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Abstract

In the Bonavista Bay North area of Newfoundland tbere is a unique population of

salmonids that supports an extensive recreatio nal fishery . In recent years the population

hasexperienced a serious dec line resulting in reduced angling quality. This thes is takes a

multidisciplinary approach to researchthat attempts to overcome some of the problems

assoc iated with recreati onal fisheries management in Newfoundland. The

multidisciplinary managemen t approach was used to gathe r data necessary for succ essful

management and conservation of the population by focusing on both the fish population

and the anglers woo exp loi t it, Data on the populati on 's ecology and fishery were

ga the red by interviewing knowledgeable local an glers and by directly sam pling the

po pulation. Data on the motivations and management preferenc es of anglers were

gathered by conducting a surv ey of the general an gler population .

The resul ts demonstra te that the fish is an Atlan tic salmo n with a life hist ory

characterized by extensive use of lhe estuary in the pre-smelt stages followed by

smoltification usually at age 3+ or 4+. The saltwater phase cf the Life-cycle is of short

duration. lasting only two to threemonths, which results in smaller size and youn ger age

at maturi ty and a highe r incid ence of repeat migration between freshwat er and saltwater

than in typical populations of anadromous Atlan tic salmon.. Resul ts of the general angler

survey demonstrate that anglers are motivated to fish for a number of reasons including.

but not limited to. bein g outdoors. enjoying nature , relaxin g, escaping everyda y

pressures. sharing experiences with ethers, and the sport of fishing .

Data gathered from anglers suggests that the most important reaso n for the

po pulation' s decline is overfishing resul ting from regulations tha t do not adeq uately

protect the populatio n. The data also demonstrate that there is widespre ad suppo rt among

anglers for a new mana gement initiative aimed at enhan cing the fishery and protectin g

the population. The resul ts of the study suggest that new regulations aimed at redu cing

the harvest and matc hing more closely the anglin g season and migration habits of the fish

wo uld bean acceptable means of protecting the populati on and improving fishing quality .



Based OD the data gathered. specific regulations aimed at impro ving the fishery and

protecting the populatio n are recommended.
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CHAPTER 1: THE MYSTER Y FISH OF BONAVISTA NORTH

1.1. Th e Southwest Pond Seatro ut

In the GreenspondlValleyfield Harbour area of Booavista Bay North,

Newfoundland. thereis a population ofan anadromous salmonid thathas a life history with

a number of unusual characteristics. The population. known locall y as the seatrout.

saltwater trout or SouthwestPond searrout, is recognizedby local people as being distinctly

different from any other fish population in the area and is exploited and valued on the basis

ofa recreational fishery . None theless. its existence is not form ally recognized by the

gove rnment departments responsible for recreational fisheries management in

Newfoundland and labrador and. therefore, it automa tical ly falls under the provincial tro UI

management plan. Reports by local anglers ofdeclining population sizeand smaller fish

suggest that past managemmt under the trout plan hasallowed over-explct tatioc oftbe

resource andthat a new management strategy is needed if the population is to suppo rt a

sustainable recreational fishery .

There are a num ber o f reaso ns to believe that the Southwest Pond seatrout fishery

bas sufficient social and economic value to the surrounding communities to justify

developing a new management plan. The Southwest Pond seatrout alreadysupports a

fishery with a long history. An glers who participate in the fisheryare concerned that

management of the population is not adequate andstrongly support efforts to preserve and



enhancethe fishery. Furthermore. this unique fishery basthe potential to attraetanglers

from outsi de the local area whoare looking for DeW fishing experiences andthus bring

economic benefits to the surrowxiing communities. The Southwest Pond watershed is

located approximately 20 kilometres fromthe Indian Bay watershed.an area known

lhro ughout the province for its trophy brook trout anglin g. A well-managed Southwes t

Pond seatrout fishery would serve to further enhanc e the eco-tourism potential ofthe region.

There is, in fact, already a group of highly motivated local peo ple who have beenworking

lhrough the Indian Bay-Cape Freels Ecosyst em Devel opment Association to promote,

enhance.and manage the Indian Bay fisheryon a community watershed basis. These

peop le have alsoexp ressed an interestin conserving anddeveloping the fisheryfor the

Southwest Pond seatro ut.

The only documented informatio n curren tly availab le on the Southwest Pond

seatroct and its fishery are a smal l amount of informal datacontained in two episode s' of

the popular local television program "Newfoundland Outdoors". Develop ing a

management plan andevaluatingmanagem ent success will requiremore extens ive data on

thepopulation and its fishery lhat is collected with a more formal meth odology .

lnformation about the rang e and distribution of the fish.its life history and population

dynamics is essential. but to assure management success it will be also be important to

eval uate the current fis hery and the range ofbenefits derived by peo ple from it. In an

attem pt to overco me some of the problems associ ated with the current process of

recreati onal fisheri es management in Newfo undland and Labrador. the research presen ted in

this thesis will take a mul tidiscip linary approac h to co llect som e oftbis important data.

1 "Mystery FISb" (1977) and "~SrEelbeads " (198 1)



1.2. Problems with Recrea tionat FISheries Management in Newfoundbnd

There an: currently two recreatioealfisheries management plans in effect in

Newfo undland and Labrador . Oneof these plans regulates the fishery for anadromous

Atlan tic salmon (Sainw sa/Dr) and the other regulates thefishery for tro ut (mostly

Saivel inus fo ntina/is ) and ouananiche (non-anadro mous Atlantic salmon). Under these

managemen t plans the province is divi ded into a number of manage ment zoneswhich differ

only in the opening andclosing dates ofthe fishing season. The trout manageme nt plan

was revised in 1994 to include four manag ement zonesand wasdesigned to reduceoverall

harvest of trout and to protect trout populations in the spring when they may be particularly

vulnerable (Bucbaaan er a/. 1994). Although therehasbeena great deal of infonnatioo

gathered 00 various trout populations in Newfoundland andLabrador (see Houston 1994) ,

trout fishing regulations have little under lying scientific basis. Most of the past research bas

beenundertak en as part of individual research agendas andbas not beenco-ordiearedand

linked to management issues. Thus. it has beendifficult to incorporate these data into the

manag emen t process.

The salmon management plan has been in effect for a numb er of years and has

undergo ne many modifications since 197 1 as managers have attem pted to deal with

increasing explo itation anddecreasing stocks (Buchanan eraL 1994). Target spawning

requirem ents (number of adult spawners per year) arecalculated. for eachof tile scheduled

salmon rivers in the province andthe fishery is managed to minimize:the number of fish

harvested eachyear to permit the targets to be met ineach river system.. Salmon NOS are

oat monitored on a river-by-river basis however. but insteadthe health of salmon stocks

throughout the province is assessed by monitoring the spawning escapement in a few index

rivers (Chadwick 1995).

If management of the Southwest Pond seetrout, andNewfoundland and Labrador's

recreati onal fisheries in general . is to be successful there are a number of fundamental

problems with the current approachthat must beovercome. The first problem is that the
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scal e of management is too large to recognize differences that almost eenainJy exist

between fish populations or fisheri es in different areas . The 14 salmon management ZODCS

and four trout management zones currently usedeachro ver an area large enough to include

numerous populations. andeven distinct races. ofeachspecies. This large scale

management strategy does not recognize that Iadividual popularions may differ in such

fundamental properties as their prod ucti on. life history or autecology (Ri ley et al. 1993).

also does not recognize the fact that fishing effort is almost always un evenl y distributed.

The effect of taking this large-scale approach is thatthe harvest cannot be restri cted on a

population specific basis and thus. many populations of both trout and salmon are over ­

exp loited. A more effective approach wo uld be lOmanage individual populations or a

number ofecologically similarpopulations with a management plan that is designed

specifically to meet themanagement needs of thoseparticular po pulations . This approach

would beespecially app licab le to the Southwest Pond seaeour which has a num ber of

features that are o bvious ly distinctfrom any other known population ofsalmonids in

Newfo un dland and Labrador.

Management on a small scale hasthe advantage that it can be based o n detail ed

data collected direc tly from the population. This will allow for an unde rstanding of the

eco logical im plications of barvestin g and can lead to an estimate of the potenti al yield from

each pop ulation. Spec ific management teclm.iques can thenbe used to limi t the harvest to a

level that the populatio n can sustain. A management plan ofthis type, due to its specifi city

to a local area(e.g. the Southwest Pond watershed), \lIOl..LId alsobe more open to input from

peop le who directly use the resource . making themanagement processmore sensitive to

local concerns and more open to the use o f localknowledge.

Th e second problem with the current ap proach to recreati onal fisheries managemen t

in Newfoundland is that resource users are , for the most part., excluded from the

mana geme nt proce ss . There is 00 mechanism to allow meanin gful inp ut from resource

users into management decisions because thepresent practice o f concentra tin g only on

limi tin g the harv est doesoot recognize the fact thatthere are important soc ial dimensions



that need to beco nsidered when managing recreational fisheries . The five member federal­

pro vinc ial v.'Orking group thatdrafts the managemen t plans each year has the authority to

soli cit input from resource users. but is under 00 ob ligati on to do so and is underno

obligation to act on any recommenda tions mad e by usergroups. Once drafted by the

workin g group, the trout mana gem ent plan underg oes no furtherreview; the salm on

managemen t plan, however. must beapproved by the Sports Fish Advisory Co mmittee.

One purpose ofthiscommittee is to alto wrepreseatarives from organized angler groups and

other users (e.g. outfitters andnative groups) to review theplan before it is approved.. The

committee is. bowever, composed mostly from government wi th user group representatives

in the minority . Thus, the management plan can usuall y beapproved even with objectio ns

from the various reso urce users . Furthermore. it is also likely that the rep resen tativ es from

the organized angle r groups do not represent the concerns of the maj ori ty of ang lers beca use

onl y a small number of the anglers in the provinc e an: mem bers o fthcse organizations. The

result of all this is often a management pian thai:does not adequately address theconcerns

of the resource users. This tends to make theanglers (and also outfi tters and Dative groups)

distrustful of the people responsible for management decisions and. new management

initiatives. a situa tion which can lead to the plan and its associated regul ations simply being

ignored.

IJ . Another Approach to Recre a tional FISheries Man agem ent

Recreational fisheries management basbeendefined as the process of working with

a given aq uatic habitat andassemblag e oforganisms for the bene fit of peop le in a

recreational setting (W eithman 199 3). In this context, a succes sful So uthwest Pond seatrout

fishery will be defin ed as one that assures the sustainability aftbe fish population while at

the sam e tim e tries to meet the desires and.expectations ofthe peo ple who exp loit it,

Viewing recreational fisheries in this way is useful because it makes explicit the fact that



fisheriesare managed. for peopleand this oecc:ssarily leads to researchandmanagementthaI

is multidisciplinaryin nature. focusing not only on the fish but also on the peoplewho angle

for them. Such an approach moves recreationalfisheriesmanagement away from the

traditional Maximum Sustainable Yield orientation to something more akin to an Optimum

Yield orientation. Optimum Yield refers to all social. economic and biological benefits

derived from fisheriesand is therefore definable andattainable for a specific fishery only

through the formulatio n and considerationof a multidisciplinary database whichmust focus

on fish biologyand the social andeconomicbenefitsderived from the fishery (Malvestutc

andHudgins 1996).

1.3.1. What does a Multidisciplinary Management Approac h Require?

To be effective.a multidisciplinaryapproach should be explicit at all stagesof me

managementprocess. This will involvesettingmanagementgoals that address, andare

compatiblewith..the bestinterestscfbcth the fish andtheanglers. Management-related

research should includeaspects of theecologyand life history of the fish populationsto

determine the ecological implications of manipulating the harvest with fishingregulations.

but it should also include research into the motivations and expectations of theanglers and

their willingness to compromiseon managementdecisions. Management objectivesshould

be set withangler desires and motivationstaken into accountandanglers shouldbe

coosultedthroughout the implementationprocess. Monitoringshould includechanges in

the fishpopulationsand catch andeffort of the fishery as well as the satisfacti.onofanglers.

bow they respond to new managementtechniques,andchanges thatthey themselves

perceive in the fishery. This approachis fundamentallydifferent from the currentapproach

because there is a research component directed specifically at the human dimension of the

fishery andan active effort to integratethe resource users into the whole process of

management. This approach,by essentiallyallocating part of the decision making

authorityto the anglers. should increasethe legitimacy(i.e . acceptance) of the management



plan (Felt 1990). Furthermore. aHowing the resource users such involv ement would

develop within tbem.a senseof responsi bility towards theresourceand reduce the chances

of over-exp loitation by placing those who will suffer theconsequencesofbad decis ions in

the posi tion of being at least partly respo nsib le for making them .

1.3.2. Multidisciplinary Research and the Southwest Pond &arrout

Krueger andDecker (1993) outline five steps in theprocessofmanaging

recreational fisheries: 1) choice ofgoals, 2) se lection of objectives. 3) identification of

problems, 4) implementation of actions, and 5) evaluatio n ofactions . This sche me provides

a useful framework. for guiding researc h and management of the Southwest Pond seatrout.

The purpo se of the researc h on the trout and its fishery presented in this thesis is to focus

mainly on the first three steps in the processoutlined.

For the purposeof thepresen t research, the goal (step I) ofmanaging the Southwest

Pond seatrout will be to provide a sus ta in a ble recreational fishery reso urce tha t meets

the need! an d sa tisfies and sus ta ins the expectations of the peop le who exp loit it. This

goal may change in the future because the goal of managing the SOuthwest Pond seatro ut

will ultim ately be deci ded upon by the agency or group respons ible for its management. In

fact. fo llowin g the Optim um Yield philosoph y suggests that this goal be chang ed in the

futureto address economic concerns in additio n to thebiological andsocial concerns

already addressed. The goal . as it is presently set. provides a basis for setting the initial

objectives (step 2) oftbe research into management-related questi ons because to realize this

goal requires knowledge both about the fish and their habits andabout the peop le .....00

exp loit the fish popula tion. The present research bas two main objectives: I ) To gather

information on the range . distribution, life histo ry and ecology of the Southwest Pond

seatro ut popula tion, and 2) To gather info rmation abo ut the benefits an glers de rive from the

resource and the attitudes of anglers as related. to its management.



Achievement of these objectives will allow the identification ofpro blems (step 3).

Potential problems are varied but may be related to factors such as over-exploitation of the

resource. strongly conflictingor irreconcilable views on management.differing

expectations of theresourceby different usergroups. andthe inadequacy ofexisting

regulations to achieve desired outco mes.

The information gathered thro ugh the presen t research is viewed as beginning the

process ofbuilding an informa tion base from which the management proc ess can co ntinue

to evolve. Based 00 the datacollected abo ut the fish. its biology and its fishery , a numbe r

of preliminary recommendations (step 4) will bemade that may he lp improve the current

state of affairs in the fishery . This will help in setting thenext round ofobjecti ves that can

lead to the attainment of a successful Southwest Pond seatrout fishery (st ep 5).

One of the advantages of taking a mul tidisciplinaIy approach to recreational

fisheries management is that it allows the scope of theresearch to bebroadened to include

methods and sources ofinfonnation that are not usually cons idered. Th e next chapter will

begin the process of gathering info rmation about the ecology of the seatrout by going

directly to the people who have the m ost experience with and know led ge a bout the

population i.e. the an glers who curre ntly exploit the resource.



CHAPTER 2: TAPPING LOCAL KNOWL EDGE

2.1. Traditional Ecological Kn owledge

Tbereis an ever-increasing body of literature documenting the knowl edge and

understanding that certain societies possess regarding the resources and environment tha t

theydepend on for survival . This knowledge is generally referred to as traditional

ecological knowledge (TE K). The conce pt is difficult 10 define precise ly, but Mai lhot

(1993) hasprovided a preliminary, working definition oe TEK as "the sum of the data and

ideas acquired by a human group on its environment as a result of the groups usc and

occupation of a regio n over many generations". Much of the literature basdocumented the

ecological know ledge possessed by various hunter-fisber-garherer soci eties whose lives are

intimatel y linked to the workingsof the biological communities they explo it and depend on.

In many of these societies thereexists an indigenous or traditional management system

which relies on this knowledge to ensure the sustainability ofresoun:es and thus the long­

term survivalof thepeop le (Berkes 1988; Riewe andGamble 1988; Johannes 1978; Dyer

andMcGood win 1994).

The information contained in TEK is acquired throughan approac h to

understandin g nature that is fundamentall y different from the approach taken by natural

science . TheTEK approach isa ho listic one in which conclusions about the workings of

ecological systems are drawn from empirically derived datagenerated through the society's
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experiences with nature. The society 's ecological kno wledge is contin ually updated and

expanded as newinformation pertainingto changing enviro nmen tal circumstances that alter

the behaviourof the biological comm unities, populati ons or ecosystems is gathered

(Freeman 1992) .

Traditional scienc e takes a more reductionist approach to understanding nature.

Complex ecological systems are studied by reducing them to their component parts and

lhen studying each part indi vidually. Science is based on a system of form ulatin g and

testing a set ofalternative hypo theses which make predictions from theories.laws and

paradi gms arrived at thro ugh observations of nature. The outcome of the experiment to test

an hypothes is leads to modification or rejection of the original theory, law or paradigm.

The laws. theories and paradi gms contained in TEK are also formulated through

induction from observation, but TEK is limited in its capacity to verify predic tions . The

aim of muchap plied scientific research is to understand nature so that it can be controlled

thro ugh systems of management. TEK does not aim to co ntrol nature but to understand

natureso that applyingthe knowledgeallowsresourceusers to increasethe efficiency with

which theyare able to exploit naturalresources witho ut destroying the essen tial integri ty of

the system (Mailhot 1993).

2.1.1. Local Ecological Knowledge

Indigenous peoples are not the sole holders of ecological knowledge ge nerated

through a group 's experi ences with nature over time . There are many industrial societies in

whic b a segment oftbe population is alsodependent to som e degree on nature for their

livelihood. The eco logical kno wledge possessed by these peo ple is not 'tradi tional' in that

its content and transmissionare affected notjust by the environment but by nwnerous

aspects ofmodem society . Examp les include the commercialization of the fishing industry ,

technological and industrial chan ges, formal educa tion and mov ement of peo ple between

areas (Neis et al . 1994 ). Despi te these differences, resource users in industrial soc ieties
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continue to accumulate ecological knowledge through regular and continuous interaction

with certainaspects oftbeir environment, This knowledge is referred to as local ecological

knowl<dge(UK).

lo rural Newfoundland. natural resources are usedfor both commercial and

recreational purposes. e.g. the commercial fishing industry is a major source of em ployment

andrecreati onal activities such as hunting and fishing are an important part of the culture.

A numberof studies have documented the eco logical knowledge of commerci al fishers

(Neis 1992: Felt 1993; Neis et of. 199:5; Fischeret 01. 1997), but there hasbeen00

investigation into the knowledge held by those who use natural resources for recreational

purposes . Researchers bave recentl y suggested that the ecological knowledge possessed by

resource users represents a critical supplement to scientific undttstandingand that

inalrporating this knowledge into management would improve the capac ity to managethe

resources sustainably (Freeman 1992; Johannes 1981 ; Kloppenburg 1991; Mailhot 1993 ).

Using local eco logical kno wledge in recreational fish eries manag ement will require an

undemanding of tbe effectiveness of this system of undemanding nature and will also

req uire the development ofa syst ematic method ology for collecting data from ang lers and

integrating it into the researc h and decisio n-making p rocesses of management.

2.2. Loc21Ecological Knowledge and the Southwest Pond Seatrout

A numberof factors suggest thatgathering the eco logical knowledge ofthe peop le

who exploit the Southwest Pond seetrout is an appro p riate:starting point for management­

re lated research. The lack ofany documented infonnation about the seatrout means that:the

resourc e users are the peopl e who hold the most knowledge about the fish population and

its habits. Co Uecting thi s knowledge using a detailed and systematic methodology would

veryquickly and dr.unarically increasetheamount of documented information abo ut the

population. Information from the resourceusersabout the range, distribution and migration
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patterns cf the population will provide the dataneededto design a scientific study to gather

more detailed data about those aspects for which information cannot be provided by local

people.

One area where local knowledgecould bevery useful is in identifying changes in

the seatrout population and its fishery over time. Understanding past changes in the

population will beVet}' important for evaluating the current health oCthe population.,

however therebas been no systemati c monitoring of lhe population or its fishery in the past.

Infonnatioo from resource users who may have witnessed any cbanges that have 0CCl.lJ'Ted

is. therefore. the only source of thisvaluable information. Furthermore. future changes in

the population resulting from chan ges in management will bebestrecognized by resource

users because they have the most experience with the populatio n. lncorporating local

knowledge into the managementprocesswill makemanagement oCtheseatrour more

sensitive to local concerns and is a very good way of involving the resource users in the

management process.

The local eco logical kno wledge of Southwest Poed scatrout anglers was co llected

from lS anglers during the winter of 1995. lndividuaIs believed to bekno wled geab le about

the seatrout wereidentified by members aCme Indian Bay-Cape Freels Ecosystem

Development Assoc iation. Each individual wascontacted by telephone and asked if they

would participate in a surve y to gather informatio n on the seatrout. Indivi duals who agreed

to participate were then interviewed using a standardized questionnaire that asked questions

rela ted to the seatrours range, distributi on. life history and fishery (Appendix 1). What

follows is a summary of the information gathered through these interviews.

2.2.1. Sludy area: the Southwe st Pond Watershed

The seatm ut popul ation inha bits the Valleyfield Harbour area of Bonavista Bay

North anda river system that flows into the Southwest Arm. of the barbour (fig. 2. l) . The

river system, located adjacent to the highway leadin g to the island of Greeaspcod, is
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unnamed but its major f~ is a Large water bod y called Southwest Pond. The freshwater

range of thescatro ut consists of Southwest Pond and two of the brooksflowing into it. The

brook flowing into the pond in thesouthwest corner is Black:Brook. The brook flowing

into the northwest comer is unnam ed, but the area where it enters thepond is known as

Headquarters. This sectio n aCthe system cons ists ofa series of smaller ponds connected by

short sections of river. The first two ponds abov e Southwest Pond are called Little

Southwest Pond and Otter Pond. Above Otte r Pond is a large steady called Coakers

Steadies or Coakers Rattles and above this is another series of small unnamed ponds.

Abo ve this series of pondsthe river branches before crossing thehighwa y (route 320).

Immedi ately above the highway on the right branch is a pond called Starvatio n Pond.

Other fish known to inhab it the river system include smelt (Osmena mordaxs.

brook trout (Salvelinus fo ntinaJis). eel(Anguill a rosrrara). andstickleback (Gas teros teus

aculealuJ ). Doe personalso reponed the presenceof Germanbrown trout (Sa/mo trutta) in

the river system!. The most abundant fish in the river system is smelt which are found there

in particularly great numbers in the winter. In A ugust. when the smelt have gone to sea, the

seatrout is the most abundan t fish in the rive r system .

Southwest Pond is connected to the ocean by a larger, but relatively short

(approximately sOm), brook . The Southwest Arm of ValIeyfi eid Harbour is made up ofa

num ber of pond-like areas . At the bottom of the arm. where the brook enters, is a salt pond

known as Saltwater Pond.. This is connected to another pond-like area at the top of

Southwest Arm by a short, narrow, shallow channel. These salt pondsare navigab le from

the sea by smal l boatto the top of Saltwater Pond

The saltwa ter range of theseatroUl includ es the Southwest Arm andValleyfield

Harbour south to Greenspond Island.. There were two informants who reported that there

may be populations of the Southwest Pond seatrout in the nearby Indian Bay River

2 The range of brown trout in Newfoundland is thought to be restricted 10 the Avalon Peninsula.
The reference to brown trout in this case probably stems fromthe local use of the name to refer
to another type of flSh,probably land-locked or juven ile Atlantic salmon.
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Figure 2.1 Mapof the Southwest Pond river system and VaIleyfield Harbour showing
the locations described by respondents in the LEK survey. All of tbe names except
Southwest Pond and those in Valleyfield Harbour are local names and, therefore . are not
found on official maps.
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system and one who believed that the fish may be found in a pond near Newport. These

reports could not be confirmed by the informants bcwever, as aeither of them had any

direct.knowledge of these other populatioos.

2.2.2. Description a/the SourhwestPorrdSeamna

The fish are recognized as being disti nct by local people and are known by a

number of names incl uding: seatrout, saltwa ter trout. steelhead, brook salmon. salmon.

Southwest Pood trout and Mystery Fishof Bonavista North. All of the people interviewed

believed that the fish are more likeAtlanticsalmon than any other type of fish; there was

some disagreement, however, as to the exact species . Some people believe that, although

they are very similar in appearance to salmon, the fish are actuallysome type of trout.

Others believe that they are a "race" of small salmon that bas a limited range in the ocean.

The appearance oftbe fish in bothbody shape and.color is generally described as

being very much like that ofAtlantic salmo n with the exceptio n that the seatrollt tend to be

smaller than typic al salm on. The fish are silvery on the sides and underneath and with a

brown or black back (altho ugh some individuals may have a greenback in saltw ater ) and a

grey patch on the side of the head. They have dark spots on the sides and on the head. The

fishare bright and silvery when they first enter freshwater from the ocean but this

brightness beginsto fade after a few weeks in freshwater. Most peop le reported tlw.t

individuals of the Southwest Pond population can be distinguished from Atlantic salmon by

a number of morpho logical characteristics. Theheadof the seauout is shorter or more

"snubby" than that ofa salmon and the tail is less forked. In contrast to salmon flesh, which

is deep pink in colour. the flesh of Southwest Pood seatrout is reported to range from white

to very pale pink.

The size of fish caught in both freshwater and sal twater can be anyw here between 8

inches to 20 inches (3 pounds). When asked to give the size of fish ca ugh t most:often,

many people were not able to pick anyone size: that was most common. Thosewho did
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usually said the most common size was around l2 to IS inches ( 1.5 to 2 pounds) o r "around

thesize oCa herring". The fish are reported. to reach sizes of up to 10 pounds, but peopl e

generally consi der an individ ual to belarge when it reecbes the3-to- 5 pound rang e (fable

2-1).

2.Ll. Life History a/ the Southwest Pond &atroul

The fisb begin to migrate to the ocean in the spring when the ice begins to leave the

POnd. usually around the middle of May. Fish caught dwing this time rang e from 6 inches

up to 3 pounds o r more . The fisb in the 6-10 inch range are thought to be migrating to the

ocean for the first time while the larger ones are probably fish that returned to freshwater the

previous fall and spent the winter in the river system . These fish. called slinks. are dark in

colour and very thin.suggesting that they do not feed well over winter . It is thought that

when they do feed. their d iet in freshwa ter is pro bably made up of smelt and aquati c insects.

Thesefood sourc es may beespec ially important for the juvenil e stages . After the fish leave

the pond.in spring they are lhought: to spend the summer months in andaround Vall eytiel d

Harbour. There the y are often caugh t as bycatch in commercial fisheries for other spec ies

such as herring (Clupea harengus) and sme lL People in the area have no knowl ed ge of

seatrour being ca ugh t outsi de of this local area and so believe that they do not move long

distances in the ocean. The fish that:return to the brook in the full are much fatter than the

ones that leave in the spring. suggesting tbar in saltwater they feed heavily and add wei ght

quickly. The fish plant in Valleyfi eJd is thought to provide a major food source for the trout

while they are in the barbour . Offal is discharged directl y from the fish plant and also

transported in large amounts via boat to the entrance to VaUeyfield Harbour and dumped.

The fish are also tho ugh t to feed on "sea worms" and othe r invertebrates while at sea.

The fish begin to migra te back to So uthwest Pond and the brooks above it in late

July . This migra tio n continues well into Septem ber with the peak run occurring in August.

There are reports of runs occurring as late as Octoberbut these runs appear to have
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disappeared in recent years. The migrating fish are though t to be the same ones that left the

pond in the spring and therefore have only spent two to threemonths at sea,

Spawning is believed to occur in October or November. None of the informants

bad actually witnessed the fishspa wnin g, probably because the angling season is closed in

the ran and anglers are generallynot near the broo ks at this tim e. A num ber of possib le

spawning sites were iden tified based on where fish appear to remain into the fall . The first

is in the area above Otter Pond known as Conkers Steadies . This area is characterized by

fast flowin g, shall ow water with a mud and gravel substrate . The second location is in

Black Broo k a short distanc e above Southwest Pond. This area is charac terized by fast

flowing.shallow water with a sand and mud substrate. The small est individuals that

become sexually mature are around 9 inches in length (however one perso n reported seeing

spawn in a fish as small as 4 inches).

2.2.4. The Soiahwes t Pond $ea1Touf FIShery

There is a fishery for the seatrout in both freshwater and sal twater. The majority of

the fish caugh t are angled with lure or fly , however there are reports of past (and probabl y

present)illegal netting acti vity in saltwater and in theestuary. There is a large by-catch of

trout in various traps for other spec ies including capelin(Mal /orus viI/oms) . smel t and

herring . The type of trap gear usedmakes it possible to release most of the trout unharmed.

however the general feeling is that some fishermen illegally keep many trout,

Angling is most producti ve in freshwater when the fish are migrating to the ocean in

the spring or from the oceanin the fall. Fishing e ffort is greatest in Southwest Pend,

particularl y at the inflow of Black Brook and at Headquarters, however fish can alsobe

caught in Saltwater Pond, Little Southwest Pond, Otter Pond and Coakers Steadi es . The

fish are much harder to catch by angling in the fall and anglers sugg est thatthis is because

they have spen t all summer at sea feedin g and are not very hungry when they return to

freshwater . In saltwater the seatrour can be angled dwing June. July and August from
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various places along the shores of Valleyfi eld Harbour. The two most heavily fished areas

are the fish plant wharf in Valleyfieid andthecauseway to Greeospond. There is a fishery

that takesplace through the ice during winter in Southwest Pood. This fishery is mainly

targeted at the large smelt population that inhabits the pond in winter . bur: seatroer can also

becaught dwing this time . A number of peop le reported that Otte r Pond is a good place to

catch seatro ut in winter .

A goodday's catch was reported by most people to be betwee n one and five

seatrout, we ll below the current provincial baglimit of 12lish. A number of peo ple said

they would besatisfied with catching only one fish if it was in the two-pound range. Two

of the informants reported that:a good day's catch would be the 12 fish limit, but one of

these people suggested that he would be satisfied to release someof his catch (see Table

2.1 ).

2.2.5. Problems Recognized by Anglers

Anglers report dramatic changes in the population of seatrout in recent years (Table

2.1). Many anglers are concerned that a markeddecrease in the numbersof adult fish

returning to thebrooks to spawn coupled with an almost total disappearanceof large fish

(greater than 4Scm) is an indication that the population is in serious troub le. It is believed

that the conmuction of the road to Greeospcod in the 197C1s wasone of the events that bas

led to the prob lems being experienced toda y. Tbe road was built a10ag the southern sho re

of Southwest Pood and hasgreatl y increasedaccessibility to thewhole system. This bas led

to serious over -exploitati on because the current regulations do not adequately protect the

population. Over-exp loitation resulting from increased accessibility is especially se rious in

the spring when the fish are migrating to sea. They are very easy to catch by an gling at this

time, probably because they are just beginning to feed as the water warms, and people feel

tha t too many trout are caught before they get the chance to reach the saltwater. Th e fish

are not very good to eat after spending all winter in freshwater anda num ber of informants



Table 2.1. Angler's responses 10 questions about fish sizes, changes in the population over time and what can be done to improve the
fishery. No. years is the number of years experience fishing for the seatrout; Average Size is the size usually caught by anglers;
Size 10 Sea is the size at which the fish first go to sea; Size Mature is the size at which first become mature; Size l arge is the size at
which theangler considers 8 seatrout to be large, Good Catch is what the angler considers to be a good day's catch.

# No. Average Size10 Size Size Good Past Changesin Reasons for Managemenl
Years Size So. Mature Laree Catch Ponulalion Chan es SUl!l!eSIIOIU

1 2(l.25 18-20 in 21 In 4-5 fish 2-3 fish/day big
herrin size Iimlr

2 50+
:~:ll~aries\

l ib 121n 22 1n 12 fish l ess fish Nenlng II sea Open later In rhe
Oreemooooroad fall

3 50+ 12-161n 6·' in 9-IOln 20 in 3 fish A 101less fish Greenspond road Snicler bag IImlls
FI tishin onl

4 12 lOin-lIb 8·10In 18in 5-6 fish A lot tess fish Nelling al sea More enrorcemem
(but varies) No big oneslefl Greenspood road

Snrinl 'fisherv
5 12 1().12 in 10 in 3-4 In 18-20 in I fish of A101less fish Nelling al sea Closed in spring

(bulvarics) 1-21b Orcenspond road More enforcement
SnrinoIlsherv 4 year moratorium

6 25 Inlb 8·9 in 1().12 1n 22-23 In I fish A 101lcss fish Spring fishery Closed in spring
(bul varles) > 21b No bigooes left Lackof Siricterbag limits

enforcement
7 50 12 in-l Ib I().II in 17-20 In 12fish A 101less fish Nelling at sea Licensed

3-4lb (catch& Greenspond road Striclerbag limils
release

8 15-20 l ib 4-5 in 3/4 1b 181n 6 fish A lot less fish Spring fishery 6 fish/day bag
No ble ones left Narnber or aneters limb

9 30 30-38 em SOcm 2 fish A 101 less Iish Neltlngat sea Release largefish
No bigonesleft Numberof anglers More entcrcemem

Lackof
enrorcemem



Table 2.1. Cont'd

• , Average Size 10 Size Size Good Past Changesin Reasons for Managemenl
Vein Size 5<. Mature Leree Catch Population Chenees sueaesuons

10 40 15· 16 in 15-16 in 12 in 22-23 In 1-2 fish A 101 less fish Greenspond road li cense
(herring size) (herring No big ones left Eel fishery Enforcement
(but varies size No eel fishery

II 15 12-15in Smoll 2 1b JOin 2-3 fish Less fish Nettlng at sea Stricrer qucus
size 5l blimil) Overfi shinlZ li censed

12 IS Less fish Nelling al sea
Poachin

13 20 1·2 1b 6--8 In 1·8 in 28 in 24 f15h Less fish Nelling II IU Siricier bag limits
No big ones lefl Greenspondroad No spring fishery

Overfishlng No winter fishery
s rinlZ)

14 40 1-2 1b 12in 51b 2-3 fish A lot Iu s fish Lackof Siricier bag HOllis
(bulva ries) No big ones left management

Eel fisherv
IS 20 Up 10 7 lb 1-2 1b Smaller 10 Ib 34 smaIJer A lot less Ilsh Neuing at sea SlOPneulng and

(bur varies) (herring than a Ilsh or I Greenspond road poaching
size) herring herring size Eel fishery Moreen forcemelll

fish
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feel that it is wastefulto catch the fish at thistime because the same fish can becaught in

much better condition in the fall.

Anglersare concerned thatthey seem to bethe only ones who care about the health

of the population. They reponed that there is little. if any, monitoring of fishingactivity or

enfo rce me nt ofregu1 ations o n So uth west Pond. Almo st every info rmant agreed. thata new

syste m ofmanagement is needed if the population is to survive. Suggestions from various

people included a licensing system. stricterbag limits.angling seasons that more close ly

match the migrationscf tbe fish. more monitoring cfthe fishery, size restrictions. and

elimination of the winter fishery . There werevery strong feelings among some informants

that overfishing during the spring migration to thesea must be stopped. Therewas also a

great deal of concernover illegal netting oftbe fish in Sal twater Pond and Valleyfiel d

Harbour crable 2.1).

A numberof the anglers expressedconcern over the effects of the eel fishery that

takesplace in the rivers dwin g the fall. Their opinion 'Was that placing eel nets across the

brooks kills many juvenile seatrout along with juveniles ofother species and preventsthe

migration ofadults to the spawning grounds. Anglers feel that the regulations governing

the eel fishery do not adequately protect other fisb species and.that existing regulations are

not adequately enforced. Many anglers believe that the seatrout population will not rec over

until something is done to diminish the impact of the eel fishery on other species.

2.3. Synth esis of the Local Ecological Knowledge

The majorityof the people exploitingthe Southwest Pond seatroutpopulationdo so

through the recreational fishery, although it appearsas though bycateh in other fisheries also

contributes to the harvest. All of the people interviewedwere anglers whose experience

fishing for the seatro ut ranged from 12yean to over 50 years. There werea numberof

aspects of the ecologyof the populationabour.whichanglers possessed very detailed
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Icnowledge. One area whereanglers were very knowledgeable concerned the distributional

range of the population in both freshwaterandsaltwater andthe temporal change in

distribution causedby migration. An glers wereable to provide information about fish size

at first migra tion to the sea andfirst maturi ty, the range ofsizes found in the populatio n. and

feedin g habits . They werealso quite know ledgea ble about the fishery and pro vided

information on spatial andtemporal variation in fishing effort and relati ve ca tch rates, gear

usage and.average catch. The information providedby anglers about changes in population

sizeandstructure over time suggests that early reports of dec linin g population beaIthmay

be correct. The anglers werenot only able to provide these valuab le data but also had good

insight into possible causesandwereable to suggesta number of solutions to the problems

being experienced there now. Anglers wereable to provide detailed information on the

physical description andcharacteristics of the seatrcut. Although every person recognized

the fish as being salmon-like. therewas some disagreement over whether the fish is a

salmonor a trout. This lackof a precise identificationis not surprising given that

taxonomists often have to rely on very detailed morphological or bi.ochemical data to

identify closely related speci es.

Therewere:a numberofaspects of the ecology of the population that anglers were

not famili ar with. Although they were able to provide information on the size of individual

fish at various stages of the life cycle . the y were not able to determine bow old a fish ofa

given size is. Without this informatio n the grnwth rates, age at ma turity , and age structure

of the population cannot bedetermined. Althoughthe anglers were aware oflarge changes

in thesizeof thepopulation over time, they were unable or tm'Nilling to estimate the actual

population size. The information about spawning location may not be very accurate

because 00 angler repo rted havingactually witnessed the fish spawning. The infonnation

not availa ble from anglers can becollec ted by more:scientific means however. and the

info rmation gathered from anglers provides a valuab le database from whi ch to design a

more formal stUdyto collect the data.
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Therewasa high level ofconsistency betweenanglers in theiranswersto most

questions. Therewas some variability in the answersto questionsin which respondents

were asked about timingof migrationor sizesof fish; most of the responses to these

questions. however,included ranges of times or sizes and therewasa great deal of overlap

betweenanglers in their answers. Although all a Cthe informants agreed that the size o ftbe

population hasbeen decreasing, there wassome disagreementover the current health of the

population. Olderanglers who hadfishedthe population beforethe effects of overfishing

became appare nt tended to believe that the po pula tion was in worse sha pe than those wh o

had never experiencedthe population at a time of greater naturalabundance.

The findingsof thisstudy demonstrate that resourceuse does not have to be

commercial or subsistence in nature for the users to accumulateecological knowledge

through tbeir associationwiththe resourceover time. In thecase of the Southwest Pond

seatrout, the sustained recreationaluse of this local populationbasled to accwnuIationof

local knowledge about a numberofaspects cf its ecologyand fishery . Many fish

populations exploited for recreational purposes may not experience such sustained use by

mainl y local people . howe ver the results suggest that anglers utilizing the a fish population

repeatedly ove r time will become know ledgab le about certain aspects of its ecolo gy and

fishery. This finding bas a number of implications for recrea tional fisheries researc h and

management anddemonstrates the validity and impo rtance of including anglers in research

and management right from the beginning o f tile process.

The kno....iedge possessed by the angle r population representsthe sum ofnumerous

observations by various individualsover man y years. The result is that some ofthe

information gatheredfrom ang lers is much more detailed thancan ever beob tained by

samp ling the fish populati on over the same time peri od. For exampl e, a survey to collect

data on the distribution and migration patterns of the population would invo lve time­

consuming and expensive sampling in both freshwater and saltwater. Thi s same

information can becollected from anglers over a period ofa few weeks with minimal cost

Given the kno wledge that some anglers hold, angler input may prove to be quite useful in



24

designing sampling strategies and interpreting the results of scientific work.. This may be

especiall y so in situations such as in Southwest Pond where littl e scientific information is

available about a resource which is already being exploited, \Vbm angl ers have o bjections

to current o r proposed managem ent strategies.these objections may bebasedin part on

their o wn understanding of the workings of the en vironment. Therefore it would be wise to

attempt to und erstand an gler viewpo ints when such objections arise because the anglers'

interp retations of po tential outcomes may be based on a much wide r database thanthat

normallyavailable to scientistsor managers.

The results of this study highligh t the value ofcommtm.ication betweenanglers and

the individual s and agenc ies responsible for managingthe fishery. Scientists and managers

can learn a great deal from the resource users ifthey are willing to make the effort to co llect

andunderstand. that knowledg e. This studydemonstrates that many o f theangl ers are

knowledgeable about and interested in the reso urce , andthere fore are probab ly willin g to

learn from managers and scientistsas well. In many cases,however. a feelingof trust must

first bedev eloped be tween anglers and those responsible for research and management.

Gatherin g the knowledge of anglers andincorporating it into the management process is an

excellent method of buil ding this trust and can be an important ear ly step in buildin g furthe r

communication between anglers and managers.

The datagathered in this study does not co ntain the total local ecological know ledge

of the people wbc an gle for the seatrout of Southwest Pond. Every penon fami liar with the

populati on will ha ve madeandformed his or her own observations and conclusi ons .

Furtherm ore, it is not likel y that the to tal ecological knowledge possessed by one person

could begatheredin a few . relatively briefcontacts.

The data gathered in thisstud y highligh ts the areas where anglers can bemost

helpful in gathering data. however info rmatio n from anglers does no t contain the answers 10

many of the major qu estions about the eco logy of the population. Although the data

provided in this cha pter will prove to bevery useful . more information about the ecology of

the population is required if management is to be success ful. The data co llected in this
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chapter will be used to design a more scientific srudy of thepopulation thatwill build on

and com plement the information presen ted here. Data from both sources will then fonn the

database from whi ch successful management can evolve.
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CHAPTER 3: AUfECOLOGY OF THE SOUTHWEST POND

SEATROUT

3. 1. Introduction

3.1.1. The Need/o r Biological Data

The desi gn. appli cation and moni to ring ofa sustainable recreatio nal fis hery

managem ent plan requires knowledge of the bio logy andeco logy of the species.

population or stoc k to be mana ged. If sustainable exp loita tion is a goal of management.

one importan t information requirement necessary to prevent over-exploitation is an

estimate of the numbe r offish that can be rem oved by the fisbery without ne gative

imp ac t. Makin g this estimate requires information abou t the populati on' s size and

produc tion which in turn depend on recruitment, growth and mortality rates. Also

impo rtant from a conservation viewpo int is knowledge of the habitat required by the

populatio n at all stages of the life cycle and knowledge of where or when fish are most

vulnerable to fishing or other human activities and thus may require special protection.

Beyond these minim um informa tion req uire ments for reso urce conservation,

sc ientifically collected data on an exploited population is necessary if the goal of

management is to maximize the benefits that the recreati onal fishery provides . The

ecological characteristics of a fish populati on must beassessed to determine the benefits,
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both in terms of fish yield and recreational experiences, that can bederived by anglers,

Furtherm ore. if ecceomic ben efits are to be realized from a fishery it will be impo rtant to

be able to define the produc t in terms that anglers relate to . These terms wil l incl ude fish

ha bits. num bers offish avai lab le to each ang ler. size offish in the catch. timing of the

fishery, and habitat or envir onment to be fished .

The practice of managin g recreational fisheries wi th harvest regulations is an

accepted means of enhancing and protecting fish populations (Nob le and Jones 1993)

and is widely usedto control the recreational harvest of fish in Newfoundland. The

effectiveness of individual regulations at protecting or enhancing a fishery will depend in

pan on the bio logical and ecological characteristics of the pop ulation being managed.

For exam ple, slot limits to prot ect fish ofa certain size to all ow them to beca ugh t at a

more desirabl e large r size will be counter-p roductive if the increased dens ity of fish in the

protec ted size range results in reduced growth that keeps them from reac hing the desired

size . Management with regulations is therefore more likely to be successful if regulations

are chosen with co nsiderati on o f how they will interact with the ecological characteristics

of the exploited population.

In the above examp le. data on length andage distri bution, growth rate . and

density dependent effects on growth rate requireeval uatio n before such a regulation is

impl em ented . Afte r regul ation began. the parameters would then need to be moni tored,

along with other parameters such as abundance. recruitment and fish condition to

determine whether the new regulation is having the desired effect.

Time series of detailed biological andecological data can beused to study the

dynamics of explo ited populations . The field of population dynamics involves the study

o f rates ofgrowth.mortality and recruitment within a population andhow these ra tes

change with exploitatio n. Studies of population dynami cs ofte n lead to models tha t

pre dict fis h yield at vario us stoc k densities or rates of fishin g. In Newfoundland, stock

rec ruitme nt relationships for anadromous populations of Atlantic salmon are used to

predict the adul t stock size that maximizes recruitment and thus. the num ber of fish
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avai lable to the fishery. Constructing these stock recrui tment relationships requires data

on adult and smel t numbers. sex ratios of adults . number of eggs per adult female.,and an

estimate of the production poten tial ofvarious habitat types and the relativ e abundanc e of

these habitats within the riv er system (0' Connell and Dem pson 1995). Population

dynamics and associated yield models play a crucial role in managing commercial

fisheri es where the object is usually to obtain the maximum sustained yield (MSY) from

the fishery . Altho ugh the goal of managing recreatio nal fisheries is to derive benefi ts

beyo nd MSY. knowledge of the dynamics of an exploited popul ation is important for

predicting the effects of harv estin g fish through recreational fisheries and may prove

useful for setting harvest levels to maximize me overall benefits deriv ed from individ ual

fisherie s.

3.1.2. Data gequtremesus and the Southwest Pond Searo ia

Data requirements for managin g recreational fisheries usual ly include. but are not

limited to; growth of indi viduals. feeding habits. migration, mo rtality (both fishing and

natural), reproduction (sex ratios, fecundity, recruitment. age at maturity). abundance.

size (le ngth and age frequency distributi on. condition). habi tat requirements and the

production potential of the hab itat. The Southwe st Pond seatrcut is a unique case

beca use. while it alread y su pports an expanding recreatio nal fishery . no data have been

collected concerning its biology, ecology or life history. Before any effo rt can be made

to study the sizeof the population, its recruitmen t or mortali ty , or to stu dy its dynami cs.

research must be first directed at gathering basic information about the pop ulation such as

its rang e and distri butio n. migra tional hab its. growth, age at maturity, and fecundity .

Accura te identification of the species will also be important because it will allow new

data to be evaluated against to other informati on availab le about the speci es. Some of

these important initi al data were collected through the lEK stud y of Southwest Pond

angle rs and this info rmatio n can now be built on throu gh.direct stud y of the fish
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population. The purpose cf thischapter is to provide data on a number of aspects of the

ecology , bio logy andlife history aCthe Southwest Pond seatrcm, The data to bereported

includes size frequency, age and growth rates. age at maturity, migration, sex ratio.

condition, fecundi ty and species identifi cation.

3.2. Mat erials and Met bods

J~1. Field Procedures

Sampling of the Southwest Pond seatrout population was conducted from May to

Octo ber 1995 and July to Octob er 1996 . Infonnatio n gathered from anglers through the

LEK study (section 2.2.3) suggested that there are threedistinct phases of the life history

of the population that support three separate fisheries. The survey was des igned to

sample each in tum; migration to the sea in the spring (sam pled in May 1995), the

saltwater phase (sampled in June and Jul y 1995>,andthe spawning migration to

freshwater in the fall (sam pled during the periodsof July to October t99S and July to

October 1996).

Sam pling sites were chosen based on information about the distribution of the

populatio n obtained from angle rs in the lEK survey and addi tional sites were sampled

periodi cally to test the accuracy of the information. The loca tions ofall sites sampled are

shown in Fig. 3.1. Sampling durin g the seaward migration in the spring was conducted

from the southern shore of Southwest Pond (site I). Sampling in the sea during summer

was conduct ed at locations on the Gree nspcnd causeway (s ite I 7), the western shore of

Greenspond Island (si te 19), the site of the old fish plant on Pool' s Island (site 18), the

southern shore of the South west Arm of Valleyfield Harbour (site 16) and Saltwater



Figure 3.1 . Map of the Southwest Pond river system and Valleyfield
Harbour showing the sites sampled through out the survey .
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Pond (site IS). Sam pling durin g the spa wning migration in the fal l was conducted

thro ugho ut So uthwest Pond (but mainly at Headquarters (site 2) and the mo uth of Black

Broo k (site 14», Laal e Southwest Pond (si te 3). Ccakers Steadi es (sites 4 and 5) and

areas in the upper reaches o r both Black Broo k (between sites 13 and 14) and the stream.

above Coakers Steadies (s ites 6 to 12).

Angling with bait wasused to sam ple fish during both the sprin g surv ey in

South west Po nd and the summ er survey in the ocean and angling with an artifi cial fly

was usedduring the fall migratio n. A fyke net was placed in Southwest Pond at

Headquarters from Sep tem ber S to Sep tember 10 199 5; its use was later discontin ued as it

was found to be much less efficient than anglin g. All sam pling occ urred durin g daylight

hours which was usually between8am and 9pm. All fish captured were measured for

fork length (FL, to the nearest 0.5 em) and the date and location ofcepnee wererecorded.

Most fish were released unharmed. altho ugh a rando m subsample of fish was collected

throughout th e survey for subseq uent detai led anal ysis.

Data o n indivi dual fish were also co llect ed by sam pling the ca tch ofang lers

fishing for th e seatro ut. Thi s method of da ta.co llec tion could pos sibly produce a biased

sampl e, espe cial ly if an glers are se lective in the fish that they retain. However , few of the

anglers whose catc h was sam pled repo ned releasing any of their catc h. Ass umin g that

differences in an gler ski ll level do not significan tly influence the selectivity of anglin g.

this method was probably suffic ient to produce a no n-biased sam ple. Fish in the cat ch o f

anglers who agreed. to cooperate wen: measured for fork length (FL. to the nearest 0.5

em) and weigbt(W, to the nearest 0.1 g) in 199 5 and lengtb only in 1996 . When

possib le. the heads of these fishwere co llected for removal ofoto liths for age

determination. Six anglers who parti cipat ed in the LEK surve y wen: pro vide d with a log

book and agreed to reco rd the ir fishing activity, number of fish ca ught (in cludin g

release s) and , when possible. the length of each fish . They were also aske d to freeze the

heads ofall retained fish and tum these in with the completed log book at the end of the
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fishing season. All of the log bookswerereturned at theend of the 1996 fishing season

anda number of anglers also provided frozen who le fish for further analy sis .

J.2~ Labo ratory Procedures and Data Analysis

All w hole fish retained througho ut the survey (00:48) were immed iately frozen in

the field and then return ed to the lab where they were stored, along with the fish and

beads turned in by anglers. at - IO"' C COt up to 4 months . Immediately prier to further

analysis. all fish were thawedat room temperature and their fork: length (Fl.. to the

nearest mm) , bead length (HL. from the tip of the snout to the farthest opercular edge to

the nearest 0.1 mm) and weight (W. to the nearest O.lg) measured. A scale sample was

removed from the left side of each fish from an area between the lateral line and the

dorsal fin and later used in age, growth and migration history analysis. Eachfish was

dissected and its sex detennin cd by examination of the gonads. Ovaries from mature

females (n-1 4) were fixed in 10% formalin and then stored in eith er 10% fonnal inor

85% ethan ol. Eggs were separate d from the surrounding ovarian tissu e and the total

number of ripening eggs in each ovary was counted.

Length and weight data were collected from an additio nal 3S fisb sampled

throughout the survey. Cond ition of each fish fer the total of83 individuals was

estimated by Fulton' s condition factor (K=W/L'). A.naIysis ofvariance was used to test

for differences in condition betweenfish in the spring sample and fish in the fall sample.

Fish caught in saltwater during the summer were excluded from this analysis due to the

small samp le size obtained,

Using data on head length and fork length collec ted.from the 48 individuals

retained and an addi tional S2 individuals sampled from anglers. a predi cti ve linear

regression equa tion was calculated to a llow fork length to beestimated from head length.

This equation was then usedto calcula te an estimate of the forlc.len gth of individual fish

from heads that were collected from anglers throughout the survey (n"'*66).
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Eight fish were rando mly se lected from the fall 1996 sam ple and subj ected to

genetic analysis. While the fish were still frozen,a 1-2 g flesh sam ple was removed from

the left side immediately posterio r to the dorsal fin. The frozen samples were placed in

sterile 15 mJtubes and deliv ered to Bio-ID Corporation at Memorial University. A 100

mg suhsample was taken from each of the 8 flesh samples and subjected to the DNA

typing procedure known as Forens icall y Informativ e Nucleo tide Sequencing (FINS).

Thro ugh this process, DNA was extracted from the samp le anda specific segment of the

isolatedDNA amplified. The nucleoti de sequence of the amp lified DNA was determined

anda phylogenetic analysiswas carried out on this sequence to determine the closest

relative in a da tabase of known nucl eotide sequences of salm onid fish.

Scales removed from the fish prior to dissection were stored dry in paper

envelopes. A subsample of scales was removed from each sample and any regenerated

scales (i.e. those lacking a distinct nucleus) in this subsam ple were removed whi le

viewin g under a dissectin g microsco pe at l 8X magnification. The remaining scales wen:

then cleaned and mounted between two glass slides to facilita te age determination. The

circuli pattern on the scales was viewed using a scale projector at 50X ma gni ficati on.

Annular growth checks indi cating reduced growth during winter periods were disce rned

using the criteria defined by Power ( 1969), and the age of the fish at capture was

estimated by counting the number of annuli on the scale. Sea growth was distinguished

from freshwater growth by the presence ofwidely spaced circuli on the scale and areas on

the scale where sea growth was evi den t were recorded.

From each sample. three scal es that showed the clearest distinction between

winter andsummer growth were selected andthe distance from the scale focus to eac h

annulus and to the scale margin was measured (to the nearest O.02mm) alon g the longest

oral radius of each scale. In cases where measurem ents on one of the three scales varied

widely from the other two this scale was discard ed and the ave rage of the othe r two was

used. When measurements taken on the three scales varied widel y the thre e scal es were

discarded and threemore scales were selected for measurement. Linear regression was
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used to calculate the rela tionship between scale radius and fork length for all scales

measured. This equation was then used to estimate fork length of at the time each annular

mark was formed on each scale. The estimated fork length at each age for eac h fish was

determined by averaging the length estimated by the two or threescales measured from

each fish.

Sagittal oto liths extract ed from fish sampled in the surv ey were stored dry in glass

vials until age determination. Otoliths were placed in a container containin g glycerin and

viewed on a black background witha binocular dissecting microscope using transmitted

and reflected light at 12X to 25X magnification . When viewed in this mann er clear

borders were observed betwee n hyaline and opaque zones radiating outward from the

nucleus. Of the 154otoliths examined, 1SO (91 .4%) were readable . Otoliths from fish

caught in the spring had a byaline zone on the outer edge and otoliths from fish caught in

the summer and fall had an opaque zone on the outer edge. It was therefore concluded

that opaque zones are deposited during peri ods of rap id growth in the summer and

hyaline zones are deposited during periods ofslow growth in the winter . Assuming that

these fish hatch in the spring , as do other salmonids in Newfoundland. a full year of

growth would berepresented by a hyaline zone followed by an opaque zone. The age of

each fish was therefore estimat ed by counting the number of hyaIine zones depos ited after

the first summer.

A subsam ple of 27 fish wasse lected for analysis of otolith microchemical

charact eristi cs as ind icators cf'tbe migrational histori es of these individuals . Also

included in this analysis were otoliths from three anadromous Atlantic salmo n samp led

from the Hum ber River cu the east coast of Newfoundland in 1995. Data coll ected from

the Humber River samples were used to com pare the migra tional histori es of the

Southwest Pond seatrout to the migrational history of a typical anadromous Atlantic

saImon in Newfoundland. The rationale . procedures and results of this anal ysis will be

described separa tely in section 3.4.2.
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J .J . Su rvey Resul ts

3.3.1. Results OJlhe Spr ing Survey

Sampl ing durin g the seaward migration in the spring was conducted at site I .

however fish caught by anglers fishing in other areas of Southwest Pond were also

sampled . Seatrout were abundant in Southwest Pond at the beginning of the spring

sampling period (Ma y 6. the opening day of trouting season) and were easily caught by

anglers. By May 28. how ever. the seatro ut bad disa ppeared from the Southwest Pond

river system and, although the trouting season remained open. most anglers had ceased

fishing . No data on the fish were collected in the spring of 1996 . however during a

survey of anglers fishing on Southwest Pond conducted at this time seatrout were

observed [0 be abundant in Southwest Pond from the opening of the uouting season (May

6) until the last week in May.

Ninety-tw o fish were sampled during the spring survey. The minimum data

collected from each fish were fork lengths . Otoliths for age determination were obtained

from 61 of these individuals. weight was obtained from 4 1 of these individuals and eight

of these individuals were retained whole for furthe r analys is. The samples ranged in fork

length from 2 l .1cm to 59.4cm with a mean of30.2 em . The length frequency distri bution

of all fish samp led in the spring survey is shown in Fig 3.2. The age of the 61 fish from

which otoliths were obtained ranged from four to eigh t years with themodal age being

four years . There was a great deal of varia tion in len gth within each age class resulting in

a large ove rlap in the range o f sizes at each age . Length at age data and the number o f

fish sampled from each age class are given in Tabl e 3.1. The mean condition facto r of

fish sam pled in the sprin g was 0.84 (n=41. max.- 1.07. min .... 0.68). All of the fish

were immature. but many of the females were obse rved to have smal l eggs beginning to

deve lop in the ovaries. suggesting that these fish wo uld mature later in the same year .
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Table 3.1. Mean length (L) at age and the range of sizes within
eachage for fish sampled in the spring surve y

Ag e Mean L Min L Max L Std

2 1.5

47 29.4 16.4 37.9 3.8

15 32.9 26.4 43.5 4.5

40 .5

59.4

Data collected on all fish retained during the sprin g survey (0=8 ) are included in Tab le

3.3 .

3.3.2 . Results ofthe Summer Survey

The saltwater environment wassampled during the summ er of 1995 at site 15 in

Saltwater pon d and sites 16. 11. 18 and 19 in VaUeyfie ld Harbour . Sam pling in saltwater

was not very successful and onl y IS fish, inc luding 5 from the catch of anglers fishing

from the Greenspond causeway, were sampled during June and July. The mean length of

the 15 fish was20.1 em. much less than the mean length in both the spring and fall

samples., suggesting that the summer sample is not representative of the population. AlI

of the fish samp led in saltwater were immature except one age 3+ male sampled from an

angler on June 27 (FL = 20.6cm). The gonads of this fish were turning white an d were

sligh tly swo llen, indicating that it would possibl y mature later in the fall . The data

coll ected from all fish retaine d in the summ er survey (0= 10) are included in Table 3.3.

The IS fish in the summ er sam ple incl ude d four immature parr take n from

Saltwater pond on June 14. A large number of parr in the range of eight to 18 em were
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Figure 3.2. Length frequency distribution of all sea trout sampled during the
spring survey.

observed in Saltwate r Pond throughout June andJuly 1995 and 1996. indicating that the

j uvenile fish make extensive use armis estuary at least in the summer.

The poor sampling results in saltwater are probably due to a number of factors

including the large area of Vall eyfiel d Harbour and the inaccessi bility of many areas of

the shore line. Information from anglers that many fish are caugh t in capella and sme lt

traps throughout the harbour suggests that sampling in sal twa ter could be improved by

using trap gear rather than an gling .
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3~.J. Rem/a of/he Fail Survey

Sampling of fish making thespawning migra tion back to freshwat er in the late

summer and fall bcgan oo Jul y 15 in 1995 andJuIy 25 in 1996 . In 1995 seatrour were

first observed in Southwest Pond on August 18 when a num ber of trout were seen at

Headquarters. Reports from ang lers fishing the week prior to this date suggest ed that the

migration began around Augusl lo-IS. In 1996 there were seatroutalread.y at

Headquarters when the survey began on July 2S and anglers reponed seeing trout in

Southwest Pood as early as July IS. Reports from anglers in both years and information

gathered in the l EK survey (Section 2.2) indicate that the ron in 1995 was later than

usual.

Seatrout were observed in Southwest Pond throughout the fall survey but seemed

to congregate mainly where water flowe d into the pond at Black Brook and at

Headquarters. Shortly after the searrout appearedin Southwest Pond they also were

observed in Little Southwest Pond and Coakers Steadi es where they could be found

thro ughout the fal l surveys . The furthest point upstream where seatrout were obse rved

was at site 7 where three trout were sampled on September 10, 1995. Sites 8 to 12 and

sec tions o f the broo k between sites 7 and 12 and sites 9 and 10 were samp led between

August 28 and30, 1995, and October 5 and8. 1996. how ever there \\0"3.5 no evidence that

the seatrout badmigra ted thi s far upstream. Site 13 andal l sections of Black Brook

below were samp led on August 25 in both 1995 and 1996 . There was no evi dence:that

the seatrout bad migrated past the point where the road crosses Black Brook imm ediately

abo ve Southwest Pond. It is poss ible that the fish do not migrate any furthe r up Black

Brook, however it is also possib le that they had either migra ted past site 13 before it was

sam pled or the fish may not migrat e further into the brook until later in the year .

Spawning of seatro ut was not observed in eithe r 1995 or 1996. A number o f fish

sampled on Oct IS. 1995 were in very ripe condition and would have spawned very
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Figure 3.3 . Plot offork length against head length for 100 seatro ut sampled during
the spring, summer , and fall surv eys. The regression equation was usedto estimat e
individual seatrou t fork. lengths from the lengths of seatrout heads collected from
anglers throughout the surve y.

shortly after thatdate. Most sections of tbe river above Southwest Pond as far as site 12 and

Black Brook as faras site 13 were surveyed for possi ble spawning habitat 1995 and 1996 .

A small amount of suitab le habitat was observed between site 6 and site 7. however no

suitab le hab itat was observed in Black Brook above site 14. There:are large gra vel shoals

in Southwest Peed itself at both Headquarters and the Black Brook outlets and in the

short sec tion of Black Brook betwee n the pond and the point where it crosses the

highway. Although spawning was not observed. fish were observed at these sites

througho ut most of the fall surveys. It is possible that these locations are importan t

spawnin g loca tions for the seatro ut.
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Data 00 both fork length and head length were obtained for 100 seatrout

thro ughout the entire surv ey . linear regress ion revealed.a strong and significant

relati onship between fork length and headlength (Fig. 3.3). This relationship wasusedto

estimate the fork length oe64 seatrout from heads turned in by anglers at the end oCthe

fall surveys. The total number of fish sampled in the fall survey was 173 . Minimum. data

collected from each fish was fork length. Otoliths were obtained for age determinatio n

from 72 oCthese individuals. sex was determined for 57 of these individuals, and weight

was obtain ed from 42 of the se individuals. Fork length of fish samp led in the fall ranged
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Tabl e 3.2 . Mean length (L) at age andthe range of sizes within
each age for fish sam pled in the fall survey

Age Mean L MinL Max L Sid

3+ 12 24 .9 19.7 28.8 3.09

4+ 41 343 24.7 42.0 4 .75

5+ 15 36.9 232 44.0 5.79

6+ 49.6 48.5 51.0 1.10

from 21.3cm to 6O.Ocm with a mean of34.1cm . Sex was determined for a sub sampl e of

57 fish. Twenty-three (40%) were female and 34 (60%) were male. The majority of

these fish were mature howe ver this subsample did include two immature females (FL ,.

34 .2cm and 3D.Oem ) and threeimma ture mal es (FL - 26.4cm. 27.6cm an d 3 1.Ocm).

representing 8.7% of tbe subsamp le. The length frequeocy distri bution of all fish

sam pled during the fall survey is sho wn in Fig. 3.4a andthe len gth freq uency of the

subsample 0£57 fish for which sex was determined is shown in Fig. J Ab. Both oftbese

length freque ncies show a bimodal shape. The mean length ofall fish sampled in the fall

survey was 34.1 em ; the mean length of mal es was30 .4 em. significan tly less than the

mean length of females at 39.6 em (ANOVA~.OOOI).

Age was determined for n of the individuals sam pled in lhe fall. The ages of

these fish ranged from 3+ [Q 6+ years with the modal age being 4+ years . Length at age

data andnumber offish sampled from each age class are given in Table 3.2.

Egg coun ts were perfonned on the ovaries of 14 female seatrout. Fecundity of

females ranged from S44 to 2226 eggs per fish. Linear regression revealed a significant

effect of fork length on female fecundity .(Fig. 3.5). The number ofeggs per centimeter

of fork length ranged from 19 eggs/cm to 54 eggszcn with a mean 34.2 eggs/em. The
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Figure 3.5. Plot of total fecundity against fork length for 14 mature female
seazrout sampled durin g the fall surve y

mean co nditio n faetor of fish samp led in the fall was 123 (min=O.86, max:l.41. n-42),

signifi cantly greater than the mean conditio n factor of 0.84 of the fish samp led in the

spring (AJ.'\;OVA, p<{).OOOI ). Data coll ected on all fish retained in the fall surveys are

includ ed in Tabl e 3.3.

The DNA extractio n performed on the eight fish samples yielded sufficient

amplified produc t for analy sis. The nucleotide sequences obtained from all eight fish

were identical and were compared with DNA sequences contained in the data base of the

Bio--ID Corp . The nucleotide sequences obtained from the eight sam ples were consistent

with them being identified with very littl e doubt as Atlantic salmon (Sa/ma safar)

(Bartlett and Davidson. BiG-In Corp) .
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Table 3.3. Sample number (Sam.). date and location (Loc.) of capture. length.
weight, age, age at smoltification (SOl.Age), number of summen spent at sea (Sea
Sum.), sex.andmaturitystate of all fishanalyzedthroughout the spring.summerand
fall surveys. Swp is Southwest Pend, VH is VaJleyfield Harbour and Est. is
SaltwaterPond.

Sam . 0,,,. Lee. Length Weight Ag. Sm. Sea Sea Maturity
(em) (2) ARe Sum state

F41 AnriI 97 S 28.0 114 .3 4 3 I M immature
FI M. 9S S 31.8 241.0 4 3 1 F nwurin2
F2 M. 9S S 28 .3 179.8 4 3 I F maturin2
F3 M. 9S S 22 .8 101.6 4 3 I M nwurin.
F4 M. 9S S 25 .8 115.8 4 3 I M immatu re
FS M. 9S S 23.8 99.6 4 3 I M macurin2
FI 6 M. 9S S 26.4 176.1 S 4 I M immature
F22 M. 9S S 27 .3 113 .3 4 3 I F marurine
AS M. 9S S 40.5 nh 6 3 2 F seerx
A9 M. 9S S 43.5 nI. S nI. nI. M soecr
A25 M. 9S Swu 36.8 377 .7 S 4 I nI. nI.
ASI Mav 9S Swu 59.0 nI. 8 3 S M I ",,",

Fll June 95 VH 17.3 53.7 3+ 3 O.S F immanue
F12 June 95 VH 17.3 45 .2 3+ 3 O.S F immarure
F13 June 9S VH 17.8 62.0 4+ 4 0.5 M immature
FI 4 June 9S VH 13.9 21.0 3+ 3 0.5 M immanue
FI5 June 95 VH 21.5 99.4 3+ 3 0 .5 F nwurin
FI8 June 9S VH 2 1.3 109 .8 4 + 4 0.5 F maturin
F I9 June 95 VH 20 .6 98.0 3+ 3 0.5 M nwurin
F21 June 9S "'. 15.9 42.3 3+ F immanue
F28 June 95 "'. IS.S 40.1 3+ F immature
F29 June 9S "'. 15.6 43.2 3+ M immature
F30 June 95 "'. 16.4 52.4 4+ M immatn"
F6 Au . 95 S 30.9 374 .9 4+ 4 I M mamre
F1 Au . 9S S 30.6 358 .1 4 + 4 I M mamre
F8 Au . 9S S 28.2 285 .6 4 + nI. 3 M manire
F9 Au . 9S S 34.2 474 .3 4+ 3 2 F maw"
FlO Se t. 95 S 36.7 630 .4 4+ 3 2 F mature
F11 Se t. 95 S 19.7 93 .6 3+ 3 I M mature
F20 Se t. 95 S 33.4 456.6 4+ 3 2 M maw"
F21 Se t.95 S 28.0 252 .5 3+ 3 1 M manu.
F23 Se t. 95 S 35.5 640.3 S+ 4 2 M maw"
F24 Se t.95 S 28.6 297.6 4 + 3 2 F mature



Table 3.3. Cooed

Sam. Om Loc . length Weight Ag. Sm. Sea Sox Maturity
(em) (a) .. Sum. stare

F2S So . os S 37.4 69l.8 S+ 4 2 F mature
F26 Se t, 9S S 40.3 873 .7 4+ 3 2 M mature
F31 Au . 96 S 29.7 335.6 4+ 4 1 F immature
F32 Au . 96 S 30.0 296 .4 4+ 4 1 M mature
F33 Au . 96 S 22.3 129 .8 3+ 3 1 M mature
F34 Au .96 S 28 .8 297.0 4+ 4 1 M mature
F35 Au . 96 S 28 .8 307.8 4+ 4 1 M mamre
F36 Au . 96 S 27.6 286 .7 4 + 4 1 M immature
F37 Au . 96 S 26.4 207.2 3+ 3 1 M immature
F3g Au . 96 S 23.2 161.1 S+ 5 1 M mamre
F39 Au . 96 S 27.0 254.7 3+ 3 1 M manire

F40 Au . 96 S 27.1 zn .o 3+ 3 1 M mature
F41 Au . 96 S 26.7 246 .7 4+ 4 1 M mature
F42 Au . 96 S 2>.0 205.1 3+ 3 1 M mature
F43 Au . 96 S 2 1.3 126.4 3+ 3 1 M mature
F44 Au . 96 S 29.1 336.7 4+ 4 1 M mature

F45 Au . 96 S 24 .7 208.8 4+ 4 1 M mature

F46 Au . 96 S 21.3 141.7 3+ 3 1 M mom"
01 Au . 96 S 38.0 632.7 5+ 4 2 F marure
0 2 Au . 96 S'" 33.5 504.2 4+ 3 2 M mature
03 Au . 96 S.., J1.3 365.0 5+ 4 2 M mature
GO Au .96 S", 33.7 474.1 4+ 2 3 M mature
96-7 Sol . 96 S.., 51.0 1336.7 6+ . 1< DI. F mamre
96-8 Sol t. 96 S", 49 .0 1291.9 6+ 4 3 F mature
96-9 Sol . 96 S.., 48 .5 1011.5 6+ 3 4 M mamre

44
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3.4. G rowth and Mi gration Resul ts

3.4.1. Informarionfrom Scales

The scales cf the 48 individuals retained througho ut the survey were examined for

age , growth and migrational characteristics. There was not always a clear distincti on

between winter and summer gro wth. especiall y at younger ages. makin g recogniti on of

ann uli diffic ult on many scales . The first annulus was absent from the scales of some

individuals andoften difficult to discern in others . When prese nt, the first annulus was

usuall y only three to four circuli from the nucleus. Absence of the first annulus may have

been caused by its failure to form due to the growth rate of the fish., howe ver it may also

have beena result of scales being sampled from an area on the fish that does not contain

the site of first scale formation (Power 1969). Absence of the tim: annulus will result in

the age obtained from the scale being one year less man the actual age of the fish,

there fore ages obtained fro m scales lacking the first annulus were adjust ed upward by one

year . After adjustment. scale age agreed with otolith age in 44 out of 46 individuals

(95.7%) . When scale an d otolith age differed. the oto lith age was take n to be correc t

because aging from oto liths tended to be less ambiguous than aging from scales .

Although annuli at early ages were difficult to disce rn. almost all scales showed

an obvio us and marked transitio n between slow juvenile growth and more rapid adult

growth after which annul i, when present, were easily discernab le (as per Power 1969 ).

This transition. which occurred shortly or immediately after a winter . was most likely due

to smoltification with the subseq uent rapid growth almost certainly occurring in

sal twater. One ' year ' of sea growth consisted of 8-15 well spaced circuli with a total

width of about one quarter or less of the total radius of the scale. This relatively small

amount of sea growth indicates a short saltwater growth period, probably only the length

of one summer. Smoltific ation. as indicated by the marked increase in growth rate,
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occurred at age threein 26 individuals. age foW'in 16 individuals. age five in one

indi vidual and was 00[ observed to have 0CCWTed in 6 indivi dual s.

All of' the fish samp led in freshwater had previously migrated to sea at least once

and sometim es twice. The circul i pattern on the scales of all of the eigh t fish examined

from the spring survey (mean FL =26.8cm ) indicated one summe r ofsea growth prier to

capture. Seven of these individual s were 4 years old and one was 5 years old. Thes e

individual s had smolted the previous sprin g and migra ted (0 sea where they spent one

summer before migratin g back to freshwater to overwin ter. It is possible that some of

these fish bad matured and spawned the previous faIl, howev er spawnin g marks were not

observed on scales from any of these fish. lt is likely tha t all eight fisb would have

migrated back to sea again the following summ er. The gonads of five of theeight fish

were beginning to mature, indicating that at least these fish would have returned to

freshwater andspawned.later in the year.

Tw enty-one of the fish analyzed from the fall also had only one summer of sea

growth on their scales . These individuals badsmelted the previous spring and were

returnin g from their first summer at sea when captured. These fish ranged from 3+ years

old to 5+ years old. Eigh teen cf the indivi duals (mean FL = 26.6cm) were mature and

wo uld have spawned later that fall. howeve r three individuals (mean FL c 29.0) were

immature and would not have spawned that year. Scales ofsix individual s samp led

during the migration back to freshwat er in the fall (mean FL = 34.9 em) badtwo summers

of sea growth representing two consecutive summers at sea with the intervening winter

spent in freshwat er. Four of these indi vidual s were 4+ years old and bad smolted at age 3

and two o f the individuals were 5+ years old and had smo lted at age 4. Five of these

indi viduals were mature and wo uld have spawned later that fall. howe ver one 4+

individual was immature and would not have spawned. It is poss ible that some of these

indi vid ual s had spawned the previo us fall after their first mi gration, however spawning

marks were not observed on any of the scales from these individuals.
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The scales of one mature 5+ femal e sam pled in the fall (sam ple F8) did not show

any post-smolt growth although there was evidence of enhanced growth in the final one

or two summers of lifc. This indivi dual was som ewhat silvery in appearance sugg esting

migration to the sea, however this sil vering was eot as intenseas in other individuals

sampled in the fall and the sizeof this fish was less thanother 5+ individuals . This

ind ividual also had brown fins like those of a juvenile in the parr stage whic h indic ated

tha t it may not have sme lted or may have been a reside nt. Given these conflicting

observations it is difficult to de termine the migrational history oflhe fish bas ed on these

data alo ne.

Th e scales of the seve n fish analyzed from Vallcyfield Harbour in the summer

(mean FL - 18.1 em ) showed only the beginning of sea growth, revealing that these fish

had smelted the previous spring and recentl y migra ted to sea. Four oftbese indi viduals

were 3+ years old and the other three were 4+ years old The scales of the four pan

sampled in the Saltwater Pond estuary did not show any pest-sme lt gro wth, confirming

that the se ind ividuals were indeed still in the parrstage .

Scales ofat least 26 of the 46 indivi dual s showed increase d growth mar ked by

wider than norm al circul i in one or more of the pre-smel t years oflife . Observations of

parr in Saltwater Pond suggest that this increased growth may be due to migration of parr

to the estuary. howe ver the circuli spac ing durin g these periods was no t as wide as durin g

post smo lt gro wth making it di fficult to determine whether this gro wth occ urred in

fresh water or saltwater. Beca use it was no t known exactl y what this gro wth represen ts or

bow reliab le it is at charac terizin g the migrational habi ts of the fish it was no t usedto

attempt to reconstruct movements of individual fish in the pre-smolt phases of the life

cycle .

Length-at-age back -calculated from the scale s of the 45 indivi duals and length at

ag e ofca pture from all fish sam pled throughout the survey are plotted in Fig . 3.6. For

the purpose of measuring annuli. the location of the first annulus was es tim ated on scales

where it was not evid ent. Back-calculated.lengths consistently underestimated the length
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Figure 3.6. Average length at age of capture and average len gth at age back­
calculated using scales of So uthwest Pond seatro ut. Back-ea.lculated. lengtbs
cons istently underestimated length at age ofcapture therefo re back-calculated
lengths were not included in furthe r anal yses .

at each age relati ve to the length at age of capture . It is assumed that length at age of

capture is more reliabl e because the length of the fish was obtain ed by direct

measurement of fork:length o r bead length. The unreliability of the back calculati on

method may have beendue to a number of factors including the difficulty distin guishing

between summer and win ter growth.,failure to find the first ann ulus on some scales or the

small sam ple size used.
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3.4.2.lnfOrmation from Otolith Microchemistry

Fish otolithscan act as storage units fora wide range ofenvironmental

information. revealingpast growth rates as well as impo rtan t life history and

environmen tal transi tions (Radtke [984; Townsend et al. 1989) . A relatively

new techn ique for extracting information from otoliths is the analysis ofmicrochemical

characteristics by electronmicroprobe techniques to reconstruct past environmental and

life history events of individual fish. Most fish otoliths are composed of aragonite which

is deposited rhythmically in alternating protein-rich andcarbo nate-rich layers as the fish

grows (Degens et aL 1969). Trac e elements can contaminate the aragonite deposited in

the otol ith durin g formation and, due to its similar valence (2+) and ionic radius (Sr ""

0.113 run.Ca = 0.099 om) , strontium. is one of the more common trace clements found in

otoliths. The quantity of strontium deposited in the oto lith is directly related to the

quanti ty ofstron tium in the endo lym ph surrounding the otoli th (Kalish 1989), whi ch in

tum depends on a number of physio logical and enviro nmental factors .

One of the more important environmental factors affectin g the concentration of

strontium depo sited in the oto lith is the salini ty of the water in which the fish is livin g.

Large differences in Sr/Ca co ncentration have been foun d when com parin g otoliths of

fis h sampled from freshwate r and marin e enviro nments due to the muc h lower

concentration of Sr in freshwater (0 .07 ppm) than in saltwater (8 ppm ). Differe nces in

environmental concentration ofstro ntium. re flected in the porti ons of the oto lith depo sited

in eac h enviro nment have bee n used to reconstruct the migrati onal histories of indivi dual

fish from diadromous populations (Casselman 1982; Radtk e et al. 1988 ; Kalish 1990;

Sec or 1992 ; Rieman et al. 1994 ; Limburg 1995; Radtke et al. 1996) . The main purpose

of the foUowing research was to use trace elem ent anal ysis of otoliths to provide

migrational data about indivi dual Southwest Pond seatrout. By correlating

microchemistry data with otolith mac rostru cture (i.e. ann uli) it should be possib le to

determine the timing and duration ofeach sea ward migra tion of indivi duals prior to
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capture. This information. combined with data from scale anal ysis and length and sex

data co llected from the fish.can be used to reconstruct the life history of individual s and

examine variation in life-history within the population.

3....2.1. App licatiog oCme Micro probe Technique

Anal ysis of Sr/Ca concentration in sagittal otoliths from 27 seetro ut and three

typical Atlantic salmon was performed at the School of Ocean and EarthSciences and

Techno logy , University of Hawai i. ~oliths of Atlan tic salmo n from the Humber River

were analyzed to allow the typ ical Atlantic salmon life history to be compared to the life

history of the Southwest Pond sea trout. The samples were prepared for analysis by

mounting each otolith on a 2.5 em diameter glass disk and then grinding on the distal

surface to reveal a section thr ough the core region. A wavele ngth dispersi ve electron

micro probe was used to obtain quanti tativ e measure ments of strontium.and calci um

concentration along a transect across the ground surface of the oto lith. This analy sis

involves bombarding the sam ple with a narrowly focused electron beamand measuring

the wa velength andenergy dispersion of the resultant X-rays. The X-ray wavelength and

energy dispersion an: related to the identity andquan tity of the element being analyzed,

in this case strontium andcalcium. and therefore can be used to measure the

concentrati on of theseelements at specifi c points on the sam ple. Furthe r details about the

analytical conditions andproced ure can be found in Radtke et al. ( I9%). Stro ntium and

calc ium co ncentrations were recorded at a series of 9Oto 120 data points (depending on

the length of the transect followed) spac ed at approxim ately 10m increments along a

transec t from the core to the edge of the dorsal lobe. X-ray intens ities werecorrected and

computed using the ZAF method (Reed 1975) and final elemental concentrati on

presen ted as ratios of weight percentages. Relative measure ment erro r percentages were

measured accordin g to Radtke et al. (1996) . Measurement error values were in the ran ge
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of3% to 5%. Strontium andcalcium concentration ratios were multip lied by I~ for

grap hical presen tation.

After the microprobe analysis was complete the otoliths were returned to

Memorial University for correlation of otolith macrostructure with microprobedata. The

oto lith preparations were cleaned with ethanol to remo ve the carbo n coat applied prior to

microprobe analysis. The sam ples were then examined under a binocular dissec tin g

microscope at 75X magnific ati on to reveal bothannuli and the bum mark left by the

microprobe. Because grin ding increased the transparency of the otoliths. the right,

unground. otoli lb.was also viewed under the same conditi ons to ensure that annuli on the

ground (microprobe) sam ple were correc tly identified. Measurements along the

microprobe scan line. from theouter to the innermargin of each successiveopaque and

hyaline zone , were taken to the nearest m. The positio n of the hyaline andopaque

zones were correlated to the anal ysis points from the microprobe data which allowed ages

to be assigned to the micro probe analysis points and provided a time series of

environmental history for eac h fish.

3.4.2.2 . Patterns in Sr/Ca Concentration

Inspection of the distal face ofSouthwest Pond trout sagittae using transmitted

and reflected light revealed clearly defined annul i \l,i thin most otoliths. Sagittal otoliths

o f Southwest Pond seatro ut were morphologically different from sagittal otoliths of the

Atlan tic salmon sampled from the Humber River . The outermost opaque zones of the

otoliths from the Humber River salmon were very wide (up to hal f the width of the

otolith in some areas), thick, and heavily calcifiedon the distal surfac e. This hea vil y

calc ified zone appears to be formed durin g the full year ofpost-sme lt growth at sea that

these salmo n typ ically experience. This zone wasabsent from most of the Southwest

Pond seatrout saginae. There was a small amount of thickening obse rved on the margin

of some of the seatrou t o toliths. howe ver the zone that contain ed it wasmuch narrower
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and the calcification much less extensive lhao on the oto liths from the Humber River

samples.

Measurements ofSr/Ca concentration were obtained for 26 Southwe st Pood

searrc ut and threeHumber Rive r salmon. The measured ratios of'S r to Ca ranged from <

9 x lO-I to approximately 9 x 10-3. Within the transect across each otolith the ratio of'Sr

to Ca was variable, however distinct regions of high (usually >3 x 10-1 Sr/Ca

conce ntration were observed in most otoliths . These prominent peaksin Sr/Ca

concentration were interpreted as the chemical signanceof time spent in an environment

of higher salinity . These peaks were usually associated with opaque (i.e. summer) ZODeS,

however a number of samples had peaks that appeared to be assoc iated with hyaline

zones. It is possi ble that some individuals overwi nte r in an environment of higher

salinity, however it is also possi ble that measure men t erro r associated. with microscopy

and the electro n microprobe resulted in Sr/Ca peaksoccasionally being erroneously

assoc iated wi th winter rather than summer growth zones (Radtke et aI. (996). In most

cases. if a large pan of the Sr/Ca peak 0CC'UlTed in an opaq ue zone, it was assumed that

the peak was associated with this zone .

There wasan initial Sr/Ca peak assoc iated with the nucleus of the oto lith in six

ind ivid uals (samp les F5. F9. F2S. A2S. G2 and 96-9). Kal ish (1990) demonstrated that a

peak:in Sr/Ca concentration in the oto lith nucleus of progeny of anadromous parents is

due to the presenc e of strontium sequestered in the egg yolk proteins during the sea ....tater

phase ofovarian development of the fishes' female parent and subsequently depos ited in

the otolith primordia during larval development. Lack. of this initial peak in the other

seatrout samples does not impl y non-anadromous parentage because no effort was made

to directly sampl e the primordium . Thus this area was sampled by chance in some

otoliths and not in others.

Ano malous readings were reco rded at some poin t on six of the 26 searrout

sam ples . Samp les flO and A9 had very high (>6) Sr/Ca concentration at the start ofthe

microprobe transect. lhis was probab ly not due to accumulation ofSr in the developing
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egg as reponed by Kalish (1990 ) because this high ratio continues into the first summer

in both samples. This result may be due to contaminati on of the otolith or failure of the

microprobe scan to go through the core . The remaining data from sample F20 appears

normal and demonstrates migration throughout life. The Sr/Ca concentration of sample

A9 shows a decreasing trend throughout life however it does appear to show migration in

a number o f years . Sample FlO sho wed unusuall y low Sr/Ca concentra tions and sample

96-8 showed unusual ly high Sr/Ca concen trations throughout life . The Sr/Ca profiles of

both individuals. however, did show distinct regions of relatively high and low Sr/Ca

concentratio n that were interpreted as evi dence of migration betw een environments of

differing salinity. The Sr/Ca concentratio n of samp le 96-7 remained relatively high

throughout and did not appearto sho w an y evidence of migratio n. This individual was

51.0 em in length anda known migrant caugh t during the fall migration. Repeating the

microprobe anal ysis did DOt significantly alter the data therefore it appears as though the

migrational history of this individual was Dot well recorded in the oto lith microchemsitry.

This was the only individual of the six showing anomalous readings that was not included

in further anal ysis .

3.4.2.3 . Indjyidual I ire History Profiles

A representative life history profi le of an Atlantic salmo n sam pled from the

Humbe r River(H3) is shown in Fig . 3.11. There are no large Sr/Ca peaks above 3 x 10·l

in the first three years however there is a large peak associated with the heavil y calc ified

mne beginning in the fourth summer and lasting a full year . TIlls individual shows the

expected life hist ory profile of an anadromous Atlantic salmo n in Newfoundland; three

years of continuo us freshwa ter residence followe d by a full year ofsea residence

associa ted with increased growth ra te as indicated by a wide opaque zone on the oto lith.

11Usis cons isten t with the life history of salmon in the Hwnber River (Blair t965). The

other two salmo n sampled from the Hwnber River bad very simil ar life hist ory profiles.
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The life history profiles of Southwest Pond searrour (Figs . 3.7 to 3.11) displayed a

number of characteristics that distinguish them. from the life history pro files ofa typical

Atlantic salmon. Most seatrout life histo ry profiles had a SriCa peak in at least ooe of the

pre-smolt years of life. Except when they occur in the first summer c f Iife, these peaks

tend to be smaller than ones that occur after smo ltification, suggesting that they may be

du e to residence in an enviro nment with lower salinity thanthat of the fully marine

environment. Observatio ns of nwnerous parr in the Saltwater pond estuary and the small

size of the fish at this age sug gest that these peaks represent migration to the estuary ear ly

in life. This is consistent with info rmati on from the scales of many sea trout that show

increased growth in some cf'the early years of life suggestingmovement to an

environment of higber prod ucti vity. The relatively large height oflhe Sr/Ca peaks that

occ ur in the tim summer of life may bedue to the small sizeof the fish at this time.

Peaks representing first migration to the estuary as a pre-sme lt occurred in the fun

summer of IS individuals, the second summer of three individuals and the third.summe r

of two individual s. Only one individual, sample F3 (Fig. 3.7), did not appear to have

migrated to the estuary as a ju venil e. Multip le peaksindicating multip le migrations were

comm on throu ghout the pre-sme lt phases of many individuals.

Smolti fication and subseq uent migration to the ocean appears to be indi cated in

most life history profil es by a marked increasein Sr/Ca concentration. usually in the

fourth or fifth summer. representing migration to the fully marine environment at this

time . Pest-smelt peaks represen ting migration to the ocean usually occurred in al l

subsequent opaqu e zones. confi rming that migrations are undertaken annually and that

the length of time spen t at sea with eac h migra tion is approxima tely the length of one

summer. Smo ltification, as ind icated by a rel atively large Sr/Ca peak afte r the second

summer, appeared to occur at age two in three individuals (sampl es F8, G6 and A9), age

three in 13 indi viduals (sample s FI, F2, F3, F4, FS, F9, FlO, F20, F21 . AS , ASI , 02. and

96-9 ) age 4 in eight individual s (samp les A2S , F7. F23, F24. F26, 0 1. 03 and 96-8) , and

age 5 in one individual (sam ple F2S).



55

Six of the individuals analyzedwere captured after their fourth summer of life.

Sampl es F l . F2, n .F4, andFS were four year old individuals caught in the spring and

F2 1 was a J+ year old individual caught in the fall. The Sr/Ca profiles of these

individuals are shown in Fig. 3.7. In the profil es o f these six individuals a relatively large

peak in the fourth summer (i.e. age 3+) associ ated with increased growth, as indicated by

the width of'the opaque zone, suggests smoltifieation at age 3 followed by migra tion to

the sea in the fourth summ er and back to freshwater in the fall. The individuals caught in

the spring probab ly would have returned to sea for the following summer while the

individual captured in the faU would have overwintered in freshwa ter. All of these

sampl es. excep t sample F3 which was the smallest four year old analyzed..showed

evidence of migration to theestuary in the pre- sme lt years.

Ten of the individuals analyzedwere captured aftertheir fifth summ er of life.

Sam ples F1 . A9 and A2S werefive year old individuals caught in the sprin g and sam ples

F8. F9, FlO . F20. F26. 02 and G6 were 4+ year old individuals caught in the fall. The

Sr/Ca profiles of these individuals are shown in Fig . 3.8 and Fig 3.9. The profi les of

samples F8. and G6 suggest smoltificatio n at age 2 and migration to the sea in the next

three summ ers. Sampl e F8. a 28.2 em female . was not as silvery in appearan ce as other

fish cau ght in the fall and hadbrown pectoral and pelvic fins like those of a ju venile in

the parr stage . The migrational history of this individual could not be: inferred from the

scales due to conflicting observations . The scales of this individual showed no post.

smo lt gro wth and the opaque zones on the otolith associa ted with the peaks indicatin g

migration were relatively narrow demonstra ting that this individual badmigrated to a

saline environment threetimes and became sexually mature without smolting. The

appearance of sample G6 wasthe same as othe r fish caught in the fall. however the size

of this individual was consid erably smaller (33.7cm) thanwould be expected from an

individual that had made three post-sme lt migrations and wasclose to the average size of
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Figure 3.7. Strontium/Calcium profiles of the six Southwest Pond seatrout captured
after four summers of life . Dark zones rep resent regions ofsummer growth and light
zones represent regions of winter growth on the otolith. Sr/Ca peaks greater than
threeare tho ught to represent time spen t in saltwater except in the profil e of sample
F5 where saltwater residence is probabl y represe nted by peaks gr eater than two.
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Figure 3.8. Strontium/Calcium profiles ofsix of the Southwest Pond seatrout
captured after five summers oflife. Dark zones represent regions of summer growth
and light zones represent regions of winte r growth on the otoli th. Sr/Ca peaks
greater than three are though t to represen t time spent in saltwater exce pt in the
profile s ofsam ples F9 and Fl Owhere saltwa ter residence is probabl y represented by
peaks greater than two.



58

250 500 750 1000 1250

§4_ 2

"EO
"8 0 250 500 750

8
~6

~4
en 2

300 600 900 1200 200 400 600 BOO

Distancefrom center ("",)

Figure 3.9. Strontium/Calcium profiles of four of the Southwest Pond seatrout
captured afte r five summers of life. Dark zones represent regions of summer
growth and light zones represent regions of winter growth on the otoli th. Sr/Ca
peaksgrea ter than three are thought to represent time spent in sal twa ter.

fish that had made two post- sme lt migrations. This individual may have smelted at two

years with a subsequent slow growth rate , howev er the peak in the third summer could

alsorepresent migration cf' the fish as a pre-sme lt, probably to the estuary. with post ­

sme lt growth occ urring in the final two summers before capture . Thi s indivi dual may

also have migrated to the estuary in the second summ er.

The Sr/C a pro files of four individuals captured in their fifth year indicat e
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smo ltification at age 3 (sam ples F9, FlO. n o,andG2) and migrati on to sea in the next

two summers. Grinding the otolith of samp le G2 resulted in the removal of the

outermost opaque zone and, therefore. loss of the Sr/Ca data in most of the final (fifth)

summer of life. The silvery appearance and high conditi on of this indi vidual when it was

caught during the fal l migrati on indicates that it was at sea in the fifth summer and the

SrJCa profile dem onstrates that it bad also been to sea in the fourth summer and was

therefore a repeat migrant. The largest SrlCa peak occurs in the fourth summer a Cthe life

history profi le ofsam ple Fl Oand this is associated with a wide opaque zon e on the

otolith. suggesting smo ltification at age 3 and migration to sea in the two su bsequen t

years with the peaksin summers two andthree representing migra tion to the estuary. The

scales of this individual, however, hada small amount of post-smol t growth only in the

final( fifth) summer of life indicating smo lti.fication at age 4 and only the subsequent

summer at sea. Giv en the large size of this indivi dual (36 .7cm) it seems more like ly that

the first year of post sme lt growth was not well represented on the scal es and that the

migra tional history inferred from otolith microchemistry is correct.

Three of the individual s captured in their fifth year appear to have sme lted at age

four andmigrated to sea only in one summ er prior to capture. The SriCa profiles of

samples AlS. F7 and F26 show a large peak in the fifth summ er, indi cating first

migration to the sea in the summ er before capture. Examination ofscales of sam ple F26.

however reveals that this individual underw ent two years of post-s melt growth. This

indicate s that the small er peak in Sr/Ca co ncentration occurrin g in the fourth summer of

this indivi dual also represen ts pest- sme lt growth at sea and that this indivi dual wasa

repeat migran t tha t badacntall y smel ted at age 3. All three indivi duals badmigrated to

the estuary in their first year of life and F26 and F7 continued to migrate thro ughout the

parr stage .

The age at smo ltification of one of the individuals captured in the fifth year

(sample A9) was di fficult to determine due to the declining Sr/Ca ratio observed

through out life . This individual appears to have migratedto an environment of high
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salinity in summers one. two, three. andfour and possibl y in winlef three. The largest

peak after age two is in the third winter suggesting smoltification at age two and

migratio n to sea in the next two summers with migra tion in the fifth summer being

skipped. It is possib le that migration in this summer did occur but due to the declining

Sr/Ca ratio it was not we ll represe nted in the migra tional profil e . Due to the ano mal ous

readings obtaine d for this samp le these data should be interpreted with caution.

Six individuals were capturedafter their sixth summer of life. Sample AS was a

six year old captured in the spring and samples F23. F24. F2S. 01. andG3 were 5+ year

olds captured in the fall. The Sr/Ca profiles of these individuals are shown in Fig. 3.10.

A relatively large Sr/Ca peak in the fourth summer of sample AS suggests smoltificati on

at age 3 with previous migrations to the estuary . This individual also shows a peak:in the

sixth summer indicating migration to sea in the summe r before:capture. The Sr/Ca

concentration in the fifth summer , however , remains relatively low suggestin g that this

individual did not migrate this summer or that a migration in this summer was not well

represen ted in the otolith microchemistry.

Four of the sampl es caught aftersix summers (sam ples F23. F24. G I and 03)

smo lted at age 4 andmad e two subsequent migrations to sea before capture . Grinding the

otolith of samp le F23 resulted in the removal of the outermost opaque zone and.

therefore. loss of the Sr/Ca data in most of the sixth summer of life. This individual had a

large Sr/Ca peak in the fourth summer indicating migration to sea and was caught as a

mature individual returning from the sea in the sixth summ er. The scales of this

individual confirm that it was indeed a repeat migrant. Sam ple GI appears to ha ve

migrated to an environment ofbigh salinity late in the first summer and then remained

there for the durati on of the parr stage. Increased growth and a peak in Sr/Ca

co ncentration in the fifth and sixth summers suggest smol tification at age 4 and

migrations to sea in the two subsequent summers . The low in Sr/Ca concentratio n that is

interpreted as overwin tering in freshwater in the fifth wint er is still above 3 x 10·)

suggesting that migrati on between freshwater and the estuary, if it occurredin the pre-
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Figure3.10. Strontium/Calcium profiles of the six Southwest Pondseatrourcaptured
aftersix summersof life. Darkzones represent regions of summer growthandlight.
zones representregions of winter growth00 theotolith.SrJCa peaks greater thanthree
arethought to represent time spent in saltwater .
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smelt years.,may not have been well represented in the otolith microchemistry. A

relatively large peakin the fifth summer and a smaller one in the sixth summer of the life

history profile ofsample G3 suggests smoltificarion at age 4 with subsequent migrations

in the next two summers. Sr/Ca peaksin the second. third and fourth summers suggest

migration to the estuary in these years. The peaksrepresenting thesemigrations continue

into the second. third and fourth winters suggesting that this fish may have overwintered

in the marine environment Sample F24 had large peaksin summers five and six. the last

two summers prior to capture . indicating that this individual was also a repeat migrant

that bad smo lted at age 4. Samp le F25 bad Sr/Ca peaks in the fourth. fifth and sixth

summers. The largest of the threepeaks occurred in the sixth summer suggesting

smo ltification and subseq uent migration at age S. Examination of the scales of this

individual. howe ver indicates sme ltin g at age 4, therefore the Sr/Ca peaks in summers

five and six represent migratio n to sea and the earlier peaksrepresent migration to the

estuary.

Three individuals were captured after 7 summers of Life. Samples 96-7 , 96-8 and

96-9 were all 6+ individuals captured in the fall . TheSr/Ca profiles of samp les 96-8 and

96-9 are shown in Fig . 3.11. Sample 96-9 smelted at age 3 and migrated to sea in the

next four summers with the height of the Sr/Ca peak declining with eac h subsequent sea

migration. Sample 96-8 showed re lative ly high Sr/Ca ratios througho ut life. however

there was evidence ofmigra tion in the data as this individual had higher SriCa ratio s in

the fourth, fifth and sixth summers indicating smo ltification at age four and migration to

sea in the foUowing three summers . Migration back to freshwater is not weU represented

in the Sr/Ca profi le in the interv ening winters . however it is not likely that this individual

spen t two full years at sea as it was considerably smaller than woul d be expec ted . Due to

the anomalous data the Sr/Caprofi le of this individual should be interprete d with caution.

Sample 96-7 also showed ano malous readin gs and was therefore exclud ed fro m the

analysis.
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Figure 3.11. Stro ntium/C alcium profiles ofthe two Sou thwest Pond seatrout cap tured
after seven summersoflife (samples 96-8 and 96-9). theone individual captured after
eight summers of life (A51), and a typ ical Atlantic salmon sampled from the Humber
River (H3) . Dark zones represent regions of summer growth and ligh t zones represent
regions ofwinter growth on the otolith. Sr/Ca peaksgrea te r than threeare thought to
represent time spen t in saltwa ter excep t in the profile of sample 96-8 where saltwa ter
resi dence is probab ly represe nted by Sr/Ca greater than five .

One individual . sampl e ASI . was caught in the spring after eight summ ers of life .

The Sr/Ca profile of this indivi dual is shown in Fig. 3. 11. Thi s indivi dual spent the first.

and possible the seco nd. summer in the estuary before sm el ting at age 3 and the n

migrating to sea in each of the five subsequent summers. It is likely that each of these

peaksrepresents a separate migration rather than continuous sea residence because,

alth ough this individual was larger than average (S9.4cm) . it wasconsi derab ly smaller

than wo uld be expected of a salmon that had spent five full years at sea. Examination of
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the go nads of this indi vidual indicated that it badspawned the previ ous fall . The

numerous migrati ons mad e by this individual andmaturation of most other individuals

after one or two migrations suggest thatthis individual bad probab ly spawned in at least

one other yearas well.

3 .4..2.4. Matching of Circuli Pattern and Oto lith Microchemistry

Both otoli th microchemistry and scal es of 15 individuals (sam ples FI-FS. F7-FIO.

F20. F2t , F23-F26), were analyzed for migra tional characteristics. Am ong the 15

indi viduals there was strong agreement between migrational histories inferred from scal es

and from otolith microchemistry. Sma lt age was most easily determined from scales

because these structures showed a marked cbangc in the circ uli pattern associated with a

change in growth rate after smo ltification. High otolith SrfCa conc entrati on in the

summers after smo ltifieatio n confirmed that the subsequ ent rapid growth seen on the

scales did in fact occ ur at sea. Smalt age could be determined from the oto lith

mi crocbemistry of most individ uals because the Sr/Ca concentration typically showed a

marked increase assoc iated with migratio n to sea after smoltification.. Assuming that

smo ltificatio n doe s not occur before age two , the largest Sr/Ca peak afte r the seco nd

summer marked the year of smoltification as seen on the scale in 11 out of the 15

( 73 .3% ) individual s . In one of the individuals where smo lt age inferred from scales and

oto liths did not agree (sample FlO) it was be lieved that the oto lith microc hemi stry was

more likely to be correc t than thec irculi pattern on the scal e. The colorati on and lack of

post -sm elt growth on the scal es of anothe r individ ual (sam ple F8) indicated tha t this

individual had eot smolted, however the SrfCa profile demonstrated that this individual

bad migrated to sea in the last threesumm ers. In this case , examination of the Sr/Ca

profi le alone would lead to the erroneo us conclusion that this individual bad smolted at

age two . The SrfCa profil es of the remaining two samp les where otolith and scal e da ta

did not agree (sam ples F25 and F26) did displa y a SrfCa peak representing migration to
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the sea in the summer following smoltificatio n. however there was a larg er peak.a year

later associated with a seco nd migration to sea that was interpreted as the first post-smolt

migration.

Although the circuli pattern on the scales showed evide nce ofmi gra tio n to the

estuary. this migration was more easily detected in the microchemistry data Of the 15

samples for which both scale and microchemistry data wereavai lab le there were a total of

31 peaksin the Sr/Ca profi les that were thought to be due to residence in the estuary,

however only I S of these migrations were evident on the scales of the same fish.

Neither scales nor otolith microchemistry showed any evidence o f recording a

spawnin g event, Scales were analyzedfrom only 5 fish that were likely to have spawned

a sufficie nt am ount of time in the past for a spa wning check to have form ed on the scale .

Although no spawning check wasdetected on these scales it is not known wheth er these

fish did in fact spawn. Previous spawning most likely occurred in a num ber of sam ples

for which microc hemistry data were collected (e.g. ASI . AS) and. althou gh mul tip le

migrations were detected in these samples, there was no way to tell whether the y had

spawned from the Sr/Ca data .

3.5. Compa ri ng LEK to the Results of the Surv ey

Data on the searrout population's range, distri bution, migratio n pa tterns, physical

description and life history have been collected through both the l EK surve y (Chapter 2)

anddirect study of the population. Much of the information gathered in the LEK survey

of seatrout anglers was consistent with what was learned through direc t sam pling o f the

seatrout population. The physical description of the seatrour provided by anglers (Section

2.2.2) was very accurate. Anglers reported a change in appearance and condition between

spring and fall caught fish which wassupported by data collected from the seatrout

population. Anglers also reported that the flesh oftbe seatrout bad an unusuall y white or

pale pink coloration which wasalsoconsistent with what was found by examining
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individuals sampl ed from the seattout population. The other morphological differences

between typical salmon and the seatrout reported by anglers (i.e . bead and tail shape)

were DOt examined in enough de tail to determine the accuracyof this information.

Although ext ensive data on me populati ons range, distribution and timing of

migrati on were not collected through direct study o f the populatio n. the available data

were consistent wi th the data provided by anglers . The life histo ry sugg ested by anglers

wasalso consistent with the life history as revealed throughoto lith and scal e anal ys is.

Although the scale and otol ith studies provided much more detailed data about individual

fish.the most unique feature of the life history i.e. the short duration of the saltwater

phase, was recognized by ang lers.

The size range of fish in the population as indicated by anglers was fair ly

cons istent with what was learned by sampling the pop ulation. When asked to give the

average size of fish caught. anglers usual ly provided a range ofsizes and the range of

sizes provide d by most anglers was close to the actual avera ge size: of fish sampled from

the population. The size at which anglers cons idered an individual to be large was near

the upperend of the length frequency distributi on. Ang lers tended to overestimate the

size at which the seatrout first go to sea. probabl y because the fish at this stag e of the life

history are too smal l to be easily caugh t by anglers . The size at first migration provided

by anglers was closer to the average size of fish caught in the spring prior to makin g the

second migra tion to sea.

The results dem onstrate that anglers can possess accurate knowledge about the

fish populations that the y explo it, Some informati on contained in the lEK ofSouthwest

Pond seatrcut ang lers suc b as changes in the population over time could not be valida ted

because this information wasnot available from any othe r source. The relati ve accurac y

of the other inform ation provided by anglers suggests that this informa tion is probably

accurate as well . Altho ugh the data collected throu gh more traditi onal scie ntific methods

is more accurate. the results demonstrate that the LEK of experienced angle rs re presents

an alternate and relia ble so urce of data.
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3.6. The Ecological Positio n oftbe Southwest Pond Seatrout

The results of the genetic analysis of the Southwest Pond seatrout sam ples

revealed that these fish are, in fact, Atlantic salmon. Salmo salar (Sectio n 3.3.3).

Atlantic salmon are commo n throughout Newfoundland in both anadromous and DOn­

anadromous forms. The ooo-anadromous form. known locally as ouananicbe, spends its

entire life cycle in freshwater and may reach sizes cfup to 48 em (12 kg) (Sc ott and

Crossm an (964) . Popula tions of ouananic be are often prevented from moving betwee n

freshwater and the ocean by an impassable barrier. however populations do occur in

locations that are access ible to the ocean. Individuals of anadromous salmon typi cally

spend two to four years as juveniles in freshwater before smelting and migrating to sea

where they remain for one to two full years before returning to their natal rivers to spawn.

When at sea the movemen ts of some salmon may be extensi ve and some indivi duals from

Canadian rivers are mown to migrate as far as the Greenland coast. Salmon that spend

only one year at sea before returning to freshwater (grilse) typically reachweights of

1.4kg to 2.7 kg (5Oc:mto 63 em) however multi-sea-year salmon can reac h weights ofup

to 9. l kg (9Scm) or more (Scott and Scott 1988).

Thelife history of the Southwest Poad seatrout is characterized by migration to

the estuary in one or more years of the juvenile stages with some indi viduals migrating as

early as the first summer of life . Smcltifica tion occurs in thesp ring , usual ly at age three

or four but may also occur at age two or age five. After smolting the fish beg in to make

annual migrations ofshort durati on to the sea. Th ese migrations begin in the spring,

usually in May, and last for threeto four months before the fish return to freshwater to

overwinter. Many of the fish will become sexual ly mature durin g the first migration to

sea and subsequently spawn when they return to freshwate r in the fall, howev er some

migrating individuals appear to delay maturation until after the second migration. The

high incidence of repea t migration means that many individuals have the opportuni ty to
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spawn multiple times throu ghout their lives. With the exception of the use of the estuary,

this migrational pattern is similar to that seen in anadromous Arctic char (Saiv e/i ftUS

alpinus). andanadromous brook.trout (Salwlinus !ontinalis) . two other salmonid species

native to Newfoundland.

The life history of the Southwest Pond seatro ut is unusual for Atlantic salm on in a

number of respects, on e of which is the apparen tly widespread use of the estuary by

ju veniles . The use of the estuarin e environment by Atlantic salmon parr has been

reporte d from easte rn Canada (Cunjak. et al. 1989; Powe r and Shooner 1966; Hun tsm an

1945; Hutchings L985) and from Russ ia (Kasakov 1994). While there have been

observations ofsom e estuarine parr returning to freshwat er in the fall (Hutchings 1985;

Cunjak et al. 1989), it appears that most are larger individuals in a pn:-smo lt phase that

eventuall y smoltify in the estuary and co ntinue the ir sea ward migration.. Use of the

estuary by the Southwest Pood seatro ut appears to be more exte nsive than that reported

from other populatio ns. Otoli th microch emistry of the Southwest Pond seatrout

demonstrat es that almost all of the adult fisb examined badbeen to the estuary at least

once as j uveni les. Furthermore, parrof this populatio n were often found to have entered

the estuary very ear ly in life and to have made a nwn ber of subsequent migrations

between freshwate r and the estuary before eventual ly smo lting and migratin g to sea. It is

not known whether smo ltification actual ly occurs in the estuary, howeve r it is likely

given the extent to ",..hich the parrmake use of this eavironmem,

The salinity tolerance of Atlantic salmon parr is known to belimited and inversel y

related to body size (Cunjak et al. 1990 ). To avoid high mortality, especi ally at small

sizes, the parrmust be able to find areas in the estuary where they can take refuge from

high salini ties. Saltwa ter pond is approximately 2.5 km in length and gradually narrows

to about 10m· 15m where the brook flows into the inner estuary. The outer portio n of the

pond is separated.from the Southwest Arm. ofValleyfi eld Harbour by a shallow sill that

restric ts seawater input, Given these condi tions it is like ly that a long salinity gradi ent

occurs lengthwise thro ugh the estuary . Furthermore. the long narrow shape of Sal twater
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Pond results in a sheltered location that probably minimizes mixing ofdeeper saltwa ter

with overlying freshwater. Given these conditions. it seems possible that juvenile

seatrout in the estuary can remain in water of fairly low salinity while making brief

excurs ions into areas ofhigber salinity. Larger parr, including the ones that were caught

during the survey . were seen farther out in the estuary in waterofhigber salinity.

Evidence of higher salinity in the outer estuary is provi ded by the presence ofa marine

fish, Taurogolabrus adspersus. at the sampling site there . There may bea high er

mortality associated with residence in the saline enviro nment of the estuary, however this

may beoffset by th e higher growth rate that the surviving parr experience.

The reason for such extensive use of the estuary is not clear. however the

proximity aCthe spawnin g locations could be a contrib uting factor . Many of the fish arc:

believed to spawn in the stream only a shan distance above Southwest Pond or on gravel

shoals at the stream outlets in the pond itself. The distance between the estuary and these

loca tions is only a few hundred meters , most of whic h is the lacustrine habitat of

Southwest Pond. Any movement downstream by rece ntly hatched or older juveniles.

eithe r by disp lace m en t due to enviro nmental conditions (i.e. floodin g) or migration in

search of suitab le habitat. would likely result in move ment into the estuary. Further work

is needed to identify the mechanism responsible for initi ating migration to the estuary and

its effect on the population's production. Nevertheless. it is eviden t that Saltwater Pond

is an important rearing habitat for j uvenile Southwest Pond seatrout and should be

considered as such for management purposes. including special protection for that

habitat.

The seco nd unusual aspect of the So uthwest Pond sea.trout life history is the short

duration of the saltwater phase and the assoc iated high rate of repea t migration. After

smo lting , the seatrout migra te to sea in May and return to freshwa ter in July through

Octob er with the maj ority of the run occurring usual ly in August. An indi vidual going to

sea early and returning late could conceivably spen d alm ost six mo nths at sea, howeve r

the typica1length of time at sea is probably on the order of two or three months. This
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short amount of tim e at sea means that the fish cannot possibl y migrate far and

observatioos of searrout in saltwater throughout the summer by anglers and.commercial

fishermen suggests that many of the fish do not leave the immediate vicinity.

There appears to be a relatively high rate of survival to repeat migration in the

Southwest Pond searrcut population. Of the 46 individuals that bad migrated to sea and

subseq uently returned to freshwater . 16 (34% ) were repeat migrants having made at least

two migrations to sea and 5 (II%) hadmade three or more migra tions. Dymond ( 1963)

repo n ed a repeat spawning rate of between 5% and34% for selected Atlantic salmo n

rivers in easte rn Canada. Information collected from anglers indicates thatthe number of

large fish in the Southw est Pond seatrcut population bas declined drasticall y, probably

due to over-fishing, suggesting that the natural surviv al rate is probably highe r than

indica ted by the data presented here. This relatively high survival rate is probably due to

the short duration of sea residence which allows the fish to avoid much of the potential ly

high mortal ity associated with residence in that environment, The small size of the

Southwest Pond river system and the close pro ximi ty of the spawning sites to the ocean

means that migration upstream and subseq uent spawning are probably less stressful than

in other populations resulting in a higher post -spawning survival . Furthermore. a small

percentage of the migrating fish do not mature in each year thus eliminatin g the stress due

to maturatio n and spawning in these years and further increasing the probabi lity of

survival .

The short dunui on of the sea phase results in a smal l size and relativ ely young age

at matura tion . Eighty-three percent of the fish migra ting back to freshwater after one

summ er at sea were maturing in preparation to spawn that fall. These fish were all 3+ or

4+ years old. a full year youn ger than they wo uld have been had they spent a full year at

sea. A rough estimate of growthdwing each successive migra tion to sea can be obtaine d

by takin g the differen ce between the average length of fish samp led before and after each

migra tion.. This gives an average increase in length of 8.4 cooduring the .first migrati on

to sea and 8.5 cm durin g the seco nd migrati on to sea The average size of recently
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smel ted indivi duals captured from the sea early in the summer was IS.Scm . Assuming

smo!tification at age 3. a length of around 18an at smoltification. and growth of 8.5 em

durin g each migration. a Southwest Pond seatrout would have to reach an age of 7+ and

mak e at leas t 5 separate migrations to sea in order to reach the size of a typ ical salmon

that spends a full year at sea. To reach the size of a smal l multi-year salmon that spends

at least two years at sea a seetrout would have to reach an age of at leas t 9+ and make 1

migrati on to sea. Few salmon live beyond 9 years in easte rn Canada (Scott and Scott

1988), however Powe r ( 1969) reported ages to 11 years in Ungava. If the short duration

of sea residence results in increased survival, it is poss ible thatan unexp loited Southwest

Pond trout popula tion would contain some indi vid uals of this age .

Repeat migration and multiple spa wnin g results in a large number of year classes

prese nt during spawning. In 1996 there were mature individuals sam pled from four year

classes (ages 3+ to 6+) an d the capture of one 8 year old individual in the spring of 1995

indicates that at least one other yearclass (7+) can bepresent in some years. Many

an glers report the presence of larger fish in the past and. in fact. reponed the capture of

one nine:pound individual from the:broo k below Southwest Pond in the summ er of 1995.

Although the:data are limit ed, there is no indication of multi-sea-year salm on in the

So uthwest Pond trout popula tion which sug gests that these large fish were also repeat

migran ts. If SO, this woul d likely increase the num ber of year classes tha t can po tentially

be presen t durin g spa.....ning to six or more . Male salmo n in Newfoundland are known to

mature precoc iously in the parr stage (Dall ey et al. 1983), however it is no t known if this

occurs in the Southwest Pond searrout population. ifprecoc ious matura tion does occur,

this would further increase the number of year classes present at spawning. A life history

strate gy that maximizes the num ber of year classe s present durin g spawnin g is thought to

be an adaptation that increases the effective population size, reduc es inbreeding, and

he lps maintain genetic diversity in small populations (Saunders and Schom 1985) .

There is a marked difference in the size of mal es and femal es in the fall sample

resulting in a bimoda1 len gth frequency distribution . There appears to be two factors
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contri buting [0 this bimodal pattern. One factor is the high survival rate to a second

migration to sea. The lower mode of the distribution is centered near the average size of

fish that have made ODe migration to sea and the uppermode is centered near the average

size oftbose that have made two migrati ons to sea. The other facto r appearsto be related

to differenc es in the growth rate of males and females. The fact that the upper mode is

centered on the mean size of femal es and on the average size of fish that made two

migrations might suggest that there is differential survival of males and females . This

does nor appear to be the case , howev er, as the group of fish sampled that had made two

migra tions cons isted of an equal num ber of males and females .

Life history characteristics of populations are thought [0 evol ve in respo nse to

environmental andphysiological infl uences on age-specific survival. fecundity and

growth (WLlliams [966; Schaffe r and Elson 1975; Munay 1979). The Southwest Pond

seatro ut population 's evolutionary respo nse has been[Q reduce the duration of the

saltwater phase and mature at a small er size and younger age. The small body size at

maturi ty resul ts in lower age-spec ific fecundity relative to the typical anadromous life

history , how ever increased survi val due to the short sea phase and relati vely easy and

short upstream migration most likely resul ts in greater average lifetime fecundity than

would be ac hieved by the typical salm on life histo ry in this river syst em. The short and

relatively easy upstream migratio n may have indirec tly contributed to the evol ution of a

small bod y size by reducing the selective pressure to achieve a larger size wrhichmay be

necessary to ascend larger river systems. There may be greater selective pressure on

females to be larg er andthere fore increase fecun dity as suggested by the positiv e

corre lation betw een female fecundi ty and body size andthe larg er ave rage size ofmature

females within each sea-age class .

The younger age and smal ler size at maturi ty may also be related to the use of the

estuary by a large proporti on of the juvenile population. Life history theory predicts that

increased juveni le growth relative [0 adult growth will lead to incre ased reproductive

effort and.reduced age at maturi ty (Hutchings 1993). Although juveni le and adult growth



73

were net directly measured, salmon parr hav e beenshown to have higher gro wth rates in

an estuarine environment (Hutchings 1985; Cunjak 1992 ) and evidenc e of increased

growth at young ages is seen on thescales of some Southwest Pond individuals. [f

enhanced growth leads to increasedfitness or increased production. then migrati on to the

estuary in this population may bean adaptive phe nom enon . The purpo se of this study was

not to investigate life history evolution in the Southwest Pond seetrc ut, therefore the data

gathered are not adequate to test hypotheses regarding the evolution of this life history

strategy. Nevertheless, it is clear that the Southwest Pond seatrout represents a unique

adaptation to local environmental conditions in Atlanti c salmon .

The results of this component aCthe research demonstrate thata management plan

to ensure the conservation andprotection of the Southwest Pond seatrout is a worthwhile

goal . Furthermore. it is largel y achievable basedon data gathered by local peo ple and

alread y available combined wi th a minimal investment in a normal scientifi c surv ey .

This populatio n of Atlanti c salmo n represents a unique ada ptation to local co nditions and.

as such. can be considered an evol utio nary significan t unit (ES U) (Wa ples 1995).

Extinction of this population would represent a signifi can t loss to the ecological and

genetic d iversity of this species . Furthermore. due to its uniqueness. this population has

the potential to yield a wealth of information abou t local adaptation andevolution of life

history in response to spec ific conditions . The unique charac teristics of this population

also demonstrate that it has the potential to pro vide an anglin g experience not available

elsewhere. Th e populatio n is therefore valuab le not only for scientific purpo ses but also

for the sociocul tural and economic bene fits that can potentially be provided. indeed

already are being provided. to neighboring communi ties . The soci ocul tural bene fits

derived from th e fishery will be the subject of the next chapter . Co nsiderati on of these

benefits along with the biological data provided in the current and previous chapters will

provide the information nece ssary [0 begin the process of developing a management plan

that will allow the maximum benefits to be deri ved from the Southwest Pond searrout

population .
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CHAPTER 4: WHY ANGLERS ANGLE AND THE IMPLiCAnONS

FOR MANAGEMENT

4.1. Assessing the Angling Population

Numerous authorshave argued that fishery management requiresan understanding

of the fisbery-re lated values he ld by the resourc e users (Krueger and Decker 1993;

Weithman 1993; Fedl er and Ditton 1994; Malvestutc and Hudgins 1996). The goal of

managing the Southwest Pond seatrout to provide a sustainable recreational fishery that will

maximize the social be nefits derived from the resource dictates that3. research compo nent

bedirected. specifically at the human dimensions of the fishery . Just as ecological research

is needed to provide data on fish life bistory and population parameters,sociological

research is needed to evaluate the sociocultUIa.l benefits derived by anglers and to

understand their attitudes towards management of the resource. This type of infonna tion

will allow a management plan to bedesigned that meets the des ires andexpectati ons cf the

angl ers and provides a quali ty angling experience.

The social benefits derived by anglers from the angling exper ience will be

inextricab ly linked to their motives for fishing. Most scientifi c studies of angler

motivations have found thatfishing experiences involve many dimensionsotherthan
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catching fish. Driverand Knop f (1976) suggest.thatthe list of potential reasons for fishing

is long but that the most important reasonsappear to be experiencing nature, deve loping

skills,.pitting wits with those of the fish. beingwith friends or family, sharingskills with

others, mental change and relaxation. explorin g, learnin g, exercising. getting food.takin g a

troph y, testing equipm ent, be ing re-invigorated and escaping from the pressure s ofeveryday

life. More recent researchsuggests that variation in the relative importance of these mo tives

lends to occur betweenangier subpopuIationgroups or between subpopulatioo groups and

the angler populationat large (Fedler andDitton 1994). The uniquenessof the Southwest

Pond seatrout populatio n leads to the expectation that the motivatioas andexpectances of

the anglers fishingit will differ from those of anglers fishing other populations in

Newfo Wldland and elsewhere . This means that the extra polation of socio logical data

gathered from other angler gro ups to the Southwest Pond angler subpopulatio n ma y no t be

possib le.

Fishery-specific information about the motivationsandsatisfactionsaCthe

Southwest Peed anglerswill be importantin predicting their responseto particular

managementactions. Management of a fisheryusuall y involves imerfering in the fishery

with the object of shifting it towards the most desired. social benefit, usually via laws and

regulations (Augero and l ockwood 1986). There is a wide variety ofreguIations available

to recreational fisheries managers. includingseasonal and daily bag limits. size or slot

limits . gear restrictions. closed seasons.and catch-and-release(NobleandJones 1993).

Most anglers have strong opinions about harvest regulations (Jobnson andMartinez 1995)

and these opini ons are likely to depend upon fisbay-specific motivati ons andexpectations.

If certain regulations are deemed unnecessaryor unaccept:able by anglers., fishing

satisfaction will be low. compliance with regulationswill below and the management plan

will be compromised. lfregu1ations are selected with consideration of the types of

regulations anglers will or will not support, conflicts between managers and anglers will be

reducedand the probability of successfulmanagem ent will be increased.
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There is limited information available aboutthe angler populatio n of Newfo undland

and Labrador (DepartmcntofFisberi es andOceans1988; Canadian Wtldlife Service 1993;

Framp ton (994). andthereis no information available about various angler subpopulations

such as those who engle for the SouthwestPond searrcut. It is this type of context -specific

information that wi ll prove to be the most usefulfor managing recreationalfisheries (Fedler

and Ditton 1994 ; Johnson and Martinez 1995; Malvestuto and Hudgins 1996). The purpose

of the work reportedin this chapter wasto gather thesociological dataon theSouth west

Pond seatrout anglers that will allow a management saategy to bedesigned so tba1 long­

term publi c use andenjoyment of the resource is maximized. The specific objectives were :

I) T o determine the re lative importance of selected fishing motivations within the

Southwest Pond seatrout angler population ; and 2) to gather publi c input and opinions on a

number of pot en tial regulations for managing the Southwest Pond seatrout fishery.

4.2. Design of the Angler Survey

A personal. on-site survey of people angling in Southwest Pond wasconducted

from May 8 to May 20 aodAugust 1 to August 21. 1996. These periodswere selected for

surv eying because they correspond to the timing of migration of fish to the sea in the spring

andfrom the sea in the late summer, and thus represent the peak of the spring andsumm er

fisheries. Surveyin g wascond ucted on randomly chosen days during theseperiods. An

attempt was made to contact every angler observed fishing during sampling times . Durin g

thespring periodwhen angling effort was concentrated along the southern shore of tbe

pond, anglers werespo tted by driving along the road adjacent to this shore . In August,

when effort wasconcentrated at Headquarters . a boat wasused to reach people angling at

this location. Anglers fishing from shore were approached while fishing and asked whether

they would be willing to participa te in the survey . Boating angl ers wereapproached.

whenever possi ble. when they finishedfishing andreturned to sho re.
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Anglers who agreed to participate in the survey were firstasked to rate the

importance ofeachof21 possib le reasons for fishing in Southwest Pond. These single item

motivational indicators were adapted from previous studies ofangler motivations (Knopfet

al. 1973 ; Driverand Knopf 1976 ; Driver andCooksey 1977 ; references in Fedle r and

Ditton 1994). The relative importance of each item was measuredon a five point rating

scale ranging from( I) not importan t to (5) extremely important For amlysis. motives were

grouped into five categories : (1) psychological andphysiological. (2) naturalenvironment,

(3) social, (4) fishery resource, and (5) skill and equipment (from Fedler and Ditton 1994).

The importance of each item was evaluated using the two-step scoringprocedure:described

by Gilbert.(1917 (in Hicks et aI. 1983))(see Appendix 2).

To gain insight into anglers' views on specific managementoptions, anglers were

asked whether they would approve or disapprove of nine possible regulations for managing

the So uthwest Pond fishery. These regulati ons werethen rankedaccording to lev el of

angler support as determined by the percentage ofanglers who answeredin the "app rove"

category . This sectio n of the surv ey also inc luded an opec-ended questio n that allowed

angl ers to suggest. alternat e methods of improving the seatrout fishery.

Additi ona.l information collec ted by the survey included theapproximate age of the

angler, town or residence, type of fish usually sought when fishing in Southwest Pond. how

many years they hadbeenfishing in Southwest Pond and whether they hadsun any

changes in fishingover that time. Because the purposeofthc survey ...."35 to describe the

motivations andattitudes of the anglers. these additio nal data wereusedfor descriptive

purposes only.
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4.3. Results from the Angler Survey

4.3.1. The Natureoflhe Sampl e

During thetwenty days in which the survey wasconducted a totalof81 Southwest

Pond an glers were approached andaskedto participate in the survey . Seventy-ninepeople

agreedto participate andwere subsequentl y interviewed. Fishing pressureover the study

period.however, wasgreat er than 81 peopl e per twenty days as man y of the survey

participants wereobserved angling on more than one day but were only surveyed once. Of

the 79 people surveyed,63 were surveyed.during the spring fishery and16during the fall

fishery.

The modalage group of the anglers surveyed was 36 to 45 years with 30.4% of

respondents fallingin thiscategory. The second most frequentage category was the 2S to

35 year category with 24. l% of respondents. The distribution of the remaining categories

was: 2 1.5% less than25 years of age; 10.1% between 46 and55 years of age: 7.6% between

56 and.6S years or age; and 6.3% over 66 years of age. Average fishing experience on

Southwest Pond was 14 years with a range of I year to 70 years. Most of the people

angling in Southwest Pond were fishing for theSouthwestPond seatrout. Thirty seven

percent of the respondents reported fishing mainly for the seatrout and 48% reported fishing

for the seatrour and either brook trout or smelt Only 15% of the respondents said they

usuall y fish only for brook troUL Seventy-seven percent of the respondents were from the

surrowtding communities ofWesleyville. Valleyfield, Pool's Island, Greenspood,

Brookfield and BadgersQuay. Fourteen percent of the respondents were from the

Gam bolGand erlDo ver area and9% were from the St John'slMt Pear l area.
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Tab le 4.1. Changes in fishing
quality over time observed by
anglers in Southwest Pond and the

frequ en cy of each response.

4.3~ Responses Regarding Fishing Quality

Changes in the quali ty of fishing over

time observ ed by Southwest Pond anglers are

listed in Table 4.1. Over one haJf ofrespondents

repo ned catching fewer fish or smaller fish than

in the past.. Twenty-seven people repo rted no

chang e in fishing quality over time and only 7

peo ple reponed that fishing quali ty was ben et

now with Iaeger fish or more fish than in the

past. The averag e fishing expe rience of those

Change in
fishing qualily

Fewer fish
No chang e
Smaller fish
More anglers
More fish
Larg er fish
More poaching

Frequ ency

43
27

7
4
4
3
2

peop le reponing a decrease in the qual ity of

fishin g (fewer fish. smaller fish, more people or more poaching) was 19.6 yean. The

average fishing experience of those anglersreponing no chan ge in fishing quali ty over time

was 5.7 years, and the average fishing experience of thoseanglers reportingao increase in

fishin g quali ty (more fish or large r fish) was 5.4 years ,

4.3.3.. Responses Regarding Mottvanon

The percentag e of respondents wbo answered in eac h importance ca tegory and the

overall rating of each moti ve are listed in Tab le 4.2. Psychol ogical-physiological motives

for fishing in Southwest Pond were ratedsomewhat 00 very important, In thiscategory the

highest- rated reaso n for fishing was "00 relax" which 49.4 % of

respo ndents rated very importan t and 26.6% ratedextremely importanL "To escape:the

daily routine" and "to passtime " were rated moderately important while "to get some

exercise". "to experiencenew anddifferent things" and"to re live memories" were rated

only somewhat important,
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Table 42. Percentage of anglers who answered in each importance category for each of
the21 motivatio nal items . The total score for each itemis also given . Highli ghted text

represents the overall ratingforeach item.

~

M""= N~ Som<wlw M...... Vay
-~

Saxe

PMbo!ogjg.I and

~

Esapetbe daily routiDc 13.9 11.4 3.5.4 31.6 7.' 164
Gel some exercise 27.8 21.5 17.7 30.5 2.5 125
To relax 3.8 2.5 17.7 49.4 26 .6 231
Relive memories 36.7 16.5 15.2 25.3 ' .3 117
New or differentexperiences 38.D " ..5 15.2 27.8 2.5 II I
To pass time 1l .4 11.4 30.4 34.2 12.7 I78

ii2<io!
Getaway fromotben 40.5 17.7 13.9 19.0 8.9 109
Bewith f.amily or friends 7.' 11.4 21J.3 45.' U .2 197
Meet otherpeople 25.3 12.7 25.3 30.' ' .3 142

Naruralenvirgnmgu

Tobe outdoors D.D D.D 3.8 54.4 4'.8 267
Eajoyor observe nature 1.3 1.3 17.7 SO., 29. 1 241
To be close to !be water 15.2 7.' 27.8 27.8 "..5 184

~

Cballenge or sportof fishing 5. 1 8.' ZO.3 40..5 25.3 2I5
Catcb at least ODe fish 11.4 15.2 15.2 32.9 25.3 194
Obtain flsh to eat 20.3 29. 1 19.0 2l.S 10.l u
Catcbatrophyfish 31.6 17.7 13.9 26.6 10.1 131
0bWn fIShto sell 98.7 1.3 D.D D.D D.D I
Cncb.a limit of fish 46.8 22.' 12.7 10. L 7.' "
Skill and equipment

Develop ti.s.hing sldlls 45.6 " ..5 11.4 24.1 2..5 "Ttsl sk:ills agaiDstod1ers .... 15.2 12.7 8.9 2.5 "Testequ.ipment 62.0 12.7 10. 1 1S.2 D.D 62



Social motives. whichdeal

with the desire to interactwith other

people . were also rated somewhat

important to very important. "To be

with familyor friends " wasrated

highest in this category with 45.6%

and 15.2% of respond ents rating lhis

motive as a very importantor

extremely important reason for

fishing in Southwest Pond. "To

meet other people " was rated

moderatel y important and"to get

away from other people" wasrated

as only somewhat importan t

Motives related to the

natural environm ent rated the

Table 43. Percen tage approval by
Southwest Pond anglers of nine possib le
regulati ons for managing the Southwest
Pond fishery.

Management alternative %
app roval

Minimum size limit 96. 2
Seasonal bag limit 88 .6
Catch and release during

designated times 74 .7
License with a moderate 73.4

fee
Reduction in the daily bag 57.0

limit
Eliminate spring fishery

and lengthen fall fishery 55.7
Maximum size limit 54.4
Shaner fishing seasons 27.8
Fly fishing only 25.3

81

highest amo ng the 2 1 items in the survey . "To beoutdoors" was the single most important

reason for fishing in Southwest Pond., rated as very important by 54.4% and extremel y

important by 46.8% of respondents. '10 enj oy or observe earure" was rated as very

important and "to be close to thewater" was rated as moderate ly important

Therewas a great dealof variabili ty in the rated importance of the fishery -related

motives. "For the challenge or sport of fishin g" and "to catch at least one fish" wererated

as very important with 40.1% and32.CJO/o of respoedeets ratingthese motives as very

important and 21.3% and25.3% rating these motives as extremely important reasons for

fishing in Southwest Pond. "To obtain fish to eat" and "to catch a trophy fish" were rated as

moderat ely impo rtant while "[0 catch a limi t of fish" and "to obtain fish to se ll" were rated

as relatively unimportant
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Angler 's sugges tions Frequency

Table 4.4. Anglers' suggestions for improving
the fishery in Southwest Pond.

No ~wer ~

Enforcement of regulations 23
Discontinue eel fishery 11
Stop illegal netting in estuary 8
Licensed 3
Stop smelt fishery in salt 2

water
No pleasure craft on pond
Stockin g offish
Closed in fall
Closed in winter
Keep closed seasons
Keep the place clean
Limit number of anglers
Longer seasons
Longer smelt seasonin

winter
Open on weekends only
Open all year
Open spring and fall only

4.3.4. R~sponsa Regarding

Management Alternatives

The specific management

alternati ves and the percentage of

respondents who would support

each one are given in Table 4.3.

Approval ranged from a maximum

of 96.2% for a minimum size limit

to a minimumof 25.3% for fly fishing only. Anglers weresupportiveof most management

alternatives with only two oftbe ninealternatives receiving lessthan 50% support.

AngIer's suggestions for improving the fishery in Southwest Pond are listed in Table

Motivesrelated to skill and

equipment wen: rated as relatively

unimportantby Southwest Pond

anglers . "To develop fishing

skills- was ratedas somewhat

important while "to test skills

againstothers" and "to test

equipment" were ra ted as not

Important reasonsfor fishingin

Southwest Pond.

4.4. The most common suggestionfor improving the fishery wasto increase the level of

enforcement of regulations on the pond. Otherfreq uent suggestions were to dis con tinue the

eel fishery , which peo ple believe isharmful to ju venile trout, and to sto p illegal netting in

the estuary.
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4.4. Syntb~is From the Atti tudinal Survey

The results of thesurvey demonstrate that theSouthwest Pond angler pop ulation

consists mainly of local area residents with a wide range of ages and experience angling in

Southwest Pond. Anglers from other areas of the province make up a small percentage of

the angler population, but their presencedoes suggest that the Southwest Pond fishery has

the potential to attract. anglers from across the province. The Southwest Poed seatrout was

the mainquany of most people fishing in Southwest Pond, but both brook trout and smelt

were sought by some anglers.

It is important to recognize that management of the Southwest Pond sea trout can

have a negative effec t on the fisheries for these other species. Informal reports from anglers

indicate an extensive recreational smelt fisherythat takes place through the ice during

winter. Shorteningor closing the winter trout fishery would restrict the winter smelt fishery

ifthe pond wasclosed to all angling during lhi.stime. Regulations for'managing the

Southwest Pond seatrout should be chosen with a close consideration of theeffect they will

have on the fisheries for theother species thatoccur there .

The results of the motivational survey are consistent with those from previous

studies that support the idea that anglers hold multiple fishing motivations (Hicks et aJ.

1983; Hudgins 1984; Fedler 1984; Siemer and Brown 1994). The resul ts show that

Southwest Pond anglers are motivated to fish fora variety of reasons including. but not

limited to, beingoutdoors and enjoying aarure,relaxing, escaping everyday pressure; and

sharing experiences with family or friends. A number of motivations related to the aetua1

catching of fish were also important. howevermany cf theanglers hold stronger

motivations related to the natural environmentor relaxing with other people.
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4.4.1. Altitudes With Respect to Recreation

Recreational activities al low peop le to satisfy desiresthat cannot besatisfied during

their non-recreational times (Kno pf et 01. 1973) and serve as a means ofcoping with the

stresses and strainsofeveryday life. The relatively high ratin g of the moti ves "to relax"

(ranked 3rd) and "tc escape the daily routine " (ranked 9th ) indicate that the fishery in

Southwest Pond is a true recreational experience for many oftheanglers. The notion of

angling as a recreational experience tbaJ: people use to hel p cope with the mains of society

is not new and studies ofvarious angler populations have consistently fouod that relaxing

and escapingfrom dail y routines are importantreasons for participating in recreational

fisheries (Driver and Knopf 1976; Hicks et cd. 1983 ; Siemer and Brown 1994 ; references in

Fedler and Ditton 1994). Given the high value that Southwe st Pond anglers place on

fishing as a recreational experi ence, one of the aims of management sho uld be to provide a

fisbery resource that best meets recreational needs . The participation rate in recreational

fisheries in Newfoundland is nearl y 40% (Canadian Wildlife Service 199 3) and there is no

reason to believe that this rate is any lower for the communities Dear Southwest Pond.

Failure to adequate ly manag e the Southwest Pond seatrout and other fishery resources to

tntIy provide for recognized recreational needs co uld have a detrimental effect on the

quality oflife in these comm unities . Human dimensions research will be an inv aluable tool

for identifying more precisel y what recreational needs and desire s anglers bope to fulfil

through the fishing experience in Southwest:Pond and other recreational fisheries

throughout theprovince ofNewfouodland and Labrado r.

The importance oCthe Southwest Pond fishery as a recreati onal experience has

implications for future management. A management strategy that attempts to limit the

harvest by further reducing the length of the fishing seaso n or limiting access to the

resource when other options are availa ble would only unnecessarily restric t people's

opportunities for leisure activities and would probably meet with opposition from the

anglers. This is evidenced by the factthat the management option that included eliminating
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the spring fishery received only 55.7% approval andtheoption for shortening the fishing

season received only 28% approval. Although restricting thenumber o f anglers allowed to

fish Southwest Pondat anyone time was not among the list of potentialregulations., the

results of the motivational survey suggest that this option would not be accepted by the

anglers because it would limittheiraccess to an important recreational activity .

Furthermore, the motive "to bewith family or friends" was found to bea relatively

important reason for fishing in Southwe st Pond (ranked 5th) and the motive "to get away

from other peo ple" was found to be relative ly unimportant (ranked 16th). This

demo nstra tes that anglers place more value on being with other people thanbeing alon e and

suggests that anglers may tolerate a fairly high level o f crowding. Limiting access to

Southwest Pood will probably beunnecessary unless thereis a dramatic increasein fishing

pressure in the future .

4.4.2. Attuudes With Respect to Environment

The motives "to beoutdoors" and "to enjoy or observe nature" were rated by anglers

as the first andseco nd most important reaso ns for fishing in Southwest Pond. The high

importance that anglers place on the naturalenvironment suggests that anglers will not

tolerate a decrease in the quality o f theenvironment in the watershed.. The soc iocultural

benefits derived by anglers andany economi c bene fits thata successful South west Pond.

fishery may bring to the surroundingcommunities would therefore bemaximized by

maintaining a healthy ecosystem, As Fedler andDitton (1994) point out. the high

importance thatanglers place on the naturalenvironment makes a strong link between

recreational fishing andecosystem: health, This shows that a healthy Southwest Pond

watershed bas val ue not only for itself as a healthy environment, but also for the

recre ational bene fits it can provide [0 anglers. The effects of a decrease in environmental

qual ity on the fishery in Southwest Pond will be two-fold. Not only will the trout

population be likely to suffer with declining ecosystem health, butthe desire anglers have to
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fish in Southwest: Pond will alsodiminish. Further research is needed to determine what

aspects ofthc: natural eaviroument anglers value most and whetherany of these aspects (l.e.

water quality, amount ofdeve lopment in the watersbed) can becontrolled by effective

management. As exploitation of an ecosystem. increases the overall healthof the system

can beexpected to decrease (Malvestuto and Hudgins (996) , highli ghtin g the need for

appropriate managem ent of the resource and the need for baseline monitoring of ecosyste m

health.

4.4-'. Atti tudes Wirh Respec t to the FIShery

Ofthe six fishery resource-related motives included in the survey. only "for the

challenge or sportof fishing - ( rated 4th) and "tc catch at least one fish- (rated 6th) were

found to berelative ly important to Southwest Pond anglers. The fact that non- fishery

resource-related moti ves were ratedhigher than fishery-rela ted motives does no t lead to the

expectation that some anglers wil l continue to fish even if the pro bability of catchin g a fish

becomes very low. This observation. however, docs demonstrate thatSouthwest Pond

anglers hol d multiple fishing motivations and that pro vidin g a quali ty fishery resource will

allo w peo ple to sim ultaneously fulfi l des ires re lating to the relaxation and tem porary

escape. naturalenvironment and social aspects of fishing. The relatively high importance of

these fishery resource-related motives suggests th:tt the satisfaction derived from fishing in

Southwest Pood depends on the existence ofa quality fish resource without whi ch most

anglers will not fishand therefore not receive these additional benefitsprovided by the

angling experience. Catching at leastone fish was relatively important to anglers fishing in

Southwest Pond. however catching a trophy fish was of much less importance (ranked 12th)

as wascatching a limit offis h (ranked 18th). Angler opinions about various regulations

tended to support this position as anglers tended to favor regulations that would limit the

overall catch. Tbere was a lot of variation in importance within a number of motives. For

example. the motive "to experience newor different things- bad an overall ratingof
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somewhaI important, yet nearly 300/0 of respondentsrated this motive as very Important,

Similar bimodal distributions can beobservedwith themotives "to develop fishing skills ",

"to catch a trop hy fish". "meet other people ". "re live memories", and "get some exercise".

Suchvariability within motives demonstrates that thereis no true "average" Southwest

Po nd angl er because the relative importance of various motives varies between individuals .

This suggests thata management plan basedon angler motivations cannot be expected to

satisfy the needs of every angler. This observation does not decrease the value of the

motivational research but it does imply that the management of tbe Southwest Pond searrout

fishery should begeared to providing a vari ety of experiences that individ ual anglers can

choose from. Furrbermore, recognizing lbat the Southwest Pond angler population consists

of various segments with different motivationsand desires will aid in predicting angler

responses to various management decisions .

4.4.4. Altitudes With Respect 10 Management

Theinformati on about ang ler motivations and pre ferences for vario us types o f

regulations will bevery useful for detennining the appro priate mana gem ent strate gy for

Southwest Pond.. Given the high value most anglers place o n the relaxation. natural

environment and.social aspects of fishing and the lower value they place on some catch­

related motives, such as eatehing their Limit. themost appropriate strategymight be to

maximize the amount of time people can spend fishing. This could bedone by allowing the

seasonto remainopen for as long as possible andusing various regulations to limi t the

harvest during the season. An glers woul d approve a number of regulations for limiting the

harvest such as a minimum sizelimit, a seaso nal bag limit and catch -and-release fishin g. A

minimum size limi t and catch-and-release would be relativel y easy to imp lement; a seasonal

bag limi t, howe ver, wo uld be more difficult Such a regulation would require a means o f

ensuring thatanglers did not exceed theseasonal limit and thus would require issuing
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licences to anglers, something which man y indicated they would be willing to pay a small

fee to support.

Other methodscf restricting the harv est. suchas reducing the dail y bag limit and a

maximum sizelimi t, recei ved less suppo rt than did others (although support still exceeded

50%). The objection to a dail y bag limit by some anglers is understandable in ligh t of the

fact that the provincial dail y bag limi t for trout (including the Southwest Pond scatro ut) was

reduced from 24 fish per day to 12 fish per day in 1994. Many anglers ma y be still getting

usedto the new bag limit and. while catching theirlimit is not an important reason for

fishing. man y anglers may view a further reducti on as a severe action. The relati vely low

approval for a maximum size limit suggests thatwhile catching a trophy fish is DOt an

impo rtan t reaso n for fishing, man y angl ers would like to be allowed to retain a trop hy if

they cau ght one . Given the results of che motivational surv ey, howe ver . it is likel y that the

approv al rate for these two regulations would increase ifangl ers were given evidence that

they were necessary to protect or improve the fishery .

To avoid over-exploitation ofthc SouthwestPond searrout population there must be

a limi t on the number o f fish that can be removed during each anglin g seaso n. lfthe

duration cfthe fishing season is mani pulated theremust bea trade -offberween the len gth o f

the seaso n and the restri ctiveness of the regulations usedto control the harv est. If an

extended an gling seaso n is chosen, thus allowi ng more angling effort to be placed on the

fish popul ation. the catch -per-unit-effort must belimited by means such as red uced bag

limits, restrictive sizelimits or catcb-acd-retease. If a short angling season is chosen

regulations can be less restricti ve. allowing a higher catch-per-unit-effort, In the case of

Southwest Pond, where an extended season would bestmeet the needs of tile an glers. the

most effective wayto proceed would be to go back to theangling pub lic with a num ber o f

different op tions that consist of anglin g seasons of various lengths andthe regulations tha t

wo uld be needed to limit the harv est within each seaso n. This wo uld give the an glers the

oppo rtunity to choose the option that they find most acceptable.



89

The knowledge gathered about the motivations anddesires oftbe angling population

in Southwest Peed, as reported in this chapter, shouldbevery useful in the process of

selecting regulationsto manage the Southwest Pondfisheryto maximize the sociocultural

benefits to theanglers.. Before any regulations are chosenandimplemented, however. they

must also beevaluated in a bio logical context. Meeting thedesiresof anglers will bean

important part of succe:ssfullymanaging the Southwest Pond fishery , butcare must betaken

not to allow thedesires oftbe anglers to override the biological concerns ofmanagement.
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CHAPTER 5: REBUILDING AND MANAGING THE SOUTHWEST
POND SEATROUT FISHERY

5.1. Develop ing a Management Plan

The goal ofmanaging the Southwest Pond seatrout fishery was initially set as "to

provide a sustainable recreational fishery resource that meets the needs and satisfies and

sustains the expectations of the people who exploit it" (section 1.3.2). From this goal the

two obj ectives of the presen t research were develope d : I ) to gather information on the

range, distribution, life history and eco logy of the Southwest Pond seatrout population,

and 2) to gather information about the benefits anglers derive from the resource and the

attitudes ofanglers as related to its management. These two objectives have been

accomplished and the data gathered have been presented in Chapters 2-4. The data offer

some insight into the Southwest Pond seatrout population and its fishery and show that

the pop ulation bas value both for its unique ecological charac teristic s and for the socio ­

cultural benefits provided to anglers in the surroun ding communities. The results ofboth

the LEK and the motivational surve ys demonstrate tha t there is a high level of su ppo rt

among local anglers for a new management initiative aimed at prot ecting the seatro ut

po pulatio n and ensuring the sustainability of the fishery.

The remaining two steps in the process of developing a successful recreational

fishery as outline d by Krueger and Decker ( 1993) and prese nted for the Southwest Pond

seatr ou t fishery in Cha pter 1 are : Step 3) to identify problems currently affecting the

population and its fishery . and Step 4) to make some reco mmendations to help improve
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the current state of affairs in the fishery . Problems will be identi fied by first evaluating

the appropriateness of the two recreational fisheries management plans in use in

Newfo undland for managing the Southwest Pond seatrout fishery . This is a useful

approach because man y of the regula tions that have potential for use in managing this

fishery an: already emp loyed in the existing management plans and may only require

min or modifications to be effective in Southwest Pond. These regulati ons will then be

evaluated for their app licabili ty in Southwest Pond based on the biology of the

popul ation, the desires and motivations of the anglers, and the logistics of imp leme nting

eac h regulatio n. Final ly, a set of preliminary recomm ended actions aimed at im proving

the fishery and protecting this unique salmonid population will bepresented.

5.2. Ma nagement und er Cur rent Tr out Regulations

The Southwest Pond seatrour is not officially recognized as an Atlantic salmon by

the gove rnment departments responsible for recreational fisheries manageme nt in

Newfo undland. and therefore . by default. it falls under the trout manageme nt plan. Unde r

this plan there are separa te summ er and winter fisheries whi ch run from approximately

February 10 to March 15 and May 6 to August 18. The dai ly bag limit for each angler is

12 fish or 5 pounds plus one fish. Whee one of these limi ts is reached the angler must

cease fishing for the day . Prior to 1994 the dail y bag limit was 24 fish or 10 pounds plus

one fish and there was a single season open continually from January 15 to September 15.

Unde r the trout management plan there is no maximum or minim um size limit on fish

kept (although anglers are not permitt ed to keep ju veni le individuals) and there is no

seas onal limit of any type to restrict overall harvest each year (Anon. 1995) .

The trout manag ement plan is not eppropda te for managing the Southwest Pond

seatrout fishery . In the past this plan appears to have allo wed over-explo itation to a poin t

where the population' s size and age structure has been severel y impacted . Th e red uction
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in the daily baglimit and the shortening oftbe angling SC3SOn in 1994 probab ly did much

to reduce the overall harvest, however the current bag limits are probably still too high for

this population. Furtbermc re, the daily baglimits for trout. have DO underlying scientific

basis and. therefore . are probably oat even appropriate for many of the brook tro ut

populations in the province for which they are meant,

The trout management plan does not offer adeq uate protection to the old, large

fisb whic h have the potential to make a large contri butio n ofeggs at spawnin g. Th e

curre nt daily limit of 5 Ib plus one fish makes it possi ble for anglers to remove as many

as three large fish during anyone fishing trip.

The trout management plan does Dot provide adequate protecti on to the

population in the spring when it is most vulnerable to fishing. Fishing pressure in the

spring is much heavier than at other times and the fisb are very easy to catch at this time.

probably because they are beginning to feedafter overwintering in freshwater. A

mechanism to limi t the harvest at this season is required so that more fish can survive to

spawn the following fall.

In the fal l, as the fish return from the ocean, they are much hard er to an gle

because they have spe nt all summer feeding at sea. None the less. the faJl fishery also

needs to be managed to ensure that adequate numbers of fish survive to spawn., but UDder

the current management plan the fishing season ends sho rtly after the run begins.

reducing the opportunity that people have to partic ipate in what bas the potential to be a

productive fishery .

5.3 • Should the Sou thwest Pond Seatro ut be Man aged as an Atla nti c
Salmo n?

One optio n for managing the Southwest Pond sea trout fishery wo uld be to

des ignat e Southwest Pond and its tributaries a scheduled river system and adop t the

standard Department of Fisheries and Oceans(D FO) Atlantic salmon manag ement plan.
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Under this management plan a salmo n angling license is required to fish sch ed uled waters

which are open to an glin g usually from late June until early September. Fly-fishing only

is permitted and there is a daily bag limit per angler of two salmon retained and four

salmon caught and released. There is alsoa season limit per angier ofsix salmon retained

which is controlled by issuing six non-reusable tags with the license. One tag must be

attached to each salmon retain ed an d, on the island of Newfoundl and. threeof the se tags

are valid only on or before July 31 and the other three are valid only after July 31. Only

salmon measuring between 30 em and 63 em in length can be retain ed except in northern

Labrador where angl ers are pe rmitted to retain one larg e (greater than 63c m ) salmon per

year (Anon. 1995) .

Although the Southwest Pond seatrout is actually an Atlantic salmon, the present

salmon management plan is no more appropriate for managing this fishery than is the

trout management plan. The salmon management plan was des igned to limi t the overall

catch of salmon in the province and was not meant to be applied to anyone individual

popul ation. While the res trictive dai ly and seaso nal bag limi ts would significan tly reduce

the harv est of searrout, the salm on managem ent plan would trans fer most of the effort to

the larger fish. Th ere are ve ry few fish greater than 63 cm in the Southwest Pond se atrout

population. howev er a large proporti on of the catchable fish are under 30 cm and man y of

the smal ler ones are males (Figure 3.4). The size limits im posed by the salmoa

management plan 'would result in protection of the smal ler males (which are already more

abun dan t than females) and lack of adequate protection for the Jarger female spawners.

most ofwhi ch are Jess than 63 cm in length. Furthermore. as anglers holding a salmon

license are permitted only a limited yearly quota of salm on. they would probab ly be more

inclin ed to keep onl y the larg er fish within the 30 em to 63 cm range.

Incl uding the seatrout popul ation in the salmon management plan woul d almost

certainly decrease the satisfacti on leve l of many of the angl ers who curre ntly fish in

So uthwest Pond. Und er the salmo n manag ement plan the South west Pond river system

would be restricted to fly fishin g only . Many oftbe peo ple observed fishing for th e
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seatrout over the course cf the stud y were not fly fishing, and 74.7% of all anglers

surve yed rejected fly fishing as a management alternati ve for Southwest Pond, Also.

most of the people who curren tly angle for the seatreur do not view the fish as an Atlantic

salmon and proba bly would not be willing to include thesefish as part of their already

very limited yearl y salmon quota. While this would likely reduce the harvest ofsearrout,

it wo uld also cause many seatrout anglers who also enjo y angling for salmon to cease

fishin g in Southwest Pond . Furthermore. because the salmo n angling season does no t

begin until June. management under this plan wo uld entirely eliminate the spring fishing

seaso n in Southwest Pond, something wblch 44.3% o f all anglers survey ed rejected as a

manag ement alternative even if it meant allowing the fall seaso n to remain open longe r.

5.4. Eva luation of Potenti al Regulations for Ma nagi ng the Southwes t Po nd
Seatro nt Fisbery

From all the evidence available . the single largest problem facing the Southwest

Pond seatrout population appears to beeve r-exp loitation, As the river syste m became

more accessible. mainl y due to the construction and subsequent impro vement of the road

to Greenspond in the 1970's and early 1980' s, fishing effo rt rap idly increased.

Unfortunately, the trou t management plan. which at tha t time allowed a bag limit of24

fish per day. was Dot adequate to limit the harvest ofsearrout to a reasonable level. Thi s

resulted in a large decline in the size of the populatio n and the near ly compl ete remov al

of larger fish.

There is som e evidence that the popula tion hasrecovered slightly in the past two

or threeyears. A numbe r of the people interviewed in the LEK survey and subsequently

contacted again in more informal settings throughout the survey felt that, although the

population size was sti ll qui te low, there were more fish in the two years of the stu dy than

in the five to tea years previous . Furtherm ore , peopl e interviewed in the general angler

survey who had five years or less expe rience fishing on Southwest Pond tended to repo rt
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that fishin g is bette r DOW thanwhen they first began fishing there . lf there has been an

increase in me population in recent years, it is like ly that this is due to the lower bag limit

and reduced fishing season implemented in 1994 . What all of thissuggests is that a

further reduction in harvestshould lead to further recovery cf' the populati on.

lf management of the Southwest Pond seatrout fishery is to besuccessful . it is

obvious that the population will require its own management plan. The info rmation

gath ered thus far suggests that eve r-exp loitatio n is the main problem currently fac ing the

population. and th erefore the initial goal of this managemen t plan should be to reduce the

harvest of sea trout to a level that wil l allow the pop ulation to begin the process of

recovery . One of the problems cooui buting to over-exploitation appearsto bea lack of

enforcem ent of existing regula tions which has allowed a high level of poa.c:hi.ng. The

simp le presence of a fisheries offi cer in the area wo uld probabl y do much to deter

poaching. however the implementation of a management plan spec ific to the Southwest

Pond river syst em would, in itse lf. provide some deterrent because it would demonstrate

that the populatio n has value for its unique nature . A new management plan can be based

on regula tions that are already in use in Newfoun dland such as bag limits. size limi ts.

clo sed seasons etc. These regulations must be tailo red to fit the unique characterist ics of

the population and its fishery must bechosen in sucb a way as to reduce the harvest whil e

minim.izi.ng the impact on an gler satisfaction. The acceptability of special regulations is

already estab lished in the concept of indivi dual river management wtticb has been

supported by DFO and implemented on a number of river syst ems in the province e.g.

Indi an Bay River. Gander River, andMain River among others.

Daily bag limits are currentl y in effect for the Southwest Pond seatrout fishery

bu t. as previous ly discussed.these bag limits probabl y do not limit the harvest ofseatrout

to a leve l tha t wil l allo w the population to recover. Ideall y, bag limits sho uld be set base d

on estimates of popula tion size, rates of production, and catch rates from cree l surveys.

These data are una vailabl e at the present time and the ir co Uection was beyon d the scope

ofthe present study . Lack of this informatio n does no t mean that bag limits sho uld not be



96

employed, but it does mean that bag limits should be set on the conservative side to avoid

ove:r-exploitation. A reduction in the daily bag limit woul d likel y reduce the harvest,

espec ial ly in the spring when it appears as though the 12 fish perday bag limit is

attainable by many angIers . Anglers showed moderate sup port for a reduction in the

dai ly bag limit and most were no t motiva ted to catc h their limi t although many report ed

they would continu e to fish for as long as they were all owed. A reduction in the dai ly

bag limit accompanied by the provi sion that anglers could continue to catch-and-release

aft er the limit was attained would probably beacc eptab le to a majority of an glers .

One of the problems identified wi th the current management strategy in

Southwest Pond is that the fishing season does not permit exploitation at the ap prop riate

times . In the spring the seatrout are quite vulnerable to angling andare in poor condi tion.

however the same fish caught three or four months later , after spending a swnmer feeding

at sea, will have grown abou t an additional 8 em in length and will bein much better

condition. The current fishing season encourages anglers to fish in the spring because the

lack ofa fishing seaso n during the fall migration means that most peop le only have an

opportunity to catch seatrout ear ly in the year. Based 0 0 the size. conditio n. and timin g

of the run of fall fish, and the populari ty of the recreational salmo n fishery in

Ne wfoundland (w hich also intercepts fi.sbreturning from the sea) , the fall fisbery in

Southwest Pond has the potential to be a very productive, enjoyable. and unique fishery .

Given the sho rt duration of the saltwater pba.se and the apparentl y high survival

afforded by this strategy, it is likely that the number of fish removed by anglers in the

spring reduces the number of fish returning to freshwater in the fall. [f enhancing the fall

fishery is an objective (and many anglers suggest tha t it should be), it will be necessary to

reduce the number of fish removed. from the popul ation in the spring . Any acti on to

reduce the impact of the spring fisbery is likely to resul t in reduced satisfactio n of man y

an glers. however, as the sprin g fishery is qui te popular and well estab lished. Moreover ,

44 .701. of anglers intervie wed in the general survey were against closing the sp ring fishery

eve n if it meant extending the faII fishery . Suppo rt for reducing or eve n closing the
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spring fisherymay be increased if the benefitsof doing so werecommunicated to anglers

in terms of' trede-offs between the number and size of fisb caught in the spring and the

resultant Dumber and size of fish available in the fall. Given the popularity of the spring

fishery and the only moderate leve l of SUPIXJrt for closing it entirel y, however. this is one

area where confl icts can be anticipated. Nevertheless. if the population is to recover the

harvest in the spring will have to be reduced. On e possi ble soluti on is to shorten the

spring fisherywithout e liminating it entire ly. Th e fishery in the spring opens around May

6 and lasts three to four weeks . until the fish hav e migrated to the ocean. If the openin g

of the fishery was delayed for two weeks. this would give anglers who enjo y fishing in

the spring the chance to fish. but it would also allow many of the fish to migrate to sea

before the season opened.

The option of shortening the fishing season was rejected by 72.2% ofang lers,

thereforeany reduction in the spring fishery should beaccompanied by a lengthening of

the fishery in the fall. Because the spawning run in the fall extends thro ugh September.

the full potential of this fisbery would be realized by allowing it to remain open at least

until theend cf Septem ber . This extens ion could initially bea catch-an d-re lease fishery

only. at least:until the effects of (he oilier regulation chan ges can beassessed. Allowing

me fishery to remainopen longer in the fallbas the extra advantage ofallowing anglers to

obse rve first-band lbe effects of the reduced harv est in lhe spring and may be one way of

reducing the conflicts that are bound to ariseifchan ges are made to the spring fishery .

Size limits are a type of regulation emp loyed in the salmon manag eme nt plan that

ma y beuseful in South west Pond. Threetypes of size limits are commonly used in

managing recreational fisheries : minimumsize limits which are usedto protect juvenile

fish. maximum size limits which are usedto pro tect large, highly fecund individual s. and

slot limits which are used to protect fish in an intermedia te size range. Both maxim um

and minimumsize limits are already employed as part of the salmon mana geme nt plan in

Newfoundland.
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One of the e ffects of over-exploitation currently being experienced in So uthwest

Pond. is a reduc tion in the number of large fish. For the purpose of this discussion large

fish will bedefined as those making up the upper 15% of the length frequency

distribution.. By this de fini tion a Southwest Pond seatrcut is cons idered larg e if it is

greater than 42 em in length. Eighty·four perc ent ofall fish analyzed greater than 42 em

were female and these large fish have high fecundi ty (up to 222 6 eggs in a 42-cm

individual). As these indi viduals obviously have the potential to make a large

contribution o f eggs at spawning. protecting these large fish is one way to aid in the

reco very of the population. Catching a trophy fish was Dot very important to the majority

ofanglers fishing on So uthwest Pond although near ly 37% of an glers surv eyed rated this

motive as either very o r extremely important. As a manage me nt optio n a maximum size

limi t received mo de rate approval from anglers (54%) . One so lutio n that would help

pro tect large fish bu t still allow anglers the opportunity to fish for large fish would be to

limit the propo rtion of the dail y bag limi t that can beabove a giv en size.

Altho ugh a minimum.size limit was the regulation that rece ived. the mo st support

from seatrcut anglers, the usefulness of such a regulati on in Southwest Pond is

questi onabl e. All of the fish caught by anglers in the spring badbeen to sea at least once

and most had probably matured andspawned the previous fall . In the fall. man y of the

catchable sizefish wen: matW'ingfor the first time andthe presenceof immature fish of

the same age sugg ests that some of thc larger individuals making the second migration

wen: also maturing for the first time . Furthermore, almost all o f the indi vidual s less than

28 em prese nt in the fall ace males. Protec tin g first time spawners of both sexes would

therefore require a minimum size limit in the range of 3S em to 40 em which woul d result

in a transfer ofeffo rt only to the larger fish , many ofwhich ace highly fecund females . A

minim um size of3S em is undoubtably larger than what ang lers had in mind when asked

abo ut a minimum size and. becaus e sue h a regu lation would reduce angler ' s access to

many catchable size fish. its impositio n would likely result in reduced ang ler satisfaction.
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Two other management options that received a high level of suppo rt from seatrout

anglers were the establishmentof an angling license to fish in Southwest Pond and a

seasonal bag limit per angIer similar to that in effect underthe salmon management plan .

A seasonal baglimi t would bean effective way ofensuring that the resource was

equitably divided amo ng all anglers and, if based on knowledge of fishing effo rt and rate

of produc tion within the populatio n, could be a very effective method of limiting the

harvest to a level tha t the population can sustain. To be effective a seaso nal bag limi t

would requ ire a mechanism to limit the total num ber of fish per angler but, unfortunatel y,

such a mechanism is unavailab le at this time . The estab lishment of a license to fish in

Southwest Pood would provide a mechanism for implementing a seasonal bag limi t and

would also provide a means of genera ting revenue to support thecost of local

management. The establishment ofa license to fish in Southwest Pond is probably

premature at this time., however this idea was supported by 13.4% ofseatrout anglers and

should be a consideration in the future after the population has shown strong signs of

recovery .

The following is a list of speci fic recomm endations aimed at reducing the harvest

and beginnin g the process of buildin g a successful Southwest Pond seatro ut fishery :

R« om mend a tion 1: Do not include the Southwest Pond seatrout

population in the Atlantic salmon management plan,

Recommend a tion 2 : Implement a bag limit of at most 6 seatrout per angler

per day.

Recemmend atie n 3: Restrict the harv est of large fish by allo wing ang lers

to take only one fish grea ter than 42cm in length per

day.
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Recomm endation 4: Delay the opening of the fishery in the spring unti l at

least the third Saturday in May .

Recommendation 5: Extend the fishery until the end of September. This

extension should be on a catch-and-release basis at

least until the population has recovered sufficiently to

pennit increasing the harvest.

Reecmm ea datton 6: Increase the level of enforcement of regulations in

both freshwater and saltwater.

Recomm endati on 7: Apply the bag Limitsand size limits to both the

freshwater and saltwater fisheri es.

5.S. Impl ementing Regul ations and Directi on of Future Research

The first step in implementing new regulations for the Southwest Pond seatro ut

fishery should be to go back to the anglers to get their input and opinion about the

recommended regulations. Data were collected on anglers ' responses to general changes

in fishing regulations. but at DO time were anglers presented with any specific regulations

such as those recommended here . It is possible that anglers may find some of the

proposed regulations too restrictive, however it is also possible that the anglers will

support more restric tive regulations in some areas . Angler des ires canno t be allowed. to

override biological concerns , but if angl ers are presente d with proposed. regula tion

changes before the y are impleme nted, along with the biological rational e and expecte d

outcome, any serious objections can be dealt with prior to imp lementation.
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Part of any future consul tation process should bea presentation o f the data

gathered hereabout the seatrout population and about the: anglers themselves . This will

allow anglers to understand the scientific basis for imp lementing new regulations andwill

also allow them to assess thepossible affects of new regulatio ns based0 0 their own

knowledg e of the seatrout population and its fishery. Furtherm ore. ifanglers understand

the scientific basis for the new regulations (and the results of the l EK survey suggest that

they will) and are invo lved in the decisio n making process, the probability of successful ly

imp lementing a new management plan will begreatl y increased. Perhaps the most

efficient method of accomp lishing all of this would be to bold a pub lic meeting in one of

the surrounding communities. Such a meeting would include a presenradon of all

avai lable data and the rationale behind the propo sed chang es follo wed by an input sessio n

where anglers could present their own opinions and ideas. Suc h a format bas proven

useful for se lectin g new regulations to manage the Indian Bay Riv er brook trou t fishery

located 20 km to the south of the So uthwest Pond river system.

lethe management process in Southwest Pond is to contin ue to evolve. i.e. to

follow the principles of adaptive manag ement, the database presen ted here must be

continually updated and expanded. Future work should include studies of abundance.

recruitm ent and mortal ity rates. feedin g habits and habitat requirem ents of the fish. and

catch andeffort of the fishery . Oneof the main objecti ves of future researc h should be to

obtain an estima te of the number of fish that can be sustainab ly removed by the fishery

each year . This information will provide a better basis for setting ba g limi ts, size limits

andopen seaso ns than is currentl y availab le. Future work should also inc lude mooitoring

of the fishery for chan ges resultin g from imp lementation of new regulati ons . This

includes monitoring not only changes in the fish population but also changes in angler

satisfaction and motivations and change s observed by anglers in the fish or fishery . As

new infonnation is added. manage ment of the fishery can be advanced toward providing

the optimum sustainable yield (interpreted in the broadest possible sense) from a unique

Newfoundland salmooid, the Southwest Pood searrout,
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Appendix 1: The questionnaire used ro gather the Local Ecological Knowledge of
Southwest Pond seatrouI anglers .

The Southwest Pond T rout Questionnaire

Hello, may I speakwith please . Hello MrIMrs . -:--:_ :-
. My name is Steve Sutton and I am a biology student at Memorial University. I
am doin g a study on a particular fish that is reported to live in the Southwest pond
area . Right now I am gathering data on this fish from local anglers in order to
determine bow much information I can get about this fish from the peop le who are
the most familiar wi th it. I waswondering if I could ask you a few questions .

Yes_ Continue.
No_ Thank:and terminate.

If you do not know the answe r £0 a question or would rathe r not answer a
question, jus t say so.

1. Some people say there is a special fish that lives in the Southwest Pond area .
Are you familiar with this fish?

No . _ Thank.you. goodbye.
Yes. Continue

2. What namesdo you use for this fish?

3. What characte ristics do you use to identify (use came interviewee suggests ) and
distin guish it from other fish .

4 . When did you first learn about (use name interviewee suggests)?

5. Where do they Live?
Do they enter any rive rs that flow intoSouthwest Pond?
Do they live in any other river systems?



6. Do they go to sea?

No. _ Go roquestion 20.
Yes._ Continue.

7. What: time of the year do they go to sea?

8. What size are they when they firs t go to sea?
Len~___ (Record the one
Weight___ answered first)

What would that be in (ask other ca tegory)?
How old would you say a fish of this size is?

9 . How far do they go in the sea?

10. What do they eatwhen they are in me sea?

11. Do peop le fish for them in the sea?
No. _ Go the ques tion 16.
Yes. Continue.

12 . Where do peo ple fish for them in the sea?

13 . When is the best rime to fish for them in the sea?

14 . What type of gear is used to fish for them in the sea?

15. Wha t is the size of (use name interviewee suggests) that peop le catch most
often in the sea?

LeD~ (Record the one
Weight__ _ answered first )

Wha t would that be in (ask other categ ory )?
How old would you say a fish of this size is?

16. How long do they spend in the sea before they return CO freshwater?

17. Do they grow much during the time at sea?
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18. What time of the year do they return to freshwater?

19. Where do they spend most of their time?

Sea_ Estuary_ Fresh

20. What do they eat in freshwater?

21. Do people fish for them in freshwater?

No _ Go [Q question 26.
Yes Continue .

22. Where do people fish for them in freshwater?

23 . When is the best time to fish for them in freshwater?

24 . What type of gear do peop le use to fish for them. in fresh water?

25. Wha t is the size of (use name interviewee suggests) that people catch most
often in freshwater?

Length_ _ _ (Record the one
Weight_ _ _ answered first)

Wha t would that be in (ask other category)?
How old would you say a fish of this size is?

26. Have you ever seen or beard about themspawning?

No_ Go to question 32.
Yes_ Continue .

27. Where do they spawn?

28. How deep is the water there?

29. How fast does the water flow?
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30. What is the bottom like?

31. Whattimeof theyeardo they spawn?

32. At whatsize do they firstspawn/mature?
LengtU_ _ _ (Record the ODe

Weighl___ answeredfirst)

What wouldthat be in (ask othercategory)?
How old would yoo say a fish of this size is?

33. What other fish are found in theSouthwestPondriversystem?
(Check theones answered)

Atlantic salmon_
Brown trout_
Smelt_
Arctic char_

34. What is the most abundant fish there?

Brook trout
Rainbow trout_
Eels_
Other' _

35. Do you think(use nameintervieweesuggests) interbreeds with anyof these?

Yes_ Whichones?

Atlantic sa1mo~
Brown troUt_
Smelt_
Arctic char_

Brook troot_
Rainbow trOut_
Eels_
Other _

Don't know_



36. Does (use name interviewee suggests) spawn in the same place at the same
time as any of these?

116

Yes_ Which ones?

Atlantic salmo~

Brown trout_

Smelt_
Arctic cbar_

No_

Brook trout
Rainbow rrout_
Eels_
Other _

37. What do you think (use name interviewee suggests) is most like?

Atlantic salmoD_
Brown trout_

Smelt_
Arctic char_

Brook trout

Rainbow trout
Eels_ -
Other _

38. Do you fish for the (use name interviewee suggests) .

No_ Why not? Go to question 45.
Yes_ Continue .

39. Where do you fish most?

40. When do you fish most?

41. How do you fish most?

42. Have you seen any changes in the quality of fishing over time?

No_ Go to question 44.
Yes_ What are these chan ges?



43. What do you think:may have causedthesechanges?
(Check the ones answered)

__Wimer fishing

~etfisbing

~bitatdestnJCtion

__Number of anglers fishing in the area
_ _ Lack of adequate management
__Poaching
__OOcr-:- _
~n'tknow

44. Wha t wo uld you conside r to be a good days catch?
Number__ (Record the one
Weight__ answered firs t)

What would lIlat be in (ask other category)?

45. How many (use name interviewee suggests) would you say there are now?

46 . What would you consider to be a large (use name interviewee suggests)?
Length___ (Record the one
Weight___ answered firs t)

What would that be in (ask other category )?
How old would you say a fish of this size is?

47. Have you ever caught one this large ?

¥cs_
Where?
When?
How?

No_
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48 . Do you fish for any other species of fish?

Yes_ Which ones?

Atlantic saImon_
Brown trout_
Smel t_
Arctic char_

No_ Go to question 50.

49. Which fish would you most prefer to catch ?

Atlantic salmon_
Brown trout_
Smelt_
Arctic char_
Southwest Pond trout_

Brook trout _
Rainbow trout
Eels_ -
Other_

Brook trout
Rainbow trout _
Eels
Other _

50. Have you noticed any changes in the fishing for the other fish in the places
where you fish?

51. Do you think:there should be any special regulations for this
fishery ?

Yes_What should they be?
No_

52. Is there anything that you can tell me about (use name intervi ewee suggests )
that I have not asked?

53 . Do you know of anybody else who I might be able to get information on (use
name interviewee suggests) from?

Yes_
Name__
Phone#__
No_



54 . Ma y I contactyou again in the future?

55. Would you like me to send you a copy of the results of thissOldy?
Ycs_
Address _

No_

Interviewee namc_ _ _ _ Date of interview

119



120

Appendix 2: A sample calculation of the two-step scoring procedure to place
motivatiooal items into categories . From Gilbert (1977) .

Step 1. Establish ranges of values

79 respondents in survey x 4 (value of extreme ly important) = 316 (highest
possible
score for
any item)

316 / 5 (number of possible responses for each item) = 63 .2 (size of interval
between min. and
max . value for
each category)

Not important
Somewhat important
Moderately important
Very important
Extreme ly impo rtan t

- 0 10 63.2
- 63.2 10 126.4
= 126.4 10 189.6
- 189.6 to 252.8
= 252.8 to 316

Step 2. Calculate importan ce score of each item and de tennine jtem importance

For item A (" To escape the daily routine ..):

11 (oot important) x 0
9 (somewhat important) x 1

28 (modera tely important) x 2
25 (very Important) x 3

6 (extremely important) x 4

o
9

56
75

~

Scor e = 164 = mode rately important
overal l
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