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water systems in eastem Prince Edward Island in 1994 and 1995. Salmonid 

population charact8nWstics were exarnined through snorkelling, eledmfishing, netüng, 

and trapping- 
Water temperature reached a maximum of 3û°C in the Midgell River and a 

-mum of 23°C in the Valleyfield River. Midgell River brook trou used cool water 

refugia created by groundwafer Springs when daily man  temperatures in the main 

river exœded 19.2% and when daily maximum temperatures exceeded 21.6%. 

Juvenile Atlantic salmon remained in the open river during warm water periods. 

Brook trout migration upstream in the Midgell River deaeased when mean daily 

water temperatures mached 19.eC. Angling adivity decreased during w m  

periods in the Midgell River. The number of brode trout with predator marks (scars 

and abrasions) was higher in the Midgell River than in the Valleyfield River, and 

increased during wann periods when trout were using crowded wld water refugia. 

Predaüon in springs could be an important factor limiting brook bout production in a 

wam water system. Grawth rate of youngof-theyear brodc trout from May to 

September was 0.38 m" in 1994 and 0.14 m o - '  in 1995 in the Midgell River 

and was 0.83 a ~ o "  in 1994 and 0.77 cm-mo~' in 1995 in the Valleyfield River. 

Slow growth of youngof-the-year brodc trout in the Midgell River was associated 

with the duration of the oiemial restriction of habitat to cold water refugia. 

The Midgell River population was estimatecl as 3,505 (95% c. i.:2,174 - 5,967) 

braok &out (408 km'' of strearn), and the Valleyfield River population was estimateci 

as 41,237 (95% c.i.: 34,094 - 49,884) brook trout (3,586 km'' of stream length). 

Diffmnœs in book trout population size observed in the Midgell River and 

Valleyfield River were significantly related to differences in the thermal conditions of 

the systems. 
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INTRODUCTlON 

Brook trout, Salvelinus fontinalis MiMill, 1815, and Atlantic salmon, Salmo 

salar Linnaeus, 1758 (OsteicMhyes:Salmonidae), prefer cool water temperatures - 
(Sm and Scott 1988). Brodc trout are the rmst important sport fish on Prince 

Edvard lsland and are found in al1 Prince Edward lsland watersheds. Atlantic 

saIrnon, prirnarÏly uf hatchery origin. are also found in =me of Prince Edward 

Islands larger river systems. Brode trout die when water temperatures exœeâ 

abwt 26% (Coutant 1977). Aüanüc s a l m  have a higher Viemial tolerence and 

are able to mthstand temperatures up to 29% (Coufant 19n). However, bu t  and 

salrnon are rarely found in watereounes where temperatures surpass 250C (Grande 

and Andersen 1991). Water tempefatufes above 22% were observed to be the 

mst important fadw limiting brook trout production in several Ontario Stream 

(Barton et al. 1985). 

Prince Edward lsland has over 800 arüficial impoundments, most of which 

have mean depths less than 2 m. Prince Edward lsland irnpoundments (typical size 

2 - 50 ha) tend to be larger in lowgradient watmh8ds. and such irnpoundments are 

particularly susceptible to solar warming because of shallow depths and long water 

residency times. lmpoundments on high gradient strearns are wanned less because 

of smaller surfaces and shorter water residmd8s. Beaver, Castor canadensis, 

populations tend to concentrate in low lying regions of Prince Eâward Island, further 

increasing impounded amas d themlly susceptible watercounes. 



In recent years, the potentiaI 8ff8dS of irnpoundment-induced water heaüng 

on sport fishes have elicited widespread concem among Prince Edward lsland 

anglers. Guignion et al. (1 990) reported watw temperatures up to the mid 2ûs% at 

impovidment outlets, and lhmpson et al. (1990) faind that the maximum water 

temperature inaease between the inlet and outlet of six irnpundments ranged from 

4.5% - 13.0% durhg a relaüvely diy summer. The Canadian Counal for Resource 

and Emriromient Ministers guidelines state that a watemurse alteration should not 

result in a themial distu- which wwld impact resident aquaüc Ife, and 

recommend that salmonid waters not ex- 20% - 21°C (Environment Canada 

19949 . 

A cornmon response of poikilothems to unfavourable environmental 

conditions, such as umitably high water temperanires, is behavioural adjustments 

( C m  1987). Impoundrnentinduced temperature imeases may not be a 

problem for salmonids if safe altemative habitat is available. Approximately 70% of 

the flow in Prince Edward lsland s t r m  originates from groundwater (Francis 

1989). Grainâwater seeps or spfings provide water at a temperature of -7"C year- 

rwnd and may funcücn as themial refugia for salrnonids avoiding elevated water 

temperahires. The abondance of g r o u M e r  seeps and spdngs in Prince Edward 

lsland waterwurses rnay offset impoundment warming by acting as cold water 

refugia for salrnonids. 



WithKi their tolerated ternperahrre m e ,  salmonid growth increases with 

rising temperahire, and artifiaal heat input from industrial sources has ben found to 

inu'ease salmonid growth rates ( H m  and Lindqvist 1986, 1989). Thus, 

warming of water in impoundments, if not excessive, cwld benefi salmonid 

produdihm by enhancing growth d fish. 

High watw temperatures may also impact recreaüonal fisheries by reducing 

sucœss of anglers. Due to the apparent suppressed feeding rate of rainbaw trout, 

Oncot-hvnchus rnvkiss. and brown trwt, Salmo trutta, at temperatures above 1 g°C, 

catch rates by anglers have been shawn to dedine (Taylor 1978, McMidiael and 

Kaya 1991 ). 

The overall Med of impoundment-induœd water temperature elevation on 

sahonid fishes has not been ~ y s t ~ c a l l y  inveSti0at€3dD despite the ubiquity of 

artifidal impoundments mthin their range. This study focuses on the effeds of 

impoundmentinduced heathg on salmonid population size, growth, annual 

mortaiity8 and behaviour by comparing two Stream systems with different thmal 

mironmentS. I attempt to answer five main questions: i) at what river temperatures 

do saIrnanids enter cool water refugia; ii) is timing of upstream migration altered by 

warm watw temperature; iii) do human exploitation and predation inaease when fish 

are confined to cool water refugia; iv) is growth of young of the year (YOY) and year 

old (l+) salmonids affeded by confinement to cool water refugia during wam 



pwioâs and; v) what are the overall impacts of behaviwral responses to wami water 

temperahire on salmonid production? 



METHODS 

tudvAma 

This shidy was conduded in two stream systems in eastem Prime Edward 

Island. The Midgell Füver, induding MacDoclslId's Pond, was the wam water study 

site, and the Valleyfield RNer, induding Maritime Electrk Pond, was the cold water 

site. The Midgell River Raws norai into St Peters Bay, an a m  of the Gutf of St  

Lawrence. The Valleyfield River flaws east into Cardigan Bay, an am of the 

Northumberland Stmit 

The Midgell River has an approximate drainage area of 67 km2. The 

topography of the Midgell drainage is Iow-Iying with a mean gradient of about 0.2% 

frorn the headwaters to the head-af-tide. Watershed composition is 69% forest, 

24% deared land, 5% marsh, 1% estuary, and 1% ponds (Anon. 1990b). The 

surface area of the 5.5 km stream length between MacDonald's Pond and Vie head- 

of-tide was 36,652 m2 in August 1995. Madlonalds Pond, the main impovidrnent 

on the Midgell, fi- 125,980 m2 above a dam operated by the Prince Edward 

Island Fish and Wildlife Division and Ducks Unlirnited Canada (AS€ Consultants 

1997). Madlonald's is regarded as a warm pond; outlet water temperatures were 

26OC in August 1988 and water had cooled by only 1 OC one kilornetre downstrearn 

(Anon. 1988). Dissolved oxygen levels decreased to levels mnsidered unsuitable 

for saIrnanids in Macûonald's Pond in 1994 (ASE Consultants 1997). The upper 

reaches of the Midgell River are infiuenced by beaver adivity, t i c h  has resulted in 

numerow small impoundments (Figures 1 and 2; PEI Department of Technology 



and Environment 1994 and 1995). A maller Ducks Unlimited irnpoundment, 

McCamdCs Pond, is IocatBd 7.5 km upstream fnim MacDonald's Pond. In the fall of 

1993,20,000 young of the year FOY) Atlantic salrnon were stocked dose to aie 

headof-tide and in 1995, 9,400 age 1+ salrnon pan were stocked imrnediately 

downstream of MacDonald's Pond (Appendix 1). 

The Valleyfield River is located in satbastem Prince Edward Island. The 

watershed area is appmMrnately 88.3 km2. An estimatecl 41 % of this a m  has been 

ci& for agricuitural production (Anon. 1 m a ) .  The 1 1.5 km Stream length stuây 

site of the Valleyfield River has a mean gradient of about 0.5 % and a surface area 

of 130,764 m2 . The Marifime Elednc Pond covers appmimately 27,140 m2 (ASE 

Consultants 1997). and is locafed 2 km above tidal Muence. A srnaller 

impoundment, EgoWs Pond, is located about 6 km further upstream from Maritime 

Elednc Pond (Figure 3). Surface temperature in both ponds remained below 2CE 

throughout the summer of 1990 (Thompson 1991). Dissolveci oxygen levels remain 

at levels suitable for salrnonids in the Maritime Electric impoundment (ASE 

Consultants 1997). 

The Valleyfield River watershed contains numerws unsurfaced roads and 

has ongoing tree harvesüng operatiom. which have contributecl to the siltation of 

important spawning and rearing areas (Anon. 1990b). Fish trapping in 1990 on the 

Manüme El-c P d  and EgoIf's Pond showed an upstream migration of 1,488 

and 846 kook tfwt, respecüvely m p s o n  1991). Totals of 20,000 YOY salmon, 

8,000 1 + pan; 5,900 1 + smolts, and 2,000 2+ smoits were stodced in the Valleyfield 



Riverin 1994. Totalsof11,600 1+ parr, 6,200 l+smoIts, 1,3ûûZ+parr, and 3,900 

2+ smob wwe stocked in the Valleyfield River in 1 995 (Appendix 1 ). 

TemDerature 

Themial surveys were conduded in both sftidy streams during the summen of 

1994 and 1995. In both systems, HoboTY and SealogTY data loggers were 

deployed upstream, dowmham, and within study impoundments to record water 

temperature every hour ttiroughout the Junedugust (12 week) study periods of 

1994 and 1995 (Figves 14). Loggers were located at three depths within 

impoundments in order to âetect thenal Stratification. lmpoundment data loggers 

were deployed 0.5 m below the water surface, 0.5 m above the substmte, and at the 

midpoint of the water wlumn. Temperature loggm were deployed at âiierent 

times, which left 3 - 6 week gaps in the 12 week data set FM each site with missing 

data, a regression equaüon was developed that related the temperature at that site 

to the temperature at other sites during periods when full temperature records were 

available. These mgression equatïons were used to &mate temperatures for sites 

with incomplete logger records. 



Temperahire swveys were also conducted in impoundments from a boat using a 

handsreld themKnneter and in free flawing regions by walking downstream. The 

spring body (main region of grwndwater influence), and thermal plume (total Stream 

length of grOundwafer influence), were defineci by a -2% dfierential from the main 

river temperature. The smng bodies of shidy sites, Springs 1 3  in the Midgell River 

and Springs 1- 2 Ki oie Valleyfield River, wem measured in a 1 m grid to determine 

surfa- area and volume. 

Total lengths of themial plumes of al1 Midgell River Springs were measured to 

provide a indicator of gfoundwater Muence on the systern in relation to 

the total stream length. Springs were categorized as seeps or tributaries according 

to their wigin. Smng seeps originated from the stream substrate. Spring tributaries 

orïginated fiom a site adjacent to the main watercourse and entered the strearn 

thraigh a channel in the bank Pond surveys invoived the use of a weighted 

themal probe. The hand-held t h e m t e r  was towed slowiy along the substrate of 

the pond's channel and in areas which were visually assessed to be potential areas 

of groundwater influence. The la& of emergent vegetation was used as an indicator 

of the pond channel and potential sites of spring water influence in shallaw water. 

Growth of brook mut 

The relationship of growth rates to themal environment was investigated 

by comparing scale-based growth estimates and forù lengths sampled frM 

young-of-the-year (YOY), age 1+, and age 2+ brook trout from the two systems 

on 14 May, 24-28 July, and 5 September, 1995. Ages of brook trout are 



provided in months using a zero point of 1 April, the estimated date of jwenile 

emergence. Overlap of the age 1+ and the age 2+ cohort was apparent from 

scale sample pefiods. The overiap proportion of age 1 + trout was counted from 

the lower end of the overlap range to estirnate the division from aie age 2+ 

cohort The age 1+ and age 2+ fork length divisions from each sale sample 

date were used to estimate fork length divisions in adjacent electrofisher and 

fyke net sampling periods between April and October in 1994 and 1995. 

Regression analysis of age 1 + fork lengths on time from scale sample periods 

provided a linear equation that was used to define the change in the upper fork 

length of the 1 + age cohorts for sampling periods between April and October in 

1994 and 1995. Mean fork lengths at age were calculated for each sampling 

period. Regression analysis of fork lengths from scale samples was used to 

estimate growth of age 1 + in 1995, and from fork length frequency analysis and 

sale samples to estimate growth of age O+ in 1994 and 1995. 

Growth of Atlantic safmon 

Growth of YOY Atlantic s a l m  in the Midgell was &mat4 from size changes 

in age cdiorts over the 1994 and 1995 field season. Sampling in the Valleyfield 

River produced too few YOY Atlantic saknon to &mate growth rates. Gr& rates 

were not estimateci for salrnon greater than age YOY in either system because wild 

and hatchery parr could not be reliably disthguished due to incomplete fin ciipping 

of hatchery fi*. 



Mortality rate 

AMual martality rates were calculated using the following equation: 

A = l  -(b,lN) 

where A = mortal*@ rate, N< = number of fi& at age t, and b1 = number of fish at age 

t + 1 year (Rich 1975). The law number of age 2+ trout sampled for ageing did 

not allow for the complete deli-on of the age 2+ fork length cohort frorn older 

year ciasses; however, cdiort analysis indicated that most of the fi* older than the 

age 1 + sampled were p r o M y  age 2+. All trout above the upper end of the age 1 + 

cohort were assumed to be age 2+ in the mortality rate estimates. In the Midgell, the 

age structure of older than YOY salrnon was not defined and could not be effeâively 

esümated; M o r e ,  mOcfa1ity rates were mt estimated. Young of the year brook 

trait were not counted in the Valleyfield River sites in 1995; therdwe, YOY rnortality 

rates could not be estimateci for this time. 

Trends in andina achQ 

In 1995, tag retums from anglers were used to esümate trends of fishing 

adivity from May to 15 September in the Midgell River and from June to 15 

September in the Valleyfield River. Signs were placed at COM~~CWUS locations in 

each watercourse to incfease retum rates from anglers. 

Eledrofishina and snorkellinq 

Eledrafishing was uülized in both study streams to measure fish densities, 

track movements, capture trait for rnarking, and colled samples for growth analysis. 

A Smith-Root backpack eledmfisher was used to sample salmonids in riverine 



habitats. Fork lengths of salmonids were meesured to the neamst millimetre. Wild 

salmon parr wiere distinguished from hatchefy salmon parr by the presence of an 

adipose fin. In 1995, mosl captured kook bwt over 12 an were anaesthetized with 

benmcaine and rnarked with individually numbered ~ l o y ~  fingecling tags and 

released. Densiües af salmonids were esümated by two eledrofishing methods. 

The open method involved one eledrafishing sweep without banier nets. The 

dosed mettiod involved multiple sweeps m i n  banier nets to obtain a population 

&mate using the calculation descB'bed by Zippin (1 958). 

Density estimates for older than YOY salmonids were calwlated from open 

elecbPfishing sites using the catchability estirnate fram dosed sites. The catchability 

is the number of salmonids captured in the first sweep as a proportion of the 

population estirnate (see Jones and Stod<well1995). Open elecbdishing was useû 

at al1 sites exœpt three sites in the last sampling pdod in 1994, when the dosed 

method was used. At sites where d o s 4  elecbofishing was mnduded, the 

catctiability meawred at that site was used to estimate populations at dates when 

the open method was employed. At sites wkre closed elecbofishing was not 

condudeci, the mean eledtafishing catchability from dosed sites was used to 

estimate populations. The following tests were used to compare densities of 

saIrnonids over time and between systems : ANOVA, T-test, Mann-Whitney rank 

sum test, and Kiuskall-Wallis ANOVA on ranks. 

Snorkelling sweys were amductecl to inaease sampling frequency ~ W o u t  

immasing etress associateci with eledrafishing on salmonids. Snorkelling swveys 



were condudecl using one or two persans. In the one person methd, surveys 

invohred sw~*mming upstrsam in a zigzag rnanner Mile counting year dass and 

-es of saIrnanid One pass was made thraugh aie site and an attempt was 

made to visually assess Oie entire ama of the site. The two person method imrolved 

the division of the river into parallel halves. Each individual counted fish on his or 

her side of the river while moving upstream In both methoûs, snorkellers attempted 

to swim around the location of observeci fi* in order to minimize disturbance. In 

July 1994, snorkelling suveys wwe condudeci at four of the five elBCfTafishing sites 

in the Midgell River. 

In 1994, five 30 m Stream length sites (Native, Old Mill, Artties. Upper Fenœ, 

and Elm Road) were eledrofished in the Midgell River (Figure 1, Table 1). Open 

surveys wem conduded during the summer (June and July). The ciosed 

method was used during the last sampling p&od in iate August 1994 at the Old Mill 

Site and the Native Site in the Midgell River. 

In 1995. four Midgell sites rwging in lmgth from 80 to 130 rn were 

electrofished using the open method (Upper Native, Old Mill, Comer Pool, Elm 

Road); (Figure 2. Table 1). The open method was also used at the hea-tide 

spring four Omes from July to September to tag bout and incrsase recapture 

samples. 

In June and July of 1994, four 30 m Valleyfield River sites were eledrofished 

using the open rnethod; one was located on a major branch (EgoIf's) and three were 

located on the main stem (Phantom Lane, Upper Phantom Lane, and Marne's; 



Figure 3). In August, the dosed eleebafishing methoci and the two p e m  

smrkelling rnethod were wed at the Phantom Lane Site. AJl brode but and Atlantic 

salmon captured by eledrafishing were Gatagomed as YOY or older than YOY and 

most were measured to the nearest millimetre. In 1995, four sites 60 m - 130 m 

w e  elecbaished (Heatherdale, Mermey's 1, M m y ' s  2, Brooklyn) on two of the 

major hanches d the Valleyfield River (Table 1, Figure 4). Site locaüon was &Red 

from the main stem of the Valleyfield River in order to assess sites of similar ske to 

those in the Midgell River. Brook trout aged one year ana dder were measured 

during fampling in the Valleyfield River electrofshing sites, while YûY w e  

sampled incidentally. The rnajonty of age 1 + trout captured were tagged. Additional 

electrofishing sites induding 200m downstream form EgoWs Pond, 700m 

downstream from Egoiis Pond, MacRae's, 200m downstream from Brooklyn 

Pond, Maritime Electric Pond Headwater, and Phantom Lane were established to 

tag trout. Valleyfield YOY brook tmut sampled by eledrofishing were used to 

develop age cohact data, but not to refîect abundance. All year classes of juvenile 

Atlantic salmon were sampled. 

Survey transe& were established upstream, downstream, and in the springs 

to assess salmonid use of spring habitat Brod< trout and Atlantic salmon were 

classified as Wtofspnng" and ''in-mng. Out4-spring fish were those observed 

in a 40 m transect upstream and downstream fmm the spring site. ln-spring fish 

were those observeci at the spfing site or in areas where water temperature was 

m e  than PC caoler than the main river temperature. 



Asesmmt of spring habi i  use was undertaken by electrafishing and 

srorkelling. Eledrofishing in ml1 iwng habitat was conduded by repeated 

sweeps vdil no further fi& cwld be found. The open method of eledrofishing was 

wed for Min-sprispring" transe&. Snarkelling surveys were u s d  to i m s e  

sampm fmw-  
In 1994, four springs in the Midgell River were rnonitored for al1 year dasses 

of saIrnoni&. At three sites (Springs la), springs were monitored frorn July to 

September. In Spring 3, elecbafishing (open rnethod) and snorkelling were 

impracücal because of the k g e  number of fi*. Hence populations at this site were 

estimated by mark-mcaptum. At At thefairai site (Srnall Spring), electrofishing was 

mnduded once in July. 

In 1995, Springs 13 on the Midgell River were surveyed using snorkelling 

every 2 3  weeks and electrofishing every two m t h s  from May to September. The 

Small Spring was aiorkelled and eledrofished in July. 

In 1995, spring habitat use was assessed by elecbofishing in two springs 

upstrearn from the Maritime Elecbk Pond, Valleyfield River. 

To examine thermal avoidance in the Midgell River, the number of trout in 

each spring was piotted against the daily mean and daily maximum water 

temperatures of the adjacent river. The avoidance temperature was defined as 

the lowest temperature at which aie presence of intemediate to high numbers of 

brook trout ocairred in springs. Mann-Whitney rank sum tests were used to test 

differences in numben above and below avoidance ternperatures. In 1994, 



observations in Spnng 3 were conducteci at temperatures when high numbers of 

brwk trout were present, therefore the lowest temperature at surveying provided 

the best estimate of avoidance temperature. 

Habitat sunrevs 

Habitat w e y s  af 4994 sites were mnducted on three of the four 

electrufïshing sites in the Valleyfield River and two of the five eledrofishing sites in 

oie Midgell River. Two CTOSS-stream transe& were established at each site. Three 

depths and stream widVI were recordeci from each transect. Surface area and 

volume were calculateci for each site. 

In August 1995. habitat surveys of electrofishing sites and spring stuûy sites 

were condudeci in the ValleyfieM and Midgell Rivers. Cross-strm trame& were 

established at 20 m intervals along the site. Habitat charaderistics, induding site 

length, depth, Stream vuidth, and aiment velocity were recordeci every metm along 

the transed. Surfaœ area (m2) and watw volume (m3 were calwlated for each site. 

In 1995, densities of salmonids older than YOY capturad in eadi 

elBCfTOfishing site were expressed as fish 30 m-' af stream length and as fish m-'. 

Habitat data were not collecteci for al1 1994 sites; therefore, densities in that year 

were expressed as number of older than YOY salrnonids 30 m-' of stream length. 

Population distributional changes were manitoreci by camparing salmonids 

3ûm-' stream length electrofished in different sampling p&ods within each system. 

In 1995, density mm' in each system was compared for similar sampling periods. 



Dm*oüon of fvke nets and catch mr unit Mart 

Fyke nets w m  used to capture bmok trwt for a mark and recaptrae 

experhent and monitoring spring usage in impoundments. Salmonids captwed 

were countd, measured, marked with FloyN fingeding tags, and released. Fyke 

nets used were of Iwo sizes. Large fSce nets had 30 m - 50 m leads, 10 rn wings, 

and were 1 m deep. The fyke net itseif was composed of five square fiames, the 

first being 1 9  m2, and the four on the tail 0.80 m2, leading to a bag at the tail end. 

Small fyke nets had 1 m - 2 m leads and a depth of 0.5 m, leading to a series of 6 

cirailar hmps and a bag at the tail. Mesh size for al1 nets was 1 cm2. One tiouble 

nef'was used, which consisied of two small fS<e nets joined by a 2 m lead. The 

double net was used in the first sampling perbd on bth systems and was cwnted 

as two small nets in the caladation of catch netday-'. 

The catch per unit effort (CPUE) of brook trout and Atlantic salmon was 

calculated as captures netday-'. The CPUE was wmpared for fyke nets of the 

same size and was used to refiect changes in salmonid dwities in pond habitats 

outside and inside springs. The CPUE was used to compare study ponds. 

Statistical analysis of CPUE involved the follawing tests: Kruskall-Wallis, Kruskall- 

Wallis analysis of variance (ANOVA) on ranks (Dunn's method), ANOVA and 

Mann-Whitney rank sum. 



Fvke nettina in MacDonald's Pond 

Fyke nets were set in six regions of MacDonald's Pond in order to sample the 

ponrPs major habitats (Figue 5). Far Springs were assessed with fyke nets 

(HBaChlVafer Spring, Spring 3, Small S m ,  and New Spring). Fyke nets were first 

set in 24 Apnl and 1 May and pulled 13-19 May before the water wamed, when 

saIrnoni& were presumed to be widely distributecl in the ponds. Eight weeks Mer 

the f int  marking periodt fyke nets were reset to obtain recaptures and detect 

distribution shiffs. In late July to mid August, when brook bu t  migrate to areas of 

spnng ifluence in oie Midgell River, fyke nets were utilized to capture individuals for 

mark and recaptwe qedments. In JulyAugust, watw in springs was m e r  at 

the surfaœ than at the bottom. Ice was used to cool the surface water used in fish 

holding containers dose to the bottom temperaftire of the spnngs to reduœ theml 

stress during processing and marking. The Headwater Spring was assessed 

during the three sampling periods. Three smaller springs (Small Spring. Spring 

3. and New Spring) located upstrearn from the Headwater Spring were assessed 

for the July-August sarnpling period. M e r  water temperatures coded in the 

stream during September and Odober, fyke nets were reset to recover marked fi*. 

Sampling methods for salmonids in MacDonald's Pond differed between 

1994 and 1995. Electrofishing was used in 1994. and fyke netting and eledrofishing 

were used in 1995. Method seiectivity of one year dass over another would impact 

estimates of population parameters. Selectivity was estimated by calailating the 



proporüons of 1+ trwt in each capture sample for f'yùe neffing and elBCtTOfishing 

samples in Spring 3 where both me- wen, used during July and August 1995. 

Fvke neffineffina in Maritime Elecbn'c Pond 

Srnall fS<e nets were set in Maritime Eledric Pond during per3ods in late June 

to eady July, Augwt and late September to mid October to captue trout for the mark 

and recaptwe ew'ment and to d e t e  distribution shifts of the population. During 

the first marking per i i ,  Qke nets were set outside direct spring influence. In 

Augwt, fyke nets were set in a headwater sWng and outside spring influence 

(Figwe 6). Spring usage was esümated by mparing CPUE for areas outside 

spring irtîuence and inside Wng usage. In September and Odober, fyke nets 

were set outside spring influence. 

Fish cauntina fences and fishway tra~s 

Three Wo-way fish counting traps were operated M each river system 

(Figures 1-6; Appendix 2). Fish traps were positioned to monitor movement into and 

out af the ponds and to and from sal water. All salmonids were counted and fork 

lengths of most salmonids were measured to the nearest millimetre. Most book 

trout over 12 an were tagged and released. 

The fishway at Macüonalds Pond is of a poolsndinreir design. The fishway 

trap was constwted by dividing a fishway cell into two cornpartments by a 1 an2 

mesh saeen supported by a wooden frame. The trap was covered by a plywood 

board, which was secured mth a padlodc The same design was wed for EgoIf's 

Pond fishway* 



The fishway of the Maritime Electric Pond is of a vertical slat design. The 

fishway trap was codmcted by blocking off the upstream sluiceway with a 1 an2 

screen to prevent migration beyond that point. Trout migrating upstream were 

Mded to the cell downstresm fnim the saeen and fish migr'ng downstream 

were restn'cted to the fishway œll upstmam from the saeen. The trap was secured 

with a screen wver and a padlodr SaIrnonids within study impomdments could 

avoid fishway traps by migrMng downstream over the bypass, thus cirwmventing 

the traps. 

Fish counting fentes wiere cmstmded with conduit and steel supports d 

simiiar design describeci by Anderson and MacOonald (1978). Fences wwe placed 

from bank to bank and angled to funnel migrating fish into traps. Tfaps used at the 

headwaters of the Maritime Elednc Pond, and at the Midgell River headof-üde, had 

a steel frame with 1 cd mesh saeen. The trap at the headwaters of MacDonald's 

Pond had a wïre frame with 1 un2 mesh m. Traps were s~cured with a cover 

and a padlock 



The effect of tagging on kod< tran mortality was esümated as follows: one 

hundred kook bPut were eleQofished and an additional one hundred were trapped 

and taken to the Cardigan Salmonid Enhamernent Centre. Fi@ fish from each 

grwp were tagged and measured, with the remainder acting as controls. These fish 

wwe kept in a 2 rn diameter unxilar tank where moftality was monitored for five 

weeks. The percent mortality was used to estimate the number of iagged fish 

available for recapture. Proportions wsre compared with a z-test (SigmaSW 2.0 

1995). 

Predation 

Injuries and akasions on salmonids older than YOY were recorded as 

predator marks. Changes in prowons of salmonids bearing marks were tracked 

over time and locationon Tags could potentially make trout more visible and, 

therefore, iinaease removal of marked fish through predation, thus biasing 

population estimates. Prefemüal predafjon of marked fish was tested by 

wmparing proportions of recaptures with predator marks with proportions of first 

tirne captures with prdator marks in a z-test (SigrnaStat 2.0 1995). 

Powlation estimates 

The adjusted Peterson method was used to estimate brook but populations: 

N=(M+l)(C+l)#i(R+l) 

where N = population size, M = nunber of rnarked fish, C = number of fish captured, 

and R = number of fish recaptured ( R i c h  1975). 



Four mark and recaphrre population esümates were cwiduded in Spring 3 in 

the heactwaters of MacOonald's Pond in 1994. Tmut elBCETOfished from this spring 

wem marked by an adipose fin dip and deased. A senie net, 3 m wide and 1 m tall 

Ath a 0.5 cm2 mesh, was used during two recaptures. 

During the 1995 recaphrre period, tag loss was indicated by oie presenœ of 

tag scarred trout in the recaptiire sample. Tag loss was due to migraüon of the tag 

wire through tfw SM tissue antefior to the the l  fin. Mer 1 July, tags were tied 

through the d l a g e  at the anterÏor end of the dorsal fin and s~cured to the first 

dorsal my. Population esümates were calwlated for the marking perioâs after 1 

July. 

In 1995, population estimation by the markand-recapture method was 

expanded to indude pond and rivefine habitats on both systems. In the Midgell 

River, populations were esümated in MacDonald's Pond and in the 5.5 km section of 

Stream betwwn the pond and the estuary. In MacDonald's Pond, six population 

estimates wre calwlated from the 10 July to 15 August fyke net sarnpling penod, 

and one population esürnate was calwlated frorn 11 Septernber to 1 1 October me 
sarnpling period. In riverine habitat, two population estimates were calailated from 

elBCfTOfjshing in the HeaMTide Spring. In the fall of 1995, the 5.5 km section 

downstream from MacDonald's Pond was elecbofshed twice in a gentle zigzag 

pattern and three population &mates were calculateci. The gentle zigzag method 

involved electrofishing while walking upstream, moving in a zigzag manner fmm 

bank to bank. 



The Valleyfieid River populaüon estimates were for combined pond and 

riverine habitat The W m e  Elecbic Pond, the ama downstream fnxn the ponâ, 

the upsham region from the pond b EgdPs Pond, and fiom MacRae's Bridge to 

Brod<lyn Pond was b.eated as one 11.5 km section. This sedion was el8drofisheâ 

wing the gentle zigmg method from the head of tide upstream until the entire 

rivefine stuciy area was sampled. The high number af recaptures from electrofishing 

recapture in the fall allawed far the breakdown of mark and recapture BSfiBSfimates to 

marking site. From the eledrofishing recapture, population esümates were 

calwlated for rnarking sites which indude Maritime Electnc fishway trap, Marithe 

Electric headwater fence, fyke net sites, elecbafshing sites, and al1 sites cornbined. 

Fyke nettirtg in the Maritime Eleclric Pond from 30 September to 14 October 

provided additional recapture samples. 

Population estimates far Atlantic salmon and kod< trwt were a h  calculated by 

extraplathg estimatecl numbers per stream length at eledrofishing sites to the total 

stream length of 5.5 km in the lower Midgell River and 11.5 km in the Valleyfield 

River. Statisücal analyses were conduded using Sigrnaplot, Sigma-stat, and Excel 

saftware- 



RESULTS 

Temmture 

Regregsians of oiemiograph data used to &mate gaps in water temperature 

records yiekled ? values ranging from 0.629 - 0.995 (&pendu< 3). ProIonged 

periods of sûessîùl water temperahire for bmok trout and Aüanüc salmon were 

present at al1 main river and pond sites in the Midgell River, while main river 

temperatures in the Valleyfield River remained in a range conçidered conducive to 

salmonid produdion (Figures 7 - I I ) .  Springs remaineci much coder than the main 

river and ponds in both systems (Figures 7 , 8  and 11). 

Water temperatures in MacDonald's Pond, Midgell River, peaked at 3û.0°C in 

July 1994 and 29.6% in August 1995 (Table 2). Mean monthly temperatures in the 

Midgell were approximately 1°C cooler in 1995 than in 1994 W l e  2). In 

MacDonald's Pond, temperatures inaeased between it%w and surfacdoualow by 

about 2.0°C in 1 994 and 1.3OC in 1 995. In 1 994, water exiüng MacDonald's Pond 

cooled by approximately 1 .g0C, 1.5km downstream, and by 4.1°C, 5.5 km 

dowrtsfream, based on mean monthly temperature. In 1995, water exiting 

MacDonald's Pond coded by O.?'%, 1 Skm downstrearn. MacDonald's Pond was 

themlly stratified, with monthly mean temperatures at the pond bottom about 1 .g°C 

caoler than surfa~outfiow temperature in 1994 and about 1 .SOC cooler in 1995. 

The wannest Valleyfield River temperature was 23.3'C, recorded from EgoWs 

Pond Wwow in 1995 (Table 2). Maximum temperatwe for other themograph sites 

remained below 21 -8% in 1994 and 20.m in 1995. Mean monthly temperature 



recorded at the -me Electric P d  outfiow was approximately 0.7% warrner 

than iMow watef temperatureS. 

Themial surveys in the 3.1 lori sedion between the MacDonald's Pond 

headwatw fence and MacDonald's Pond ouWw indicated that springs infiuenced 

M e r  ternperahire in 3.2% of the watwwurse length, and the largest spring 

(Heaâwater Spring) was located IOOm tpstrearn from the inflow of the pond (Table 

3). Because  of the large sire of Macûonalds P d ,  some small springs may have 

escaped detedon. Downstream f i  MacDonald's Pond oMow to the head of 

tide, esümated spring infiuence was approximately 4.3% of Stream length, 

rnost af which was fium the HeaM-Tide Spring entering the system approxirnately 

150 m upstream from tidal influence (Tabie 3). The plume from the Head-of-Tde 

Spring extends beyond the head of üde and cools tidal areas of the lower river. 

S~rina usaae 

Snorkelling and electrofishing results indicate that book trout u s d  cold 

water refugia when the main Sbzeam temperature wamed during June - August in 

the Midgell River system (Tables 4 - 7, Figures 12 - 14). 

Atlantic s a l m  parr were not observeci in sphg habitats in densities that 

would indiCate they were moving into them to se& cool refugia (Tables 4 - 7). 

The avoidance temperaftrre was estirnt as the lowest river temperature at 

which intemiediate to high numbers of brook trout wem present in sprïng habitat. In 

1994 and 1995, bmok trout abundance in Springs 1 and 2 was similar and 

avoidanœ temperature was assessed by pooling data from Wo years for each 



mng. The avoidance temperature in Spring 1 was 19.7% for Vie mean daily 

temperature and 21 .TC for the daily maximum temperature (Figure 15, Man- 

Whitney rank sum. P < 0.06). The avoidance temperature for Spring 2 was 

19.7% for the mean daily temperature and 22.4OC for the daily maximum 

temperature (Figure 15, ManWhitney rank sum, P < 0.05). Brook bout 

abundanœ in Spn'ng 3 was dramatically different between yean and avoidanœ 

temperatures were determined separately for each year. In 1994. Spting 3 

avoidanœ temperatures were 17.PC for the daily mean and 21'C for th8 daily 

maximum (Figure 16). In 1995, Spring 3 avoidance temperatures were 20.4OC 

and 23.2OC for the daily mean and daily maximum, respedively (Figure 16, Man- 

Whitney rank sum , P < 0.05). From snorkelling and eledrofishing observations 

in springs, the mean of the daily mean avoidance temperatures was 19.2'C 

(17.PC - 20.4'C). and the mean of the maximum daily avoidance temperatures 

was 21.6OC (21 OC -23.Z°C). 

Brook trout were observed in the outside transects of Springs 1 and 2 at 

temperatures above the estimated avoidance temperatures. The highest number 

of brook trout (1 7) o b m e d  in the transed outside Spring 2 oaxirred when the daily 

maximum temperature was 23.2'C. Observations of salmonids in the outside 

transed of Spring 3 and Srnall Spring were not possible due to greater than l m  

depth and poor visibility. The outside transe& of Spring 3 and Small Spring was 

locafed in the main channel of the inflow sedion to MacDonald's Pond, 



Fyke net captues idicated that kodc tmut were widely distributed in 

Mad)ana#s Pond dufing the Apil-May sampling period (Figure 17). In July and 

August, when temperahPes wamied, 98% (256) of kook trwt captures occumed in 

spring habitat When tempmtures cooled in the Septernber-odober sampling 

period, 21 tmut were captureci at Wng influence sites and 21 were captured 

outside inRuence (Figure 17). Brode bout CPUE in fyke nets in MacDo~Id's 

Pond over the three sampling periods refl8ded the change in distribuüon toward 

areas which were themialiy inRuenced by springs during wam~ periods of the 

summer. 

In Region 6 of MacDonalds Pond, small fyke nets were used. In the 

Headwater Spring, mean catch day-nett1 was O in May, 3.2 in July, and 0.6 in 

Septernber-october sampling periods (Table 8). The differenœ in catch day-net*' of 

the Headwater Spfing was significant be- oie sampling period of May and July- 

August and the period of May and September-Odober (Kruskall-Wallis N O V A  on 

ranks, Dunn's method, P < O.OS), but was not signficant betwieen the sampling 

periods of July-August and September-Odober (Kniskall-Wallis N O V A  on ranks, 

Dunn's method, P > 0.05). In July-August, fyke net CPUE was significantly higher in 

the Headwater Spring than in sites outside swng influence (Kruskell-Wallis ANOVA 

on ranks, D m ' s  method, P < 0.05). Small nets were used in Region 5, and the 

Apn'l - May mean CPUE was 0.4 (Table 8). In AMI and May, Headwater Spring fjke 

net CPUE was significantfy lower than that of nets set in Region 5 (KniskaII-Wallis 

MOVA on ranks. DUM'S method, Pc0.05). For the September-Odober sampling 



wod, Headmter Sprin~ CPUE was significantly higher than in Region 2 (KniskalC 

Wallis ANOVA on ranks, D m ' s  method. P c O.ffi), but not significanfly higher in 

other sites (Kruskall-Wallis ANOVA on tanks, Dunn's method, P > 0.05). Fyke net 

CPUE of the New Spring site was not significantiy d-rfferent fmm ather sites 

(Kniskall-Wallis ANOVA on ranks, Dunn's method, P > 0.05). 

Tw other spn'ngs (SrnaIl Spring and Spring 3) in MacDonald's Pond were 

fished with fyke nets during the July and September-ûdober sarnpling periods 

(Table 8). Small Spring mean CPUE was 1.5 in July - August and 0.1 in September- 

Odober sampling periods, a significant diffarence between sampling periods (Mann- 

Whitney rank sum, P < 0.05). Spnng 3 mean CPUE's of 0.6 in July - August and 0.2 

in September-ûctober were nat significanfjy different (Mann-Whitney rank sum, P , 
0.05). When compared to sites outside spring influence for the JulyAugust 

sampling period, fyke net CPUE was significanüy higher in Spring 3 and Small 

Spring (KNskall-Wallis ANOVA on ranks. Dunn's method. P < 0.05). Far the 

September-Odober sampling period, Spring 3 and Srnall Sphg CPUE's were not 

significantly different compared to al1 other sites (Kruskall-Wallis ANOVA on ranks, 

Dunn's method, P > 0.05). 

In sites outside spring influence in MacDonald's Pond, two fyke net sizes 

were used. The mean of large fyùe net CPUE's mged from O to 1 .O in AprilNlay, O 

to 0.2 in July-August, and O in September-ûctober sampling periods 8). 

Mean small net CPUE was 0.43 in ApnlMay, ranged frorn O to 0.1 in JulyAgust, 

and ranged h m  O - 0.2 for the September-Odober sarnpling perioâ (Table 8). 



Large fyke net CPUE was significantly higher in Region 4 in the April-May sampling 

pefiod aian in September-October (KiuskaICWallis MOVA on ranks, D m ' s  

methad, P < O.=), but was not significantly diffkrmt than in the July - August 

sampling pefiods (Kniskall-Wallis ANOVA on ranks, Dunn's method, P > 0.05). No 

significant d R m  in large net CPUE was obsewed in Region 1 over sampling 

periods ((KNskall-Wallis, P > 0.05). Region 2 and 3 small net CPUE was not 

significantly diermt dunng the July-August and September-October sarnpling 

periods (Mann-Whitney rank sum, P > 0.05). 

ElBCtTOfishing captures of brade bout and Atlantic salmon in two Valleyfield 

River did nut indicate an attradion to spring habitat for either specîes 

(Tables 9 and 10). Fyke netting in the Maritime Electnc Pond capturd 23 brook 

but out of spring infiuence during the JuneJuly sampling period; 37 brode bout out 

of spring influence and 14 brod< bout in spring influence during the August sampling 

period; and 68 book trout out of spring influence dunng the September-Odober 

sampiing period (Figure 18. Table 11). Fyke net catch per un# effort of brook &out 

in the Valleyfield River did not dRer significantiy over the sarnpling periods (ANOVA, 

P > 0.05), suggesüng that brook trout were neither attracted to nor avoided spring 

habitat in the Maritime Electric Pond during the Augist sampling period. Juvenile 

salmon CPUE for sites outside spring infiuenœ in the JuneJuly and August 

sampling periods was significantly higher than juvenile salmon CPUE in smng 

habitat in August (Mann-Whitney rank sum, P c 0.05). 



A total of 22 salmon parr were captured by fS<e net in the Mariüme Elecbic 

Pond. Three aduft Atlantic salmon w m  captureci in September in the Maritime 

Elecbic Pond (Figure 18). 

Brook tmut catch net - day-' in the Vallefieid River was significantly higher 

than in the Midgell River during al1 thrse sampling periods in areas outside splngs 

(MamWhitney rank sum, P < 0.05). In August in the Valleyfield River and in July- 

Augwt in Midgell River, kook trout catch netdayY1 in sprirg habitat did not differ 

significantly (Mann-Whitney rank sum, P > 0.05). 

Aae structure. arawth. and mortalitv 

In the Midgell RiverI fork lengths of age 1 + fish ranged from 7.2 - 14.5 an on 

14 May, 9.5 - 15.1 an on 24 July, and 9.3 - 17.6 cm on 5 Seplember (Table 12). 

Overlap of age 1+ and age 2+ fork lengths ocairred on 14 May and 5 September 

(Table 13). Growth of Midgell River age 1 + brook trout from scale analysis cm be 

desdbed by aie equation y = 0 . 8 1 ~  - 1.47, ?= 0.374, P<O.ûûl, where y = fork 

length (cm) and x = age (14.0 - 17.5 months). The equation was used to 

estimate cohort divisions of YOY, age 1+, and older than i+ in fork length 

distributions for each sample p&od in 1994 and 1995 (Figures 19 - 24, 

Appendices 4 - 6). Fork length of YOY kod< trout was less than 6.3 cm in May- 

June, 8.0 m in July-August, and 9.0 cm in September-October (Table 14). 

Seasonal growth of YOY bmoù troutfrom age 2.0 - 5.5 months was 0.38 an month-' 

in 1994 and 0.14 cm month-' in 19% (Table 15, Figure 28). Seasonal grawth of age 

1 + brodc but  from q4.0 - 17.5 monois was 0.81 un month-' in 1995 (Table 15, 



Figure 28). Brook trout growoi rate between YOY (4 months) and age 1+ (16 

months) was 5.6 an in the Midgell Füver m e  15, Figue 29). 

Capture methodselectnntyforage l+and age2+kod<troutwas campared 

in Spring 3 where both electrafishing and fyke netüng were conduded in 1995. 

Brook trout aged 1+ consahiteci 69% of eledrafishing captures and 58% of fyke 

net captures indicating a slight selectivity for older year classes by fyke nets 

compared to eledrofishing; however, this differenœ was not significant (z-test, P 

> 0.05). 

ValleyfÏeld River fork lengths of aged 1 + bout were 7.4 - 16.6 cm on 14 

May, 10.4 - 15.8 un on 28 July, and 9.6 - 17.2 cm on 5 September (Table 12). 

Overlap of age 1+ and age 2+ cohorts occurred in al1 airee scale sampling 

periods (Table 13). Valleyfield Rnrer scale samples gave a growth rate equaüon of 

y = O.Sûx + 4.19, ?= 0.124, P<O.OOl, where y = fork length (cm) and x = age 

(14.0 - 17.5 months). The equation was used to estirnate cohort divisions of 

YOY, age i+, and older than 1+ for each sarnple petiod (Figure 25 - 27, 

Appendices 7 and 8 ). Valleyfield River YOY brod< but  fork lengths ranges were 

less than 7.4 an in May-June, 9.0 cm in JulyAugust, and 9.5 cm in September 

(Table 14). Seasonal YOY growth fran 2.0 - 5.5 mon- in the Valleyfield was 0.û3 

cm monVi' in 1994 and 0.7'7 an month'' in 1995 (Figure 28). Growth of age 1 + trout 

from 14.0 to 17.5 months was 0.50 cm month-' in 1995 (Table 15, Figure 28). 

Annual growth from YOY (4 rnonths) to age + (16 months) was 6.0 myeaf1 in the 

Valleyfield River (Table 15, Figwe 29). 



Martality rates were esümated for both systems from fork length frequency 

analysis. Esümated awal mortality rates for YOY bmok tmut in the Midgell River 

mngd from 0.22 - 0.37 in 1994 and 0.26 - 0.31 in 1995 (Table 16). Annual 

mortality estirnates for age 1+ tmut caphrred in riverine habitat rarged from 0.35 - 
0.57 in 1994 and 0.40 - 0.86 in 1995 in the Midgell River. Mortality estimates for 

age l+ brod< trwt in MacDonald's Pond were drarnaücally different during the two 

field seasans. In 1994, age i+ mortality estimates wsie 0.64 in July and 0.80 in 

AugUSf sampling periods. ln 1995, age 1+ mortality estirnates could not be 

effecüvely esümated due to the large number of age 2+ brook trwt. The change in 

the age structure of the population suggests that brwk bout recniitment to the l+ 

year dass in MacDonald's Pond and the age 1+ bmok mut population s k e  was 

higher in 1994 ampared to 1995 Ki the Midgell River. 

The Valleyfield River annual mortality estirnate of YOY brmk trout was 0.10 - 
0.65 in 1994. Mortali€y of 1+ fish in riverine habitat was 0.80 - 0.93 in 1994 and 0.79 

- 0.88 in 1995. In the Maritime Ele-c Pond, the annual mortal*w esümate for age 

1 + brook tmut was 0.1 0 for the June and July sampling perioâ and was O. 1 1 for the 

September and October sampling perioâ (Tabie 16). 

In the Midgell River, fork lengths of juvenile Atlantic saIrnon captured hwn 

eledrafishing sites ranged from 4 an tu f8 an (Figures 30 - 33, Appendices 9 - 12). 

Juvenile Atlantic salmon were categorized on the basis of fork length frequencies 

into age grwps. The YOY age cohart contained those saliion with fork lengths less 

than 6.0 cm in May - June, less than 7.0 in July, and less than 8.0 cm in August- 



September sarnpling pied (Tabie 17). The majority of salmon par caphned in the 

Midgell füvw were of Mhery &gin. The percentage of hatchery salmon parr 

among the total pan catch in the Midgeli River was 70% in 1994 and 74% in 1995 

(Tables 18 and 19). Scale analysis was not condudecl on wild salmon parr; 

tt7erefore, growlh rates of salmon older than YOY was not calwlated. Growth rates 

for YOY Atlantic salmon were 0.48 an m~ntt.i-~ in 1994 and 0.47 an month-' in 1995 

(Figure 34). 

Valleyfield mer YOY Aüanüc s a l m  were dianiguished by fork lengths 

less than 6.0 an in May - June, less than 7.0 in July, and l e s  than 8.0 cm in August 

- October sampling periods (Figures 35 - 37, Appendices 13 and 14). Thrw YOY 

salmon were capturd in 1994 and one YOY salrnon was captured in 1995. The low 

number (4) of YOY salrnon capturd in the Valleyfield River did not allow for gr& 

estimates. Distindion between wild parr and hatchery parr was through the 

presence or absence of an adipose fin. No fsh of hatchery on'gin were captured in 

1994; 74% were of hatchery origin in 1995 (Tables 20 and 21). Hwever, 

idenüfication af fish by using an adipose fin dip in the Valleyfield River was 

probiematic. Electrofishing results fmm the EgoWs Site in the Valleyfield River 

demnstrated that not al1 jwenile Atlantic salmon were clipped prior to stocking. 

This area dcrwnstream of EgaWs Pond was stocked with salmon to 

elecbafshing in August Of the 1 17 parr captureci, 93 were adipose fin clipped. Of 

the 24 parr with no clips, 71 % had eroded pedoral fins. Salmon par with fin erosion 

are usually of hatchery origin. As a rewk, gcrwth and mortality rates were not 



estimatecl fw Valleyfield River Atlantic salmon pan: The absence of YOY Atlantic 

salm indicates that natural produdion on the Valleyfield RNer is law. It is not 

known if stocking of s a l m  pw wiaiout adipose fin dips ocawred on oie Midgell 

River. 

Electrofishinq 

In the Midgell River during 1994, catchability of saIrnonids with one sweep 

elecbofishing using barri- nets was 0.87 at the Old Mill Site and 0.54 at the NatÏve 

Site. The site specific cafchability was used to estimate ofder than YOY salmiâs 

at the Old Mill Site and Native Site, Mile the mean catchability of 0.71 (Table 22), 

was used to esümate dder than YOY salmonids in O* open sites in 1994 and 

1 995. 

The seasonal change in the number af brod< trout captured in the Midgell 

River electrofishing sites suggests that the presence was inRuencd by warm watw 

temperature in summer. The nurnber of brook trwt dedined when water 

temperatures exœedeâ 1 9.0°C at eledrofishing sites. In 1994, brode trout were 1.4 

to i 8.2 fi& 30m" in June, O in July, and O to 2 fish 3ûna' in August (Table 23, Figure 

38). The dedine of bmok trout m' was significant between June and July 

sampling periods (KiuskalWallis ANOVA on ranks, Dunn's method, P < 0.05), but 

not significant in the August sampling period compared to other pwiods (KnrSkalC 

Wallis ANOVA on ranks, Dunn's method. P 0.05). In 1995, b m k  @out were 0.4 to 

8.3 fish in May, O to 4.5 fish in July, and O to 7 fish 3 û d  in September 



(ïable 24, Figue 38). ln Jvie, kook oart were caphred in al1 eledrofishing sites. 

In July and Septmber, kodc t rw t  wwe not captwed in hNo uf the four sites; 

however, no significant change in brook lrout 3ûmm' was det8Cfed (ANOVA, P > 

0.05). Atlantic salmon parr did not show similar distribution shiffs as kodc trout over 

the sampling periods (Tables 23 and 24, Figure 39). No significant ciiffemme in 

Atlantic saIrnon parr 3ûn" was deteded through either field season (ANOVA, P > 

0.05). 

The el8drofishing catchability &mate for the Phantom Lane site was 0.53 

of the population of trout older than YOY, and was used to esümate population of 

salmonids older than YOY at electrofishing sites in the Valleyfield River. 

Elecbafishing of brod< trout and Atlantic salmon perr did not indicate 

seasonal distribution shifts M th8 Valleyfield River (Tables 25 and 26, Figures 40 - 
41). In 1994, brook b-wt numbered 11 to 59 fish30mm1 in June, and 6 to 36 fish- 

30m-' in July (TaMe 25, Figure 40); the differenœ between sampling p8fiods was 

not statistically significant (%test, P > 0.05). In 1995, brook trout numbered 31 to 

138 fish30m" in June, 34 to 137 fish30m-' in August, and 42 to 95 fish=3ûm-' in 

September (Table 26, Figure 40); no signifimnt difference among the three 

sampling periads was deteded (NOVA, P > 0.05). Densities of Atlantic salmon 

parr did not show changes over the three sampling periods in 1994 and 1995 

(Tables 25 and 26, Figure 41). No signifiant difference was deteded for salmon 

parr 30nï1 in the June and July sampling pen*ods in 1994 (T-test, P > 0.05). In 1995, 



no significant difference was detected M salmon pan. 30m-' over the Wee sampling 

p e r i i  (ANOVA P > 0.05). 

ln 1995, Midgell b e r  kodc trwt densiies in electrafishing sites were 0.002 

to O.W1 m4 in May, O to 0.02 m-2 in July, and O to 0.035 m" in elecbofisbing sites in 

September. In 1995, Valleyfield River kook trait densities in eledrafishing sites 

were 0.1 1 to 0.53 mm* in June, 0.13 to 0.54 ma in August, and 0.15 to 0.41 mo2 in 

September. Brook troutin4 at eledrafishing sites were significantly higher Ki the 

Valleyfield River than in the Midgell River during al1 sampling pefiods (Mann- 

Whitney rank wm, P < 0.05). In 1995, Atlantic salmon pam+'rf2 wre not 

significantiy different behNeen systems (KNskall-Wallis ANOVA on ranks, P > 0.05). 

Salmonid Movements 

In 1994. fish trapping in the Midgell River indicated that salrnonid movement 

was minimal during periods when water temperature w m e d  in June, July, and 

August The Native feme located dose to the head of tide capturd 143 trout 

migraüng upstream and 1,036 trout migrating downstream (Figure 42). Two major 

peaks in downstream brook trout movement ocairred, one during the first three 

weeks of May when watw tmperakires were cool, and the second during July when 

daily mean watw temperature exœeded 19.5%. The majority of upstream 

movement occumed betwwn 5 Juie - 10 July when mean daily water temperature 

ranged from 1 O.O°C - 19.6%. Following cessation of upstream movement on July 

11, mean daily water temperatures ranged from 18.0°C - 23.8'C. No brook trout 

were captured in MacDonald's Pond fishway h m  16 June to 7 September. One 



kook trwt was captumâ migrating upstream at the fi& counting fence operated at 

the head of Mad)onaIds Pond from 16 June - 26 August. EigM salrnon pan 

migrating upstream were captureâ in Mad)onalBs Pond fishway trap during 

September (Figure 43). 

Thirty-three break tmut were caphred and tagged at the Native fence in the 

Midgeil River from 2 4  May and 2&29 May, 1995, thirty-hm of Midi were mving 

downstream (Figure 44). Aftw May, the Native fence was operated during daylight 

hours only and saIrnonid capture was minimal. During 2527 June, the Native fenœ 

was operated for three consecuüve nights. During this tirne, a total of 70 brook trout 

were captured moving downstream when water temperatures ranged ffom 19.g°C - 
24.g°C, and the mean water temperaftire for the hm &y pend was 21 .g°C. 

Duing 1995, 49 b& ûwt  were captured migrating upstream from 

MacDonald's fishway trap in the Midgell River (Figure 45). The upstream migrant 

cornpanent of MacDonald's Pond was composed of two groups. A total of 23 brook 

trout w e  captureci moving into the pond from 15 May to 24 Juie. The nin started 

when water temperatwe was appro><imately 13OC. The mn continueci through early 

June and ceased on 24 June when the mean daily water temperature was 21.2OC. 

Upstream movement resurned in Odober and November when water temperature 

deaeased. One b m k  trou was captured moving downstream and one salmon par 

was captured moving upstteam in June (Figures 45 and 46). 

In 1995, 14 brook trout were captured at the fish cwnting fence in the 

headwaters of MacDonald's Pond (Figure 47). Four were captured moving 



c h m t m m  and 10 were capturd moving upstfeam. Most (67%) movement 

ocMed in early Jure. Upstream movement peaked between 24 June and 2 July 

when mean daily watw tmperehrirea ranged 18.2% - 21 .@C. The following week of 

3 July - 12 July mean daily water temperatures were higher than 21 .û%. 

Trapping results indicated much greater upstmam movements in the 

Valleyfield River than in the Midgell River. In 1994 and 1995 respedively, 1,495 

and 1,142 brode trout wiere captured in the upstream trap at Mariüme Elemc Pond 

(Figures 48 and 49). Upstream brod< trout movement on the Valleyfield system 

begw in M y  June, continwd thrwgh July, and dedined during August The 

maj~nty of upstream captures occumd in July when water temperatures rangecl 

frm 1 1 .TC to 19.5"C. 

In 1995, 15 juvenile Aüantic salmon were captured moving upstream and five 

were captured moving downstream at oie Mariüme Electnc fishway trap (Figure 50). 

Thirty-two adult salmon were captureci at the Maritime Efedric Fishway, ranging in 

fork lmgth from 49 un - 60 an (Figure 51 ). 

The Manüme Electfk Pond headwater cwnüng facility produced incornplete 

capture of saIrnonids moving thrwgh mis site. On several occasions, undermining 

of the fence and the main box trap ocaned. As a result, this facility was treated as 

a partial coin- fmœ. In 1994, a total of 332 bmok troui were captured migrating 

upstream and in 1995, totals of 104 brook trwt migrating upstream and 95 migraüng 

downstream were captured (Figures 52 and 53). In 1995, the majority of the 

downstream movernent occurred in early June, Mi le the majority of upstrearn 



moving b'wt were capturd in mid June and July. Forty-hivo Atlantic salmon smolts 

were captured moving downstream in June, and 6 s a l m  pam were caphird 

mothg upstream (Figure 54). Eleven adult salmon were captured ranging in fork 

iength from 49 cm - 60 cm (Figure 55). 

A total of 240 kook trout were captureci moving upstream at EgoWs Pond 

fishway trap frwn 1 July to 30 Odober 1995 (Figure 56). Capture of downstrearn 

moving salmonids was minimal and was atmprisecl of 3 trout in early July. A large 

proportion (46%) of upôtream migfaüng but were captured in Odober. A total of 24 

s a i m  parrwere captureci moving upstream (Figure 57). 

Mortality in the eledrofishing group and in the trapping group was 2%. 

Mortality in the electrofishing and taggîng group was 4%. and in the tfapping and 

tagging group was 2% (Table 27). No signBcant difference in mortality was 

ObSBNeâ between grwps (Z-teSt, P > 0.05). 

Predator marks 

Scars, abrasions, and exîemal injuries on brodc trout and Atlantic salmon 

were recordeci as predator marks and monitored through both field seasons in 

Midgell and Valleyfield rivers. Most predator markings on salmonids were V-shaped 

or U-shaped and were presumed to aginate from attacks by belted kingfishers, 

Meaaœwfe great blue herons, Ardea herodias, Amencan bittems, Botaurus 

lentiainosus, com~xants, Phalamcorn auritus, American eels, Anauilla rosirata, 

Salmon, or trout. 



ln the Midgell River, the -on of ttout with predator marks was highest 

in Juiy and Augwt when kook trout wwe at high densiües in springs (Table 28). In 

riverine habirtaf t h  promon of predator marks in Spr-ing 2 were O on 16 July and 

0.33 on 25 August In Spring 3 of Mad>onaIâ's Pond, the proportions of brook trout 

with predator marks was 0.06 on 9 July and 0.21 in 25 August No predator marks 

were observecl on Atlantic salmon parr in 1994. 

In 1995, in Spring2aiepmportionofpredat~marksmkooktroutwas0.W 

on 1 1 June and 0.1 5 on 30 July (Tabie 29). In SMng 3, the proportion of brook tmut 

with predatu marks irxread from 0.00 on 10 July to 0.20 on 2 August The total 

proportion uf Atlantk salmon parr with predatw marks was 0.01 in 1995. 

The greatest obSBNeû promon of brode trwt with predator marks in 

Valleyfield riverkm sites was 0.06 on 30 July 1994 and 0.08 on 6 June 1995 (Tàbles 

30 and 31). No predator marks were obsenred on Atlantic salmon pan in 1994 and 

1995. 

The proportion of predator marks on salmon and trout was pooled according 

to sampling periodç and systems (Table 32). Proporüons of predator marks on trout 

were significantly higher in the Midgell River than in the Valleyfield River dwing the 

JuIy-August sampling period in 1994 and 1995 (Z-test, P < 0.05). There was no 

significant differenœ behnieen system at any other time in 1994 or 1995 (Z-test, P > 

0.05). Predation as a possible saurce of tag loss was not considered to significantiy 

impact mark and recapture population estimates because the ftequmcy of predatw 



marks on previwsly tagged trout was not significanfly higher than an first time 

captures (Z-test, P > 0.05). 

Trends in amlina activQ 

A total of 18 tag retums were reportecd by anglers in the Midgell RNer in 

1995, al1 from MacDonalds Pond (AppendÏx 15). During the first marking stage, 

from 24 to 9 July, reported angler captures wwe 1 O. 1 % of marked fi&. For the 

pwiod 10 July to 15 Septanber, the rate of capture was 3.3% of tagged kodc trout 

The timing of tag retums suggested that fishing pressure was gfeatest during May, 

decreaseâ in June and July, and increaseâ in August and September (Figure 58). 

In 1996,3 tags w m  reporteci frcm anglen. One was caphrred in the Midgell River 

estuary and two wem captured in the Morell River estuary river systern dose to the 

head of tide. The Morell River is a neighbouring river system to the Midgell River. 

Calculateci tag retums by Valleyfield River anglers were approximately 4.6% 

of brook @out tagged at the Manüme Elednc fishway trap (Appendix 16). The 

timing of tag rehims Ki the Valleyfield River indicated a wnstant fishing pressure 

firom July to September (Figure 58). No tags were in place to assess the spring 

fishery in the Valleyfield River. 

Population estimates 

Populations were esümateâ by applying the number of salmonids 

eledrafisheâ per stream length to the total length of stream (Midgell: 5.5 km 

between MacDonald's P d  and head of tide; Valleyfield: 11.5 km between EgoWs 



Pond and the head af tide and BrOddyn Pond and MecRae's Bridge). The 

catctrability axredion fador was used to estimate densiües fiom open 

eledrOfi1iShirtg sites. The sites located autside the mark and recapture regions in 

the headwaters of the Midgell River (Elm Road) and the Valleyfield River (Brooklyn) 

were not used in population estimates. 

Midgell River population estimates for brook trout age 1+ and older from 

e lmsRing sites cbmstmm from Macûo~ lds  Pond were 51 7 in June, O in July, 

and 183 in September, 1994; and 333 in May, 71 in July, and 48 in September, 

1995 (Tables 33 and 34). Juvenile Atlantic salmon pan estimates ranged frwn 

1,897 - 2,237 in 1994 and 761 - 1,561 in 1995 (Tables 33 and 34). 

During the recapture period (October-November), the 5.5 km sedion 

downstrearn f m  MacDonald's Pond was elBCttofished hMce and yielded a total of 

?l recaptwes, one of which was marked in MacDonald's Pond. Population 

estirnates for this region were 1,231(95% c.i.: 639 - 2,590) on 18-20 October, 

1,969 (95% c.i.: 803 - 4,922) on 22-23 November , and 1,595 (95% CL: 904 - 
3,078) for the total (Table 35). The Head-f-Tide Spring trout population 

estimates were 1,364 (95% ci.: 557 - 3,411) on 30 August and 1,875 (95% c.i.: 

765 - 4,688) on 1 September (Table 35). In 1994, mark and recapture in Spting 3 

located in the headwaters of MacDonald's Pond gave four esürnates : 363 (95% c.i.: 

229 - 605) on 9 July, 949 (95% ci.: 493 - 1,997) on 15 July, 600 (95% c.i.: 372 - 
1,022) on 21 July, and 764 (95% c i :  594 - 983) on 25 August (Table 36). In 

1995, direct electrofishing at this site resulted in the capture of 14 trout on 15 



July, 6 &out on 24 July, and 15 trout on 2 August. The change in the number of 

bmok &out inhabiting Spring 3 from 1994 and 1995 may be the result of a 

change in population number and age structure in MacDonald's Pond. The 

rnajority of brook trout sampled in MacDonald's Pond in 1994 were age 1 +. In 

1995, most br& trout sampled frorn MacOonald's Pond were age 2+. 

Durhg July-August 1995, brook trout capture in Mad3malcPs Pond springs 

high. This period was men down into five mark and recapture periods. Fke 

estirnates from the July-August pefiod ranged from 558 (95% c i :  228 - 1,394) - 
3,329 (95% ai.: 1.653 - 7,282) bro& bout (Table 35). The brook trout population 

from the September-Odober recapture was 1,779 (95% ci.: 794 - 4,449) (Table 

35). A total population estimate for the Midgell River from the final recapture 

period was 3,505 (95% c i :  2,174 - 5,967) brwk trwt (408 knïl of Stream). 

Brook trout popu~ons esürnated from Valleyfield River electrofishing sites in 

1994 were 14,490 in June, 7,472 in July, and 61,333 in August; and in 1995 were 

30,213 in June, 32,140 in August, and 26,282 in September (Tables 37 and 38). 

Salmon parr estimates ranged from 181 - 9,781 during 1994, and Rom 154 - 694 

dunng 1995 (Tables 37 and 38). 

A total of 2,083 brook trorit was tagged and available for recapture on the 

Valleyfield River. In the eledrafishing recapture sweep, 3,824 greater than age 

YOY û w t  were capkved and of these 160 were recaptures. From the site of 

marking population estirnates were 41,237 (95% c.i.: 34,094 - 49,8&4) for 

eledrofishing, 66,898 (95% c.i.: 50,901 - 88,119) for the Maritime Electnc fishway, 



32,513 (95% ci.: 13,270 - 81,281) for Maritime Elecbic Pond fyke nets, and 

37.61 3 (95% ai.: 17,770 -72.332) for Maritime Elemc Pond headwater fi& 

counüng fence (Table 39). The mark and recapture estirnate f m  all sites was 

49,392 (95% ci.: 42,229 - 57,624) brodc trout (4,295 la-' of m m )  (Table 39). 

The estimate from the eledrofishing sites is probably the best estimate for the 

Valleyfield River because 1 incorporates a high number of marked fish and the 

age dass in the marking sample is 1+, representative of the majority of the 

markable &out population in the Valleyfield River 

A total of 6 kook trout were recaptured in the Maritime Elmc Pond by fyke 

nets in the September - Odober sampling pefiod and gave a population estimate of 

20,840 (95% c.i.: 10,346 - 39,110) for the Valleyfield River (Table 40). 



DlSCUSSION 

Temperature 

Water temperatures in the Midgell River system increased to levels (daily 

mean >19.2 OC) considerd unsuitable for brook bout production in both 1994 

and 1995. The maximum temperatures recorded in the Midgell in 1994 and 

1995 were approximately 4*C higher than those recorded during 1986 by 

Thompson et al. (1 990). The elevated temperatwes in MacDonald's Pond were 

due primarily to upstream conditions, rather than to solar heating within the 

pond. Along the 7.5 km between MacDonald's Pond and McCamcKs Pond, 

beavers have mstruded many small impoundrnents, which slow water flaw and 

ina-ease the surface a m  of the stream. From 3.1 to 6.6 km upstream h m  

MacDonald's Pond, the Midgell River la- stmamside canopy due to an old 

impaindment, now de-watered. Beaver dams and the remval of canopy have been 

shown to raise temperatures to levels detrimental to salmonids (Burns 1972, Avery 

1992). MacDonald's Pond did increase temperatures slightly and prolonged the 

duration and extent of high temperatures downstream from the pond outfiow. 

Water temperature in the Valleyfield River remained cod and at levels considerd to 

be favourable for brook trout production during both field seasons. Water 

temperatures blow 21°C exiüng the Mantime Electric Pond are comparable to 

temperatures previously recordecl at this site by Wildlife Habitat Canada (Thompm 

1991). Gradient and stream side cover are probably the principal factors regulaüng 

water temperature in both s y s t m .  



Behaviwr 

Changes in fyke net CPUE in sites in MacDonald's Pond indicated a 

movement of &out into pond springs when water temperatures warmed in July 

and August. In most cases, CPUE in areas outside spnng influence did not 

suggest a demase in brook &out numbers duflng the July-August sampling 

period. This may relate to the duration of sampling in regions outside spn'ng 

habitat and the use of fyke nets of different sizes, thus reducing comparability of 

resuits. The low density of tmut present in MacDonald's Pond may also pose 

difficulües in assessing bout movement from the main pond area outside spflng 

influence. Seasonal distributions in high density populations could be easier to 

deted, however, because of the large number of fish involved. The variability of 

brook trout CPUE from fyke nets did not allow for an estimate of avoidanœ 

temperatures in the same way as did snorkelling and electrofishing observations 

in springs. This is probably due to methodology: fyke net capture is related to 

movement and not necessarily to number of fish present. Fluctuation in capture 

of brook trout in fyke nets dwing wam periods may be due to brook trout leaving 

the springs to feed and retuming to springs in search of cool water, which may 

not be refiective of preferred ternperatures. 

The use of wld water refugia by salmonids has been previously reportecl 

(Elson 1942; Huntsman 1942; Fry 1951 ; Gibson 1966; Kaya et al. 1977; Nielsen et 

al. 1994). The location of brook trout in the Midgell River system appean to be 

strongly infiuenced by water tempmtwe. Brook trout were observeci in cool water 



refUgia -ng warm periods in the summer uihen daily mean Stream temperatures 

aKceeded 19.2'C and maximum temperatues exœeded 21 -6°C. This observation is 

in agreement with a nurnber d other studies (Smith and Saunders 1958; Gibson 

1966; Henderson 1963). Brook trout are seldom found where water temperatures 

exceed 20°C if cooler habitat is available (Fry 1951; Smith and Saunders 1958; 

Henderson 1963). Rainbav &out have similarly been observed to move into deep 

areas of pools whwe watw temperatues were on average 3.5C cooler than surface 

water temperatures, which ranged from î6"C - 2gC. Rainbows did not use these 

oiemial -8s when water t e m ~  were less than î2% (Nielsen et al. 1994). 

In my shrdy, kodc trout wre observed by snorkelling, elecbaishing, and 

fS<e netting in areas outside direct spring influence, which suggests that brook trout 

conünue to forage in the main river even at temperatures that nomially trigger 

movement to thermal refugia In a labofatory study, it was shawn that yellow perdis 

Perca flavescens, wwld make short excursions into amas of inhospitable thermal - 
conditions in order to feed Cniorp 1994). AHtiaigh oie primary factor regulaüng 

spnng usage by book trout is undoubtedly wami temperature, it is probably not the 

only one. The interadibn of abiotic and biotic fadon of the spnng, inciuding water 

depth. cover, watw velocityt dissolved oxygen wntent, food availability, and 

compeütion within and amongst mes, m l d  have an impact on the carrying 

capacity of the cdd water refhgia. In my study, a greater proportion of older and 

larger brook trwt were located in pond springs, than in shallow river springs which 

were predominately inhabited by YOY and yearling brook trwt 



Ternperahre also idiuenced migration behaviow of kodc b w t  on the 

Midgell River. Upstream migration deaeased when the daily temperatures reached 

19.6% (mean) and 22°C In Me June, the Midgell Füver fish cainthg 

fence at the head d tide was operateci over a three nigM period, and 70 brook trout 

were COUnfed moving downstream either b the large sping at oie head of tide or 

into estuarine waters. This exodus to moi downstream waters is probaMy a means 

of avoiding unfavourable condiions Buton and Odum (1945) ass0clSSOClated a daylight 

temperature of W°C with limited kodc trout dispersal; above lS°C, bmok trout 

swght coder waters. Movement of brod< trout into cool tributaries (1YC -15%) af 

Lake Ainslie, Nova Scotia, occurred when lake temperatures exCBBded 21°C (Elson 

1942). M e n  watw temperatures of the Little SouthWest Mimichi surpassed S C ,  

brodc trout moved into Catamaran 8- a tnbutary which remained about 2OC - 
3°C cooler than the main river (Cunjak et al. 1993). Movement of salmonids from 

MacDonald's Pond into upstream waters dunng warrn watw periuds did not oau 

and is thought to be due mainly to the la& af upstream cold water refuges available 

(water flowing into the pond was only slightly mler than water exiüng the pond). 

Crowding into smafl refugia can cause a breakdown of territory defence 

(Coutant 1987). The high densities of fish in thermal refugia may create potenüal 

problems affeding survival. Predafor marks or beak marks on fish have been used 

as indicatm of predation by c o m t s  (Davies et al. 1995), herons (Cass 1990), 

kingfishm (White l936), and mumes, U r h  SD. (Hislop and MacDonald 1989). Avian 

predaton induding great blue h m ,  kingfïshers, and bittems were observed in or 



dose to th Midgell River springs during w m  watw sarnpling periods. Frequency 

of occurrence of predator makP on brod< bout at high densiües in the Midgell River 

~@ngs was higher than fix braok trout in the Valleyfield Rier. This is probabfy an 

indication of a greater incidence d attempled predaüon on kook trout cmcdmted 

in cool watw refugia in the Midgell River. Thorp (1994) reported that large numbers 

of trout physiobgically mstfid8d to cofd water were m m  vulnefable to predators. 

During wan watw CMIClïm, the flow in a tributary had ceased, leaving many small 

pools from which escape from predators was greatiy reâuœd (7horp 1994). Low 

water temperatures in springs m l d  further increase the chance of predation. 

Spontaneous adivity af kook trwt is maicimized at approximately 14OC - 16% 

(Graham 1949). and oxygen uptake for physical adivity is maximized at 16% (Fisher 

and Sullivan 1958). Spring water temperatures of 7°C could slow readion time of 

ho& bout to predators, parü~larly to endothemiic predators. 

Another important limiting agent of the brode but population could be the 

predatory nature of salmonids. Kennedy and Strange (1986), while working on 

Atlantic salmon and brown trout, foond that water depth was the major variable 

which defned yearling and fry habitat and condudecl that fry which move into 

deeper regions fun a high risk of predation by older salmonids. Alexander (1979) 

e s t i r n t  that the most important predator of YOY brown trwt and brook trout was 

older year dasses of kown trout In the Midgell River, wam water temperatures 

cause a temitononality breakdown as trout move into qxings. The trout age structure 

of riverine sprîngs indicated that both fry and yearling trout inhabit spring refugia at 



high numbers, making fry very suscepüMe to intra-specific predaüonon Predation on 

fiy may be the most important factor Iimiüng mitment into the next year dass in 

the Midgell River. Anather predator of salmwiids which was captureci in both 

systems was the American eel. The overall of predaüon as a limiting fador for 

Midgeil River Brook trwt cannot be fui& undersfood from my s U y .  The apparent 

high predator pressure on brook tmut in the Midgell River system may be ass0clonated 

with differences in predator populations in bOth systems. Apparent inaeased 

predaüm could be an important mason for the low brook b u t  population found in 

the Midgell River. 

Atlantic salmon were mt observeci to be attracted to sping habitat during 

w m  periods. Atlantic salmon par? were observed in trame& outside of sprihg 

inRuence when water temperatures were highest Huntsman (1942) record& 

deaths of aduk salmon at temperatures dose to 30%, as well as the use of coolef 

water in tributaries by parr during w m  periods. Riverine water temperatures in the 

Midgell system remained slightly below 3û°Cl and a behavioural response uf Atlantic 

salmon parr to use study +ngs was nd apparent The upper lethal temperature 

for Atlantic salmon is dose to 2g°C, approximately 3OC higher than the upper lethal 

temperature for bmok trout (Grande and Andersen 1 991 ). 

The absence of Parr in smng water suggests that brook b u t  and salmon 

behave quite diff~mtly in warm watw conditions. Brook trou respond to warrn 

temperatures considerably below their lethal limif whereas salmon parr apparwtly 

do not seek themial refugia even when temperatures approach lethal levels. This 



mit d i  from Gibson (1966) who ObSBNed s a l m  parr moving into spring 

seeps ( - l i t )  when water tmpemhm rose above 22°C. The iadc of usage 

by salmon parr in the Midgell River owld be due Q springs remainnig at -7%. 

SprÏngs may be used by salmon and trout at high watw temperatures; however, 

springs are more aiücal to the wwival of kod< trout than Atlantic salmon at high 

water temperahires (Fry 1951). This behavioual charaderistic and higher 

temperahire tolerance probebly a l l w  sa lm parr to remain distriMeci throughout 

aie river system during warm periods and may provide jwenile salmon wÏth a 

mpeütive advantage over kook trout in wafm water systems. Water temperature 

is considerd to be a factor effdng intefspeafic cornpetition and dominanœ in 

salrnonids (De Staso and Raheli994). 

Growth 

Water temperature has a major influence on growth of book trout (Leach 

1924; Myers 1946; Baldwin 1956; Davis 1956; Haskell et al. 1956; Patrick and Graf 

1962; McComiidc et al. 1972). Leach (1924) teported that a temperature range of 

7°C - 1@C was most appropriate for gmvth of brod< trout Davis (1956) suggested 

that the range was doser to 13°C - 16% for optimal brod< trout gr-. Haskel et al. 

(1956) d8m017SfTafed imeas8d book hout growth rates with inaeased 

temperatures, which ranged from 8% -1 1°C. When brwk bout were held at four 

diiemnt temperatures (goCl 13OC, IPC,  and 2I0C), growth and prey conversion 

MÏcimcy was best at 13OC, with metabolic e m i t u r e  greatest at 17°C and 21°C 

(Baldwin 1956). McComiidc et al. (1972) held brod< but from the alevin to fry 



stages ai six different temperahveg reg im (7.1°C, 9.8%, 12A°C, 15.4'C, 17.9%, 

and 195°C) and reporteci maximum biomass gain at temperatures of 12.4OC and 

15.4"C, as well as inaeased martality at temperahwes of 17.9% and 19.5"C. 

Young of the year kook trout wiipled between May and September in 1994 

and 1995 grew fast= in the Valleyfield River than in the Midgell River. Slow growth 

of YOY trwt in the Midgell River was probably due to the theniial restriction of fish 

to oie spaœ limited cold watw refugia . However, 14 month old trout were similar in 

sire in the two systems, indicaüng a mer growlh in the Midgell from age 6 months 

to age 14 months. This rnay be relateâ to the low densities and reduœd campetition 

in the Midgell River, factors which favour growing conditions and reflect the potenüal 

of the Midgell River as a trout habitat in the absence of thermal restriction. As well, 

water temperature in the Midgell River during the mng and fall s e a m  may be 

more favourable to growlh than the cold temperatures in the Valleyfield River. 

The presenœ and use of cold water refugia in the Midgell River appears to 

reduce the efFect of above optimal temperatures on growth of 1 + brook trout In fad, 

growth of 1+ bwn was gr&= in the Midgell River and in the Valleyfield River. 

Br& trout older than YOY rnay be better able to cope 4th thermal restriction in 

springs. This may be due to mbility and feeding. Yearling bmok @out can move 

more effïcientiy than YOY trout due to h i r  larger size. As well, by sharing spring 

habitat with YOY trout, they are provided with a food source without leavhg the 

spnng. 



Annual mortality rate of salmonids has been associa with a number of 

variaMes, induding density&pdenœ (Mortensen 1977), predaüon and 

amipetiüon (Kennedy and Strange lm), and water temperature (Kaya 1978). The 

difference in number and age dass of trout capturd in Spring 3 and Small Spring in 

1994 and 1995 in the Midgell RNer could fefiect a substantial differem in 

mitment of YOY trout into the 1+ age dass. The greatest impact theml 

mdion may be on YOY kodc trout Pdation and reduced growth in springs 

would be relateci to the dumon spent in springs w how wann or cool ternperahires 

are in the summer. The mean rnonthly air temperature recOrded in Charlottetown, 

Prince Edward Island, was about 4'C cooler in July 1993 than in July 1994 

(Environment Canada 1993 and 1994a). This suggests that YOY broak but  likely 

spent less time in springs in 1993 than in 1994. A briefer penod of spring 

confinement w l d  lead to a higher suMval rate, and could explain the abundance 

of 1 + but in MacDwialds Pond in 1994. Annual mortality rates and changes in 

strength of a year dass size suggests that the Midgell River brook trout population 

cwld be related to changes in annwl environmental conditions eff8ding the degree 

of density dependence in wld water refugia. Proper definition of factors controlling 

reauitment of 1+ bfook trout would require a longer term than that incorporated in 

this study. 

High rnortality is &en adated with densitydependence and the territorial 

behaviou of salmanids (Miller 1958; Le Cren 1973). Heavy annual rnoctality rates of 

0.80 and 0.93 on the Valleyfield River suggest that the population is controlled by 



densi dependent fadom. High exploitaton and anadromy cwld be anooier 

reason for high mortality rate of l+ brwk trout in the ValkyfÏeld River- Exploitation 

can resun in removal of ofder year classes from a population (Bennet 1970); thus 1 + 

mortality estimates based on -ans of dder year ciasses under heavy 

exploitation pressure may lead to high mortality estimates for 1+ brode trout 

h d m y  dated with age 2+ and older trout may also posiüvely bias annual 

mortality rates as older year dasses migrate to sait water habitat 

Trends in andina adivitv 

Tag retums from anglers could indicate that fishing adivity on the Midgell 

River dedined during warm periods of the sumer relative to conairrent fishing 

pressure on the Valleyfield River. McMichael and Kaya (1991) reporteci higher 

angling adivity and catch of bmwn ttwt and rainbow &out when water temperatures 

were below 19°C. Very few anglers wefe obsenred utilking M a c D a ~ W s  Pond 

between late June and mid-Augwt This change in angling effort auld be the result 

of diminished feeding rates or altered distribution of brook bout during warm periods 

as book trout move into a greatly r e d d  areas of the pond where spring refugia 

are located. Coutant (1987) suggests that fish using space-limited t h m l  refugia 

are susceptible to angling. The potmal of increased exploitation in pond springs 

appears to be high; hovuever, very few anglers appear to be taking advantage of this 

opportunW. Only one party of anglers was observai to frequent MacDonald's Pond 

during warm pefiods (pers. observ.). Most angling adivity during wami periods 



occurred in Region 6 of MacDonald's Pond in sites dose to smng influence (pers. 

observ.). During w m  summer manths, the value af the Midgell füver to the local 

mcreational kodc trout fishery appears to be minimal. 

Smith and Saunders (1963) reported that angling success rates increased 

after pond aeaüon in the Mlmd River, Prince Edward Island. They aedited this 

change to the ability of impwndments to hoid up but  during their downstream 

descent to waters in the spin9 of the year, as well as to the funcüon of 

impoundments as holding areas for trwt mtuming to the system in the wmmer. 

The maximum bi-monthly mean surface water temperature recorded in Wilrnot Pond 

remained below 2û% (Smith and Saunders 1963). 

Angling adivity based on tag retums on the Valleyfield River appears to 

remain relatively high in July, August, and September. The rnajonty of tags returned 

by anglers were initially applied at the M m e  EleQic trap and are considered to 

be from fi& of anadromous wigin. Previow studies have indicated that the 

Valleyfield River and neighbouring Montague River are of significant importance to 

Prince Edward Island's recreational fishery (Cairns i 996). 

Powlation 

Factors which can impact brook trout produdivity in stream systems are 

substrate, cuver, tempwature, and flow rates (Wesche 1985). Water temperature 

has been shawn ta be the main factor limiüng the geographic distribution of brook 

bout (McCrimmon and Campbell 1969), and the chi& factor which differentiates 

noktroot streamJ from trout strearns (Barton et al. 1985). Weekly water 



temperahrres wer 2î"C limited kook bout produdon in streams of southem 

ûrtario (mon et al. 1985). DaiIy maximum watw temperature pmfiles recordeci 

over the course of this shidy âemmmte that Midgell River water 8XC88ded 22°C 

fw prolonged Wi 1994 and 1995. The significant impact of temperature on 

trout populatiolls has prompteci several M i e s  which have evaluated long-tenn 

impacts on brod< troiR habitat by dimatic wming (Meisner 1990). Meisner (1 990) 

estirnateci that an iroease in ambient air temperature wwld result in a signifiant 

loss of brook trout habitat in southem Ontario streamsstreams Populaüon estimates of 

3,505 (95% c.i.:2,174 - 5,967) brwk trout (408 km-' of stream length) in the Midgell 

River and 41,237 (95% ci.: 34,094 - 49,884) brook trout (3,586 km" of stream 

length) in the Valleyfield River demonstrate a marked difterenœ in population size in 

a warm water versw a cold M e r  system. 



Condusian 

RUS study Micates that even âuring wami watw periods (>19.2%) juvenile 

Atlantic salmon pam remaineci in the open river. Most brod< trout took refuge in 

springs during warm water periods. Predafjon in springs could be an important 

fadm Iîmiüng the kook trout population size in a wami watw systern. Human 

exploitation did nat i m s e  in springs during wam water periods. The brook trout 

populatbn wes approximately an order of magnitude greater in a cold watw system 

than in a warm water system of similar site. Grawth of YOY book trout in Midgell 

River appears to be infiuenœd by the confinement of fish to space lirnited cool water 

refugia The presence of spfings does not neutralize the impact uf warm water 

temperature on a brook !mut populaüon in a wam water system. This study should 

ad as the impetus for further investigation into 0th- environmental parameten, 

predator-prey interactions, and ecologicai impads of wam water on kodc trout 

produdion on Prince Edward Island. 
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Table 1. Electrofishing site parameters, Midgell River and Vallefield Rhrer, 1994 - 1995. 
Length Meanwidth Ama Mean depth Vol Velodty 

Year River Site Date (m) (m) cm2) (m) (ma) (rn-sec") 

1 g94 Valleyfield 

1995 

OI 
U1 

1894 Midgell 

1995 

Upper Phantom 
MacRae's 
Egotrs 
Heatherdale 
Mermey's 1 
Mermey's 2 
Brooklyn 
S 2 outside transect 
S 2 inside transect 
S 1 inside transect 
Native 
Old Mill 
Upper Native 
Old Mill 
Corner Pool 
Elm Road 
S 1 outside transect 
S 1 inside transect 
S 2 outside transect 
S 2 inside ûansect 
S3 

1 Jan 
1-Jan 
1 -Jan 

16- AU^ 
17Aug 
17- AU^ 
18- AU^ 
16- AU^ 
16- AU^ 
16Aug 
2-Jan 
2 Jan 
5- AU^ 
5-Aug 
5-Aug 
5- AU^ 

29- AU^ 
29- AU^ 
29- AU^ 
29- AU^ 

Aug 
S = spring 
ns = not sampled 



Table 2. Monthly mean and water temperatures at Midgell 
River and Valleyfield River themograph sites, 1994 - 1995. 

June 8 - 30 July August 

River Year Site Mean Max Mean Max Mean Max 

Midgell 1994 Elm Road 

Valleyfield 1 994 

1 995 

M Pond inflow 
S 3  
M Pond middle 
M Pond bottom 
M Pond surface 
Artties 
Old Mill 
S2pool 
S 2 infiow 
Native fence 
MacCarrickls Pond 
Elm Road 
M Pond inflow 
M Pond bottom 
M Pond surface 
Old Mill 

ME Pond inflow 
ME Pond surface 
ME Pond bottom 
ME Pond middle 
ME Pond outfiow 
EgoIf's Pond oMow 
S 
MacRae's Bridge 
ME Pond infiow 
ME Pond outflow 13.9 18.3 16.0 19.5 14.6 19-9 

M Pond = MacDonald's Pond 
ME Pond = Maritime Eledric Pond 
s = spfing 







Table S. Snorkelllng counts and dectrofishlng counts of ralrnonlds at Spring 2, Midgell River, 1994 - 1995. 

Y w  Mahod ûate Tatal YOY >YOY Tutai YOY >YOY Total YOY Pan Total YOY Pan TOS MeanDOS Max DOS Irrrorka 
1 W d  1 ~ u l 3 8 8 2 Q n r n s r m  n i n n m  ni rrr nr 8,8 21.8 22-8 







Table 8. Salmonid catches in fyke nets, MacDonalds Pond, Midgell River, 1995. 
Net # Catch Me net-ûay " Temperatun O C  

Date Region Site Species size Days captumd Mean SD Range Mean DOS 
Spring sampling period 
28-April- 1 %May 1 outside S 

2 outside S 
3 outside S 
4 outside S 
4 outside S 
5 outside S 
6 Headwater S 
6 outside S 
6 outside S 

Summer samplin~ period 
1Ol)ul- 2-AUQ 1 outside S 

outside S 
outside S 
outside S 
Headwater S 
s 3 
Small S 
New S 
outside S 

Fall sampling period 
I insep - 2esep I outsides 
11-sep - 24-sei 2 outside S 
1 %Sep - 24Sep 3 outside S 
1 1-Sep - Cod 4 outside S 
Il-Sep - 50ct 6 HeaûwaterS 
1 1-Sep - 1 $Sep 6 S 3  
11-&p - 24-p 6 Small S 

bt 
bt 
bt 
bt 

A s parr 
bt 
bt 
bt 

A s parr 

bt 
bt 
bt 
bt 
bt 
bt 
b t 
b t 
bt 

b t 
bt 
b t 
bt 
bt 
bt 
bt 

. .  . .- - - -  . . . - -. . -- - - '  21 21 0.23 0.53 O - 2.7 16.1 
bt= brook tmut, A r pan= AUanüc salmon pan, S= Spring, 
DOS= 24 hour perioâ the dey of sampling fmm adjaGnt data iog~er, 



Table 9. Electrofiahing munts of salmonids at Spring 1, Valleyfield River, 1995. 

Trout in spring Trout out of apring Salmon in spring Salmon out of rpring Temperature O C  
S p f ' h  River River 

Date Total YOY >YOY Total YOY >YOY Total YOY Parr Total YOY Parr TOS Mean DOS MaxDOS 
73un 'l O 1 72 ns 72 O 0 0  2 O 2 0.6 12.0 14,8 

- - - - - - - - - -- - - - .- - - - - - 

ns = not sampled 
TOS = time of rampllng from hand held themorneter 
DOS = 24 hour period the dey of sampling Rom adjacent data logger 

Table 10. Electmfisher counts of salmonids at SpRng 2, Valleyfield River, 1995. 

f rout tn spring Trout out of spring Salmon in spring Salmon out of spring Temperature O C  

S P ~  River River 
Date Total YOY >YOY Total YOY >YOY Total YOY Parr Total YOY Parr 705 Mean DOS MaxDOS 
73un 1 O 1 24 ns 24 O 0 0  2 O 2 8.8 12.5 14.8 
B-Aug O O O 27 O 27 O 0 0  3 O 3 8.6 14.6 16.6 
1 %Sep 6 6 O 51 12 39 O 0 0  1 O 1 7 12.5 14 
ns = not sampled 
TOS = tirne of sampling from hand held thennometer 
DOS = 24 hour period the day of sampling from adjacent data logger 



Table 11. Salmonid catches in fyke nets, Maritime Electric Pond, Valleyfield River, 1995. 
Net # Catch fyùe net-day -1 Temperature O C  

Date Site Species size Days captured Mean SD Range Mean DOS 
Spring sampling pefiod 
27-Jun - 4 - Jul outside S bt srn 8 23 0.96 0.53 0-2.0 13.5 
27-Jun - 4 - Jul outside S A s  part sm 8 9 0.39 0.27 O - 0.7 13.5 

4 
P Sumrner sampling period 

126ug - 19-Aug outside S 
12-Aug - 19-Aug outside S A s  parr sm 8 8 0.27 0.17 0.2 - 0.7 15.1 
12-Aug - IQ-Aug Headwater S bt sm 8 14 1.61 1.32 0.5 - 3.3 15.1 
12-Aug - 19-Aug Headwater S A s  parr sm 8 1 0.04 0.05 0-0.1 15.1 

Fall samplin~ period 
30Sep - 14-Oc? outside S bt sm 15 68 2.06 2,08 O - 5.2 7.9 
30Sep - 14-06 outside S Asparr sm 15 4 0.13 0.13 0-0.3 7.9 
30-Sep - 14-0ct outside S Asadult sm 15 3 0.13 0.22 0-0.5 7.9 
bt = brook trout 
A s Parr = Atlantic salmon parr 
A s adult = Atlantic salmon adult 
DOS = 24 hour period the day of sampling from adjacent data logger 



Table 12 Length at estimated age for brook &out of Vie Midgell River 
and Valleyfield River, 1 995- 

Fork lenath (cm) 
System Age (months) Mean SD N Range 

Midgell 1.5 5.4 0-39 5 5.2 -6.0 

Valleyfield 1.5 4.7 0.89 8 3.9 -6.9 





Table 14. Fork tengths (cm) and age (months) of brook but. Midgell Füver and 



Table 15. Growth rates for brook trout, Midgell River and Valleyfield River, 1994 - 1995. 
Systern Specles Year (s) Age (months) Equation ? N P value (cm - mo*') (cm - yi') 

Midgell bt 1 084 2.0 - 5.6 y = 0.38~ + 4.21 0.287 77 <0.001 O. 38 
Mldgdl bt 1 085 2.0 - 5.5 y = 0.14~ + 5.60 0.01 1 172 0.118 O. 14 
Mldgdl bt 1 BQ5 14.0-17.5 y=0.81~-1.47 0.374 77 <0.001 0.81 
Midgell bt 1994-05 4.0 - 16.0 y = 0.46~ + 3.84 0.785 154 <0.001 
Midgdl A S  1 894 2.0 - 5.5 y = 0.48~ + 1.13 0.668 12 0,003 0.48 
Mldgdl A S  1 805 2,O - 5.6 y = 0.47~ + 3.62 O. 122 36 <0.001 0.47 
Valleyfield bt 1884 2.0 - 5.6 y=0.83x+ 3.11 0.604 385 <0.001 O. 83 
Valleyfield bt 1995 2.0 - 5.5 y = 0.77~ + 3.05 0.229 608 <0.001 0.77 
Valleyfield bt 1085 14.0 - 17.5 y = 0 . 5 0 ~  + 4.18 0.124 725 <O.OOi 0.50 
Valleyfield bt 1094-05 4.0 - 16.0 y = 0.50~ + 4.46 0.777 S i 0  <0.001 5.98 
bt = brook trout 
A s = Atlantic salmon YOY 
SC = scale 
fi = fork length 
fn = fyke net 



Table 16. Annual rnortalii rates of bmok mut, Midgeli River and Valleyfield River, 1994 - 1995. 
Habita üatesindrrrhn Mdwâ Aip.(moriail) N YOYmoMtynb l+morbIRymtm 

Pœld 
mld  
Pond 
Pond 
Pocid 
Rhnr 
Rhnr 
mer 
Rhm 
Rhmr 
Riuw 
Rivmr 
Rivw 
Rivu 
Pond 
Porid 
Pond 
Pord 
Pond 
Pond 
Rhfw 
Rhm 
Rhnr 
Rivrr 
Rivrr 
Riim 
Rhnr 
Rhm 
Rhm 
Rhm 
Rhm 
Fuvlr 
Rhnr 
Rivar 
RNer 
R h M  
RiVw 
Rfwi 
RMI 
Rhm 
Riwc 
Riinr 
Rhm 
River 
Rfwr 
Rinf  
River 
RM( 

Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Rivu 
Rhm 
Rhm 
Rhm 
Rfvrr 
Rhm 
Rhm 
mu 



Table 17. Fork lengths (cm) and age (months) of juvenile Atlanüc salmon, Midgell River 
and Valleyfield River , 1994 - 1995. 

Rkw 
Rhiw 
Rkw 
Rkr 
Rkr 
Rkr 
Rkiw 
Rkr 
Rkw 
Rhm 
Rhirr 
Wim 
Rkw 
Rhm 
Rhmr 
Wvir 
Rhnr 
Wnr 
Rivrr 
Rhm 
Rhrw 
Rhm 
Rhmr 
Rhm 
Rkrr 
Rhnr 
Rhm 
Wuw 
Rfvw 
Rhnr 
RZvw 
Pord 
Pond 
Pond 
Wim 
Rhiw 
Rhm 



Table 18. Salmon parr with adipose fin clips captured by electrofishing in riverine sites, 
Midgell River, 1994. 

Proportion 
Date Site Total Clipped Unclipped Unknown Clipped 

Native 
Old Mill 
Artties 
Upper fence 
Elm Road 
Native 
Old Mill 
Artt i es 
Upper fence 
Elm Road 
Native 
Old Mill 
S 1 

Total 84 57 24 3 0.70 
S = spring 
ns = not sampled 









Tabk 22. Resuks of electrofishing within barder nets for salmonids older than YOY from thne eledmfishtng 
sites. 1994. 

River Site Date 1st sweep 2nd mmep 3rd sweep 4th sw8ep Population SE (P) CatchabMy 

Valleyfield Phantom Lane 17Sep 88 37 22 .. 165 0.06 O. 53 

Midadl Old miIl 31- AU^ 5 1 O .. 6 0.13 0.87 

Mldgell Native 31-Aug 10 4 4 O 19 0.19 0.54 

Mean Midgell 0.71 
catchability = (number of salmonids captured in fint weep 1 population estimate) 



Table 23. Snorkellina observations and electrofishlnci caotures. Midaell River. 1994. 
Trwt Salmon Tornpahlro OC 

>YOY ' WOY ' 
b Site Mahod Total YOY >YOY 3ûn" TOU YOY Parr 3ûn" MOUI Dûs Max DOS # mdc' 

4 5,6 
14 10.7 
8 11.3 
8 12.7 
1 1.4 
7 8,8 
O m 
8 12.7 
30 na 
6 8.4 
1 1.4 
O rra 
1 1.4 
16 16 
O I# 

6 6 



Table 24. Electrofishlng captures, Mldgell River, 1995. 
Trwt Sa)mon Temperature OC 

>YOY ' >YOY ' 
Date Sb Total YOY +YOY 30m' Toîal YOY Parr 30wi1 m'l MwnDOS MaxaOS 

22-May 
22-May 
=May 
28-May 
1-Aug 
283ul 
20Jul 
2 N u l  
W u l  
3-Aug 
30-AUa 
1- 
12- 
Il-Sep 
11-Sep 

Upper Nuüva 
Oid Mill 
Comer P d  
E h  R d  
Upper N a h  
OH Min 
Cornsr Pool 
E h  Road 
HeadofTldeS, 
HeuadoffickS 
Hsad of Ti& S 
H d  of T b  S 
U p p  Native 
Old Mill 
Corner Pool 

l4-Sep Elm Ruad 17 6 11 7.0 0 . m  0 0 0 0  17.2 18.8 
' catchabMy a m d o n  factor used to esîimste populations 
DOS = 24 hwr ptbâ the day of sampüng from adjecent data 
ns = not mimpled 
na = not avallath 
S = *  





Table 26. Electmflshlng captures, Valleyfield Rlver, 1995. 
Tmut Salmon Tempmtun OC 

WOY a WOY M m  Mw 
Date S b  ~otal YOY >YOY 30m" m-' TOM YOY pam 3Om" m.' DOS DOS 

nr=not- 
na"n0trvdlsibk 
S=*  
E Pd = E'gdb Pond 
B Pd = Broddyn Pond 





Table 28. Pro~ortion of older than YOY salmonids with ~redator marks. Midciell River. 1994. 

Tmut Salmon parr 
Date Habitat Site Method Total P mrk Pmp Total P mrk Pmp 

t7dul River 
1711ul 
17Jul 
31 Sul 
1 W u l  
22- AU^ 
31- AU^ 
31   AU^ 
5-Sep 
&Sep 
&lu1 Pond 
Wul 
1 Wul 
21 Sul 
25- AU^ 

Native 
Old Mill 
Artties 
Upper fence 
s 2 
S 2 
Native 
Old Mill 
s 2 
s 1 
Small S 
S 3 
S 3 
S 3 
S 3 

e f 
e f 
e f 
0 f 
e f 
e f 
e f 
e f 
e f 
e f 
e f 
e f 

sein 
sein 
e f 

Total 564 58 0.10 45 O O 
P mrk = number wiîh predator marks 
Pmp = proportion of salrnonids with predator marks 
ef = electmfishing 
sn = snorlcelling 
S = spring 



Table 29. Proportions of older than YOY salmonids mth predator marks, 

Dib Hi#Csl S& W TdPmrltRop TaPmntRag TaPmiL Rop Tut Pnwk Piop 

z* wUw W P - m  d 1 0 0 0 0 0 0 0  7 0 0  
adm 8 0 0 0 0 0 8 0 0 @ 0 0  

23Miy OamwPod d S 0 0 0 0 0 5 0 0 1 6 0 0  
=-Y ELnRod d l 3 0 0 0 0  O 1 3 0  O O 0  O 
t1& S 1  r l 3 0 0 0 0 0 3 0 0  5 0 0  
Il& S 2  3 0 0 0 0 0 3 0 0  2 0 0  
1- UPV-  r l O O O O O O O O O  O 0 0  
2QJJ Oldm d 3 0 0 0 0 0  3 0 0 1 6 0 0  
2wd 6mwPod 0 0 0 0 0 0  0 0  O 2 1 1 o a a  
2QJJ -Rad d 7 0 0 0 0 0 1 1 0 0  O 0 0  
30-u s 1  ~ ~ o . ~ ~ I o . s ~ o . ~ u  O O 
30Jul S2 d 13 2 0.16 O O O 13 2 0.16 6 O O 
28-M H a d d T i d . S  d 2 6 1 0 . 0 4 0 0  O 25 1 0 . 0 4 1 8  O O 
w )(rddTl&S 1 W 1 0.Ol O O O 1  0a1 112 O O 

H w d d T r h S  d ~ 2 0 . 0 4 4 0  O 2 0 . 0 4  O O 
1- w d w s  d a 0 0 3 o o & o  O n i o m  
12- W V -  0 0 0 0 0 0  O 0  O 4 0 0  O 
11- O U M I  2 0 0 0 0 0 2 0 0 1 2 0 0  
11- CmuPod d O O O 0 0 0  O 0  O 1 4 0  O 
1- E l m w  d 1 1 O O O O O 1 1 O  O O 0  O 
11- s 1  d 1 s 0 0 0 0 0 1 5 0  O 9 0  O 
11- S2 d 4 0 0 0 0 0 5 0 0  8 0 0  

(h 1 2 0  O O 0  O O O 
f n 2 2 0  O 0 0  O O 0  
~ h n a o o o o o o  
d 1 1 0 0 0 0 0 I 1 0  
I h 3 0 0 1 0 0 2 0  
m i o o o o o i o  
(h 2û4 8 0.04 1# O O 186 û 
lh 14 2  0.14 3 O O 11 2 
ai 3 6 4 0 . 1 1 6 0  O 39 4 
I h 2 0 0 0 0 0  2 0  
d 15 3 020 Q 2 O22 6 1  
d l 1 1 1 1 1  O 0  
lh 1 1 0 4 6 5 0  O 13 1 
f n 1 0 0 0 0 0 1 0  





Table 31. Pmportion of older than YOY salmonids Wh predator marks, 
Valleyfield River, 1995. 

Total8 Recaptum lrtfimo ceptiws 
Haibitst Sibs Method Tot Pmrk Prop Tc4 P mrk Prop Tot P mrk Prop T d  Pmrk Prop 

74m R b  $ 2  ef 24 O O O O O 24 O O 2 O O 



CV F r -  

s 8 s s s  88s 
o o o o o o o c  



Table 33. Estimated populaüon of older than YOY brook trout and salmon pan for the 5.5 km 
stream below MacDonalds Pond. Estimates based on extrapolation of eledrofishing population 
estirnates from each sampling period, Midgell River, 1994. 

Tempetahm OC Tmut Salmon 
Site Date Mean DOS Site kngUi Tot Site pop Total pop Tot Site pop Total pop 

Native Wuri 14 30 1 1.4 4 5.6 
U> 
01 Old Mill 13Jun 17 30 2 2.8 14 19.7 

Atttles Wun 14 30 3 4.2 51 7 8 11.3 2,237 

Native 17Jul 23 30 O O 7 9.9 
O# Mill l7Jul 27 30 O O O 12.7 
Arttles l7Jul 26 30 O O O 6 8.4 1,807 

OId Mill 31-Aw 20 30 O O 183 6 6 2,017 
Tot = nurnber captured eledrofishlng 
a population estimate for 30mw' Stream fmm catchabillty conedion rador 

population eslimate for 5.5 km" of amam 



Table 34. Estimated population of older than YOY brook trout and salmon pan for the 5.5 km 
stream below MacDonalds Pond. Estirnates based on extrapolation of electrofishing population 
estimates from each sampling period, Midgell River, 1995. 

Tempefaturi, OC Site length Tmut Salmon 
Site Date Mean DOS (m) Tot Site pop Total pop ' Tot Site pop Total pop 

Upper Natlve 22-May 15 130 1 1.4 7 9 3  
OM Mill %May 15 1 02 8 11.3 9 12.7 

w 
4 Corner Pool 23-May 15 04 5 7.1 333 16 22.6 761 

Upper Native 1-Aug 24 130 O 0.0 O 12.7 
OM Mill 2Wul 25 102 3 4.2 16 226 
Corner Pool 2Wui 24 04 O 0.0 71 21 29.6 1,085 

Upper Native 1BSep 13 130 O 0.0 40 58.4 
Old Mill 1 1 -Sep 14 102 2 2.8 12 17.0 
C O ~ T  Pool Il -Sep 14 94 O 0.0 48 14 19.7 1,561 
Tot = number captured eledmfishlng 
a population aimate for electmfCshlng siîe Stream length fmm catchabllity mrredion fador 

population esthnate for 5.5 km" of stream 



Table 35. Population estimates for older than YOY brook trout in a) 5.5 W' sûearn length 
domistream fmm MacDonald's Pond, b) Head of Tide Spdng, c) MacDonald's Pond, and total estimate, 
Midgell River, 1995. 

a) 5.5 km aection dmstream from MacDonald's Pond 

Date Marked Captured Recaptured Population (ch: 95%) ~rout  - m'2 

Oct. 18-20 178 54 7 1,231 (839 - 2,580) 0.03 
NOV. 22-23 178 43 3 1,969 (803 - 4,922) 0.05 
Total 178 97 10 1,695 (804 - 3,078) 0.04 

b) Head of Tide Spring 

Date Marked Captured Recaptured Population (c.1.: 85%) Trout - rn'l 

c) MacDonald's Pond 

Marking petiod Capture period Marked Captured Recaptured Population (c.1.: 85%) ~ r o u t  - 

d) Total population estimate from final recapture 

Habftat Marlced Captured Recaptured Population (CA: Q5%) Trout - !mi1 Trout - ma 
River 178 97 11. 
Pond 216 44 4 
Total 394 141 15 3,605(2,174-5,867) 408 0.02 
' indudes recapture of brook trout marked in MecDonaldls Pond 



Table 36. Population estimates for older than YOY brook trout, 
Spring 3, Midgell River, 1994. 

Date Marked Captured Recaptured Population (c.i.: 95%) Trout - m-2 

9Jul 24 246 16 363 (229 - 605) 4.37 

1 WUI 270 27 7 949 (493 - 1997) 11.43 

21 dul 290 32 15 600 (372 - 1022) 7.23 

25- AU^ 290 1 54 58 764 (594 - 983) 9.20 



Table 37. Estimated population of older than YOY brook trout and salmon parr for the 11.5 km 
of stream. Estimates based on extrapolation of electrofishing population 
estimates from each sampling period, Valleyfield River, 1994. 

Temperatun C Tmut Salmon 
Site Date Mean DOS Site length Tot Site pop a Total pop ' Tot Site pop a Total pop 

EgoIf's 24Jun 13 30 6 11.3 34 643 
MacRae's 174un 15 30 25 47.3 18 34.0 
Upper Phantom 1 M u n  15 30 18 34.0 2 3.8 
Phantom lane 1 Wun 15 30 31 58.6 14,490 O 0.0 8,781 

EgolPs 30-Jul 17 30 3 5.7 23 43.5 
MacRae's 3Wul  17 30 19 36.1 10 18.9 
Upper Phantom 2Wul  16 30 4 7.6 O O 
Phantom lane 2Wul  16 30 15 28.5 7,472 O O 5,877 

Phantom lane - 1 7-Sep 17 30 147 165 61,333 1 1 .O 181 
Tot = number captured electmfishing 
a population estimate for 30mm' stream from catchebllity corredlon factor 

population estimate for 11.5 km" of stream 



Table 38. Estimated population of older than YOY brook trout and salmon par  for the 11.5 km 
of stream. Estirnates based on extrapolation of electrofishing population 
estimates from each samplin~ period, Valleyfield River, 1995. 

Temperature O C  Tmut Salmon 
Site Date Mean DOS Site length Tot Site pop ' Total pop Tot Site pop Total pop 

Heatherdale Wun 13 130 72 130.1 2 3.8 
Mermey's 1 173un 12 92 174 328.8 O 0.0 
Memey's 2 63un 12 60 146 275.9 30,213 2 3.8 1 54 

F* 
Heatherdale 1 &Aug 14 1 30 78 148.3 3 5.7 

O 
P 

Mermey's 1 17-Aug 16 92 193 364.8 1 1 .Q 
Menney's 2 1 9-Aug 13 60 145 274.1 32,140 1 1.9 385 

Heatherdale 1 3-Sep 13 130 96 181.4 
~ e m \ e ~ s  I w s e p  14 92 145 274.1 
Mernefs 2 14-Sep 14 60 100 189.0 26,282 3 5.7 694 
Tot = number captured eledroflshing 
' population estimate for eledrofishing site dmam length from catchability correction factor 

population estlmate for 11.5 km-' of stream 



Table 39. Population estimates for older than YOY bmok bout calculabcl for 
marking sites from electrofishing recapture, Valleyfield River, September, 
1995. 

Eledmfishlng sites 1,131 3,824 104 41,237 (34,081 - 40,884) 3,586 0.32 

P 
ME Pond fishway tmp 856 3,824 48 68,898 (50,801 - 88,118) 5,817 0.51 

O 
h) ME Pond fyke nets 33 3,824 3 32,513 (1 3,270 - 81,281) 2,827 0.25 

Atl sites 2,078 3,824 160 48,392 (42,299 - 57,624) 4,295 0.38 



Table 40. Population estimate for older than YOY brook trout from fyke net 
recapture, Valleyfield River, September - October, 1995. 

me Marùed Captumd Recaptured Population (c.1.: 95%) ~rout  - km"  mut - m-2 

M E Pond 2,083 69 6 20,840 (1 0,346 - 38,110) 1,8i 2 0.16 
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Figure 1. Location of study sites, Midgell River, 1994. 
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Figure 2 Location of study sites, Midgell River, 1995. 
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Figure 3. Location of study sites, VaIleyfÏeld River, 1994. 
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Figure 4. Location of study sites, Valleyfield River, 1995. 
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Figure 5. MacDonald's Pond, Midgell River, 1995. 
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Figure 6. Maritime Electric Pond, Valleyfield River, 1995. 
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Figure 7. Daily mean and maximum temperatures on the upper Midgell 
River, 1994. Horizontal lines are maximum (21.6OC) and mean (1 W°C) 
daily avoidanœ temperatures for brook trout. 
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Figure 8. Daily mean and maximum temperatures on the lower Midgell 
River, 1994. Horizontal lines are maximum (21.6OC) and mean (1 9.2OC) 
daily avoidanœ temperatures for book trout 
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Figure 9. Daily rnean and maximum temperatures on the Midgell 
River, 1995. Horizontal lines are maximum (21.6OC) and mean (1 9.Z0C) 
daily avoidance temperatures for brook trout 
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Figure 10. Daily mean and maximum temperatures on the Valleyfield 
River, 1994. Horizontal lines are maximum (21.6OC) and mean (1 9.Z0C) 
daily avoidance temperatures for brook trout. 
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Figure 11. Daily mean and maximum temperatures on the Valleyfield 
River, 1995. Horizontal lines are maximum (21.6OC) and mean (19.2%) 
daily avoidance temperatures for brook bout 
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Figure 15. Esümated daily rnean and daiiy maximum avoidance ternperatum 
for two springs in Midgell River, 1994-19Q5. ef = electrofishing capture, 
sn =snorkeHing observation, DOS = day of sampling. 
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Figure 16. Estimated daify mean and daiiy maximum avoidanœ temperature 
for Spring 3, Midgell River, 19941995. ef = dedrofishing capture, 
sn = snoikelling observation, DOS = day of sampling 
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Figure 17. Number of brook trout captured by Qke net region 
and habitat, MacDonald's Pond, Midgell River, 1995. 
ns = not sampled 
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Figure 18. Number of brook trout and Atlantic salmon captured 
by fyke nets, Maritime Eledric Pond, Valleyfield River, 1995. 
ns = not sampled 
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Figure 19. Summary of fork length ftequency distributions of brook 
tmut captured in riverine sites in each electrofishing period. Midgell 
River, 1994. 
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Figure 20. Summary of fork length frequency distributions of brook 
trout captured in MacDonald's Pond in each electrofishing period, 
Midgell River, 1994. 
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Figure 21. Summary of fork length frequency distributions of brook 
trout captured in riverine sites in each electrofishing period, Midgell 
River, 1995. 
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Figure 22. Summary of fork length frequency distributions of brook 
trwt captured in the Head of Tide Spring eledrofishing site, Midgell , 

River, 1995. 
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Figure 23. Surnmary of fork length fraquency distributions of brook 
trout captured in the Head of Tide Spring electmfishing site, Midgell 
River, 1995. 
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Figure 24. Summary of fork length frequency distributions of brook 
trout captured in MacDonald's Pond in each fyke nettïng period, 
Midgell River, 1995. 
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Figure 25. Sumrnary of fork length ftequency distributions of brook 
trout captured in each eledrofshing period. Valleyfield River, 1994, 
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Figure 26. Summary of fork length frequency distributions of brook 
trout captured in each electrofshing period, Valleyfield River, 1995. 
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Figure 27. Sumrnary of fork length frequency distributions of brook 
trout captured in Maritime Eladric Pond in each fyke netting period, 
Valleyfield River, 1995. 
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Figure 28. Growth rate of young of the year and yearling brook trout from 
May to September, Midgell River and Valleyfield River, 1994 - 1995. 
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Figure 29. Annual growth of brook trout from 4.0 rnonths to 16.0 months 
of age, Midgell River and Vallefield River, 1994 - 1995. 
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Figure 30. Swnmary of fork length frequency distributions of 
juvenile Atlantic salmon captureci in riverine sites in each electrofishing 
period, Midgell River, 1994. 
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Figure 31. Summary of fork length frequency distributions of 
jwenile Atlantic salmon captured in riverine sites in each electrofishing 
perÏod, Midgell River, 1995. 
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Figure 32. Summary of fork length frequency distributions of juvenile 
Atlantic salmon captured in the Head of Tide Spflng electrofishing site. 
Midgeil River, 1 995. 
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Figure 33. Surnmary of fork length frequency distributions of juvenile 
Atlantic salmon captured in the Head of Tide Spring electrofishing 
site, Midgell River, 1995. 
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Figure 34. Growth rate of young of the year Atlantic salmon from 
May to September, Midgell River, 1994 - 1995. 
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Figure 31. Summary of fork length frequency distnbuüons of juvenile 
Atlantic salmon captured in each eledrofishing period. Valleyfield 
River, 1994. 
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Figure 36. Summary of fork length frequency distributions of juvenile 
Atlantic salmon captured in each electrofishing period. Valleyfield 
River, 1995. 
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Figure 37. Summary of fork length frequency distributions of juvenile 
Atlantic salmon caphired in Maritime Electric Pond in each fyke netting 
period, Valleyfield River, 1995. 
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Figure 38. Brook tmut captured per 30m" stream length in eledrofishing sites, 
Midgell River, 1994-1995. DOS = day of sampling, = dosed eledrofishing method 
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Figure 39. Atlantic salrnon parr captured par 30m" stream length in eledrofishing 
sites. Midgell River. 1994 -1 995. DOS = day of sampling, = dosed eledrofishing 
method. 
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Figure 44. Brook trout captured per 30m-' stream length in electrofishing sites, 
Valleyfield River, 1994 -1 995. DOS = day of sampling, = dosed eledrofshing math 
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Figure 41. Atlantic salmon par  captured par 30mo1 stream length in eledrofishing 
sites, Valleyfield River, 1994 -4 995. DOS = day of sampling, = closed eledrofishing 
method. 
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Figure 44. Water temperature, numben and fork length frequency of trout captured in the upstream 
and downstrsem traps of the Native counUng fenœ, Midgell River, 1995. 
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Fiaun 52. Water temperature, numben and fork length frequency of trout captured hi the 
Maritime Eledric Pond headwater fence, Vallefield River, 1994. 
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Figure 58. Tagged trout captured by anglen each month in the 
Midgell River and Valleyfield River, 1995. 



Appendix 1. Juvenile salmon stocked in Midgell River and Valleyfield River, 1994 - 1995. 

River Year Site YOY 1 + par  1+ smolts 2+ parr 2+ srnotts 

Mldgell 1883 Native 20,000 

Valleyfield 

1995 Dmstream fmm M Pond 

1994 Sutherland's 
Downsîream fmm EgoIf's Pond 
M E Pond 
B m s  Creek 
M E Pond 
d a  
Phantom Lane 

1995 Brown's Creek 
MacRae's Bridge 
M E Pond 
Downstream fmm Egolfs Pond 
M E Pond 
M E Pond 1,330 

n/a = not available 
M Pond = MacDonald's Pond 
ME Pond = Mafitirne Eleddc Pond 



Appendix 2 Location and duration of operation of Zsh counting faalities 
on the Midgell River and Valleyfield River, 1994-1 995. 

River Year Location Operational dates 

Midgell 1994 Head of tide 

M Pond fishway 

M Pond inflow 

1995 Head of tide 

M Pond fishway 

M Pond inflow 

Valleyfield 1994 M E Pond fishway 

M E Pond inflow 

1995 M E Pond fishway 

M E Pond inflow 

24 April - 24 Aug 

16 Jun - 7 Sep 

16 Jun -26Aug 

2 - 4 May. 26 - 29 May, 26 - 27 Jun 

24 May - 22 Nov 

14 Jun- 18Sep 

1 Jun - 18 Sep 

17 Jun - 18 Sep 

1 Jun - 25 Aug 

30 May - 27 Aug 

Egoif's Pond fishway 1 Jul - 23 Aug, 29 Sep - 30 Oct 





Native 
Wun 
n = 2  

Fork lsngth (cm) 

Artües 
Wun 
n = 3  

Fork lemgth (cm) 

Elm Road 
11Jun 
n = 16 

4 8 12 16 20 24 28 32 36 40 
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Fork length (cm) 

Appendk 4. Fork length frequency distributions of bmok trout captured 
in riverine eledrofishing sites. Midgell River. 1994. 
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Appendix 4. continued. 
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Appendix 5. Fork length frequency distrlbuüons of brook trout captured 
in riverine electrofishing sites, Midgell River, 1 995. 
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Appendix 6. Fork length frequency distributions of brook trout captumd in 
Spring 3 and Small Spring. MacDonalcfs Pond. Midgell River, 1994. 
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Appendk 7. Fork length frequency distributions of brook trout captured 
in riverine eledmfshing sites, Valleyfield River, 1994. 
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Appendix 8. Fork kngth frequency distributions of bmok trout captured 
in riverine eledrofishing sites, Valleyfield River, 1995. 
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Appendi 9. Fork length frequency distributrions of wild jwenile Atlantic 
salmon captureci in riverine eledrofishing sites, Midgell River, 1994. 
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Appendix jO. Fork Iength frequency distributrions of hatchery (dipped) 
jwenile Atlantic saIrnon captured in riverine eledrofishing sites. Midgell 
River, 1994. 
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Appendix 11. Fork length fiquency distributions of wiid juvenib Atlantic 
ralrnon captured in riverine eleedrofishing sites, Midgell River, 1995. 
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Appendix 12 Fork Iength frequency distributions of hatdiery (dipped) 
jwenile Atlantic salmon captured in riverine eledrofishing sites, Midgell 
River, 1995. 
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Appndix 13. Fork Iength frequemy distributions of jwenile Atlantic salrnon 
capturad in riverine elBcfTofishing sites, Valleyfield River, 1994. 
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Appendix 14. Fork length frequency distributrions of juvenile Atlantic 
salmon captured in riverine eledmfishing sites. Valleyfield River, 1995. 
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Appendix 1s. Tags retumed by anglers fmm MacDonakl's Pond, 
Midgell River, 1985. 

Tag # Sie tagged Date angled Date tagged 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

M Pond 

3046 M Pond Seo 



ME P d  
MicRw*s Mdgo 

MEPondhwdnribn 
M E P d  

-*8 
lhdwddm 

MuRwsBildg. 
ME Pard 

WPondhwdwdri. 
di - 

Hdhudah 
ME Pord - 

H d h d d o  
~s~ 
~s~ 
w&n'sBr#g. 
MicRw'sBi#oI 
M a c R a d s ~  

=Pond 
uncuao'sBi#o. 

lhlhu&h 
M E M  
MEFad 

-8- 

MEPord 
ME M 
ME P d  
ME Pond 
ME Pond 
ME Pond 

ME Pond 
ME Pord 
Hwthrrdik 

ME Pond hrdwitrr 
HJhrdJi 

nlr 
MacRn'sBr#g. 

H d b d d a  
Hdhddm 
WPoid 

Hwthwblr 
-wn 

ME Pond hramibm 
ME Pond 
ME P d  
ME Pond 

-8- 
-8- 

MEPondh.dmbn 
~s~ 

ME Pond 
ME eord 

lbwwddo 
ME Pond hrdnntrn 

MitRw'sBildg. 
MaCRadsBridg. 
MacRdsBrldg. 

H d h d m h  
MEPordW 

M.dz..'s Bridg. 
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