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INTRODUCT ION
Durling the last several vears culture of the blue mussel,

Mytilus edulis, has been one of the fastest growing food-related
industries In the Atlantic Maritime Provinces and Is now rapidly
reaching the point of becoming a major marlne Industry. As the
industry grows It is becoming Increasingly obvious that the
successful culture of mussels, as well as the potential
environmental impact of culture actlvities, s wvery much
dependent on the nature of a number of Kkey environmental
condlitions at growing sites. This has lead to the opinion, among
poth prilvate mussel growers and government regulatory agencles,
that orderly development of the Industry couid benefit from a
programme in which environmental conditions at growing sites
wouid be monitored on a routline basis. The need for an
environmental monitoring programme became partlcularty evident In
the late summer of 1986 when a large number of growers
experlenced severe summer-mortaiity of market-size mussels and
were unable to determine or understand the cause of the
mortality, fargely because of the lack of basic data on
environmental conditions or the condition of the mussels at the
time of the mortallity. A short whlle later events In Prince
Edward Island assoclated wlith the presence of domoic acid
further indlcated the need for a routine monltoring programme
that would provide base-line data useful in attempts to
understand the causes of unusual and unexpected events. More
recently, a growing concern among many Individuals with regard to
the potential environmental Impact of musse!l culture has further

emphasised the need to document changes In environmental
condltions that may be occurring at growlng sltes,
in response to the obvious need, and at the request of a

number of practicing mussel growers and government agenciles, the
Acadla Centre for Estuarine Research (ACER)} developed a proposal
to impiement a water quality monitoring programme at a number of
growing sltes located throughout the Attantic Marltime provinces.
A unique aspect of the proposed programme was that It requlred
the active participation of private mussel growers In collectling
data and samples. The participation of growers was considered not
only desirable in terms of the training and general educational
beneflts they would receive, but necessary Iin order to develop a
comprehensive programme at reasonable cost.

The major objJectives of the programme, as stated In the
original proposal, were; (1) to Introduce commerclal mussel
growers to the environmental factors critical to the successful
culture of mussels; (2) to train growers in the technlques for
monitoring these variables; (3) to create a facillity that would
provide expertise in monitoring technliques, sample analyses and
data interpretation and; {(4) to begin development of a long-term
data base that would be useful In explaining seasonal and yearly
varlations in mussel settlement, growth, and survival and provide
a record documenting changes that may be occurring in
environmental conditions at growing sites.

The proposal was subsequently Jolintly funded In the fate
summer of 1987 by the Nova Scotla Department of Flisherles under
the ERDA programne and by the Gulf Region of the Federal
Depar tment of Flisherles and Oceans as a Department of Supply and




Sservices contract. A total of twenty sites were schedulied to take
part in the monitorlng programme; elght In Nova Scotla, eight in
Prince Edward Island, three in New Brunswlick, and one in
Newfoundiand. The programme ended in March, 1989, having lasted
approXximately nineteen months. This report summarizes the
development and results of the monitorling programme. It I's
divided into three sections. The first provides a brief overview
of the design and development of the programme. The second
section summarlzes the final resuits and discusses the successes
and shortcomings of the programme, and the third section makes
suggestions and recommendations that should be considered In

establishlng future monltorling programmes.

1. PROGRAMME DESIGN AND DEVELOPMENT

A. Selection of Sites:
The mechanism used to seiect sltes for participation In the

monlitoring programme differed among provinces. in Nova Scotia,
the sites were selected by personnel of the Nova Scotia
Department of Fishertles and were chosen to cover a wlde
geographic area. This also resulted In the representation of a
diversity of slite types with regard to physical characterlistics.
In Prince Edward Island a meeting of the province’s major growers
arranged durlng which the general nature and objJectives of

was
the programme were presented. The growers were then asked to
decide if the programme seemed appropiate to their needs and, if
s0, to select among themselves elight sites most appropriate for
monltoring. After some private discusslon the growers agreed to

participate In the programme and chose eight slites for the
programme each of which represented a major growing area of the
island.

For the remaining four sites, three In New Brunswick and one
In Newfoundland, a meeting wlth potentlal particlpants, chosen by
Department of Flilsheries and Oceans personnel malnly on the baslis
of the extent of their invelvement In the industry, was held In
New Brunswick. As In Prince Edward lIsiand, the programme was
described and the growers were asked if they would be witling to
participate. All agreed to take part in the programme.

Table 1 presents a |listing of the growers originally selected
to participate in the programme and Figure 1 shows the location

of each growing site.

B. Selectlon of Variables for Monitoring:

In chosing the variablies to be included In the monitioring
programme, it was necessary to identify those environmental
factors thought to be most Important in Influencing mussel
growth and survivali, as well as being most susceptable to change
over both temporal and spatial scales. 1t was also important that
only variables measured relatively easily and inexpensively be
consldered for monitoring.

The final cholice of variabtes to include was based largely
on current concepts of the major inputs and outputs of a mussel
and the environmental factors thought most important in
controlling the rate of these inputs and outputs. A hierarchlal




TABLE 1. Orlginal Participants and Slite Locations.

Site # Participant Site Locatlon
1 P. Budresk]l Little Ship Harbour, N.S.
2 P. Marchand Lennox Passage, N.S.
3 P. Darnel!l Mahone Bay, N.S.
4 J. Maclnnes Port Hood, N.S.
5 K. MaclLeod St. Ann’'s Bay, N.S.
6 R. Maloney Tatamagouche Bay, N.S.
7 Guysborough Aquatlc Mar le Joseph, N.S.
Ventures
8 J. Underwood Little Harbour, N.S.
9 G. Arsenault Hi 1 lsborough River, PEI
10 S. Stewart New London Bay. PEI
it R. Dockendorf, Jr. Cardigan Rlver, PEI
i2 T. Farrell St. Marys Bay, PE|
13 G. Kelth Brudnell River, PEI
14 R. MacPherson Murray River, PEI
156 R. Townshend Tracadie Bay, PEI
18 J. VandenBremdt Boughton River, PE!
17 M. Dalgle Richibucto, N.B.
18 C. Lanteligne Caraquet, N.B.
19 G. LeBlanc Shediac, N.B.
20 A. Benolt Stephenville, NFLD.
mode! illustratling these concepts is presented in Figure 2. Table

2 presents a list of the varlables selected for monitoring, along
with a brlef descriptlon of the measurement technlgue employed

for each.

C. Establishing the Time Scale for Monitoring:

The time scale most appropriate for a monitoring programme
depends largely on the rates at which the variables belng
monitored change, and a major problem In all routine monltoring
programmes is that the vartabies of Interest often change over
very different time scales. For example, water temperature varles
malniy over a seasonal time scale and 1t Is possible to
characterize this vartation by taking measurements at weekly
or even monthly time Iintervals. Current veiloclity, however,
usually varles over a time scale assoclated with the tidal cycle,
i.e. hours, and its characterlizatlon reguires very frequent
measurement. Another important consideratlion in designling a
sampling programme is the extent of resources avaliable, Iin this
case mainly time, for sampling and sample processing.

With these consideraticens In mind, it was suggested to
growers that they try to monltor thelr sltes on at ieast a
biweekly basls. They were, however, encouraged to monttor more
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Figure 1. Location of sites originally selected for the monitoring programme.
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Table 2. Varlables selected for monitoring.

VARITABLE TECHNIQUE

Physical Factors
Wave Conditlons Field Observations

Y8l S-C~-T Meter

Temperature

Water Transparency Secchl Dlisc

suspended Particulate Matter Filtration, Gravimetric
Particulate Inorganic Matter Filtratlon, Gravimetric

Chemlcal Factors

Salinity YSI S~C-T Meter

Dissolived OxXygen Winkler Titration
Blologlcal Factors

Phytoplankton (Chiorophyli) Spectrophotometric

Zooplankton Gravimetric

Partlculate Organlc Matter Fllitration, Gravimetrlic

Mussel Growth Rates Gravimetric and Merlistic

Mussel Mortality Field Cbservatlons

Condition indices % Glycogen and Meat Weight

Fecundlty Gravimetrlc (Gonad Welight)
Spawnlng Tlmes Gravimetric (Gonad Welght)

spatfall Times and Densitles Spat Coltlectors
Predators Fileld Observatlons

Foul ing Organlsms Fileld Observatlions

often I|f they had time, partlcularly those varlables, such as
temperature and salinity, that requlre a minlmum amount of time
and effort to measure.

As the programme progressed it became apparent that at
certaln times of the year growers are especlally busy and It is
difficult for them to find much time for monitoring. Rather than
collect no data at all during these times, which would leave
ser lous gaps In the data base, it was suggested that they alter
their monitoring activities to sult the time aval lable for
monitoring. A list of monitoring priorltles was establ Ished (see
jetter of 23 June 1988 in Appendlx B) to ald the growers in
deciding what informatlon would be most usefu! when there was
insufficient time avallable to carry out all of the monl toring

tasks.

D. Monitoring Techniques and Equipment:
There exists a great diverslty of techniques and equipment

avalilable for monitoring water quallty. The primary criteria used
select the most appropriate techniques for recutline monitoring

simplicity to persons having little prior experlence in
potential for obtainlng

to

were
scientific measurement procedures,
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Table 3. Equipment supplled to each grower.

Polyethylene Box to Hoid Fleld Equipment
Water Sampler - 2 llter Van Dorn Bottle
¥S1 Portablie S-C-T Meter with 15 Meter Probe
Secchl Disc - 30 cm Dlameter
Zooplankton Net - 30 cm Diameter - 160 um Mesh
Dissolved Oxygen Apparatus:
6, 300 m! BOD Bottles
. 250 ml Reagent Bottles
2 ml Plpetes
Burette Stand and Ciamp
50 ml Burette
Funnel
200 mit Tlitration Flask
200 ml Graduated Cylinder
ation Apparatus:
1000 ml Graduated Cyl Inder
1000 ml Polyethylene Sample Botttles
1000 mi Filltration Flask
Filter Holder
Hand Operated Vacuum Pump with Gauge
Fllter Tweezers
100 Filter Contalners
50 Watman GF/C Fllters
25 MIllIpore HA Fliters
Reagents:
500 ml Manganous Sulfate Solution
500 ml Sodium Azlde/Sodium lodlde Scolutlion
500 m! Conc Sulfuric Acid
1000 mt PAQ Sotlutlon
100 mi Saturated Starch Solution
MlIscel laneous:
6 Marking Pens
100 Data Sheets
50, 30 ml Sample Botties
50, 500 m! Sample Beottles
1 {iter Formalin
50 mi Lugol’'s lodide Solution

- - - -

~

i
- -

conslistent and comparable as opposed to precise or scientlifically
accurate results, and time redqulred for measurement. In selecting
the equipment for monitoring the important criliteria were ease of
use, longevity, and reasonablie cost. Table 3 presents a {ilst of
equipment distributed to each grower. WIith the exception of the
YSi S-C-T meter, whlch requires periodic callbration, all ltems
listed requlre Ilttle malntenance, are readlly avallable, and
require a minimum amount of Instruction for proper operation.




E. Training of Growers:

The initial training of growers was carrled out in August,
1987 at a two-day workshap held at Acadla University. At the
beginning of the workshop growers were introduced to the
raticnaile behind the monlitoring programme with particuilar

emphasis being paid to the reasons why each variable was chosen
and how to properly Interpret the results of each measurement,

Most of the workshop, however, was devoted to providing
particlipants wlth hands-on experlence In each monitoring
technique. In addlitlon to classroom demonstration and practice
of the laboratory techniques, growers were taken to a nearby

waterbody where each of the fleld techniques was demonstrated and
practiced.

In addition to the growers, the workshop was attended by a
number of other individuals, mainly government employees that
have frequent contact with growers and who expressed an Iinterest
in iearning about the programme and a deslire to ald growers in
carrying out the monitoring tasks. Appendlix A lists alt
participants of the workshop along with thelr position and

affitiation.

F. Manuals: _
A malor objective of the programme was to produce a manual,

orlented to non-sclentists, describing the need for and
oblectlves of a monitering programme as well as general
information on mussel biology and instructions on monitoring
techniques. Two manuals were produced for the programme.
Initialiy, in preparatlion for the trailning workshop, a technliques
manual was prepared describing, in brief cookbook fashlon, step-
by-step detalls of each monitoring procedure. This manuat
provided all the Informatlon necessary for a grower to perform

the fleld and taboratory procedures and to properly preserve and
prepare samples for shipment to ACER. Although some information
on the Importance and relevance of the varlables being monitored
was Incuded, this was not covered In detall. The latter was the
subject of a second more comprehenslve manual deailng with the
general biology of Mytilus and how its settiement, growth and
survival is affected by various environmental factors. In
addlition, a sectlon of this manual discusses the theory behind
each field procedure and the general techniques used at ACER in

analyzing data and samples col lected by growers.
The two manuals were prepared with the idea that together

they would provide all the Information necessary to understand
and master the monitoring technlques, as well as iInterpret the
resulting data, making them useful to growers other than those
officially participating In the monitoring programme.

Since the programme was novel, the Inltiatl design somet imes
required changes and periodic updates were sent to growers. These

are collected in Appendix B.

G, Site Vislts:

As a foliow-up to the training workshop, a slte vistt was
made to each of the monitoring sites. The Intent of the site
vislt was to have each grower perform the monitorlng tasks in the
presence of somecne well-trained in the techniques to insure




that the procedures were understood and ptroperly carried out,
This also provided a chance to briefly survey sites and address
any unusual conditions that might require some departure from
the monitoring procedures discussed at the workshop or described
in the manual.

Fer the Guif Region, slite wvislts were made In early
November , 1887 and agaln In late May, 1988. In Nova Scotla, slte

vislits were made In early May, 1988.

H. Sample and Data Analyses:

Although some of the Information collected by growers, such
as water temperature and salinity, could be Interpreted directly,
most requlred further analyses and thls was onhe of the major
responsliblilties of ACER. Growers were glven Instructions as to
proper processing and preservation of samples and these were sent
to ACER by courler. At ACER samples were analyzed upon recelpt
and the resulting Information immediately sent to growers. All
data recelved were tabulated and stored Iin readlly accesslible
data fiies. Perlodically, thls Information was collated into a
simple report listing all the data colliected at each slte which,
by way of sIlmple averages, allowed each grower to compare thelr
site with other sites.

The analyses performed by ACER are |l lsted In Table 4.
Appendix C provides detallis of the laboratory techniques used In

the anaiyses of samples.

Table 4. Analyses performed by ACER.

Shell Slze (Length and Width)
Shell Weight

Meat Welght (Wet and DOry)

% Glycogen Content

% Gonad Weight (Fecundity)

Shel | Growth Rate

Condition Indices

Chlorephyll Concentration

Total Particulate Matter

Total Particulate Inorganic Matter
Total Particulate Organic Matter
Suspended Particulate Matter
Spawnling Times

Spatfall Densitles

Stability of Stratification

P11, RESULTS
Evaluation of the monitoring programme is best made in

reference to the extent to which the major objectlves of the

programme, as |llsted in Section |, have been met.
With regard to the objectives of educatlng mussel growers




about the environmental factors Important in determining the rate
at which mussels grow and die, and the techniques avaliable to
measure these factors, the programm has been gqulte successful.
This was most strongly evidenced by comments made by growers at
the workshop and in conversation during site visits. Few, |If any,
fett that the monltoring techniques were too complex for them to
master, and there was Ilittle Indication that they did not
understand the rationale behlIind the choice of variabies belng
monitored. Some,in fact, felt confldent enough to tallor certain
aspects of the monitoring programme to provide Information more
specific to their particular growing site or to address questions
they were especially Interested In answering. The only persons
ever expressing doubts about the abllity of growers to carry out
the monltoring procedures were indlviduals not directly involved
In the programme and unfamillar with the training recelved by
growers.

The programme has afiso been successful in terms of
establishing an efficlent set of procedures for forwardling
samples to ACER, processing the samples within a reasonable tlime
perfod, and returning the resulting Information to growers Iin an
intellligible form. The use of local courler services to ship

samples from growers to ACER worked very well. In most cases
samples were recelved at ACER within twenty-four hours of belng
shipped, and In no instance did a sample arrive at ACER in- a

condlition poor enough to preclude analysis. The procedures used
at ACER for analysis of samples provided conslstent results that
could easlily be duplicated at other laboratories. Data collation
using SPSS and the report generation faclility of this programme
provided a versatile means of generating the reports Issued to
growers and allows easy transfer of data flles to other
computers. As the programme progressed, however, it became
increasingly evident that If all twenty growers had particlpated
to the full extent and had sampled their sltes on a biweekly
basis, sampie analysls and data processing by ACER would have
required considerably more time than that avallable to a half-
time laboratory technician.

The greatest shortcoming of the monltoring programme was the
relatively poor response by growers In terms of elther thelr
ablllty or willingness to particlpate In the programme. Of the
twenty original growers, only four participated to the extent
that a reasonably significant data base was developed for thelir

sites. The response was particularly poor for the Gulf Reglon
where only two of the orlginal twelve growers participated to any
real extent. In Nova Scotia only three of the origlnal elght
growers remained In the programme, but because of a much hlgher
awareness of the programme among Nova Scotla growers, it was

possible to replace those not participating wlth others having
expressed a desire to be Included In the programme. As a result
there were flve growers in Nova Scotia committed to monltoring at

the termination of the programme.
The reasons for this refatively poor response, particularly

for the Gulf Region, are numerous and complex and, in many
cases, not simpily the result of an unwilllngness amohg growers
to participate in the programme. The status of each original

participant at the termination of the programme Is glven In Table
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5. Of the twenty original growers, seven were never able to
particlpate in the programme as a result of elther loss of thelr
mussel crop, fallure to obtaln a lease slte, or having thelr site
closed as a result of pollution problems. Elght particlipants,
five of which were from Prince Edward Island, failed to ever
pbegin monitoring. In one instance a grower declined to agree to
the condltion that the monltoring equipment would have to be
returned i f [+ was not being used or if the programme was
terminated for some reason. Five of the orlginal growers, two In
Prince Edward Istand and three in Nova Scotla, monitored thelr
sltes falthfully and, In Nova Scotia, two additional particlpants
were found to replace growers orlginally selected but who faliled
to participate after the first year, glving a total of seven
growers that were committed to the programme at its terminatlon.
Dur ing the course of the programme, those growers not having
exhiblted any monlitoring actlivity, and not having experlenced
problems wlth thelr Ilease site or mussel crop, were periodically
contacted In order to determline the reasons for their Inactivity.
In almost all cases thelr response was that they simpty had not
been able to find the time to begln monltoring, but that they
were stlll Interested. Few were wllilng to return the monitoring
equlipment and Instead gave assurances that they would soon begln
monltorling. I+ was not untll the latter part of the second year
of the programme that these growers were wliiing to concede that
they would probably never find the time to monitor and agreed to
return their equlpment. suprisingly, many of these growers were
disappointed to learn that the programme was terminated.

[+ would appear that, on the basis of the ievel of
comm| ttment shown by different individuals in the programme, It
should be possible to make some generalisations about the
characteristics of growers most llkely to contrlbute to a
programme of this sort., This does not appear to be the case,
however. Those who dld partlcipate Included smal ler as well as

larger growers, both part-tIime and fuijl-time growers, and growers
having a strong background in blology as well as those having

fittle or no background in blology. About the only
generalisation that does seem evident Is that most growers just
starting on a full-time scale are very busy trylng to make thelr
operations financially viable and as a conseguence have llttie
spare tlime avallable mak ing them poor choices for a monlitoring
programme.

Of the original twenty sites selected for the programme, at
jeast some data was collected on seven sites. The replacement of
two orlginai participants in Nova Scotia makes a total of nine
sttes for which some data was obtained (six In Nova Scotla, two
in Prince Edward lIsland, and one in New Brunswick). Figure 3
illustrates the location of these sites. However, of these nine
sites only five were monitored often enough to produce a useful
data base. Appendix D presents a listing of all data col lected
for all sittes. Appendix E presents summaries of how those sites
having sufflcient data compare with each other, and Appendlx F
presents time series plots for a number of selected variables at

each site.
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Site Number

‘*JO).L\(.QN...;

10

17

rower /L tion

Clearwater/ Marle Joseph, NS
S.F.T. Venture/ Blandford, NS

T DWW T DLT

Darnell/ Mahone Bay, NS

Mac |nnes/ Port Hood, NS
Maloney/ Tatamagouche Bay, NS
Marchand/ Lennox Passage, NS
Stewart/ New London Bay, PEI
Townshend/ Tracacadie Bay, Pl
Daigfie/s Richibucto, NB

Figure 3. Location of sites for which data was recorded.
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Table 5. Status of original particlipants at termination of the

programme.

1. P. Budresk]

2. P. Marchand

3. P. Darnell

4, J. Maclinnes

5. K. MaclLeaod

6. R. Maloney

7. Guysborough
Aguatic
Ventures

8. J. Underwood

NOVA SCOTIHA

Never began monltoring. Eventually returned
monltoring equipment which was then transferred

to Cliearwater.

Performed routine monltoring throughout the
programme and was perhaps the most rellable
of all particlpants.

Performed routine monitoring during the
flrst year of the programme. Discontlnued
monltorlng during the second year as a
result of problems assoclated wlth the
destructlon of hls processing plant by flre
and consequent lack of time for monitoring

whlie rebuliding.

Per formed routlne monltoring at start of
programme, but eventually lost site due to
poilutlon problems.

Never began monltoring desplte continued
assurances that he would.

Performed some monitoring during early
part of the programme, but jost mussel
crop after the first winter.

This company ceased operations during the
early stages of the programme. 1t was
replaced by SFT Ventures who mon i tored
throughout the programme on a regular basls,

Per formed some monltoring at the beglinning

of the programme, but flnanclal problems
and difficulties in obtaining a permanent
lease resul ted in his leaving the

programme. The monlitoring equipment was
eventually given to R. McFartane, but at
too late a date to participate in the

programme.
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Table 5 (Continued)

GULF REGION
9. G Arsenault Never obtalned a growing slte.

i0. S. Stewart Performed routine monlitoring throughout
the programme.

11. R. Dockendorf Never began monitoring.

12. T. Farrell Never began monttoring.

1i3. G. Kelth Never began monltorling.

14. R. MacPherson Never began monlttoring.

i5. R. Townshend Performed routline monltoring throughout

the programme.

16. J. VandenBremdt Refused to agree to conditlons of the
equipment loan and therefore never

entered the programme.

17. M. Dalgle Monitored slte once.
18. C. Lanteligne Never began monltoring.
i8. G. LeBlanc Lost mussel crop In early stage of the

programme and therefore never began
monitoring.

20. A. Benolt Growing slte was closed as a result
of pollution problems at early stage of

the programme.

11}. RECOMMENDATIONS AND SUGGESTIONS

During the course of the programme, a number of discusslions
were held with both growers and others having various flevels of
involvement in the monitoring project. This section summarises a
number of ideas and suggestions In regard to changes that might
be made to improve the programme.

A. Setection of Participants
The most obvious result of the monitoring programme has been

the realisation that the single most Important and difficult task
in establlishing a successful monitoring programme is being able
to select participants that are both committed to routinely
monitoring thelir sites and have the stabillty to remalin with the
programme onh a long-term time scale. Although most growers
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reattse the potentliai wvalue of monltoring environmental
conditions at thelr growing sltes, only a select few are really
In a positlon to commlt themselves to performling this task
routinely. The success of any future monitoring programme
involving the actlve participation of growers will depend largely
on establlishlng a procedure to tdentify those growers most able
to make this committment, and to quickly remove and replace those
who do not meet thelir obligations.

Perhaps the best means of accompliishing this Is to limit the
programme to growers that speclfically request to take part, as
opposed to approachling growers and asking for their voluntary
particlipatlon. This wouid insure that appreciation of the value
of the programme and a certain level of commlttment are present
at the outset. Availablility of the programme could be advertlised
through notices in the numerous publications deal Ing with
aquacul ture.

A further assurance that oniy slncere participants take part
'n the programme Is to require a financlal commi ttment on the
part of the grower. This couild take the form of an.annual rental
fee and could perhaps be set at a rate to cover the cost of
equipment maintenance {(particularly the YS|I S—-C-T meter) and the
cost of consumable suppliies. In addition to insuring that only
those with a real Intent take part In the programme, thls
arrangement would also help to offset some of the costs, an
important conslderation in any programme fnvoiving long term

fundlng.

B. Simplificatlon of Monltoring Tasks

The monltoring chores require about one-half to one hour of
fileld work, and about one hour for preparatlon and preservatlon
of samples. These tasks could be made a bit simpler, but not to
any great extent since the Information collected s really
minimal in terms of documenting the most Important environmental
factors. Two changes that might be made to shorten the tlime
required for monltoring wlthout resulting in a great loss In
information are elimination of routlne dissolved oxygen
determinatlons and collection of zooplankton samples.

When the monltoring programme was being formulated, there was

littie information available on the extent to which dlssolved
oxygen may become depleted at growlng sltes, Based on what has
been learned during the programme, It Is doubtful that this ever

becomes a serlious problem at most growing sites and constant
monitoring of this factor Is probabiy not necessary. However,
because of the severe conseguences of low dlilssolved oxygen
levels, growers should retain the capability of measuring it in
those Instances where there is reason to believe it may be a

probfiem,

The collectlon of zoopilankton sampies was Inciuded in the
programme to provide information on the amounts of coarse
particuiate material, especlally organic detrital materiai, that
can potentially be an Iimportant food iItem of mussels. It has,
however, been difficult to evaluate this easily and quickly at
ACER and has hot provided much useful information. In addttion,
the colilection procedure involves considerable time reliative to
other monitoring tasks, as wel! as the handling of formalin In
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the fleld. As a result both collection by growers and analysis by
ACER involve a disproportlonate amount of effort In terms of the
information obtained and their Inclusion In a routine monitoring

programme is questlonable.

C. Monitoring Performed by Others

During the course of the programme, it was often suggested
that the best way to insure slites are monitored on a routine
basis is to have this done by Indlviduals empioyed specifically
for this purpose. Although thls would certalinly resuit In a more
rellable programme, it would essentiatly defeat the major
advantages of a programme involving growers, 1.e. reasonable cost
and training of growers. The additlonal salaries and travel
expenses that would be requlred to employ persons other than
growers would at least double the cost of the programme, and the
educat ional! aspects of the programme would be largely lost.

D. Locallisation of Coordinating Centre

The more favorable response to the monltoring programme ({n
Nova Scotlia as opposed to the Gulf Reglion suggests that there is
some beneflt to having the monltoring programme coordinated on a
somewhat smaller scale and Iin closer proxImity to growing sltes.
The fact that ACER is located In Nova Scotla has had certaln
benefits for MNova Scotla growers, not only In terms of belng
closer to the sites belng monltored, but also In terms of more
frequent contact wlth growers and a greater awareness among
growers of the kinds of resouces avallable for the programme.

Likely candidates for coordlnating centres located In the
Gulf Region are the Veterlnary College In Prince Edward Island
and the University of Moncton In New Brunswlick.

V. CONCLUSIONS
As a whole, for the amount of effort and expense Invoived,

the monitoring programme has not been especlally successful. This
more so for the Gulf Reglon than Nova Scotla. Although It Is

Is
unreal istic to suppose that all of the origlnal participants
would have falthfully commltted themselves to the programme, it

was hoped that at least haif wouid have shown a commlittment
during the first year, and that In the second year those who did
not respond would be replaced by others expressing an interest in
being part of the programme. Thls dld happen to some extent in
Nova Scotla, but not at all in the Gulf Reglon. The major
problem in establlishing a programme of the Kind attempted here
lies not In loglstics, but In ident!fylng growers who appreclate
the potential value of monitorling their slites and who reallse

that, because of the expense Involved In having universtity or
government agenclies do thls for them, it Is unlikely that this
wiil be done by anyone but themselves.

it appears that the monltoring programme may

In retrospect,
lts time. For the most part the

have been somewhat ahead of

mussel aquacuiture industry Is stili in the early stages of its
growth and the problems of most concern to growers centre around
competition In the marketplace, insuring the flnancial secur ity
of their operation, setting up adequate systems to Insure the
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public recelives a safe toxin-free product, prolonging the harvest
season, and numerous other loglistic problems (nvolved in the
growing and processing of mussels. Monttoring environmental
condltions at growlng slites often assumes a low priority in view
of these other concerns. However, as the Industry grows and
problems more biological in nature, such as carrying capaclty
Ilimltations and the environmental Impact of culture operatlions,
assume a greater Importance, some sort of monltoring programme
will be reqgquired. It is not unrealistic to belleve that before
too tong, monitoring water quallty as a means of assessing the
impact of culture operatlons may become a condltion for obtainling
a slte lease. Hopefulily, the experlence galned In thls programme
will be of wvalue In insuring the development of a workable

programme In the future.
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Workshop Participants

Prince Edward I[sland

Gerald Arsenault (mussel grower)
Box 45, Weilington Bay

P.E.I. COB 2t0

902-854-2710

802-854-2610

grower )
inc.

Russel Dockandorff (mussel
St. Peter’s Bay Mussel Farms
P.O. Box 43, St. Peter ' 's Bay
P.E.I. COA 2A0

(musse!l grower)

Terry Farrell

St. Mary'’'s Road
Montague, R.R. #2
P.E.IT. COA 1RO
grower})

Greg Keith {mussel

Musseimen
R.R. #4,
P.E.I.

Inc.
Lower Montague
COA 1RO
grower}

Ralph MacPherson (mussel

Orwell
P.E.I. COA 2EOQ

902-651-2876

(mussel grower)

Stephen Stewart
Kensington, R.R.

Spring Valley
P.E.I}. COB 1MO

8902--836-5534

#5

Roger Townshend (mussel grower)

Biooming Point Road

Mt. Stewart, R.R. #1

P.E.I. COA 1TO
VanDenBremt {mussei grower)
P.O. Box 75, Cardigan

P.E.I. COA 1GO

902-583-2202

Henr i

George VvVessey (President, PEI

32 Hiilside Dr.
Charlottetown
P.E.I. CiA BH7

19

Mussel

Growers Association)




Nova Scotia

Zachery Green (mussel
R.R. #2, Mahone Bay

N.S. BCJ Z2EO

902-624-8087

John F. Maclnnes {mussel
R.R. #1, Port Hood

N.S. BOz 2WO

Ken MaclLeod (mussel
Marine Farming Ltd.

Jersey Cove

R.R. #1, Englishtown

N.S. BOC 1HO

John Mahtab (mussel

Little Harbour Fisheries
5233 Prince St., Hallfax
N.S. B3J 1L8
902-423-6610
Ralph Maloney (mussel
P.O. Box 186

Tatamagouche

N.S. BOK 1VO
902-657-2973

902-895-3640

David L. Underwood (mussel
Biue Mussel Aquaculture Ltd.
R.B. #1, Sable Rlver

N.S. BOT 1VO

902-856-2419

New Brunswick

Maurlice Daigle (musse!
57 Mathleu Cr., Moncton
N.B. E1A BC1

506-854-4541

Cecile Lanteigne (mussel
C.P. 835, Caraquet

N.B. E03 1KO
5068-727-2777

Gilles Leblanc (mussel
C.P. 120, Cap Pele

N.B. EQA 1JO

506~-577-~-4325

grower,

grower)

grower )}

grower,

grower)

grower)

grower)

grower)

arower)
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Newfound!land

Alton Benoit (mussel grower)
P.0O. Box 4856, Stephenviile
Nfild. AZN 3A3

709-643-5014

Administrators

Andrew Bagnall (Biologlst)
N.S. Dept. of Fisheries

Box 84, Musdquodoboit Hbr.

N.S. BoJ 2LO

902-889-2323

Stephen Lantelgne (Bioiogist)
N.B. Dept. of Fisherles

C.P. 1380, Shediac

N.B. EOA 3GO

506-532-2461

Claude Leger ({Biologist)

D.F.O.

P.0. Box 5030, Moncton

N.B. E1C 9B6

Marcel Leger {Biologist)

N.B. bept. of Fisherles

C.P. 1390, Shediac

N.B. EQA 3GO

506-532-2461

Maurice Maliet {Development Officler, D.F.O., Gulf Region)
D.F.O.

P.0O. Box 5030, Moncton

N.B. E1C 9B6

Rlchard McDermand (Fisheries Officlier)

N.S. Dept. of Fisheries
Box 56, Granville Ferry
N.S. BOS 1KO
902-532-7038

Geratd Mossman (Fisheries QOfficlier)
N.S. Dept. of Fisherles

P.O. Box 31, Riverport

N.S. BOJ 2WO

202-766-4749
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July 31, 1987

Letter to: Mr. Maurice Mallet, Mr. Lincoln MacLeod, Mr. lrwin
Judson, Mr. Peter Darnell, Mr. Paul Budreskl, Mr. Ralph Maloney,
Mr. Davld Underwood, Mr. Ken MacLeod, Mr. John Macinnes, Mr.
Ferry Marchand, Mr. Mark Conway, Mr. Wayne Somers, Mr. Russel
Dockandorff, Mr. Gerald Arsenault, Mr. Roger Townshend, Mr. Joe
Vanden@remt, Mr. David Cole, Mr. Greg Keith, Mr. Terry Farrel|,
Mrs. Ceclle Lanteigne, Mr. Maurlice Daigie, Mr. Alton Benoit

Dear...:

The techniques workshop for the mussel! growers’ water
qual lty monitoring programme is scheduied to take place at Acadia
University on August 20-21. An agenda, general [nformation sheet
and map of the Acadla campus Is enclosed. Registratlion Is
scheduled for 9 to 10 a.m., August 20, so you should plan to
arrive early that morning or the nlight before (rooms wilil be
avallable for the night of August 19--see the general Informatlion

sheet for detalls).

Alil materlals required for the workshop will be provided by
ACER. You should, however, bring raln gear in the event of bad
weather since an Important part of the workshop wil! involve
demonstrations and practice Iin the fileld. !n addition, for the

session on selection of sampling sites, you shouid bring whatever
charts, maps, and aerlal photos of your growing sites that you

have avallable.

| f you have any questions please do not hesitate to contact
me at 902-542-2201 (extenslon 509). { look forward to seeing you

in the next few weeks.

Sincerely,

Mike Bryllnsky

df
Enclosures
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ACADIA ‘%’ CENTRE FOR

ESTUARINE RESEARCH TEL: 1.902-342.2201

A GENDA

Mussel Water Quality Monitorlng Workshop
Acadla Centre for Estuarine Research
Acadia Universlty, Wolfviile, Nova Scotia
August 20-21, 1987

Thursday
August 20 9:00 - 10:00 Registration
10:00 - 10:15 Coffee Break
10:15 - 12:00 Introductory Comments
Monltoring Programme Ratlionale and
Goals
12:00 - 1:00 Lunch
1:00 - 3:00 Laboratory Demonstration of
Monitoring Technlques
3:00 - 3:15 Coffee Break
3:156 - 56:00 Laboratory Demonstratlons
Contlnued - Data Reporting and
Interpretation
5:00 - 7:00 Dinner
7:00 - 9:00 Discussion on Selection of
Sampling Sites
Friday
August 21 9:00 - 5:00 Hands-on Practlce of Field and

Laboratory Technlques by Mussel
Growers (Part of thls sesslon will
be heid at a nearby fleld site).

P.C. Box 113 ) 24
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ACADIA %gﬁ CENTRE FOR

ES TUARINE RESEARCH TEL: 1-902-542-2201

October '5, 1987

After considerabie delay, we have finally managed to
accumulate most of the equlpment for the monltoring programme.
We are presently assemblying these materials Into Kits that willli
be delivered to yvou within the next week or two. The [tems we
have not yet recelved are the BOD bottles necessary for analysls
of dlssolved oxygen and some of the probes for the YSI
sal lnometers. Although you wlil not be abie to make dlissolved
oxygen measurements Immedlately, this should not be a problem
since thls Is probably not a critical factor at this time of vear
for most sites. For those of you who do not recelve a probe for
the YS! sallnometer, we will try to make arrangements wlith local
government blologists to have them monlitor sallnity and
temperature for you or, alternatively, you may be asked to
temporarily share a probe with a nearby participant.

Wlth regard to ownership of the equlipment vou wlll be
recelving, | have been asked by the funding agencles to Inform
particlpants that formally the equlpment remalns the property of
the government, but that for all practlcal purposes can be
considered to belong to the partlcipant as long as the monltorling
programme is In effect and as long as the particlipant continues

to record and provide data on his/her site.

Arrangements for returning samples to us are being made and
you wlil be Informed of the procedure to follow when vou recelve

your monitoring equipment.

At our workshop there were some technlques for whlch we had
not worked out the detalls, primarfly those dealing wlth the use
of water current clods and spat collectors. We have slnce
deflned these technliques and are enclosing write-ups for them.
Please remove the orlginal Instructions from your manual and

replace them wlth the revised Instructlons.

P.O.Box 115
Acadia University, Wolfville, Nova Scotia
CANADA BOP 1X0 76




2 October 5, 1987

somet ime soon, hopefuily before the end of October, | will
be contacting each particlpant with regard to a slte visit.
These wlli i pbrobably occur arfter you have had a chance to make

Some measurements at your site and will glve us a chance to
discuss any problems you may be experiencing.

I f vyou have questlons about any of the above, please feel
free to call us,

Sincerely,

Mlke Bryllnsky

af

Enclosures
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ACADIA %t CENTRE FOR

ESTUARINE

12 January 19ss

Dear Grower:

It has now been nearly three months since the equipment
heeded for the monitoring Programme was distributed to the
growers Iinvolved in the Water Quality Monltorlng Programme. Thys
far, the response to this brogramme has been very dlsappolntfng :
of the 20 originat Particlpants, only 4 have actualiy done any
ter on the|r leases at all, and most Cf these

have oniy obtained one or two sets of samples.

all growers--jines have to be sunk, boats taken out of the water,

and other preparaffons for winter have to be made—-and by
comparlson It may see

m that the need to monitor the lease at this
time Is of rather less Importance. This certailnly seems to be the
attitude of most of vou,

The events of the past few weeks |n PEI should be enough to
convince you that the monitoring Programme that You agreed to
particlpate in shouid recelve a much higher prioritty in your work
than It s apparent|y recelving. Alj growers had recelved thelr
equlipment before the appearance of the toxlcity probtem In
eastern PEI., |f evervone had commenced thelr monltorin
In October, there would have been collected a great deatl of
valuable Information on phytoplankton, salinity, temperature, and
chlorophy| | Ih the various estuaries of the reglon, fncludlng
sSome of those affected by the toxicity, andg many that were not. A
set of conslistent samplies taken as the toxicity probiem was
beginning to manifest jtself would have proved invaluable |n
discovering the possibie Involvement of diatoms and
dinoflageilates in the affected waters, and In broviding insight
Into the set of environmental factors responslibile for the onset
of the toxic condltlons. It s pbrobably necessary now to walt
until the conditions repeat themselves (which one hopes wi|| not
happen) before the Important Questlions can be addressed. And even
a recurrence wiijl not help unless the water belng wused for
cultivation Is belng monitored on a consistent basls, The data
that vyou were Instructed to collect regulariy included a number
of Important factors that would help exptain the origin and
cccurrence of the toxictity . phytoplankton samptes would be
invaluable (n determlnlng whether diatoms are correlated wlth the
toxicity, as has been suggested; Suspended sediment
concentrations (SPM) wouid have Indicated whether dredglng

P.O. Box 115
Acadia University, Wolfville, Nova Scotia
CANADA  BoOP1Xo

9‘;‘ RESEARCH TEL: 1-902-542.220)
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activities or storms were important in increasing the sediment

loads in each estuary, and we could have determined whether
increased sediment loads were associated with toxicity; the
mussel samples that were to be sent in for condition analyses
could have been examined for the presence of the small seaweed

(Chondria) that the National! Research Councit at first thought
might be invoived.

There are obviously other exampies that couid be gquoted to
show how valuable the results of this monitoring programme could
have been. What Is more Important, however, iIs to ensure that we
do not miss out again Iin the future. We are aware that most of
you recognise the Importance of monitoring water quallty on your

leases ~-- after ail, the programme came about because many of vyou
reguested (t. It appears, however, that some of the participants
have to reassess the coblilgatlion they made when agreelng to be
part of the programme. The success of any monitoring programme

depends upon analysls of samples obhtalined from a consistent
sampl ng schedule. Obtalning information of this kind requires a
commitment to accord a high priorlty to the work, so that the
schedule Is followed desplte the demands of other actlvitles. Two
to three hours each two weeks might seem a lot of commltment (it
might be a great deal less when combined wlth other necessary
activities), but If you carefuily conslder the potential returns,
it iIs a wise Investment of time., After all, being able to answer
the kinds of questlions raised by thls recent scare wlth domolc
acld will contribute a lot to the survival of this Industry In

the region.

Another Important consideration 1is the funding of thls
programme. Before teng the government agencles responsible for
its support wlll be considering whether or not 1t should be
contlinued., If response to the programme, measured In terms of the
number of samples collected and anaiysed, continues at the
present level, It wlli be hard to argue that the programme shouid
be continued, desplte the fact that we have had an experlence
that should convince anybody of the value of the effort. .

if, as a resutt of reconsider!ing your own obllgatlon to the
you declde you do not wish to comnit the effort
not convinced of 1ts value, please return
It can be glven

programme,

required, or are stiti
the equlpment to us as soon as posslibie so that

to someone else.

We regret the negative tone of this letter, but we are

concerned that unless something Is done soon, the future of the

programme does not lock very good. Please glgg this your serlous

and urgent conslderatlion. e 2SN

Yours sincerely,

Mlike Bryllnsky

ne
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ACADIA %@ CENTRE FOR

ESTUARINE % RESEARCH TEL: 1-002-542-2201

23 June 1988
To All Participants In Monitoring Programme

Dear

he last few months I have had occasion to speak with many of the
mussel growers involved in the water quality monitoring programme. Based on
numerous discussions, it has become obvious to me that, at certain times of
the year, the workload involved in growing mussels is very high and it is
unreasonable to expect that water quality monitoring activities will be given
much of a priority during these periods. Unfortunately, the development of a
good, useful data base ideally requires consistent data collection to insure
that seasonal trends and the presence of unfavorable growing conditions are
adequately recorded. Tn order to achieve this objective without asking you to
give monitoring & high priority during those busy times, I would like to
suggest that you alter the extent of your monitoring activities to coincide
with the amount of time you feel you have available for this task. For
example, during busy times you could decide to do only the bare nminimum,
perhaps a temperature—salinity profile, a chlorophyll sample and a mussel
sample. This should only require a half-hour or less in the field and 15
minutes or so in the lab, but would allow continual monitoring of the most
important environmental factors affecting your mussels.

Qver t

me, you may add a secchi disc reading and a
The main point is that it is better to do some
han all monitoring infrequently.

If you have a bit more ti

phytoplankton or SPM sample.
monitoring on a frequent basis rather t

what to include and what to omit when pressed
for time, I have listed on the attached page the various sampling activities
according to what I consider the greatest priority. I have also grouped these
into a number of "levels" of varying activity, level I being the tasks carried
out when busy and level IV being the tasks carried out when you have more time
available. These are only guidelines and you can work up your own "levels"

depending on your interests.

In order tc help you decide

Sincerely,

Mike Brylinsky

df
Enclosure

articipation in the monitoring

P.S. This approach, hopefully, will make p
t still allow some

programme a bit less demanding during busy perilods, ye
data collection.

PO. Box1l3
Acadia University. Wollville. Nova Scotin
CANADA BOPIXO
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ACADIA ¥ CENTRE FOR

ESTUARINE % RESEARCH TEL: 1.902-542.2201

November 18, 1988

Lc.@?/v t 6/0\4&@(5’

Dear -
Please find enclosed summaries of the data that have been recorded thus far for your growing
sites. Three types of summary are provided. One simply lists all the data for your site as it has
been recorded. Another summary plots the data against time to give you an indication of the
seasonal variation in each variable, Finally, the range and mean of each variable for the time peried

April 1 to September 30, 1988 for all sites as well as for your particular sites have been tabulated
and listed together to give you an idea of how your site compares with all other sites. _

In the latter summary, it should be kept in mind that some caution is required in comparing
the mussel data since different sites have mussels of different ages. We have tried to partially

correct for this by providing separate summuaries for young (less than one year old) and old (greater -

than one year old) mussels, but even so, if the values for your mussels are either very low.or very
high it may simply mean that your mussels are at the low or high end of the age scale. Youcan
casily check this by comparing the mean age for all sites with the mean age for your sites.

If you have any problems understanding or interpreting the results, or questions of any kind,

please call us anytime.
Sincerely,
Mike Brylinsky

df

Enclosures
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APPENDIX C

Detalls of Techniques Used at ACER
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SAMPLE ANALYSIS PROCEDURES USED AT ACER

A. Morphometrics:

1. Frozen mussel samples were thawed and randomly subsamp!led
to produce a representative sampie of either six (> i2 months
oid) or ten (< 12 months old) musseis.

2. Total shell length and width was measured using a vernler
caliper and recorded to the nearest 0.5 mm.

3. Sheills were opened, the soft parts removed and, |f gonads
were present, somatic tissue and gohads were separated from each
other.

4., All mussel tissue was then weighed to determine the wet
weilght.

5. - Both shel ] and mussei tissue were oven drled for 24

hours at 80-100 C and reweighed to determine dry welight.
6. A conditlon Index was calculated as fol lows:

Total Dry Tlissue Weight
Dry Shell Weight
7. Fecundlty was calulated as percent gonad weight as fol lows:

Dry Gonad Welght

Fecundity = ———— . X 100
Total Dry Tlssue Weight

B. Glycogen Content:
1. Frozen mussel samples were thawed and subsamplied to produce

a representative sample of three to sixXx mussels.
2, All meats were removed from the subsample and combined Iinto

one sample.

3. The volume of the comblined sample was determined by
measuring the volume of water displaced by the sample.

4. The sample was then homogenised to a thick siurry in 4 ml
of YSI| buffer solution.

5. The resulting slurry was made up to a volume of 12 m! using
YSI| buffer and mixed by hand shaking.

6. Two ml of the slurry was incubated at room temperature for
3 hr in the presence of 200 ul of amyloglucosidase enzyme
solutlon (made by dissoiving 500 mg of enzyme in 100 ml citrate

buffer).

7. After Incubation the sample was centrifuged for 30 min at
2200 rpm.

8. Twenty-filve ul of the resulting supernatant was then
analysed for glucose using a YSI| Industrlal Analyser. (Standards

were run using a glucose solution containing 12.5 mg gliucose In 5

ml of cltrate buffer.)
9. Results were reported as percent glycogen calcuiated as

fol lows:
mg glucose

% glycogen = ——ommmmme X 100
Dry Tlssue Weight
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C. Chlorophyll:
1. Frozen Watman GF/C filters were added to 8 ml of 30%

acetone and homogentzed for 1 min.

2. The resulting solution was then flltered through a Watman
GF/C fllter to remove glass fibers and the filtrate made up to a
voiume of 15 mi.

3. The filltrate was analysed for absorbance |n a narrow-band
spectrophotometer using a 5 cm pathlength.

4. Phaeophytin was determined by remeasuring absorption after
acidiflcatlon of +the samplie with two drops of 10N  hydochloric

acld.
5. Total <chlorophyll and phaeophytin concentrations were
calculated wusing the equatlons presented in Strickland and

Parsons (1972, A Practica! Handbook of Seawater Anailysis. Flsh.
Res. Bd. Canada, Bull., 1867).

D. Suspended Particulate Matter:

1. Frozen 0.45 um Millipore filters were oven dried for 24 hr
at 60-70 C.

2. The dried filters were then welghed on a microbalance and
the weight recorded to the nearest mllllgram.

3. SPM concentration was calcuiated as the total weight of the
filter minus the dry flilter welght and corrected for the volume
of water filtered and the results reported as mg SPM per [lter.

E. Total Particutlate Matter (TPM), Total Partlculate inorganic
Matter (TPIM}, and Total Particulate Organic Matter (TPOM)

1. Frozen pre-tared Watman GF/C fllters were oven dried for 24
hr at 60-70 C.
2. The drled filters were reweighed on a microbalance to the

nearest mg.
3. The filters were then combusted at 450 C for 24 hr in a

muffel furnace.
4q. The filters were then rewelghed and the followlng

calculations made:
net weight dry residue

ml water filltered
net weight after combustion
ml water filtered
TPOM = TPM ~ TPIM

F. Spatfail Density
i. Collector samples, previouslity preserved In formalin, were

divided Into four equal sized squares one of which was chosen as

a representative subsample.
2. Subsamples were then further divided Iinto 72 sampling flelds

using an ocuiar micrometer and a total! of four filelds enumerated
for spat. | f densities were very low, a total of sixteen flelds
were enumerated, and In those cases where no spat could be found,
another of the Inlttial subsamples was examined as a check.

34




G. Stabllity of Stratificatlon
1. For those sites that exhiblted stratification, stabl 1ty
of stratification was calculated as follows:

Stab of Strat = e ____
{Zsur / 2) where,

bbot = Denslty of Lower Water Laver

Dsur = Density of Upper Water Layer
Ztot = Total Water Depth
Zsur = Depth of Surface Layer
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o

Data Base:

APPENDIX D

Data Recorded for Each Site
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