden ti fi ca tion of
plank ton spe cies that might  be cause for con cern, have caused prob lems to the
salmonid in dus try in the Bay of Fundyin the past, or were im pli cated in fish mor -
tal i ties else where in the world. 

Dur ing 2004, high con cen tra tions (up to and in clud ing 3 mil lion cells L-1) of A.
fundyense at a num ber of lo ca tions along the main land of New Bruns wick be -
tween Letang and Lepreau af fected the be hav iour of caged salmon and re sulted in
fish stress and mor tal i ties. The abil ity of the in dus try to pre-screen and ana lyse
ad di tional sam ples re duced mor tal i ties and ac tiv i ties in close prox im ity to cage
sites. Re sults from this col lab o ra tive pro ject be tween the in dus try and DFO are
pre sented.

Ma te ri als and Meth ods

In dus try sam ples

Work shops were held in early July 2004, and be gin ner and re fresher courses in
May and June 2005, where per son nel from par tic i pat ing salmon aquaculture sites
were trained in the use of mi cro scopes and the col lec tion, pres er va tion, iden ti fi ca -
tion, and count ing of key phytoplankton spe cies (Alexandrium fundyense,
Chaetoceros spp., Corethron criophilum, Ditylum brightwellii, Eucampia
zodiacus, Leptocylindrus minimus, Pseudo-nitzschia delicatissima
group, and Mesodinium rubrum). Lo ca tions of par tic i pat ing sites in
2004 and 2005 are in di cated on Fig ure 1. Field sam pling pro to cols in -
cluded daily re cord ing on a field data sheet of avail able sam ple in for ma -
tion such as lo ca tion/site, date, dis solved ox y gen, name of sam pler, time, 
sur face wa ter tem per a -
ture, weather, wind and 
air tem per a ture, fish
be hav iour, wa ter clar -
ity/vis i bil ity, and the
site per son nel’s phyto-
plank ton counts.
Whole wa ter sam ples
(250 mL) were col -
lected as fre quently as
once a day (but of ten
less fre quently) from
the sur face and pre -
served with 5 mL form -
al de hyde:ace tic acid
(1:1) (FAA) so lu tion.
Ver ti cal 20 mm mesh
net hauls (23 cm di am -
e ter) from a depth of 10
m were used for con -
cen tra t  ing 45 mL
phytoplankton, which
was pre served with 5
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mL FAA. Whole wa ter and net sam ples were counted by in dus try per son nel us ing
a Sedgewick-Raf ter count ing slide(3) and at least one full col umn of the slide or 20
grid squares were counted. 

In dus try sam ples and datasheets from par tic i pat ing sites were col lected by DFO

per son nel once a week and re turned to the lab o ra tory at the St. An drews Bi o log i -
cal Sta tion where data was en tered into an Microsoft Ex cel spread sheet. Some
sam ples were counted for qual ity con trol by DFO per son nel us ing ei ther a
Sedgewick Raf ter or a Palmer Maloney(5) count ing slide.

DFO sam ples

Phytoplankton sam ples were enu mer ated and iden ti fied as part of a DFO

phytoplankton mon i tor ing programme that was ini ti ated in 1988.(6)  As part of this 
programme, wa ter sam ples (250 mL) have been col lected weekly from May
through Oc to ber, bi weekly dur ing April and No vem ber, and monthly dur ing the
win ter months from four lo ca tions (Brandy Cove, Lime Kiln Bay, Deadmans
Har bour and The Wolves ( Fig. 1)). Sam ples were im me di ately pre served with 5
mL FAA. Later, 50-mL subsamples were set tled in Zeiss count ing cham bers for
16 h. Phytoplankton greater than 5 µm were iden ti fied and enu mer ated (as cells
L-1) with the Utermöhl tech nique us ing a Nikon in verted mi cro scope.(7) Re sults
were stored in an Microsoft Ac cess da ta base from which time se ries of the
near-sur face abun dance of spe cies such as A. fundyense, M. rubrum and E.
zodiacus were ana lysed to de ter mine bloom fea tures.

Re sults and Dis cus sion

Al though there were vary ing lev els of par tic i pa tion and num bers of sam ples
counted among  in dus try part ners, when the re sults from sam ples
counted by in dus try per son nel were com pared with those from DFO

staff there was good agree ment be tween the num bers for A. fundyense
and Membraneis challengeri (for merly Tropidoneis antarctica var.
polyplasta), es pe cially at higher con cen tra tions. Counts for other spe -
cies such as Pseudo-nitzschia spp., Ditylum brightwelli, Chaetoceros
socialis, Chaetoceros convolutus, Mesodinium rubrum, and

Leptocylindrus minimus did
not agree as well. This may
have been due to the dif fi -
culty in de ter min ing cell con -
cen tra tions when the num -
bers of a spe cies were low,
and spe cies  such  as
Pseudo-ni tzschia  and
Leptocylindrus can be very
thin and thus dif fi cult to dis -
tin guish. It ap peared that in -
dus try per son nel counted
fewer sam ples when the fish
were not ex pe ri enc ing dif fi -
culty, al though they col -
lected and counted more
sam ples in 2005 (n = 98) than
in 2004 (n = 38).
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In 2004 all the par tic i pat ing sites  were lo cated in the Grand Manan area (Fig. 1).
Al though these sites did not ex pe ri ence prob lems as a re sult of harm ful al gal
blooms, a num ber of sam ples were col lected as part of the programme. DFO

counts at one site dur ing 2004 be tween July 8 and Sep tem ber 27 in di cated that the
high est con cen tra tions of A. fundyense ob served were 1.9 x 105 cells L-1 and con -
cen tra tions of Pseudo-nitzschia spp. reached 3.0 x 106 cells L-1. Eigh teen of the
col lected sam ples were ana lysed at DFO and al though the in dus try part ner col -
lected sam ples, they were not able to per form counts on the sam ples be cause fish
on this farm on Grand Manan Is land were not ex pe ri enc ing ab nor mal be hav iour
so the mi cro scope was de ployed to an other farm that was ex pe ri enc ing dif fi cul -
ties. In dus try counts from two sites that were ex pe ri enc ing prob lems (Fig ure 2)
in di cate that the peak con cen tra tions of A. fundyense oc curred on day 228 (Au -
gust 15). Ini tially it was sus pected that fish be hav iour was af fected at con cen tra -
tions of around 1.0 x 105 cells L-1 but as the in dus try be came more con fi dent with
the counts, they be gan to un der stand the patch i ness of the bloom, and the be hav -
iour of this par tic u lar bloom, and they de ter mined that fish were not af fected un til
lev els reached around 3.0 x 105 cells L-1. This al lowed them to con tinue feed ing
the fish at con cen tra tions higher than 1.0 x 105 cells L-1.

Dur ing 2005, in dus try par tic i pat ing sites were lo cated off Grand Manan Is land,
Passamaquoddy Bay, and along the New Bruns wick main land coast at a lo ca tion
af fected by a bloom in 2004 (Fig 1). In that year, phytoplankton blooms did not
ap pear to im pact any of the aquaculture op er a tions. How ever, a num ber of sam -
ples were col lected and ana lysed by both DFO and the in dus try. Re sults from one
site where 36 sam ples were ana lysed by in dus try and 10 by DFO in di cate that the
high est con cen tra tions of A. fundyense ob served by in dus try were 1.6 x 105 cells
L-1, and a new phytoplankton spe cies for our area, Membraneis challengeri, was
de tected in Bay of Fundy wa ters. 

Re sults from the DFO phytoplankton study ini ti ated in 1988
in di cated that most spe cies tend to oc cur an nu ally, al though
there is sig nif i cant inter-an nual and within spe cies vari abil ity.
Fig ure 3 shows the an nual
time se ries for A. fundyense at 
The Wolves sta tion plot ted
on a log trans formed scale.
From 1988 through 2005, A.
fundyense oc curred ev ery
year with the abun dance in
each year fo cused in one or
more bloom events. Only
dur ing 1989, 2003, and 2004
did the max i mum ob served
con cen tra tion of A. fundyense
at The Wolves ex ceed 7.0 x
104 cells L-1. Close in spec tion 
of the A. fundyense time se -
ries in di cated that each year
there was a char ac ter is tic
“day of first ap pear ance” that
var ied inter-an nu ally in a
syn chro nous fash ion
through out the lower Bay of
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Fundy area.(8,9)  The me dian “day of first ap pear ance” oc curred ear lier in the off -
shore and coastal sites (~ day 135) than in shel tered in shore sites (~ day 145). The
max i mum cell abun dance for a given year also var ied an nu ally as did the date on
which it oc curred. 

It should be noted that all phytoplankton spe cies be have dif fer ently. For ex am -
ple, whereas A. fundyense tends to have great est cell con cen tra tions in the off -
shore, M. rubrum cell den si ties were high est in shore, in the Passamaquoddy Bay
re gion dur ing the years 1988 to 2006. An other spe cies, E. zodiacus was not ob -
served ev ery year; it tended to be more abun dant in the Passamaquoddy Bay area
and had ma jor bloom events in 1999 and 2002. 

Con clu sions

Fol low ing 2 years of study, it was de ter mined that the level of col lec tion and
anal y ses of sam ples by in dus try was de pend ent on: 1) the level of the phyto-
plank ton prob lem, 2) avail abil ity of per son nel on the site to do the work, and 3)
the ease of rec og niz ing the spe cies (the eas ier to reognize, the more apt it was to be 
counted). Par tic i pa tion im proved with time. Through the pro ject, the in dus try
was able to have trained per son nel col lect and ana lyse sam ples as re quired, as
well as train ad di tional per son nel when prob lems were oc cur ring. Sam ples could
be pri or i tized and ana lysed rap idly at each site dur ing an event pro vid ing site
man ag ers with the in for ma tion needed to make rapid man age ment de ci sions on
mit i ga tion. Through fre quent mon i tor ing it was de ter mined that it is pos si ble to
pro vide an early warn ing of harm ful al gal blooms as well as al low for the mon i -
tor ing of the de cline of the bloom so that the in dus try could de ter mine when to re -
sume nor mal ac tiv i ties. How ever, the low fre quency of sam ple anal y ses by the
par tic i pat ing farms meant that bloom “pre dic tion” was not pos si ble dur ing this
pro ject al though farm par tic i pa tion was use ful in con firm ing the pres ence of
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blooms in ferred from ob ser va tions (such as col oured wa ter, ab nor mal fish be hav -
iour, or pres ence of nearby blooms) and de ter min ing when thresh old lev els of a
par tic u lar spe cies are reached that re quire man age ment ac tions. Ad di tion ally, a
more co he sive net work was es tab lished both within in dus try and with DFO that
pro vided ad vice and shar ing of data per tain ing to bloom events within the Bay of
Fundy in the south west area of New Bruns wick.
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The Ma rine Har vest Can ada Strat egy for 

Ef fec tive Fish Health Man age ment

Meghan Mills, Di ane Mor ri son, Brad Boyce, Cilka LaTrace,

and Jean Veal

Fish health is vi tal for suc cess ful salmonid aquaculture. In fact,
with out un der min ing other as pects of the in dus try, fish health is the
key is sue upon which ev ery thing else de pends. A poor and ne glected
fish health pro gram may lead to re duced pro duc tion, in creased la bor
costs and in creased ex penses due to treat ments. In ad di tion, sites with
com pro mised fish health man age ment may lead to in creased risk of
dis ease trans mis sion be tween wild pop u la tions and farm stocks.
Ma rine Har vest Can ada rec og nizes the im por tance of an ef fec tive fish
health man age ment pro gram. Our strat egy is a ho lis tic ap proach and
in volves all as pects of our busi ness such as: sur veil lance and
in ves ti ga tion of fish health is sues, med i cal care, treat ment when
nec es sary, se lec tive breed ing, fish health and biosecurity train ing for
all staff, en vi ron men tal anal y sis, clin i cal/field re search, and
de vel op ment and de liv ery of pol i cies. Our goal is to com ply with and
ex ceed the re quire ments of cur rent fish health reg u la tions, and
ul ti mately pro tect our stocks.

In tro duc tion

To be com mer cially vi a ble in aquaculture it is im per a tive to main tain a suc -
cess ful fish health pro gram. The fish health de part ment at Ma rine Har vest Can -
ada pro vides to tal fish health man age ment to all fresh wa ter and salt wa ter fa cil i -

ties. Our goal is to im -
prove over all fish pro -
duc t iv ity (sur vival,
growth and food con -
ver sion (FCR)) through
proactive and re ac tive
fish health man age ment. 
Our team con sists of five 
fish health and qual ity
as sur ance pro fes sion als: 
Man ager/Vet er i nar ian,
Lab Man ager, Qual ity
Con trol Man ager, and
two Fish Health Tech ni -
cians. We fo cus on sur -
veil lance and in ves ti ga -
tion, biosecurity, vac ci -
na tion and treat ment,
sea lice mon i tor ing,
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clin i cal/field re search, ed u ca tion and train ing, qual ity as sur ance, com mu ni ca tion
and sup port. Ef fec tive man age ment of all these el e ments is cru cial in or der to re -
duce the eco nomic, so cial and en vi ron men tal im pact of health events in
aquaculture.

Sur veil lance for Po ten tial Salmonid Patho gens

All ma rine and fresh wa ter fa cil i ties are vis ited monthly for rou tine sur veil lance
for po ten tial salmonid patho gens. Our ex am i na tions and tests gen er ally in clude:
gross pa thol ogy, bac te ri ol ogy (le sions and/or kid ney plated on stan dard TSA and
blood agar), vi rol ogy (pooled tis sue from gill, py loric caeca, spleen and kid ney
cul tured on CHSE, SSN-1, EPC, RTG and Fat Head Min now; PCR for IHN & VHS),
histopathology (gill, brain, heart, liver, spleen, kid ney, py loric caeca and mus cle)
and ELISA for Renibacterium salmoninarum (pos i tive n = 0.010, neg a tive
n = 0.005, sus pect 0.005 < n < 0.010 cor rected value). At Ma rine Har vest Can -
ada, we know the health sta tus of our stocks and we rou tinely mon i tor for
changes. Biosecurity is key as we try to limit risk of patho gen in tro duc tion and
trans fer in an un con trolled en vi ron ment.

The ex ten sive sam ple col lec tion and
test ing by the Fish Health De part ment is
re corded and main tained on our in-house
fish health re port da ta base. It is also vi tal
that sites col lect and re port ac cu rate mor -
tal ity data to alert the Fish Health De part -
ment to po ten tial or de vel op ing prob lems, 
for timely treat ment and man age ment, for 
pro duc tion anal y sis and for use in fu ture
re search and de ci sion mak ing. 

In ad di tion to our in-house sur veil lance
pro gram, the BC Min is try of Ag ri cul ture
and Lands (BCMAL) con ducts a fish
health sur veil lance pro gram in volv ing
ran dom farm in spec tions and spec i men
col lec tion for health eval u a tion. Se lec tion 
of farms is weighted based on the num ber
of farms in a zone as a per cent age of the
to tal num ber of farms in the prov ince. Re -
sults of these au dits are re corded in the fish 
health da ta base and posted quar terly on
the BCMAL website.

Ed u ca tion and Train ing

 Our in-house fish health train ing pro -
gram en cour ages site staff to be proactive
about fish health and teaches them to rec -
og nize po ten tial or de vel op ing prob lems
and to re port these ob ser va tions in a timely 
man ner to the fish health de part ment for
in ves ti ga tion and sup port. All em ploy ees
at ma rine and fresh wa ter sites are pro -
vided with an nual train ing in fish health

Bull. Aquacul. Assoc. Canada 106-3  (2006) 25

 

 

Fig ures 2 and 3

Reg u lar site vis its and

staff train ing are key

as pects of our fish

health pro gram.



and biosecurity. In ad di tion, all sea site em ploy ees re ceive on go ing train ing in sea
lice mon i tor ing. This train ing is a con di tion of ad vance ment to man a ge rial po si -
tions. All ma rine site staff also par tic i pate in the Harm ful Al gae Mon i tor ing Pro -
gram of fered by Nicky Haigh, a fac ulty mem ber at Malaspina Uni ver sity-Col lege
in Nanaimo, BC. Dis solved ox y gen (DO), tem per a ture, sa lin ity and plank ton are
mon i tored daily at ev ery site. Cur rently, plank ton and low DO events ac count for
greater losses than all dis ease-re lated mor tal ity.

Dis ease

The dis eases of most con cern to our At lan tic salmon stocks are in fec tious
hematopoietic ne cro sis (IHN), bac te rial kid ney dis ease (BKD), fun gus (Sapro leg -
nia sp.), and mouth rot. The most re cent IHN out break in Brit ish Co lum bia was in
2000-2003. This out break ac counted for be tween 30 and 100% mor tal ity on
farms in dus try-wide. All smolts en tered in tra di tion ally high risk ar eas now re -
ceive the Apex™ (Novartis, PEI, Can ada)  IHN vac cine. Vac ci na tion against com -
mon bac te rial in fec tions (i.e., furunculosis and vibriosis) is very ef fec tive. 

Ma rine Har vest Can ada places high pri or ity on thor ough dis ease screen ing of
broodstock at spawn ing. All broodstock un dergo vi ral screen ing. Fe males are
tested for BKD and all pos i tive and sus pect egg lots are re jected. We want to en -
sure that the next gen er a tion gets off to a healthy start and to date we have n’t
found any clin i cal BKD or vi ral in fec tion in fresh wa ter.

Fun gus is an on go ing prob lem in fresh wa ter rear ing. Be cause we are re sults
based, we have looked at vac ci na tion prac tices, han dling, hus bandry, wa ter qual -
ity and treat ments in try ing to re duce fun gal in fec tion in our hatch er ies and lake
sites.

Myxobacterial stomatitis, more com monly known as mouth rot, can po ten tially
cause sig nif i cant mor tal ity four to eight weeks post-salt wa ter en try. Oc cur rence
of this dis ease is typ i cally site spe cific and highly de pend ent on sa lin ity and smolt
qual ity. Stud ies have shown that lower sa lin ity en try, full smoltification, and
large good qual ity fish are key to avoid ing a po ten tial prob lem and costly treat -
ment.

Sea Lice

Con tro versy sur round ing sea lice on BC salmon farms started in the Broughton
Ar chi pel ago where Ma rine Har vest, as well as other com pa nies, op er ate a num ber 
of sites. In 2002 a re duc tion in pink salmon re turns led to con cerns that sea lice

may have im pacted pink salmon
out-mi gra tion. In 2003 the Prov ince of
BC ini ti ated man da tory monthly mon i -
tor ing and re port ing of sea lice on all
At lan tic salmon farms. In dus try counts
are re ported to the Brit ish Co lum bia
Salmon Farm ers As so ci a tion Fish
Health Da ta base and can be ac cessed at
www.agf.gov.bc.ca/fisheries/health/
Sealice_mon i tor ing_re sults.htm. Dur -
ing pe ri ods of ju ve nile salmon out-mi -
gra tion, sites must treat or har vest if the
farm av er age reaches the BCMAL ac -
tion trig ger of three motile lice per fish.
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As part of the BCMAL

sea lice ac tion plan, 25%
of ac tive salmon farms
are au dited quar terly by
pro vin cial fish health
biotechnicians. Au dit ing 
in creases to 50% of ac -
tive farms dur ing the
peak smolt out-mi gra -
tion pe riod (April to June 
in clu sive). The re sults of
these au dits con firm the
va lid ity of farm re ported
data. 

Cur  rent ly ,  Sl ice™
(emamectin ben zo ate) is
the only com mer cial sea
lice treat ment avail able for use in BC. It is highly ef fi ca cious and us age is min i -
mized by op ti miz ing treat ment tim ing based on his toric data. Ma rine Har vest is
suc cess fully man ag ing sea lice on our farms. 

Food Safety and Qual ity As sur ance

Our com pre hen sive qual ity as sur ance pro gram is a tes ta ment to Ma rine Har vest
Can ada’s com mit ment to pro vid ing the high est qual ity farmed fresh salmon at
har vest. Fish are sam pled quar terly for con tam i nants (e.g., heavy met als, pes ti -
cides, PCBs) and to date all sub stances tested for have been far be low Ca na dian
Food In spec tion Agency (CFIA), Health Can ada, and coun try of ex port ac cept -
able lev els. Prior to har vest, fish are also tested for any therapeutant they re ceived
dur ing their pro duc tion cy cle. These res i dues have al ways been be low CFIA,
Health Can ada, and coun try of ex port ac cept able lev els.

Sum mary

Ma rine Har vest is a re sults-ori ented, pro duc tion-driven com pany. The Fish
Health De part ment iden ti fies po ten tial or de vel op ing prob lems and we in ves ti -
gate and an a lyze, make rec om men da tions and guide staff in im ple ment ing so lu -
tions. We visit our sites, train our staff, and es tab lish pro to cols—all to en sure our
fish are pro duc tive. At Ma rine Har vest our fo cus is our fish. We are farm ers pro -
duc ing food and to do so suc cess fully we must have healthy stocks. Our goal is to
meet and ex ceed cur rent fish health reg u la tions and ul ti mately to min i mize po ten -
tial losses due to fish health events. 
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Sur vival of a De formed “Mir a cle Fish”

Oreochromis Niloticus in an In ten sive

Wa ter Re cir cu lat ing Sys tem

Thomas T. George

The “mir a cle fish” Oreochromis niloticus is the world’s most im por -
tant warmwater cul tured food fish, and is farmed un der both ex ten sive
con di tions and in super-in ten sive re cir cu lat ing sys tems. This is pos si -
ble be cause the fish is hardy and tol er ates wa ter con di tions with a
wide range of phys i cal and chem i cal char ac ter is tics. It can sur vive

even when it is de formed. This pa per
re ports on how an Oreochromis
niloticus de veloped its dor sal and anal
fins to per form the ac tion of an at ro -
phied cau dal fin.

 In tro duc tion

The “mir a cle fish” Oreochromis niloticus
is one of 77 tilapia spe cies that be long to the
Fam ily Cichlidae of the Tribe Tilapiini.(1,2) It  
orig i nated in the Af ri can con ti nent and
evolved in the River Nile.(3,4) It has col o nized 
widely dif fer ent hab i tats due to its ef fi cient
graz ing hab its, rel a tively low po si tion on the
aquatic food web, rapid growth rates, and
large sizes at first re pro duc tion. Also, it has a
high de gree of ma ter nal brood ing and care of
the young. It is now one of the world’s most
im por tant warmwater cul tured food fish. It is
farmed in both ex ten sive con di tions and in
super in ten sive (> 100 kg/m3) re cir cu lat ing
and in te grated hy dro ponic sys tems in trop i -
cal, sub trop i cal, and even tem per ate coun -
tries.(4,5) The spe cies has an amaz ing abil ity
to adapt to its en vi ron ment and has sur vived
in an in ten sive wa ter re cir cu lat ing sys tem
with an at ro phied cau dal fin. Here in af ter, are
six top ics that pro vide an ac count of these ad -
ap ta tions and de scribe its sur vival even when 
de formed.
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Fig ure 1

Rivers and Lakes of the Nile Sys tem.

(from Welcomme 1972)
(6)



Eco log i cal and Eco nom i c Dom i na tion in Lake Vic to ria

Nat u ral se lec tion is known to be the sur vival of the fit test, which means the most 
re pro duc tively suc cess ful.(7) Of all the tilapiine spe cies, O. niloticus in Lake Vic -
to ria—the larg est lake in Af rica with an area of 68,000 sq km (26,828 sq miles)
and a depth of 95 m (Fig. 1)—could be one of the best ex am ples to dem on strate
nat u ral se lec tion. Al though O. niloticus is not na tive to this lake, it has be come an
eco log i cally and eco nom i cally dom i nant spe cies, sec ond only to an other in tro -
duced spe cies, the car niv o rous Nile perch, Lates niloticus (Fig. 2), with which  it
co-ex ists and avoids di rect com pe ti tion for avail able re sources. The Nile tilapia is 
the only tilapia spe cies that could thrive in the pres ence of the pred a tor Nile perch, 
a spe cies that has had great im pacts on the in dig e nous fishes of the lake. This is
mainly be cause the Nile tilapia, un like other tilapia spe cies with prim i tive sub -
stra tum hab its, is a highly adapted mouth brooder (Fig. 3). The fe males carry the
fer til ized eggs in their mouths (Fig. 4) and can mi grate long dis tances, al low ing
the spe cies to dis perse quickly, es tab lish ing and over pop u lat ing fa vor able en vi -
ron ments. Al though it does not pro duce nu mer ous prog eny at each spawn ing, it
pro vides its young with a high level of ma ter nal care. Cou pled with sev eral ex -
tended re pro duc tive pe ri ods each year, ma ter nal care min i mizes the risk of pre da -
tion and en hances sur vival of the off spring.(8) 
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Fig ure 3
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Re pro duc tive Be hav ior in Con fined and In ten sive Cul ture Con di tions

Un der con fined con di tions, O. niloticus has a great abil ity to switch from so -
matic to re pro duc tive growth. In ponds or resevoirs, it ma tures at smaller sizes
and youn ger ages and spawns more fre quently than un der nat u ral con di tions.
Early mat u ra tion is cou pled with a shorter life span and the pro duc tion of a greater 
num ber of smaller eggs. This is homeostatic re sponse to the en vi ron ment and is
not due a mis un der stood ‘stunt ing’ prob lem  that is thought to oc cur in cul tured
tilapia. Sur pris ingly, O. niloticus be haves quite dif fer ently in in ten sive re cir cu lat -
ing sys tems than in pond con di tions. Highly in ten sive stock ing in a re cir cu lat ing
sys tem elim i nates re pro duc tion and the fish re sort to grow ing rap idly, which re -
sults in a de sir able fish with a large body size within a short pe riod of time. These
adap tive abil i ties are re spon si ble for the wide spread dis tri bu tion, plas tic ity, and
suc cess of O. niloticus as a col o nizer.(4,8)

Struc tural Ad ap ta tions for Feed ing and Re pro duc tion

O. niloticus has the abil ity to solve prob lems re lated to feed ing, in cu ba tion of
eggs, etc. It has struc tural ad ap ta tions to be ing an om ni vore, in clud ing its small
pha ryn geal teeth which are used to grind the coarse par ti cles of its diet, a stom ach
with low pH (2.0) that helps to dis solve walls and  mem branes of cells, and a long
in tes tine (up to 14 times the body length) that al lows ad di tional time for di ges tion
and ab sorp tion. As a mouth brooder, it has a wider head than that of the prim i tive
sub strate spawner, which in creases the ca pac ity of the mouth for egg in cu ba tion.
Fur ther more, changes in the struc ture and be hav ior of very young fish also pro -
vide de fin i tive mor pho log i cal ev i dence of such an evo lu tion ary se quence. The
very young of sub strate spawn ers are help less at an early stage of de vel op ment
and have spe cial ized lar val or gans called ‘head glands’ which en able them to an -
chor them selves to the sub stra tum. These glands dis ap pear as the lar vae be come
suf fi ciently strong to swim ef fec tively. Such glands are not re quired by lar vae of
mouth brooders be cause the lar vae are pro vided with ma ter nal care. How ever, it
is very in ter est ing to note that sec tions of the head of sev eral mouth brooders have
re vealed non-func tional ru di ments of these or gans, which clearly in di cate that
mouth brooders were de rived from sub strate spawn ers.(4,8)

Re ac tion to Phys i cal and
Chem i cal En vi ron men tal
Pa ram e ters

O. niloticus has ad ap ta tions
that al low it to live in an ex traor -
di nary range of phys i cal pa ram -
e ters, in clud ing tem per a ture,
dis solved ox y gen, sa lin ity, pH,
am mo nia, and other gases. It
tol er ates tem per a tures from 16°
to 42°C, be comes in ac tive be -
low 16°C, and does not sur vive
be low 9°C. Growth is poor at
20°C, op ti mum be tween 25° to
30° C, and great est at 26°C. It
re pro duces at tem per a tures
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above 22°C . This ad ap ta tion to a sta ble tem per a ture re gime has lim ited its nat u ral
dis tri bu tion to trop i cal ar eas. It can also tol er ate a pH of 5 to 9.(3,4) More over, it in -
hab its ar eas where most other fish gen era are un able to live, even un der fa vor able
food con di tions, due to the fact that it tol er ates dis solved ox y gen lev els as low as
0.1 ppm.(9) It also tol er ates brack ish wa ter of 10 to 14 ppm and very high sa lin ity
(42 ppt) sea wa ter. That is why it is as sumed that tilapias evolved from a ma rine
an ces tor and that pen e tra tion to fresh wa ter is sec ond ary.(3,8,10)

Pos i tive Re ac tion to Am mo nia Tox ic ity Treat ment in 
In ten sive Re cir cu lat ing Sys tems

With re spect to am mo nia, O. niloticus, as other fishes, ex cretes most of its ni -
trog e nous waste through the gills in the form of am mo nia. The tox ic ity of un-ion -
ized am mo nia de pends on the amount of dis solved ox y gen, with tox ic ity be ing
higher when DO con cen tra tion is low. There fore, con trol ling am mo nia lev els us -
ing bio-fil ters has rev o lu tion ized the aquaculture of O. niloticus in in ten sive re cir -
cu lat ing sys tems due to its very pos i tive re ac tion to higher ox y gen levels. This
fact, and other sim i lar cases, re fute the the ory of the so-called ‘liv ing space fac tor
ef fect’ on fish growth, once be lieved to be re spon si ble for fish not grow ing in lim -
ited or con fined small ar eas.(11)

Abil ity to Sur vive in an In ten sive Wa ter Re cir cu lat ing Sys tem
even when De formed

O. niloticus has sur vived in an in ten sive re cir cu lat ing sys tem even when with an   
at ro phied cau dal fin. Pro pul sion in this cich lid fish is achieved by the prop a ga tion 
of waves of mus cu lar con trac tions along the body, of which the tail or cau dal fin is 
a pad dle-like ex trem ity that con trib utes mark edly to the pro pul sive ef fect. Such
move ments drive the fish for ward. The con spic u ous dor sal and anal fins are im -
por tant in pre vent ing roll ing dur ing swim ming. They func tion like the keel of a
boat as they can be raised or low ered ac cord ing to the de mands placed upon them.
Both fins are sup ported by skel e tal el e ments, sim ple spines and soft rays. Spines
are re stricted to the an te rior por tion of the dor sal and anal fins; they are stout and
sharply pointed, while their flex i ble soft rays splay out to wards their free end. The 
spines when erect pres ent a set of spikes that can be used for de fense. Be sides the
func t ions  a l  ready de -
scribed, fins have been uti -
lized by O. niloticus for a
va ri ety of other pur poses,
some of which are me chan i -
cal.(8) The flex i ble rays of
both the dor sal and anal
fins, in the ab sence of  an at -
ro phied cau dal fin, got ex -
tended be yond the pos te rior
of the body and per formed
the ac tion of a nor mal cau -
dal fin (Fig. 5). This in -
duced ad ap ta tion makes O.
niloticus one of the most
hardy and adap tive spe cies
in the aquatic en vi ron ment.
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Con clu sion

There is a global con sen sus that O. niloticus is the most suit able spe cies for
aquaculture de vel op ment. In fact, be cause all the above men tioned at trib utes are
not shared with any other cul tured spe cies, it has be come the most im por tant
aquaculture spe cies of the 21st cen tury.(5)

Rec om men da tions

1)  Fish er ies and aquaculture sci en tists should re cord their ob ser va tions of any
fish ab nor mal i ties they en coun ter.

2)  To over come the  so-called  prob lem of ‘stunt ing’ in tilapia pond cul ture  due to
ex ces sive re pro duc tion, which is  ac tu ally a homeostatic re sponse to con fined
pond con di tions, aquaculturists are ad vised to use high stock ing den si ties and
enough aer a tion and feed to con trol re pro duc tion and en cour age so matic 
growth,  as is the case in con fined in ten sive re cir cu lat ing sys tems.       
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Growth, Body Mor phol ogy and Mus cle

Me tab o lism Pat terns in Newly-hatched

Salmonid Spe cies (S. alpinus and O.

mykiss): Ef fects of Wa ter Ve loc ity

N.R. Le François, T. Grünbaum, K. Chu, A. Savoie, 

and R. Cloutier  

In creased growth rate at higher wa ter ve loc i ties is com monly 
ob served in salmonids. The im prove ment in swim ming
per for mance (max i mum sus tain able speed, rates of re cov ery,
en dur ance), how ever, re mains poorly doc u mented. We pro pose
to use in di ca tors of en hanced swim ming per for mance and
mus cu lar growth of newly-hatched Arc tic charr and rain bow
trout, two spe cies with dif fer ent de grees of poly mor phism. The
im pact of wa ter ve loc ity on body mor phol ogy, growth, and
tem po ral changes in white mus cle met a bolic ca pac i ties (ci trate
synthase, lac tate dehydrogenase, and nucleoside diphospho-
kinase) were mea sured. Newly-hatched fish were reared for 100
days at four wa ter ve loc i ties: A = 3.2 cm/s, B = 1.6 cm/s, C = 0.8
cm/s, and D = 0.4 cm/s. At the end of the growth trial on Arc tic
charr, the ve loc ity treat ments were re versed (i.e., high ve loc ity
(HV) fish were trans ferred to the low ve loc ity (LV) rear ing units
and vice versa) and ad just ments in en zyme ac tiv ity level of LDH,
CS, and NDPK were mon i tored for 67 days. Pre lim i nary re sults
show that the high ve loc ity treat ment had a more pro nounced
im pact on the growth rate of Arc tic charr than on rain bow trout.
We sug gest that ad just ments in mus cu lar en ergy me tab o lism and
mus cle syn the sis should be ob serv able and pos i tively re lated to
wa ter ve loc ity.   

In tro duc tion

En vi ron men tal in puts such as tem per a ture, ox y gen, sa lin ity, light, or wa ter ve -
loc ity can af fect fish phys i o log i cal sys tems, in clud ing skel e tal mus cu la ture(7) and
body mor phol ogy.(13) Phenotypic plas tic ity is de fined as the abil ity of an or gan -
ism to re spond to an en vi ron men tal cue with a change of form, state, move ment,
or rate of ac tiv ity.(16) It is well known that mod er ate and high wa ter ve loc i ties en -
hance skel e tal mus cle growth in salmonids. How ever, it is un clear whether this is
a re sult of de creased antigonistic ac tiv ity, better ac cess to food,(1) or en hanced
swim ming ca pac ity.(6)    

Ac tiv ity in fish re quires the ex pen di ture of en ergy for move ment. Mus cu lar ad ap -
ta tions to en hanced ac tiv ity of ten in volve struc tural changes in cel lu lar organelles
or sup port ing struc tures such as cap il lar ies.(8) These mus cu lar ad ap ta tions have
been thor oughly stud ied via en zy matic ac tiv i ties.(9) Lac tate dehydrogenase (LDH),
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a glycolytic en zyme, has been as so ci ated with burst swim ming ca pac ity.(10,11) Ci -
trate synthase (CS) is a mi to chon drial en zyme as so ci ated with sus tained swim ming
ca pac ity.(14) Nucleoside diphosphate kinase (NDPK) is im pli cated in biosynthesis
and its ac tiv ity is there fore in dic a tive of the scope for growth.(2,5)

Spe cies can dif fer in their re sponse to en vi ron men tal vari a tion since strat e gies
for cost re duc tion and energetics may di verge ac cord ing to their dif fer ent nat u ral
hab i tat.(12) Salmonid spe cies in na ture en coun ter ma jor vari a tions in wa ter flow 
which fa vour phenotypic plas tic ity. Fur ther more, vari a tion in mor pho log i cal
traits re lated to body size and shape may be adaptative to hy dro dy namic con di -
tions.(12,13)  Wa ter ve loc ity is there fore sug gested to be an en vi ron men tal pa ram e -
ter able to in duce dif fer ent interspecific phenotypic re sponses in terms of ex ter nal 
mor phol ogy.(3)   

The pres ent study was con ducted on two salmonid spe cies—Arc tic charr and
rain bow trout—ex posed to dif fer ent wa ter ve loc i ties. Sus tained ex er cise and/or
wa ter ve loc ity may be rel e vant to hus bandry prac tices in a com mer cial fa cil ity to
im prove lar val or ju ve nile fish per for mance and/or qual ity. 

Ma te rial and Methods

Newly hatched lar vae (ap prox i mately 1200 al evins per group) were stocked  in
8 ve loc ity-chan nels (re cir cu lat ing sys tem de signed by Aquabiotech Inc.
(Coaticook, Qué bec) at 10°C and ex posed to 4 dif fer ent wa ter ve loc i ties: A = 3.2
cm/s, B = 1.6 cm/s, C = 0.8 cm/s,  D = 0.4 cm/s, in rep li cate. Af ter yolk-sac re sorp -
tion (ap prox i mately 20 days post-hatch ing), four spec i mens of each spe cies were
sam pled from each tank ev ery 10 days un til 100 days post-hatch ing. Fish were
mea sured and weighed and, in the case of rain bow trout, were stored at –80°C for 
en zy matic anal y sis. Dig i tal im ages of eight spec i mens of Arc tic charr sam pled
ev ery other day start ing from hatch ing to day 100 in each treat ment (i.e., 408
spec i mens per treat ments) were used in two ways: 1) for mea sure ments of ten
morphometric traits re lated to body size and shape (head length, head height,
yolk-sac height, body height, dor sal fin base, anal fin base, cau dal peduncle
height, cau dal fin height, stan dard length, to tal length; Fig ure 1) and 2) for ob ser -
va tions of ex ter nal de for mi ties (i.e., strong body flex ure char ac ter ized by the cau -
dal part of the body bent up wards). 

En zy matic anal y ses 

LDH and CS as says were con ducted as de scribed by Thibeault et al.(15) NDPK
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Fig ure 1 

Arc tic charr used for

morphometric anal y ses.

Mod i fied from Grünbaum

et al.
(3)



was con ducted as de scribed by Cou ture et al.(2) These as says
were adapted for rain bow trout. 

Re sults

Arc tic charr 

Wa ter ve loc ity had a sig nif i cant pos i tive ef fect on growth
rate in length (Fig ure 2a). Mean spe cific growth rate  (SGR) cal cu lated for 75 days
was 2.26 %/day, 2.21 %/day, 2.40 %/day and 2.62 %/day re spec tively from still
(D) to fast (A) treat ments. For all morphometric traits, with the ex cep tion of the
yolk-sac height (YSI), dif fer ences in means were  sig nif i cantly dif fer ent among
treat ments  in re la tion with age (Grünbaum et al.(3)). No ex ter nal de for mi ties were
found. The en zy matic anal y ses have not been con ducted yet.

Rain bow trout

Growth tended to be higher at the high est ve loc ity treat ment, al though the dif -
fer ences were not sig nif i cant (Fig ure 2b). No sig nif i cant dif fer ences were de -
tected in en zy matic ac tiv i ties among the fish in the dif fer ent treat ments. 

Dis cus sion

The pos i tive growth re sponse of Arc tic charr to in creased ve loc ity ap peared
sooner than in rain bow trout (Fig ure 2). From 35 days post-hatch, Arc tic charr
dis played a greater length at a ve loc ity of 3.2 cm/s than at the other ve loc i ties.
Com par a tively, rain bow trout had a greater length at higher ve loc ity only at 100
DPH. This may re flect the greater plas tic ity of Arc tic charr to en vi ron men tal vari -
a tions. In their com par a tive study on brook charr (Salvelinus fontinalis) and Arc -
tic charr (S. alpinus), Peres-Neto and Magnan(13) showed that the phenotypic plas -
tic ity of the two spe cies dif fered and was prob a bly linked to their de gree of
phenotypic di ver gence. Pakkasmaa et al.(12)  also con cluded that rel a tive hab i tat
het er o ge ne ity or ho mo ge ne ity may be re flected  in the amount of vari a tion in
body mor phol ogy. 

Our re sults also in di cate that higher per for mances can be achieved through a
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Fig ure 2

Growth rate of a) Arc tic charr and b) rain -

bow trout in length (mm) from hatch ing to

75 dph and 100 dph re spec tively in four

wa ter ve loc i ties treat ments (Grünbaum et

al.
(4)

).



mod er ate in crease in wa ter ve loc ity early in the de vel op ment of salmonids.
Growth dif fer ences be tween ve loc i ties be came more pro nounced with time. 
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