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Abs tract 

Seasonal movements of brook trout ( Salvelinus 

fontinalis  Mitchell) within a treatment and control stream 

in a forested area near Corner Brook, Newfoundland were 

determined using cotmting fences and tagging. Trout 

movement was weakly or uncorrelated with habitat parameters. 

Most trout moved in association with increased discharge 

associated with storm events. Two patterns in upstream 

movement were observed: 1) an apparent 'preferred' velocity 

range of 0 -395-0 -462 m-s-' in the treatment and 0 -206-0 - 4 0 9  

m-s'' in the control Stream; and 2) an increase in upstream 

movement after the storm peak if the peak was greater than 

0.474 and 0.421 rn*s-' in the treatment and control stream, 

respectively. Downstrearn movement in the treatment stream 

occurred most at lower velocity ranges and trout moved more 

before and after storm peaks than during the peak. 

Downstream movement in the control stream occurred at al1 

velocity ranges and trout moved throughout the stoms. 

Increased movement out of the treatment stream was 

recorded in 1995 after a limited forest harvest of 

approximately 9.0% of the drainage basin (20% of the stream- 

length). Trout from the treatment stream did not appear to 

change their distance of migration but moved out of the 

treatment stream and into 

appeared to have been due 

Copper Lake. This increase 

to subtle changes in stream 



h a b i t a t  - 
Discharge, maximum stream temperature, mean stream 

depth, velocity, and temperature were not altered by forest 

harvesting and dissolved oxygen did not reach critical 

levels even after the cut.  The minimum daily water 

temperature was affected by harvesting with a significantly 

higher number of days with minimum temperatures less than 

i l 0 C .  In addition, total suspended sediment appeared to 

have been increased, however, statistical evidence is 

lacking - 
Radio telernetry of mature trout in the lakes of the 

study area showed that lacustrine spawning represents a 

large proportion of the reproduction in certain areas of the 

watershed. This has rarely been docurnented in Newfoundland 

and needs to be considered in the context of effects from 

forest harvesting practices. 
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1 Introduction 

Although intensive fores t  harvesting activities have 

been ongoing in Newfoundland since the early 1 9 0 0 r s ,  their 

effects on populations of freshwater fish are poorly 

understood here (D. Scruton pers corn) - This is true 

despite the tact that the majority of merchantable timber in 

Newfoundland is associated with riparian zones and 

consequently, the potent ia l  for Eorestry - fishery 

interactions is very high (Scruton et al. 1995). The multi- 

disciplinary nature of resource management i s  now recognized 

i n  Newfoundland (Scruton et al. 1992b) and forest harvesting 

practices are being altered to give better protection ta 

aquatic systems. 

To better assess the impacts of forest harvesting 

practices on riparian ecosysterns in Newfoundland, the Copper 

Lake Buffer Zone Study was undertaken in 1993 as an 

interdisciplinary, multi-agency research effort (Scruton et 

al, 1 9 9 5 ) .  A n  important aspect of this research involves 

assessing the impacts of fogging and road construction on 

fluvial and lacustrine habitats and the affect that these 

changes may have on brook trout ( S a l v e l i n u s  f o n t i n a l i s  

Mitchell) behaviour and habitat use. Owing to their 

relatively high mobility, and their ability to avoid or 

exploit changes in their environment, fish can serve as 

initial indicators of changing conditions in aquatic 



habitats; furthemore, a knowledge of fish movements is 

often useful in identifying subtle changes in habitat which 

may not be readily detected by other means (Bergersen and 

Keefe 1976). 

To understand the impact that forest harvesting 

practices have on brook trout populations, it is necessary 

to know the regular movements of these populations, and how 

they are influenced by natural changes in habitat. Only 

then can pre- and post-harvesting population characteristics 

(density, biomass, age-class structure, growth, survival, 

etc-) be assessed. In addition, an understanding of the 

seasonal movements may assist in explaining possible 

seasonal variations in the stream population estimates 

conducted by the department of Fisheries and Oceans (DFOL 

The sampling dates for estimating the stream populations 

over the course of the five-year buffer zone study (Scruton 

et al. 1995) will almost certainly Vary from year to year as 

will the seasonal conditions during the time of sarnpling. 

For example, seasonal movements could result in fish 

utilizing different habitats or areas in mid-June than in 

early July. Population estirnates conducted once each year 

could therefore give misleading results as to the impacts of 

logging activities due to regular, seasonal movements 

(Stauffer 1972; Thorpe 1974; Meyers et al. 1992) of the 



population, 

This study examined the movernent and habitat use of 

brook trout in the Copper Lake watershed, Corner Brook, 

Newf oundl and. 1 t compared variation in fluvial habitat 

parameters in harvested and unharvested catchments to 

determine effects on trout movements, 

1.1 Objectives 

The objectives were: 1) to determine brook trout 

movements and habitat utilization, including major spawning 

locations, (pre-harvesting) in selected parts of the Copper 

Lake watershed, 2) to determine if certain habitat 

pararneters were correlated with trout movements, 3 )  to 

determine whether these habitat parameters were affected by 

forest harvesting, and 4)  to determine if trout movements 

were affected in catchments where harvesting occurred (post- 

harvest) . 



2 Materials and Methods 

2 -1 Study site 

The Copper Lake watershed (N 48" 49'17.5" W 57" 

46'27.0"  ) , drains approximately 13 - 5  km2 within the Corner 

Brook Lake watershed (Fig- 2-11, In 1993 this area was a 

virgin forest containing a diversity of terrestrial and 

aquatic habitats (Scruton et al. 1995) . It was scheduled 

for harvest by Corner Brook Pulp and Paper Ltd- in 1994 and 

1995. 

The watershed is located in the Corner Brook sub-region 

of the Western Newfoundland Ecoregion (Daman 1983). This 

sub-region is characterized by heavily forested areas with 

rugged topography and nutrient rich soils. The geology of 

the Corner Brook Lake area has been described in detail by 

Kennedy (1981). The surface soils are dominated by glacial 

till having a moderate to coarse texture (ie. sand and 

coarse loam) (van Kesteren 1992 1 . 

The forest within the watershed is composed largely of 

mature (60-100 years old) and insect-killed balsam fir 

(Abies balsamea L.) with some intermixing of black spruce 

( P i c e a  mariana Mill.). There are also areas of balsam fir - 

white birch (Betula papyr i f e ra  Marsh.) mixed stands as well 

as softwood and hardwood scrub, bog, and treed bog which are 

generally located on the Eringes of large forested areas 



Figure 2.1 The  location of the Copper Lake watershed, 

treatment (Tl-1) and cont ro l  (Tl-3 ) streams, habitat 

sections ( - 3  ) , and clear-cut  (shaded) within the 

watershed. 



(Scruton et al - 1995) - 

The Corner Brook Lake watershed is inaccessible to 

anadromous fish by natural and man-made barriers, The only 

fish species present is brook trout. 

Al1 the streams of the Copper lake watershed were 

surveyed during the surnrner of 1993 and were described as 

being almost entirely composed of r i f f le  and rapid habitat 

(Fig. 2 . 2 )  (Scruton et al. 1992a) . Pool habitat represented 

less than 1% of the total stream area- The stream which 

drains the watershed into Corner Brook Lake also has many 

f a l l s  and rapids and isolates the Copper Lake syçtem from 

upçtream trout migration. The two lakes available to trout 

within the study area were Copper Lake (82 -4 ha) and Jirn' s 

Lake (17.5 ha) (Fig. 2.1). 

2.1.1 Stream study sections 

The two streams monitored in this study were a control 

stream (TI-3) and a treatment stream (Tl-1) (Fig, 2.1). The 

control Stream was located in the northern part of the 

watershed where no forest harvesting or road construction 

occurred. Ft has an impassable falls 505 m upstream from 

i t s  mouth. The treatment stream was in the south-eastern 

part of the watershed where road construction and forest 



Figure 2.2 Control stream study section ( #  13) composed of 

rifEle and rapid habitat. 
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harvesting without any buffer strip were scheduled. ~t has 

an irnpassable f a l k  527 rn upstream from i t s  mouth. Both 

s t r e a m s  w e r e  second-order streams (based on a 1:50,000 

topographical m a p )  with average wetted widths less than 3 

rnetres- The catchment areas of the treatment and control 

streams are 2 . 0 2 2  and 3 - 5 9 3  km' rsspectively. 

2 - 1 - 2  F o r e s t  harves ting and road construction 

Road construction x i t h i n  the watershed began in June 

and concinued until Novmber, 1994. In t h e  fa11 of 1954, a 

p o r t i o n  of the  treatrnenc basin was c l e a r - c u t .  This cuc vas 

hamested m a n u a l l y  using chainsaws. The limbed t rees  w e r e  

winched to the road and the limbs and debris were l e f t  on 

the c u t -  No buffer s t r i p  was l e f t  along the  streâm-edoe. 

By the winter  of 1994, the  treacment Stream had a road  

croçsing approximately 300  rn upstream f r o m  i t s  mouth ( v i t h  z 

1 m cylindrical culvert i n s c a l k d  at the croçsing) and 

approximately 20% of its length c l ea r - cu t .  T h i s  clear-cut 

w a s  1 . 8 2  ha and constitut& 9 . 0 %  of the Stream's drainage 

bas in ,  The cut  w a s  located on the upper 100 rn of the  

streârn, below the  f a L l s  ( F i g .  2-11 - 



2 .2 Brook trout movement 

2 . 2 - 1  Coupting fences 

Countiny fences were used to monitor fish movement 

within fluvial, and between lacustrine and fluvial, 

habitats. They were placed between stream sections and at 

the rnouth of each Stream- The upper and lower stream 

sections on the treatment stream were approximately 250 m in 

length while the upper and lower stream sections in the 

control were approximately 120 and 350 m, respectively. 

The cage-portion of the fence was put into place two 

days before the wings were attached- This was done to 

assess if the cage provided shade and hence attracted trout. 

For al1 fences, no trout were found inside the cage before 

the wings were attached. There were 4 wings for each fence 

which, together crossed the entire stream above and below 

the cage so that both upstream and downstrearn migrants were 

directed into it ( F i g .  2.3). The cage was divided 

internally so that upstream and downstream migrants were 

kept separate. The top of the cage was covered with 

'chicken wirer to deter avian predators. The lower half of 

the cage and wings were painted dark-green with non-toxic 

paint to reduce the brightness of the wood and netting. 

Algae later covered the lower portions of these structures. 

The fences were usually checked each morning (Stauf fer 



Figure 2.3 Placement and design of counting fence at t h e  

mouth of the  control  stream. 



1972) . During storm events and the spawning season, the 

fences were checked more frequently. Each fish larger than 

6.0 cm encountered in a fence was tagged except during sorne 

stonn events when maintaining the fences took precedence 

over tagging. Fences were in operation from at least June 

11 to October 7, 1994 and 1995 except July 24-27, 1994 when 

they were washed out during a rainstorm. 

2 - 2  - 2  Tagging 

Individually numbered, colour-coded fingerling tags 

(Floy mode1 #FTF-69) were usod to tag fish. Tagging was 

conducted on trout caught in the counting fences, through 

angling with small flies and lures (barbless), by 

electrofishing, and in fyke nets. The tags were attached 

with stretchable thread inserted slightly anterior to the 

dorsal fin (Nielson and Johnson 1983). They were colour-  

coded for each initial capture location: maroon for the 

treatment streâm, cherry for the control stream, and green 

for the lakes- Fourteen hundred and eighty trout were 

tagged between June 1994 and October 1995 (813 were tagged 

in 1994 and 667 were tagged in 1995). 

Before tagging, fish were anaesthetized with benzocaine 

(40 mg-L-' acetone) at a concentration of 8 m i  per 5 litres 

of water (Brown 1993). The stages of anaesthetization 
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described by McKinley et al. (1992) were used to monitor the 

trout, They were allowed to recover in freshwater for 

approximately 0.17 h and then released at the point of 

capture, unless they were caught in a counting fence, Fish 

caught in fences were released in the direction they were 

migrating. 

2 - 2 - 3  Monthly age composition of migrant trout 

The age composition of migrant trout caught in counting 

fences was determined on a monthly basis. Fish were aged 

using scales collected from the dorsal region b e l o w ,  and 

just posterior to, the dorsal fin- The scales were examined 

for annular rings (Cooper 1951; Lagler 1952; A r t h r o s e  1983) . 

They were pressed between a petri dish and a glass slide. 

Water was added and they were then viewed through a Bausch & 

Lomb katalog # 42-63-59) scale reader at a magnification of 

46X. An outline of the focal point and each annulus was 

recorded on paper for each scale. When possible, at least 4 

separate scales were aged for cach fish to give a mean 

annular distance from the focal point (Bagenal and Tesch 

1978). Scale samples were not taken from many trout less 

than 6.0 cm in fork length. 

A blind test was conducted on 25 randomly selected 

scale samples from the previously aged samples. This 



subsample was re-aged to determine the consistency of the 

scale aging methodology. Of the 25 fish re-aged, 22 were 

aged as they were previously and only 3 were aged 

differently, al1 by a single year- This blind test 

indicated that the consistency of the scale readings was 

high, 

2 .2 .4  Telemetry 

Radio transmitters were implanted into a total of 19 

brook trout from Copper and Jim's lakes to monitor movernent 

within the lakes between August 10 and October 7, 1995. 

Fish large enough to permit implantation of transmitters 

were caught in fyke nets and by angling (barbless hooks) 

immediately before implanting. The transmitters (Lotek 

mode1 # FSM-3) had a battery-life of approximately 60 d and 

weighed 2 . 3  g in water, Only fish greater than 110 g were 

implanted (the majority being greater than 165 g), 

conseqyently, transmitters were always less than 2.1% of the 

trout's body weight. This size-class includes the largest 

trout found in the watershed. Al1 transmitters were 

irnplanted between August 9 and August 24, 1995. 

Transmitters were surgically implanted using the method 

described by McKinley et al. (1992) with the following 

exception: the incision for the transmitter was made on the 
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ventral surface irnmediately posterior to the pelvic fins and 

anterior to the anus. This area provides more muscle for 

suturing and has less tendency to tear after the sutures are 

in place (S. McKinley p e r s  corn) - A f  ter surgery, f ish were 

allowed to recover in small impoundments within the lakes 

for 0 . 2 5 - 0 - 5  h before being released into their home lake, 

In total, 10 fish from J i m ' s  Lake and nine fish from Copper 

Lake were implanted . 

The location (latitude and longitude) of each fish was 

determined daily (between 1300 and 2000 h) using a hand held 

receiver (Lotek mode1 # SRX-400) and a Yagii antenna from 

fixed land positions around the watershed (Fig. 2.4). The 

minimum linear distance a fish had travelled since the l a s t  

known p o s i t i o n  was then estimated. The daily point- 

locations were plotted on maps of the watershed to determine 

habitat u s e  and range of movements for each implanted fish. 

Spawning activity was monitored £rom September 27 to 

October 7, 1995, by surveying the watershed for redds. Al1 

stroams were monitored by walking along stream-banks while 

the lakes were çurveyed by boat. The maneuvering of the 

boat and lower visibility in the lakes made an actual count 

of the redds difficult. Therefore, a visual estirnate of the 

number of redds present in each area was detedned as best 

as conditions would allow. Redds were identified as light 



Figure 2 -4. Fixed land positions (A to J) used for  

telemetry, 



patches of substrate which had been 

covering of filamentous green algae 
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cleaned of the surface 

and debris (Cowan and 

Baggs 1988). Brook trout were obsemed spawning and 

constructing redds which validated the redd description. 

potential redds were dug up to asç i s t  i n  the redd 

validation, The distribution of redds was later related 

the ranges and movement patterns of implanted f i s h -  



2.3 Stream habitats 

Certain habitat parameters (see below) were measured to 

determine if they were correlated with trout movement. 

Although many habitat parameters may be correlated with the 

movements of brook trout, this study focused on those which 

would most likely be affected by forest harvesting. Al1 

habitat parameters were measured between 1100 and 1500 h on 

both study streams twice a week. 

2 .3 . 1 Transect location and use 

Six transects per Stream study section were used to 

measure dissolved oxygen (DO), water velocity, and depth, 

Stream discharge and total suspended sediments (TSS) were 

measured in each stream at the most downstream transect only 

( see  below) . Transects w e r e  al1 marked on the left-hand 

side of the stream with a small steel post. The same 

transects w e r e  used in both years. Three measurements were 

taken at marked points on each transect for a total of 18 

point-measurements per stream section. The transect-points 

were at approximately one-third, one-half, and two-thirds 

the wetted width of the stream. 



2.3 - 2 Staff -gauge location and use 

Because counting fences were checked daily and Stream 

habitat parameters could only be measured on each stream 

twice a week, staff-gauges were used to obtain daily 

calculated values for strearn discharge, mean velocity, and 

mean depth- 

Staff-gauges were placed at the mouth of both study 

streams on June 18, 1994. They consisted of long metal 

poles driven deep into the substrate in the centre of each 

stream. The staff-gauge height was measured daily between 

1100 and 1500 h with a meter stick to the nearest 0 . 5  cm- 

The height measured was the distance from the top of the 

staff-gauge to the surface of the water, This measure, 

rather than the height of water up the gauge (water depth), 

was used so that any shift in substrate near the base of the 

pole would not affect the readings. An increase in staff- 

gauge 'height' therefore indicates a decrease in stream 

water levels . 

The staff-gauge height was related to stream discharge, 

mean water velocity, and mean water depth for each stream 

study section using least-square linear regressions. Al1 

equations were significant with high r2 values (Appendix 1 

to 3 )  - 

One high-water discharge measurement was omitted from 



the computation of the 1994 discharge regression for the 

treatment stream due to high water flows. If streamflow is 

turbulent and the current rneter is not held steady, the 

meter c m  yaw, drift, and move vertically, causing under- 

registration by a propeller-type meter (Herschey 1978). 

Three very low-water discharge measurements were also 

omitted from the 1994 discharge relationship for the 

treatment stream because most of the velocity-meter Made 

was out of the water, 

2.3.3 Atmospheric/weather conditions 

Atmospheric/weather records were obtained from the 

Department of Forestry, Massey Drive, Corner Brook for the 

1994-1995 field seasons- This automatic weather station is 

located 17 km north-west of Copper Lake. Measurements of 

daily rainf al1 (0.1 ml and air temperature (O. 1 O C )  were 

recorded daily at 1300 h. Cornparisons of mean monthly 

temperatures and rainfall between months within years, as 

well as between years, were made to determine if weather 

patterns between years were similar. 



2 - 3  - 4  Water velocity aad depth 

Water velocity was rneasured with an A -  Ott (mode1 2210) 

propeller-type curent meter at the set transect-points. 

The number of blade revolutions of the meter over a 40 s 

time interval was counted. This number was then converted 

to velocity (m-s-') using the Ott 2210 flow meter manual. 

Measurements were taken at 0.6 the water depth to obtain the 

average velocity for each transect-point (Herschey 1978, 

Riggs 1985). 

Water depth was measured to the nearest 0.5 cm on a 

m e t e r  stick immediately before the velocity measurements 

w e r e  made. If there was no water below a transect-point, 

the point was recorded as dry (depth = 0-0 cm) and no other 

measurements were recorded. 

Discharge was calculated by measuring the water depth 

and velocity every 0.1 rn across the wetted width of the 

f irst (most downstream) transect in each stream (Riggs 

1985). Discharge was calculated as the total volume of 

water flowing past this transect per second (m3-S-'1. 



2 - 3  .6 Stream temperatures 

Hugrun thermographs (Seamon UTR-B : -Z°C - +3B°C 50 - 1°C) 

were attached to the bottom of the staff-gauges at the mouth 

of both study streams. Water temperature was measured every 

hour over the course of the study (except for some battery 

failures) - These hourly measures were used to calculate the 

mean, maximum, and minimum daily water temperature for each 

Stream- Temperature measurements were also taken manually 

with a Y S 1  oxygen/temperature meter (mode1 5 i A / ~ )  . These 

measuxements were taken twice a week on each Stream. 

2-3.7 Dissolved oxygen 

Dissolved oxygen (DO) was monitored with a Y S 1  

dissolved oxygen/temperature meter (mode1 51A/B) at the set 

transect-points. The meter was calibrated at two week 

intervals. Measurements were taken 5 cm above the 

substrate- If the water depth was less than 5 cm, the 

measurement was taken in what water was preçent. DO was 

measured to the nearest 0.1 part per million (mg 02-L-') 

(Davis 1975) . 

Least-square linear regression equations were used to 

calculate a relationship between DO, mean water temperature 

and mean water velocity (Gordon et al. 1942). The 1995 
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equations, relating DO to water temperature and velocity, 

showed signif icant results with high f values (Appendix 4) . 

Water velocity was included in the DO equations because it 

accounted for a significant arnount of the variation in DO 

readings (Schmitt et al- 1993). 

The 1995 DO relationships were used to calculate the 

1994 mean DO levels within each stream section- This was 

necessary due to the discovery that the DO meter had given 

unreliable measurements in 1994- 

2 - 3 . 8  Total suspended sediments 

A sample of water, usually one litre, was collected at 

the mid-point of the bottom transect of each study stream on 

set dates throughout each season for water quality analysis 

by the Provincial Department of the Environment under the 

direction of Ian Bell, Regional Watershed Officer, Water 

Resources Division, Provincial Dept.  of the Environment, 

Corner Brook, NF. 



2 - 4 Statistical tests 

Al1 statistical tests were conducted at the 0-05 level 

of significance. Randomized p-values were calculated for 

those parametric tests whose residuals did not appear 

normally distributed (Ryan et al- 1985). A l 1  randomization 

tests were replicated between 300 and 1005 tirnes (majority 

5 0 0 )  . 

2-4.1 Correlations between habitat parameters and trout 

m o v e m e n t  

Al1 calculated habitat values for each day the counting 

fences were checked were compared to both upstrearn and 

downstream trout movement through the fences using 

correlation analysis. Analysis was carried out using 

Minitab (7 .0  f o r  VAX/VMS). Correlation coefficients were 

tested to determine if they were significantly different 

f rom zero (Sokal and R o h l f  1981) , A good correlation was 

arbitrarily defined as one with a coefficient value above + 
0 . 5 0 0 .  



2 . 4 - 2  Storm events 

Staff-gauge heights were recorded and counting fenceç 

checked more frequently during storm events, This allowed a 

finer scale examination of the relationships between trout 

movement and habitat measures. Storm events were defined as 

a doubling in stream discharge over a relatively short time 

(approxirnately 1 h). The first measurements were made at 

the beginning of possible storm events (very hard rainl and 

then approximately every 3-4 h until stream discharge 

subsided. The stream dischargestaff-gauge regression was 

then used to calculate the storm discharge profile for each 

stream, 

The proportions of those trout moving through the 

fences during various discharge levels were analyzed using 

chi-square tests. Due to low numbers at some discharge 

ranges, tests were conducted on combined range values for 

the treatment stream (upstream and downstream movement) and 

the control stream (downstream only) , The proportion of 

fish which moved before, during, and after the storm peaks 

were also compared. Storms were pooled for both years due 

to the low frequency of events, hence cornparison between 

years was not possible. To compare mean stream velocities 

during the stoms, the 1995 regression equations for the 

lower stream sections of each stream were used since four 
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out of the rive storms occurred in 1995 and most upstrearn 

movernent was from the lake into the lower Stream sections, 

The fork lengths of trout moving at different peaks in 

upstream rnovement (associated with different 

discharge/velocity ranges) were compared to determine if the 

timing of upstream movement was size-related. 

2 - 4 - 3 Comparison o f  pre- and post-harvest aquatic 

environment 

Mean monthly rainfall and air temperatures were 

compared between years and between months within years using 

ANOVA. Total mean rainfall and air temperature for both 

field seasons were also compared between years using ANOVA. 

Water velocity, depth, and discharge were compared 

between years using general linear mode1 (GLM) analysis of 

covariance (ANCOVA) tests which compared the habitatstaff- 

gauge regressions. This test compares the slopes of the 

linear regression equations between years and hence 

determines if the relationship has changed- 



Mean, maximum, and minimum daily water temperatures 

tûken from the thermograph data for both study streamç w e r e  

compared between years using chi-square tests for the 

proportion of days that the daily temperatures were in one 

of several temperature regimes. These regimes w e r e  based on 

brook trout temperature preferenda (Raleigh 1982) as 

outlined by Scruton et al. (1996 In press): 

1 )  less than 11°C : LOWER; below optimum but not stressful 

( 2  1 11 to 16°C : OPTIMUM; preferred range with good 

growth potential 

( 3 )  16-21°C : UPPER; above optimum but not stressful 

(4) 21-24OC : STRESS; potential stressful condition, poor 

g r o w t h  potential, increased susceptibility to other 

stressors (eg., disease) 

( 5 )  above 24°C : LETHAL; potentially lethal temperatures if 

exposed for a period of tirne. 

TSS samples were used to compare the amount of 

suspended sediment in the streams before and after forest 

harvesting using ANOVA. 



2.4.4 Comparison of trout movement between years 

Recaptures of floy-tagged brook trout from June 11 to 

October 7 in both years were used to compare movement 

patterns within the treatment and control stream before and 

after forest harvesting and road construction as w e l l  as 

between streams within years- Stream and ldke habitat 

within the study area were divided into habitat-sections 

(Fig. 2.1), with stream study sections being separated by 

counting fences. 

A statistical method developed by Bergersen and Keefe 

(1976) allows the cornparison of the extent of movement of 

fish within a population by calculation of a measure of 

association (H) which relates initial marking stations to 

final recapture stations based on matrices of double entry 

(contingency tables), A sample index of movement (h) was 

calculated for tagged trout from both streams based on 

capture/recapture data. The sample measure of association 

between the two categories is defined as 

where 



where pi,,  pi-, and p- denote the cell, row (R) , and column 

(Cl proportions, respectively - 

Using a large-sample distribution, an approximate 95% 

confidence intemal for the population @ can be derived; 

namely : 

where Za,= is the ( 1 - a / 2 )  percentile of the standard normal 

distribution- Since the population index of movement is an 

increasing function of W, an approximate 95% confidence 

interval for the population index is calculated by simply 

evaluating the natural logarithm exponential (~=e') for the 

upper and lower values of the confidence interval for W 

(Bergersen and Keefe 1976) . 

The recommended test procedure is to calculate the 

confidence interval for W. associated with each contingency 

table and then rnake one of the following two decisions: i) 

if the 95% confidence intemals do not overlap, then the 

difference between the two sample index values is 

significant (at the a level of significance); or ii) if the 



confidence intemals do overlap, perfom the following 

approximate test of significance: calculate Z, where 

The approximate test of significance for the cornparison of 

t h e  sample index of movements was conducted at p=O.O5. 

The strength of association of taoged trout with their 

initial capture location approaches a value of 1 when the 

association is strong. A value of I / ~ R C  would indicate 

S i t t l e  or no association, where R is the number of rows in 

t h e  contingency table and C is the number of columns- The 

number of columns for each table in this study was three. 

As each fish had a chance of being recaptured in every 

habitat section, the number of rows was 13, Kence, little 

or no association would give a value of 0.160. 

No 1995 recaptures of fish tagged in 1994 were used in 

the index calculations so that seasonal time intervals were 

comparable. No fish was entered into the contingency table 

more than once so that al1 recapture observations were 

independent, i.e., only the final recapture location within 



each season was recorded- As a result, only tagged fish 

were used- Some fish passed through the counting fences 

without being tagged, however, they were generally srnaller 

fish (fork length c6-0 cm) whose behaviour may have been 

altered if they had. been tagged (Xiao 1994). Brook trout 

initially caught in counting fences were recorded as 

'recaptures' because information about previous location and 

present location were known, much like a mark and subsequent 

recapture . 

In July of 1994, damage to the counting fence which 

separated Jimls lake from the control stream occurred. This 

allowed fish to move into the stream without being caught by 

the fence for approximately 3-4 days. This event coincided 

with the time when larger fish started moving into the 

stream prior to spawning. Electrofishing of the stream was 

conducted after the damage was repaired; and since no large 

fish were in the stream before the storm, an estimate of the 

number of fish which entered the first stream section could 

be made. These larger fish were tagged during 

electrofishing so that subsequent rnovements could be 

monitored. 

The index of association does not take into 

consideration direction of movement (Bergersen and Keefe 

1976) and hence could potentially mask a change in 



directional behaviour of movement. This potential change 

may be important if there is a difference in habitat-type 

between upstream and downstream movement. For example, 

there is a difference between moving within a stream and 

moving between a stream and a lake, 

Stream and lake study sections were grouped by habitat-  

type, subsequently, investigations could be made on movement 

patterns between different habitats (Leclerc and Power 

1980). Chi-square tests were used to compare movement 

patterns between years. The habitat-types used in the chi- 

square tests were lake (lacustrine) habitat, and stream 

(fluvial) habitat. The combining of some study sections was 

necessary for statistical purposes; lake sections were 

combined, the stream component of the behaviour category 

'stream laket has both movement to the lake from the upper 

and lower stream sections, and tagged fish which w e r e  

recaptured in their initial capture location within the 

streams were also combined into one behaviour category, ie. 

'no rnovement within stream' , Combining these sections, 

however, does not impede comparing the movement of fish 

between habitat - types. 



2 - 5  Trout population analysis 

2 - 5 - 1  Electxofishing 

The electrofishing stations used by DFO within the 

treatment stream encompassed al1 of the stream below the 

road crossing (approximately 300 ml, and the stations in the 

control stream covered approximately the first 200 m 

upstream from the mouth as well as 100 m around the upper 

counting fence (95 rn downstream and 5 m upstream of the 

fence) (Scruton et al. 1995) - These stations were used by 

DFO to obtain yearly stream population estimates. 

Electrofishing was conducted on each station between 

early to mid-August once each season (Scruton et al. 1995). 

The timing of electrofishing for fluvial population 

2stirnates, i . e .  age composition, for each stream were 

compared to seasonal movement patterns to determine if 

seasonal movement patterns would affect electrofishing 

population estimates. The age composition of each stream 

was compared between years using chi-square tests. 

Age-at-maturity was determined on samples collected 

from each lake during the late-sumrner and fa11 of both 

years. This was done to help determine if movements of 
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younger ( l i ,  2+) trout during the f a l l  could be associated 

with spawning and to determine if the assumption that al1  

telemetry implanted trout were in a mature, pre-spawning 

condition. 

Male trout were considered mature if their gonads were 

greater than 3 mm in width (Jones 1959) - Females were 

considered mature if they had eggs greater than 3.5 mm in 

diameter (Vladykov 1956). Maturity between the sexes was 

first cornpared within each age-class and those with no 

significant difference between sexes were pooled. Due to 

the low numbers of fish sampled in some age-classes, sampleç 

were grouped as those f ish below the age of 3 (O+, 1+, 2 + )  and 

those above the age of 3 ( 3 + ,  4+) for chi-square tests to 

achieve reliable estimates of approximation (Ryan et al. 

1985) . The proportion of mature and non-mature f ish for 

each age-class were also compared between lakes. 



3 Results 

3 - 1 Stream habitats 

3 1  ~tmospheric/weather conditions 

Figure 3.1 shows mean rnonthly rainfall with 95% 

confidence limits. Mean rnonthly rainfall showed no 

significant difference between months within each year 

(p=0.098 for 1994 and p=0-098 for 1995) or between years 

within each month @=O - 3 7 3  for June, 0,315 for July, 0 - 9 2 2  

for August, 0 -215 for September, and 0,783 for October) . 

Figure 3.2 shows mean rnonthly air temperatures with 95% 

confidence limits. There was also no significant difference 

in mean air temperatures between years within each month 

(p0.643 for June, 0.891 for July, 0.516 for August, 0.421 

for September, and 0.137 for October) . There was, however, 

a significant difference in air temperature between months 

within each year (p=0.000 for bath years) as would be 

expected throughout June to October. 

3.1.2 Water velocity and depth 

A cornparison between the slopes of the 1994 and 1995 

mean water ve1ocity:staff-gauge regressions (Appendix 2) 

showed that slopes were significantly different in every 

stream section between years (Table 3.1). Mean stream 
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Figure 3.1 Mean monthly rainfall (rmn/day) for 1994 and 1995 (with 95% CI). 
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Figure 3.2 Mean monthly air temperature for 1994 and 1995 (with 95% CI). 



Table 3.1. Values for GLM Ancova homogeneity of slope 

comparisons between years for mean water velocity (V) and 

depth (D) regressions within the treatment (Tl-1) and 

control (Tl-3) streams (n=46 for al1 comparisons) , 

Stream sectiomhabitat variable 

1994 vs 1995 

- - - - - - - - - - - -- 

Treatment Lower section:Mean Stream velocity 

. . .  . - - -  

Treatrnent Upper section:Mean Stream velocity 

Control Upper section:Mean Stream velocity 

Treatment Lower section:Mean stream depth 

Treatment Upper section:Mean stream depth 

Control Lower section:Mean stream depth 

Control Upper section:Mean strearn depth 

Signif icant 

Not significant 



velocities at set discharges of 0.10 and 0.50 mLs-1 were 

calculated and show the treatment stream had a lower 

relative mean velocity in 1995 than in 1994 compared to the 

control (Table 3 2) . The slopes of the me= depth: staff - 

gauge regressionç f o r  1994 and 1995 (Appendix 3) did not 

differ significantly in any stream section between years 

(Table 3.1) . 

3.1-3 Discharge 

The slopes of the discharge:staff-gauge regression 

equations (Appendix 1) were not signif icantly dif f erent 

between years for either the treatment (p=0.263) or control 

stream (p=0 -075) . 

3 - 1  - 4 Stream temperature 

There was no significünt difference in the proportion 

of days with mean daily water temperatures in each 

temperature range between years for the treatment or contirol 

stream @>O. 05) (Table 3 . 3 )  . There was also no signif icant 

difference between years for maximum daily temperatures in 

the treatment stream (p>0.05), but there was a significant 

difference between years in the control stream (pcO.05) 

(Table 3.4) . The control stream cornparison for 



Table 3 - 2 .  Calculated mean velocities (m-s-'1 at discharges 

of 0.10 and 0.50 m3-s" between years f o r  each Stream study 

section. 



Table 3 . 3 .  Number of days during the study with mean daily 

water temperature in each temperature range. 

Table 3.4, Number of days during the study with maximum 

Stream & 
year 

Treatment 94 

Treatment 95 

Control 94 

Control 95 

daily w a t e r  temperature in each temperature range. 

Temperature range 

< I I ° C  

22 

22 

23 

40 

Stream & 
year 

I l - 1 6 T  

38  

47 

46 

46 

Temperature range 

Treatment 94 

Treatment 95 

Control 94 

Control 95 

2 8  

51 

4 2  

59 

>16-21°C 

22 

24 

8 

7 

< 16OC 

O 
I 

O 

O 

O 

37 

3 3  

35 

27 

~21-24°C 16-21°C 

7 

9 

O 

6 

>21-24°C 

O 

O 

O 

O 

>24"C 

- 

>24"C 

O 

O 

O 

O 



maximum temperatures, however, had more than 20% of its 

cells with expected values less than 5-0 so the 

approximation may be invalid (Ryan et al, 1985) , In the 

treatment stream, there was a significant difference in the 

proportion of days with minimum daily water temperatures in 

each temperature regime between years (Pc0-05) with a larger 

than expected number of days having minimum temperatures 

less than l l ° C  in 1995 (Table 3 5 )  - There was no 

significant difference in the proportion of days with 

minimum daily temperatures in each temperature regime for 

the control stream ( p 0  -05) . The water temperature never 

exceeded 24OC (the upper limit for brook trout) even with 

the treatment stream having 20% of its streambank clear-cut 

in 1995. 

3.1.5 T o t a l  Suspended Sediments 

Neither the treatment stream nor the control stream had 

a significant difference in TSS between years (p=0.480 and 

0 - 423, respectively) . There was one storm event (Table 3.6 1 

which elevated TSS levels dramatically (June 8, 1995), 

however, the sampling regime was too infrequent to detemine 

if this was statistically significant. Visual observations 

determined that this large amount of TSS in the treatment 

Stream was from rainwater pouring off the road's surface- 



Table 3.5. Number of days during the study with m i n i m u m  

daily water temperature in each temperature range. 

stream & 
year 

Treatment 94 
I 

Temperature range 

Treatment 95 

12 

Control 94 

< I l ° C  

35 

r 

I l - 1 6 ° C  

45 

49 

>24"C > l6 -21°C 

51 

>21-24"C 

10 

28 

O 1 O 

7 

O 

O O 

O O 



Table 3 -6. Total suspended sediments (mg-L*') in samples 

from the treatment and control Stream as analyzed by the 

Newfoundland Department of the Environment, 

D a t e  

21/06/94 
1 

Treatment 
(mg-L-') 

2 

Control 
(mg-L-=) 

- - 



Brook trout in the treatment strearn showed less overall 

movement than those in the control stream (Figs. 3.3-3.10). 

The most noticeable differences were the apparent lack of a 

strong spawning run in the treatment strearn in both years 

and the increased downstream movement from the treatment 

strearn in 1995 ( F i g s .  3 - 3 ,  3 -4, 3 -7, and 3.8) . The Eences 

in the control stream were operational earlier in 1995 which 

seerned to capture more downstream movement (the lower fence 

on the control stream was not operational until mid-June in 

1994), however, the treatment stream fences were operational 

for sirnilar dates in both years- Relatively little movement 

occurred in either stream throughout July and August. 

The monthly age compositions of migrant trout for both 

streams are shown in Figures 3.11 - 3.14. In both streams, 

the trout moving in June were generally I+ and 2+ (some 3 +  

in the treatment stream) moving downstream to the lakes. 

Notable was the increase in 2+ trout moving out of the 

treatment stream in the spring of 1995 ( T l 4  lower fence) 

(Figure 3 -12) . 
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Figure 3 . 3  Trout mavement through the lower fence, treatment Stream, 
1994, and associated mean daily habitat measures. 
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Figure 3 . 4  Trout movement through the upper fence, treatment Stream, 
1994, and associated mean daily habitat measures. 
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Figure 3 . 5  Trout movement through the lower fence, control Stream, 
1994, and associated mean daily habitat measures. 
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Figure 3.6 Trout  movement through the upper fence, contror Stream, 
1994, and associated mean daily habitat measures. 
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Figure 3.7 Trout movement through the iower fence, treatment Stream, 
1995, and associated mean daily habitat measures- 
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Figure 3 . 8  Trout rnovement through the upper fence, treatment Stream, 
1995, and associated m e a n  daily habitat measures- 
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Figure 3.9 Trout movement through the lower fence, control Stream, 
1995, and associated mean daily habitat measures. 
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Figure 3-10 Trout movement through the upper fence, control Stream, 
1995, and associated mean daily habitat measures. 
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Figure 3.11 Monthly age composition of t rou t  f r o m  both counting fences, 
treatment Stream, 1994. 
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There was also an increase i n  the number of t rou t  

moving out of the control  s t r e a m  in the spring of 1995 ,  

however, t h i s  l i ke ly  resul ted from having the  fences i n  t h i s  

stream earlier i n  1 9 9 5  than i n  1994 .  During July and 

August, movement was lower in both streams and moving fish 

represented al1 ages (except 5+1 unl ike the spring migrants. 

During September and ear ly  October, movement tended t o  be 

upstream with a higher number of mature 3 + ,  4+, and 5+ t r o u t  

coming i n t o  the streams f o r  spawning. The treatment stream, 

however, s t i l l  had a high proportion of O+, 1+, and 2+ fish 

moving i n  both directions in the f a l l -  

There was very l i t t l e  rnovement of t rou t  between t he  two 

lakes.  Only three of the 2 3 1  recaptured f i s h  rnoved between 

lakes.  Al1 three were i n i t i a l l y  tagged i n  Jirnts L a k e  and 

recaptured i n  Copper Lake. Two were tagged i n  1995 ( t a g  

numbers (2938 & C832) and one i n  1994  ( t a g  number C068). The 

l a t t e r  was recaptured i n  1 9 9 5 .  Two other  f i s h  tha t  were 

tagged i n  Copper Lake ( t ag  numbers G 8 0 3  & G9313) were 

recaptured i n  the stream connecting the  two lakes (T l -3A)  

near i t s  outflow in to  Copper Lake. 

Twenty-five f i s h  recaptured in 1 9 9 5  were tagged i n  the 

control stream in 1 9 9 4 ,  Of these, 13 were reentering the  

stream from Jirnts Lake. The rnajority of these were 12.7- 

2 0 . 9  cm in fork length when they were i n i t i a l l y  tagged 
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during the spawning run in 1994 and hence were probably 

reentering the stream to spawn in 1995. The majority of the 

others (recaptured in Jim's Lake) were 5-8-9.4 cm in fork 

length- These fish were probably non-mature and would not 

spawn until 1996 based on age-at-maturity results (see 

section 3-7) . 

Of the 49 tagged fish leaving the treatment stream, 

none were recaptured reentering that strearn. Most 1994 

tagged fish recaptured f r o m  the treatment strearn were either 

leaving the stream during 1995 or in the same habitat 

section (by angling or electrofishing) where they were 

tagged in 1994. 

The greatest relocation distance was approximately 4 - 5  

km. This was a fish ( C g 3 2  : FL 11 - 9  cm) that was tagged in 

the control steam in 1995 and recaptured near the outflow of 

Copper lake (station 4) . 



3 - 2  - 1 Compazison of movement  patterns between years 

The movement of brook trout is summarized for both 

streams in 1994 and 1995 in Tables 3 - 7  and 3 - 8 .  Not a l 1  13 

habitat sections are included in the tables as sections with 

no recaptures were omitted. The sarnple index of movernent 

(hl for the treatment and the control strearns between years 

as well as between each other within years were not 

signif icantly dif f erent @>O. 05 ) . The 95% confidence 

interval for the population index of movement (Hl for each 

of the strearn populations broadly overlapped (Table 

3.9) . 

There was no significant change in movement patterns 

between years (p0.05) in the control stream (Table 3.10) , 

however, the treatment strearn did have a significant 

difference in movement patterns between years (pcO.05) with 

a decrease in the proportion of fish moving downstream from 

the upper stream section to the lower section and an 

increase in downstream movement from the stream to Copper 

Lake (Table 3.11). 
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Table 3 . 7 ,  Movement matrix of tagged brook t rou t  from the 

treatment Stream (Tl-1) showing station of initial and final 

capture in 1994 and 1995 (1995 is in parentheses) - 

-- 

Station Station of initial capture 
of final Totals 
recap ture I 2 3 

Totals 1 39 (6) 12 ( 54 )  2 (10) 5 3  ( 7 0 )  



Table 3.8. Movement matrix of tagged brook trout frorn the 

contra1 Stream (TI -3 )  showing s t a t i o n  of i n i t i a l  and f i n a l  

capture i n  1994 and 1995 (1995 is i n  parentheses) ,  

S ta t ion  Station of initial capture 
of f i n a l  
recapture 11 1 2  13  

Totals 
I 

Totals 1 106 (138) 37 (54 )  12 (8) 155 ( 2 0 0 )  



Table 3.9. Surnmary of calculations (O  and oz,) , sample 

index of movement (hl, and 95% confidence intenrals fo r  the 

population index of movement (H) f o r  the treatment and 

control streams - 

Stream 
(year) 

Treatment(1995) 

Control (1994) 

Control (1995) 

- 
W 

ÛZP 95% C.I. for  R 



Table 3-10- Observed movement (number of fish) from the 

cont ro l  stream ( T l - 3 )  and the  calculated expected values 

( x ' )  for the comparison of t rou t  movement patterns between 

1994 and 1995. 

movemen t 
mttern 

Upper-lower 
s t r e a m  sect ion 

Lower-upper 
s t r e a m  sect ion 

S t ream-lake 

No movement i n  
stream 

T o t a l s  

- - 

observed expected observed expected 
1994 1994 1995 1995 

11 8-72 7 9.28 

Not significantly different. 



Table 3.11. Observed movement (number of f i sh )  from the 

treatment stream (TI-1) and the calculated expected values 

(x" for the cornparison of trout movement patterns between 

1994 and 1995- 

Upper-lower 
stream section 

movement 
pattern - 

Lower-upper 
stream section 

observed expected observed expected 
1994 1994 1995 1995 

stream-lake 

NO movement in 
stream 

Totals 

x ' ~ - ~ ~ , ~  = 9 -488 

Significantly different. 



3 - 3  Correlations between habitat parameters and trout 

movement 

Correlation coefficients were not strong between trout 

rnovement and habitat measures (Tables 3-12 - 3-15) despite 

strong visible patterns seen in Figures 3.3 to 3.10. Stream 

discharge had the highest overall correlation with trout 

rnovement, especially in 1994. Water temperature dropped 

sharply j u s t  before the fa11 spawning mins in both years but 

was not strongly correlated with movement. 

3 . 4  Storm Events 

T h e r e  w e r e  f ive storm events, one in 1994 and four in 

1995 (Figs. 3.15 - 3-19) (Appendix 7 ) .  The apparent lag in 

the rise of the discharge at the beginning of some stoms 

represents the time between the start of the storm and the 

l a sc  time the fences were checked before the storm (usually 

around 0900 the morning before the storm), not a lag between 

the start of a storm and an increase in stream discharge. 

In almost al1 storms, the first movement through the fences 

was downstream. The control stream had both up and 

downstream movement occur simultaneousiy at the beginning of 

the storm on September 15-20, 1995, It should also be noted 

that storm events represent the majority of trout movement 



Table 3-12, Correlation coefficients between trout 

movements ( #  of f i s h )  and habitat parameters for t he  

treatment Stream (Tl-l), 1994 (down=downstrearn; 

up=upstream). Zero indicates that the correlation 

coefficient was not significantly different frorn zero. 

Habitat 
rneasure 

A i r  
t e m p  
Rain 
f a l l  
Water 
t emp 

DO lower 
section 
DO upper 
section 
Depth 
lower 
section 
Depth 
UPPer 
section 
Velocity 
Iower 

' section 
i Velocity 
; upper  
i section 

L o w e r  1 L o w e r  1 U p p e r  1 Upper 1 Total 
fence fence f ence fence d o m  

Total 
UP 



Table 3.13. Correlation coefficients between trout 

movernents (#  of fishl and habitat parameters for the control 

Stream (Tl-3) , 1994 (down=downstream; up=upstream) . Zero 

indicates that the correlation coefficient was not 

significantly different f r o m  zero, 

L o w e r  
fence 
un 

Wper 
f ence 
down 

U p p e r  1 Total 1 Total 
fence d o m  UP 
UP 

DO lower 

DO upper 
section 

II section 1 

Velocity 

section 



Table 3.14- Correlation coefficients between trout 

movements ( #  of fish) and habitat parameters for the 

treatment Stream (TI-l), 1995 (down=downstream; 

up=upstream) , Zero indicates that the correlation 

coefficient was not significantly different  from zero. 

Upper Total 
f ence Il Habitat measure 

Total 
UP 

~ i r  
t emv 
Rain 
fa11 
water-- 
t emp 

DO lower 
section 
DO upper 
section IV lower 

section 
Depth 
uPPer II section 

Veloci ty 
lower 
section 
Veloci ty 

section 



Table 3-15. Correlation coefficients between trout 

movements ( #  of fish) and habitat parameters for the control 

Stream (Tl-3 ) , 1995 (down=downstream; up=upstream) . 

indicates that the correlation coefficient was not 

Z e r o  

significantly different from zero, 

Lower Lower Upper Upper 
fence fence f ence Eence Il H a b i t a t  

measure 
Total 
d o m  

Total 
UP 

Rain F 
Water 
temp 

DO lower 
section 
DO--üpper 
section 
Depth 

section 

upE'er II section 
~eïocity 1 lover 
section 
Velocity 

Discharge 
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Figure 3.15 Fish movement and discharge profile of storm #1, 0900 September 11 - 
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Figure 3.16 Fish movement and discharge profile of storm # 2 ,  0900 July 21 - 
0900 July 24, 1 9 9 5 .  
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Figure 3.17 Fish movement and discharge profile of storm #3, 0900 August 24 - 
1300 August 26, 1995. 
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Figure 3.18 Fish movement and discharge of storm #4, 0900 September 5 - 1200 
September 7, 1995. 





throughout the monitored seasons. 

3 -4.1 Bîoovem~t with respect to s torm discharge ranges 

There was a significant difference in the proportions 

of those fish moving upstream and downstream at different 

discharge ranges in 

3.16)- The 

m ~ .  s - ~  while 

m2.s-I 

peak in 

the peak 

the treatment stream (pcO.05 1 (Table 

upstream movement occurred at 0-20-0.39 

in downstream movement was at 0.0-0-29 

The control stream had a significant difference in the 

proportions of those f i s h  moving upstream (pc0. OS) , but not 

downstream at different discharge ranges (p0.05) (Table 

3.16)- There were two peaks in upstream movement in the 

control stream, one at 0-10-0-29 ml-s-' and the other at 

O. 50-0.79 m3-s-'. 

The fork lengths of trout moving upstream at the t w o  

peaks in the control stream were significantly different 

( p ~ 0  -003) . The mean fork length at the lower discharge 

range was 16.3 cm while the length at the upper discharge 

range was 18 -6 cm. In addition, no fish smaller than 16 - 0  

cm rnoved at the higher discharge range while those moving ar 

the lower discharge range were 5.8 to 21.5 cm in fork 

length. 



Table 3.16. Total numbers of trout moving during each 

discharge range for al1 storms in 1994 and 1995. 

Discharge Treatment e Treatment 
downstream 

Control 

ups tream 

Control 

dotastream ups tream 



3 - 4 . 2  Movement with respect to the storm peak 

The numbers of trout moving in relation to the storm 

peaks are given in Tables 3.17 and 3.18. The proportions of 

those fish moving before, during, and after the storm peaks 

were not significantly different between streams (pz0.05). 

When proportions were compared within streams there w e r e  

significant differences in upstream movement in both streams 

(p>O.O5) , with a larger than expected proportion moving 

after the storm peak. There was also a significant 

difference in the proportions of those fish moving 

downstream in the treatment stream (p>O - OS) , with a lower 

than expected proportion moving at the peak. There was no 

significant difference in the proportions of those fish 

moving downstream in the control stream (pc0-05). 
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Table 3.17. The number of trout which moved before, during, 

and af ter  the storm peaks in the treatment stream. 

Movement 

pat tem 

Ups tream 

Il Doms t ream 

Relationship to the storm peak 

Bef ore A f  ter 

Table 3.18. The number of trout which moved before, during, 

and after the storm peaks in the control stream. 

Relationship to the storm peak 

pattern 

Ups tream 

Doms tream 

i 

Before 

47 

9 

During 

25 

7 

After 

14 6 

16 



Only three implanted trout moved into tributary streams 

to Spa=- Ail three moved into the control stream. 

Fourteen of the 16 surviving trout restricted their 

movements to areas usually less than one-third the size of 

their home-lake (Fig. 3.20). However, several trout 

utilized their entire home-lake, travelling up to 1300 m 

between observations (Tables 3.19 and 3.20). The largest 

ranges were in Copper Lake. No fish rnoved between lakes. 

The majority of fish remained around the shoals at the 

mouths of tributary streams or along the western side of 

their home lake (Fig. 3.20). Estimated distances travelled 

between observations are recorded in Tables 3.19 and 3.20. 

They varied from O to 600 rn in Jirn's Lake and O to 1300 m in 

Copper Lake. 

On August 28, 1995 an implanted fish (#306) was 

recovered dead in a fyke net at the outflow of Copper Lake. 

This fish had been implanted on August 22. On September 25. 

another implanted fish (#185) was located in a mink (Mustela 

vison) hole approximately 5 m from the mouth of the control 

stream. This fish was implanted on August 18, and was 

tracked until September 25. One fish, implanted in Copper 

Lake, ( # 2 2 5 )  could not be detected with the receiver 6 days 

after being implanted (August 22-August 28). Either the 



Figure 3.20 Daily telemetry locations for tagged trout, 

August 10 - October 7 ,  1995. Tag number is inside map 

border. 
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Figure 3.20 (cont.) 



Figure 3 .20  (cont.) 



Figure 3.20 (cont. ) 



Figure 3.20 (cont.)  



Figure 3 . 2 0  (conte) 



Figure 3 . 2 0  (cont.) 



Figure 3.20 (cent.) 



Figure 3 . 2 0  (cent.) 



Table 3.19, Estimated distance (m) from the previous position for each fish tracked 
in Copper lake, Newfoundland. D-fish was found dead; *-no signal detected. 

Date 
m/d 

Tag number 
105 126 165 



Table 3.20. Estirnated d i s t ance  (m) from the  previous pos i t ion  f o r  each f i s h  tracked 
in Jirn's lake ,  Newfoundland. D-fish was found dead; *-no signal detected. 

Date 
m/d 

8/11 
8/15 
8/16 
8/17 
8/18 
8/19 
8/21 
8/22 
8/24 
8/26 
8/28 
8/29 
9/3 
9/4 
9/5 
9/7 
9/10 
9/11 
9/12 
9/13 
9/19 
9/20 
9/21 
9/25 
9/26 
10/2 
10/4 
10/5 
10/6 
10/7 

Tag number 
205 506 



transmitter failed or the fish may have moved out of the 

Copper Lake watershed to Corner Brook Lake. 

3.5.3 Spawning Observations 

Lake spawning was recorded in 10 separate locations; 

eight in Copper Lake and two in JiWs Lake (Fig- 3.21)- 

Copper Lake had an estimated 47-95 redds in tributary 

streams and 67-130 redds in the lake- Jirn's Lake had an 

estimated 80-250 redds in the control stream (the only 

stream on Jim's Lake) and 55-110 redds in the lake. 

3.6 Electrofishing age composition 

Chi-square analysis of the age composition of the 

Stream electrofishing surveys (Table 3-21} showed no 

significant difference in the treatment Stream between years 

(p>O.OS) and a significant difference in the control stream 

(pc0.05) * 

There was no significant difference in the proportion 

of mature males and fernales in each age category (pO.05) i n  

either lake so sexes were pooled to compare age-at-maturity 



Estimrted 
numbcr o f  mddr 

Figure 3.21 Spawning sites and estimated number of redds in 

the Copper Lake watershed. The legend indicates the number 

of redds at each site. 
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Table 3-21, Age composition of electrofished trout i n  che 

treatment and control stream in 1994 and 1995 ( A u g u s t  8-15)- 

Percentages are in parentheses. 

P-ge Electrofishing age composition 

Treatment Control 
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between lakes (Tab le  3 - 2 2 ) -  When these propor t ions  w e r e  

comparéd, Copper Lake had a significantly highêr propor t ion  

of mature f i s h  below the aae of 3 than Jimts Lake (pc0.05). 

Copper L a k e  had the only 3 +  and 4 +  trout which were non- 

mature - 



T a b l e  3.22. The number of mature f i sh  found in each age- 

class f o r  each lake (with its associated stream), The total 

number of fish sampled in each age-class are in parentheses. 

Copper Lake 

(#  of f i sh )  

Jim' s L a k e  

( #  of f i sh )  

Female Tota l  l 
- 

Male Female Total 



4 Discussion 

4.1 Trout movemeat 

Hunter (1991) grouped salmonid life histories into 

three categories: 1) salmonids that migrate from streams to 

larger bodies of water almost immediately after emergence 

f rom the spawning gravels (eg . some Oncorhynchus sp . ) ; 2 ) 
salmonids that spend 1 or m o r e  years i n  freshwater, then 

migrate t o  the sea o r  lakes to complete their growth 

(includes Atlantic salmon, Salmo salar (Limaeus) , as well 

as anadromous/adfluvial races or strains of rainbow trout, 

Oncorhynchus mykiss (Walbaum) , brown trout , Salmo t r u  t ta 

(Limaeus) , and brook trout) ; and 3 salmonids that spend 

their entire lives in streams. Within the Copper Lake 

watershed, the control stream population of brook trout are 

generally adfluvial. However, trout in the treatment stream 

tend t o w a r d s  category three in that they use the stream more 

as a permanent residence rather than just as spawning and 

rearing habitat, 

P o w e r  (1980)  found that brook trout that hatched in 

streams and later moved to lakes usually did ço during their 

second or third s u m r n e r  w h e n  they had reached lengths of 8.0- 

15.0 cm. In the present study, this was generally the case 

as 1+ and 2+ (some 3+ in the treatment stream) trout moved 
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downstrearn to the lakes in June- Movement of newly emerged 

salmonids to feeding areas usually occurs primarily in the 

spring and early Sumer for most stocks (Godin 1982; Nadund 

1992; Curry et al. 19931. Generally, movement of young-of- 

the-year appeared to be limited in both atreams since very 

few were observed moving through the fences in the spring. 

During July and August, movernent was low and migrants 

represented all ages, except 5+ -  These movements w e r e  

possibly more in response to environmental factors such as 

temperature and DO and less associated with Iife history 

than those in the spring and fall. During September and 

October, movement tended to be upstream as mature 3 + ,  4+, 

and 5+ trout came into the streams prior to spawning. 

However, O+, 1+, and 2+ fish were still moving in both 

directions during the fa11 in the treatment stream. This 

stream, which had less spawning habitat, had f e w e r  young 

trout moving into the lake and fewer mature fish entering it 

to spawn. 

The overall number of trout which returned to either 

stream in 1995, a f t e r  migrating t o  the lakes in 1994, was 

very low. For the control stream, the recapture of 

returning tagged fish in 1996 indicated that trout tended ta 

stay in the lakes for at least t w o  years before returning to 

the stream to spawn (McCarthy Unpublished data)- 



The l o w  degree of movement between lakes and the 

apparent one-way d i r ec t i on  from J i m ' s  t o  Copper Lake is  

l i k e l y  due t o  the morphology of the stream between the  two 

lakes .  There i s  a small gul ly  approximately half-way 

between the two lakes (400 m away from each) - Upstream of 

the gu l ly  (towards J i m ' s  Lake) the streambed is composed of 

l a rge  boulders. During the Sumer months, the above ground 

flow here is minimal and even small t r ou t  would have t rouble  

passing through- Below the gully,  there is good water flow 

throughout the  season and the stream is much more typical of 

t r o u t  habi ta t  with deep pools and f a s t  r iff les.  Given these 

condit ions,  movement f r o m  Copper Lake up t o  Jim's L a k e  would 

be much more d i f f i c u l t  than vice versa, even during high 

water . 

4-1.1 Correlations with habitat variables 

T h e  majori ty of brook t rout  movement in Catamaran 

Brook, New Brunswick, occurred during elevated ( storm) 

discharge l eve l s  (R. Cunjak pers comm.) . This w a s  also the  

case in the  Copper Lake system. Therefore, discharge w a s  

s i gn i f i c an t l y  correlated t o  t rout  movement. However, there  

w e r e  s tronger co r re la t ions  between trout movement and 

hab i t a t  parameters during 1994 than 1995 .  I t  should also be 

noted t ha t  the overa l l  range in parameter values,  duriri-g 
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times when the fences were operational, were lower in 1994- 

For example, the peak discharge calculated for the treatment 

stream in 1994 was approximately 0.42 m3-SL compared with a 

peak in 1995 of over 1 3  -00 rn3-s". A greater range in 

habitat parameters, which rnay include values outside a 

preferred range for movement, would weaken the correlation- 

This suggests that the relationship between trout movement 

and habitat variables rnay not be linear. 

A correlation coefficient measures one type of 

association between two variables - linear , however, 

relationships between environmental variables and fish 

behaviour, i-e, movement, may not be linear. Green (1977) 

S t a t e s  that the use of models that assume linear, additive 

relations among environmental variables and animal abundance 

can be rnisleading, primarily because species tend to have 

optimum levels for each variable. Preferred ranges in 

environmental conditions rnay also exist for fish movement. 

Ranges outside these rnay represent levels at which fish are 

either unable to move, or have already moved, to avoid 

harsher conditions. This suggests that while some 

parameters may only be weakly correlated to fish rnovement, 

they rnay facilitate movement within preferred ranges- The 

storm events from this study fu r the r  suggest (see below) 

that the relationships between brook trout movement and 

environmental parameters rnay not be linear and that 
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preferred ranges for movement within some parameters may 

exist - 

Dissolved oxygen w a s  only weakly correlated to fish 

movement, however, movement during mid-summer may have been 

in response to lower DO levels which were present during low 

stream-flows in the warmer summer months. These mid-surnmer 

low- flows were usually less than 0.01 ml-s-r which probably 

restricted the amount of movement trout could or would do. 

With increased flows during mid-summer rains (and hence 

increased DO), movernent occurred. However, some of these 

trout rnay have been 'escapingr from stream conditions 

experienced prior to the increased flow. 

Low DO has been showri to elicit avoidance reactions and 

halt migration in salmonids (Whitmore et al. 1960; Hallock 

et al, 1970). Sheppard (1955) found that brook trout 

exhibited a violent burst of activity involving al1 

individuals in a sample when oxygen deficient water was 

introduced into test chambers, Davis (1975) reviewed DO 

requirements for aquatic organisms and developed a table of 

incipient DO levels for freshwater salmonids. He describes 

optimal levels (7.84 mg Oz-L" ) , incipient non-lethal levels 

(6.00 mg O,-L-=) when behavioural responses will occur, and 

lethal levels (4.16 mg 02-L-' ) where a large portion of a 

fish population may be severely affected if the condition 



lasts beyond a few hours- 

With these values in mind, it appeared that both study 

streams usually had DO levels above optimum when trout were 

moving. However, the values measured at the transect-points 

did reach low levels (5.81-6.81 mg 0;L-1 ) in both streams, 

generally in August, when water temperatures were high and 

flows low, In addition, the d a i l y  DO calculated for each 

Stream section was based on the m e a n  daily water temperature 

and not  the maximum, hence DO levels m a y  have reached lower 

levels at some point during t h e  day, 

4.1-2 Storm events 

4.1-2-1 Movement with respect to discharge levels 

The maximum swimming speeds of fish depend chiefly upon 

species, water temperature, and fish s i z e  (Crisp 1993) . 

Several researchers have studied the swimming performance of 

trout at different life stages to determine their 

sustainable (V,,, ) and maximum (V,, ) swimming velocities . 

V,,, is defined here as the swimming speed a fish can 

maintain without incurring oxygen debt (Crisp 1993), and V,, 

is defined as that maximum swimming speed which can only be 

maintained b r i e f l y  (a few seconds) ( B j o r n n  & Reiser 1991; 

Crisp 1993) . 
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Bjornn and Reiser (1991) suggest that V,, for trout is 

around 0.61-1-95 m- s-' or 8-12 body lengths-sec-' . Heggenes 

and Traaen (1988 ) studied brook trout fry and found the 

maximum critical velocities at various temperatures was O -17 

m- s - ' @  6-a°C; 0-19 m- s-' @ 12-14OC; and 0.22 m- s-1  @ 19.S°C. 

These low maximum swimming velocities were due to the small 

size of fry- Ottaway and Clarke (1981) suggested that 

substantial proportions of trout fry populations may be 

dislodged by velocities less than 0 -5 m- s-'. Recent work by 

DFO on brook trout swimming speeds suggests that fish >20 cm 

fork length can sustain speeds of 0 - 5 5  m- s-=  for 1 h, but can 

only sustain speeds of 0.85 m. s - =  for 0-33 h (D. Scruton 

pers corn), 

These results indicate that velocities greater than 0.5 

m. s-'  may be sub-optimal for upstream movement of brook trout 

and could cause downstream displacement, par t i cu la r ly  for 

trout less than 20 cm fork length- The mean size of trout 

in strearns of the Copper Lake watershed Is less than 20 cm- 

The proportions of those fish moving upstream within 

each discharge range showed that there were significant 

differences within as well as between streams. Most 

upstrearn rnovement occurred at stream discharges of 0.20-0.39 

m2 - -1 in the treatment stream, while in the control stream, 

it occurred most at 0.10-0.29 m3-s-' and 0.50-0.79 m3-s-'. 

Interestingly, velocities were similar at these discharge 



levels (Table 4.1). The peak upstream movement in the 

treatment stream corresponded to a mean velocity range of 

0.395-0.462 m-s" and the control stream peaks were 0.206- 

0.309 m-s-' and 0.363-0.409 m-s-', respectively. This 

suggests that both trout populations moved in response to 

similar stream velocity ranges and that the majority of 

upstrearn movement during the storm events in both strearns 

occurred below 0 . 5 m. s-' . 

A significantly higher proportion of those trout which 

moved downstream in the treatment stream, moved at lower 

discharge levels (0.0-0.29 m3-s-'1 than at higher discharge 

levels. This peak in downstream movement generally 

coincided with the peak in  upstream movement. The 

proportion of those fish moving downstream in the control 

stream showed no significant difference between discharge 

levels 

The differences in 'preferredi discharge ranges were 

probably due to the fact that a steady (Figure 4.1) near the 

lower end of the control stream buffered against extremes in 

velocity at higher discharges. The steady had high undercut 

banks so that higher discharges would increase stream depth, 

but water velocity would rise slowly compared to the 

treatment stream- 



Table 4-1. Calculated velocity (m-s-'1 at discharge ranges 

when peak upstream movement occurred in both streams ( L O O  

m3-s-L was also calculated) . Maximum and minimum strearn 

velocities w e r e  calculated from individual point-transect 

equations (Appendix 5) . 

minimum 
velocity 

( r n - ~ - ~ )  

l 

stream 

Tl-l 

Tl-3 

Discharge 
(m3*s-') 

0.20 

0-39 

1-00 

0-10 

0 -29 

0-50 

0-79 

1.00 

Staff 
gauge 

( cm) 

52.11 

48.59 

43 -57 

47.34 

40 -37 

36.68 

33 -55 

32.00 

rnean 
velocity 
(m-s-') 

0 - 395 

0,462 

o. 557 

0-206 

0.309 

0 -363 

0 -409 

0 -432 

maximum 
velocity 
(m- s -= )  

0,985 

1.03 

1-22 

0 -349 
1 -  

0.556 

O ,  667 

0,760 

0.806 



Figure 4.1 Steady Iocated near the lower end of the cont ro l  

Stream- 



4.1 - 2 .2  Movement w i t h  respect to storm peaks 

During storms with a peak discharge of less than 0.40- 

0.45 m2-s-', upstream movement in the treatment Stream 

generally occurred throughout the duration of the s'tom, 

However, the ma j ority of upstream movement occurred af t e r  

the peak, as discharge subsided, when the discharge was 

greater than 0 -46 m2-s-'. The same trend was true for the 

control stream except that the 'thresholdr peak appeares to 

be approximately 0 . 7 0  -0.00 m2-s-' . There wero again 

similarities in mean velocities between the two streams ât 

these apparent 'thresholdr discharges. The correspondin- 

tthr~sholdr velocity values for treatment and control strêâm 

were 0 -474  m- s - ~  and O - 4 2 1  m- SL respectively (Table 4 . 2 !  . 

Thess velocity values further suggest that 0 -5 rn- s- :  r n q  i32 

neûring the maximum veloc i ty  for upstream movement . 

Most downstream movement i n  the treatment stream 

occurred e i t he r  befcre o r  after the storm pcak. This mû- 

repr~sent active downstrearn rnovement at the start of a smrm 

evsnt to avoid increasiqly harsh conditions and possi~ly 

movêrnent by exhauçted trout unable to fu r the r  hold position 

after the stom had begun to subside. Trout in the concrol, 

strêam moved downstream throughout the storms, regardlcss of 

the strength of the peak. This was again probably duo to 
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T a b l e  4-2. Mean velocities at 'thresholdl storm peaks where 

upstream movement shifted to after the peak. 

Stream 

Treatment 
(Tl-1) 

Discharge 
(m3 - s-f ) 

Control 
(Tl-3) 

0 -40 

0 -45 

Staff-gauge 
( cm) 

0 -70 

0-90 

Mean velocity 
(m-s-'1 

48.59 

47.94 

O ,462 

0,474 

34.50 

32 -73 

0,395 

0,421 



stream morphology. 

The heterogeneity of stream habitat can allow refuge 

from extrernes in water velocity (Pearsons et al. 1992; 

Lobon-Cervia 1996). Immediately following an extremely 

large storrn (80 mm rain) on June 8, 1995, when the counting 

fences were severely damaged, sampling ( f l y  fishing) 

revealed that many trout still occupied the treatment 

stream. While the mean velocity of the stream at its mouth 

may represent some physical barrier or signal to delay 

upstream movement, trout holding in the stream may not 

experience this velocity. Examination of the minimum p o i n t -  

velocities in both çtreams in Table 4.1, show that even at 

high discharges some point-velocities were very low (0.036 

m-s-'1 . 

Swank et al. (1988) have shown that more rapid storm 

events, due to increased run-off from clear-cuts, can cause 

quicker and larger storm peaks. While possible changes in 

storm event characteristics due to the treatment clear-cut 

could not be determined because of the low number of events, 

it can be suggested that more frequent, lasger storm peaks 

may delay upstream movement of some trout and flush others 

out of the streams by exceeding a velocity of 0 . 5  m-s-'. In 

addition, these possible effects on movement p a t t e r n s  may 

also be increased by increases in other factors such as 
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suspended sediments. 

If there are preferred ranges in stream velocity for 

trout movement, then a change in the hydrological regime of 

a stream rnay cause changes in the timing of some movement 

events such as out-migration of juveniles and spawning nins 

of mature trout. For example, in the control stream there 

were two velocity ranges when most trout moved upstrearn. 

Since ù, iç dependant on f i s h  size, oniy larger fish 

should have been able to move upstream at the higher 

velocity range. This was the case. There was a significant 

difference in mean fork length between trout rnoving upstream 

in each velocity range, with the lower range having the 

srnaller mean fork length. 

4 - 1 - 3  Comparison of movement patterns between years 

Shetter (1968) stated that brook trout are essentially 

sedentary in a habitat that of fers adequate cover, food, and 

spawning sites, The low sample index of association values 

may be an indication that the streams within the watershed 

do not provide al1 of these requirementç, r e s u l t i n g  in 

movement between habitat-types throughout the season. 

However, if the scale of environmental change exceeds an 

animals capacity to respond in s i t u ,  the general biological 

response to adversity, Le. migration, rnay alço corne i n t o  



play (Bjomn 1971; Taylor and Taylor 1977; Shirvell and 

Dungey 1983; Gagen et al. 1989; Thorpe 1994) . 

Changes in salmonid habitat within streams after forest 

harvesting and road construction has been studied (Hall and 

Lantz 1968; Burns 1972; Feller 1981; Murphy and Hall 1981; 

Hewlett and Forston 1982; Johnson et al, 1986) . Everest and 

Harr (1982) and Grant et al. (1986) suggested that if the 

area logged is less than 25-30's of the drainage area, 

impacts to habitat and trout abundance may not be 

significant. However, even though the harvesting in the 

present study constituted only 9.0% of the drainage area, an 

increase in the proportion of fish leaving the treatment 

çtream and entering the lake was obsenred. Also, a decrease 

in downstream movement from the upper stream section to the 

lower section occurred only in the treatment stream. 

This decrease in downstream movement from the upper 

stream section was probably the result of there being fewer 

fish in that section after harvesting and not a behavioural 

response. Electrofishing surveys in 1993 and 1994 showed 

population estirnates of 25 and 17 fish respectively in the 

first 100 m of the upper section of the treatment stream in 

August (Scmton and Daya 1994; Clarke et al. 1996b In 

press). In 1995, there were only 7 fish in this section of 

the stream, possibly a result of decreased winter survival 

(Johnson et al. 1986; Hicks et al. 1991) or movement 
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downstream in the spring or winter before the fences were in 

place, 

The low sample index of movement (h) values may also 

have been partially the result of using initial captures in 

the counting fences as recaptures. As the fences were 

almost always in operation. and hence provided the majority 

of movement information, the proportions of those fish 

recaptured moving out of their initial capture location was 

probably inflated. This would reduce the strength of 

association between a fish and its initial location. 

The counting fences were in-operable due to high water 

flows for just 3-4 days of the entire 1994 field season. 

The number of fish entering the control stream prior to 

spawning, while the fence was washed out, was estimated to 

be 43. An accurate estimate of the number of fish moving 

downstream during the same storm could not be made, 

Observations during the 1995 season, however, which also had 

a storm at this the, suggested that there was probably very 

lit tle downs tream movement . 

Fences on the treatment stream were ais0 out for a 

short time (1-2 days) during the same storm. An accurate 

estimate of the number of fish which moved into or out of 

the stream could not be made. Therefore, the number of fish 

moving between the treatment strearn and the lake may be 

underestimated for 1994- However, the movement patterns 
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between years were still significantly different (pc0.05) 

even if the estimated number of fish moving to the lake w a ç  

the same in 1994 and 1995. 

4 .2  Possible changes in habitat 

Al1 salmonids are products of their environment (Hunter 

1991) . As they evolved in areas dominated by unique 

vegetation and geologic characteristics, populations adapted 

to their individual surroundings. Some habitat changes 

attributed to forest harvesting from other studies include 

strearnflow regirnes (Crisp 19931, water temperatures (Gray 

and Edington 19691, and dissolved oxygen levels (Hall and 

Lantz 1968)- In the present study, stream discharge, mean 

Stream depth, and dissolved oxygen levels were not 

significantly affected by the treatment clear-cut. In 

addition, the summer low-flows in the treatment stream did 

not appear to be altered. Mean stream velocities did change 

between years. Kowever, whether they were caused by forest 

harvesting could not be determined- Minimum daily water 

temperatures, sedimentation (Clarke et al, 1996a In press), 

and hence total suspended sediments, differed between years 

and were probably affected by the treatment clear-cut and 

road construction. The apparent minimal impact by 

harvesting on most habitat variables may be due to the fact 



that the cut was only 1.82 ha in size and constituted just 

9.0% of the stream drainage basin and 20% of the stream- 

length. In addition, there may have been a possible 

moderating affect on some habitat parameters from the small, 

upstream lake. 

4.2 -1 Stream temperature 

Raleigh and Chapman (1971) found that changing the 

temperature regime altered trout fry movement patterns. even 

when temperatures were not at or near lethal levels. 

Elliott (1994) suggested that it would be foolish to define 

the thermal axis simply in ternis of the critical limits for 

survival as there are narrower limits for feeding and even 

narrower limits for growth- When presented with a 

temperature gradient, fish species usually select and occupy 

a temperature range at which physiological processes are 

optimized for growth (Elliott 1994). Ferguson (1958) sbowed 

that brook trout young-of-the-year and yearlings throughout 

Maine and Ontario have a final temperature preferenda of 14- 

16OC which is far below their lethal temperature. With this 

in mind, monitoring changes in stream temperature regimes 

due to forest harvesting only in terms of a maximum or 

critical temperature may be short sighted because subtle 

increases or decreases in temperature can bring about 



behavioural changes. 

The minimum daily ternperatures in the treatment stream, 

but not the control stream, were significantly different 

between years with an increase in the number of days in the 

d l ° C  range. This suggests that forest harvesting caused a 

slight decrease in minimum daily water temperatures in the 

treatment Stream in 1995. This result would not have been 

detected if only maximum or critical temperatures were 

considered. This decrease in minimum daily temperatures may 

have behavioural consequences. Gibson (1978) and Baggs 

(1988 1 observed that low temperatures (around 8OC) appeared 

to cause brook trout to move into the substrate and Crisp 

(1993) stated that growth in brown trout is negligible when 

the water temperature is less than 4OC- 

As water flows downstream its temperature tends to 

equilibrate with the air temperature, a process influenced 

by local environmental factors such as stream shading, w i n d ,  

humidity, and groundwater influence (Scruton et al. 1996 In 

press). Harvesting and road construction may have caused 

changes in wind patterns and groundwater flows which would 

alter stream temperatures. Increases in flow as w e l l  as 

altered temperatures of groundwater have been associated 

with the removal of forest cover (Peck & Williamson 1987) . 

An increase in colder groundwater flow could increase the 

number of days with a minimum water temperature below i l C C .  
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In addition, without the canopy provided by trees in the 

riparian zone to trap heat, nighttime water temperatures rnay 

cool as a result of increased heat dissipation. The pond 

above the treatment stream m a y  also regulate ternperature 

more so than the shading provided by the trees which were 

removed as a result of the cutting. Kowever, the relative 

importance of pond outflow and groundwater was not addressed 

in this study. 

Both clear-cutting and slashburning can increase strearn 

summer temperatures (Feller 1981) , however, in the present 

study there was no significant difference in the proportion 

of days with mean or maximum water temperatures in each 

temperature regime between years for either s trearn, The 

maximum daily temperature in neither stream exceeded 21- 

24OC, above which is considered lethal to brook trout 

(Raleigh 1 9 8 2 ;  Scott and Scott 1988) , 

4.2 .2  T o t a l  suspended sediments 

Trout living in streams with naturally high silt levels 

may have adapted to these conditions over time (Everest et 

al. 1987). Where adaptation to silt has not occurred, an 

increase in TSS levels may be more harmful. 

The major affect of road construction and logging 

activities in the Copper Lake watershed appeared to be a 



significant increase in sedimentation in the treatment 

Stream (Clarke et al- 1996a In press). Sediment embedded 

within the substrate may not cause physiological problems 

for free-swiimning trout, but suspended sediments in the 

water column m a y .  Road crossings can lead to the input of 

fine sediments from road surfaces which can restrict 

upstream movement (Hicks et al. 19911, increase 

physiological stress, decrease feeding, and increase the 

susceptibility of trout to bacterial disease (Redding ec al. 

1987). Due to Newfoundlandts generally thin soils (Meades 

and Moores î989), resident brook trout may not encounter 

naturally high silt levels often enough to have adapted to 

them (Taylor 1991). Such sublethal stress and reduced 

performance capacity rnay increase avoidance behaviour. 

While increases in TSS levels in the treatment stream after 

road construction and forest hameçting were not 

statistically significant, visual observations and the fact 

that there was increased stream-bed sedirnentation (Clarke et 

al. 1996a In press), lead to the conclusion that TSS levels 

were increased in the treatment stream a f t e r  forest 

harvesting and road construction. This was visually evident 

when it rained (Fig. 4 . 2 )  as silt would run off the roadts 

surface. More frequent sampling for TSS may have confirmed 

this . 



Figure 4.2 Photographs showing the increase in TSS below t h e  

road crossing i n  the  treatment stream during rain- The top 

photo was taken above the road crossing and the bottom photo 

was t a k n  below the road. Both were taken at t he  same time. 



4.3 Territory and s tream holding capacity 

The electrofishing results for early August indicate 

there was no significant difference between years in the 

total proportions of fish in each age-class in the treatment 

stream electrofishing sites- The total numbers of fish were 

also very similar between years. The increase in movement 

out of the treatment stream to Copper Lake in 1995 may have 

occurred as a natural process of density-dependent 

regulation brought about by undetected changes in stream 

habitats. 

Territory size is directly related to fish size, fish 

density, and physical characteristics of the stream (Hunter 

1991; Elliott 1994) . As trout grow, their territories 

become larger. As territories of larger, more aggressive 

trout increase in size, other trout are displaced (Elliott 

1994) . Several researchers suggest that displaced trout 

tend to go downstream in search of empty territories or in 

response to food supply (Gibson 1981; McNicol and Noakes 

1581; Hunter 1991; Elliott 1994). The size of the fish 

remaining in the streams in June were not measured to 

determine if they were larger than those moving to the lake, 

however, dead and moribund 1+ trout which were caught going 

dowristream in the counting fences in the spring were 

generally smaller (fork length) than those alive and 
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apparently healthy 1+ trout which pasçed through the fences 

in the spring. Other studies have also suggested that 

lakeward movement by stream-dwelling salmonids may be under 

genetic control (Raleigh 1967; McCart -67; Raleigh and 

Chapman 1971; Kelso et al- 1981). The precise factors 

controlling the downstream rnovement of trout to the lakes 

are not apparent in this study, however, evidence may 

suggest that territory s i z e  was involved, 

Theories of density-dependant regulation of populations 

suggest that there is a limit to the number of residents 

that can inhabit a section of stream (Sinclair 1989), Le., 

the holding capacity. Lack (1954) included movernent as one 

of the 3 major factors involved in the natural regulation of 

animal numbers (along with reproduction and mortality) . 

Hunt (1965) recorded increased dispersion of strearn 

populations of brook trout at higher densities and 

emigration of trout in excess of the holding capacity of 

streams in England has been noted (Northcote 1967). 

The holding capacity for brook trout in the treatment 

stream (within al1 electrofishing stations) does not appear 

to have changed between years. However, possible changes in 

Stream habitats may have occurred which were undetected by 

the point-transect measurements. For example, the uppermost 

electrofishing section had 17 trout in 1994 but only 7 in 

1995 (Clarke et al- 1996a In press) . In addition, the fact 



that more 2+ trout left the treatment stream in 1995 than 

there were 1+ trout in all the electrofishing stations in 

1994, which encompassed al1 of the treatment stream below 

the road crossing and clear-cut, implies that some of these 

trout must have corne from upstream of the road crossing. 

The clear-cut surrounded al1 of the treatment stream above 

the road-crossing and hence may have had an effect on the 

stream immediately adjacent to it- Trout within this 

section of stream may have been displaced downstream 

(upstream movement was impossible due to the waterfall) into 

stream sections where trout had already established 

territories and were consequently forced out to the lake. 

Saunders and Smith (1962) found that prior residence in a 

stream section gave a competitive advantage over 

transplanted brook trout, even if those transplanted were 

from the same stream- Some evidence for this is the fact 

that many trout tagged coming d o m  through the upper fence 

in the treatment strearn also moved through the lower fence 

at the mouth of the strearn, or were in the slower water just 

upstream of it, one to three days later. 

The age compositions of the electrofished trout in the 

control stream were confounded by the timing of the spawning 

runs- In 1994, the first large run of pre-spawning trout 

into the control stream occurred approximately one week 



before electrofishing took plats- In 1995, the run started 

approximately one week after electrofishing was completed. 

These dates coincided with storms which rapidly increased 

discharge and decreased water temperatures, factors often 

associated with the initiation of spawnins runs (Collins 

1952; Munro and Balmain 1956; Lindsey and Northcote 1963) * 

Because of the large numbers of trout associated with the 

spawning runs into the control stream, the differences in 

the timing of the runs led to a significant difference in 

the age composition of electrofished trout between years- 

The age composition of younger, non-migrant trout (O+, 

i+, 2+) also differed significantly between years which 

suggests different sizes in juvenile year-classes. The 

number of 1+ trout in 1994 was high which led to a large 

number of 2 +  in 1995. This may explain why a large number 

of I+ left the stream in the spring of 1995, L e -  they could 

not compete for territories with the  larger 2+ individuals. 

Brook trout are considered classic fluvial spawners 

(Scott and Crossman 1979) , however, shoal or lake spawning 

has been described (Witzel and MacCrimmon 1983; Fraser 1985; 

Chapman 1988; Schofield 1993; Curry and Noakes 1995). 

Lacustrine spawning of brook trout has rarely been 



documented in Newfoundland (Cowan and Baggs 1988) and hence 

its importance to the reproductive capacity of populations 

is unknown. This portion of the study was intended in part, 

to determine which of the various tributary streams in the 

watershed were preferred spawning habitats, however, a 

surprising finding was that shoals in both Copper Lake and 

Jimrs Lake were important spawning habitat. Only three of 

the 16 surviving trout implanted with transmitters went into 

tributary streams to spawn. The others appeared to be 

associated with lacustrine spawning habitat near the mouths 

of tributary streams or along the western shores of their 

home lake. This behaviour was not the result of low 

streamflows as they were usually high and hence, access to 

the streams prior to spawning was not impeded. In addition, 

o t h ~ r  trout were entering the streams during this time. 

Visual evidence also suggests that these fish were spawning 

on the shoals. 

The western sides of the lakes are characterized by 

very steep slopes and limited littoral habitat (Scntton et 

al. 1995). Along these western shores, redds were located 

on small rock outcrops approximately 2 ml. These 

observations indicate that brook trout are able to detect 

and utilize very small and isolated spawning habitats within 

the lakes. 

The amount of lacustrine spawning in Newfoundland may 



Vary based upon the availability of groundwater upwelling 

(Fraser 1985) and the level of competition for preferred 

spawning habitat (Cowan and Baggs 1988). In this study, 

Copper Lake appeared to have proportionally more redds in it 

than Jim's Lake. Groundwater upwelling has been strongly 

associated with brook trout spawning habitat (Fraser 1985; 

Curry and Noakes 1995; Curry et al- 1995) ; however, dye 

dispersion studies over redd sites in ponds on the Avalon 

Peninsula, Newfoundland, did not reveal groundwater 

upwelling (Cowan and Baggs 1988). Water moving over the 

redds as it flowed toward the pond outflow was identified. 

Cowan and Baggs (1988) suygested that these redds were used 

by brook trout which were displaced f rom preferred spawning 

areas in tributary streams . Unf ortunately, the importance 

of groundwater to the selection of spawning sites within the 

Copper Lake watershed was not investigated, and the relative 

importance of groundwater and competition to the selection 

of lacustrine spawning sites remains an open question. 

Based on the amount of time fish spent in one location, 

it appeared that Copper Lake trout were much more active 

during the spawning season than those in Jimts Lake- With 

trout density in Copper Lake being approximately one-third 

that of Jimf s Lake (K .D . Clarke pers comm) , this increased 

movement may have been associated with the search for mates. 
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In addition, some of the implanted fish in Copper Lake may 

not have been spawners. Only 8 3 . 3 %  of individuals in the 

size-class implanted with transmitters in Copper Lake were 

mature, whereas the value in Jimls Lake was 100%. This rnay 

also explain why some of the implanted fish in Copper Lake 

travelled large distances; they rnay have been non-maturing, 

feeding fish. 

No trout were re-captured after implantation to check 

if the transmitters interfered with gonad maturation or 

spawning. However, previous studies on the effect of 

surgical implantation found no significant differences in 

exhaustion times (Mellas and Haynes 1985), maturation, 

mortality or growth of internally implanted and non- 

implanted salmonids provided that the transmitter was less 

than 2% of the fishrs total weight (Lucas 1989) - A l 1  

transmitters in this study were less than 2.1% of the 

implanted fishrs total body weight so the effects of 

implantation were considered minimal. Of the three fish 

which moved into the control Stream, one was implanted on 

A u g u s t  24 and the other two were implanted on August Il. 

Al1 three fish were observed spawning which suggests that 

the transmitters did not impede spawning activity. In 

addition, two of the three trout were inspected as they went 

through a counting fence and were found to be in good 

condition with closed incisions, lost sutures, and no 



evidence of infection. 

Meehan (1991) reviewed the many facets of salmonid 

spawning activity that c m  be adversely affected by forest 

harvesting activities. Some of the major factors include 

changes in (il substrate composition (sedimentation) , ( ii) 

suspended sediment, (iii) hydrological regimes, and (iv) 

temperature profiles Çchofield (1993) stated that shoal 

spawning habitat rnay be degraded as a result of siltation 

due to beaver impoundment. Improper forest harvesting, 

which causes increased Stream TSS levels, may also cause the  

s i l t a t i o n  of shoals as they are located where streamflows 

meet the slower water of the lake and, hence, sediment would 

be deposited there (Swanston 1991) . 

The Federal Department of Fisheries and Oceans (DFO) 

fisb habitat management policy outlines a 'no net lossi 

philosophy in maintaining the productive capacity of fish 

habitats (Fish Habitat Management Branch 1986). Integral to 

this is the maintenance of spawning habitat, and as such, 

awareness of the loss to sedimentation, due to forest 

harvesting activities, of potential spawning shoals should 

be considered in forest harvest management. 



4.5 Conclusions 

Movernents of brook trout within the treatment and 

control streams were determined- Trout in the control 

stream generally moved to Jimrs Lake at l+ and 2+ years of 

age and returned approximately 2 years later to spawn. They 

may repeat spawn after their initial spawning year- Most 

trout in the treatment stream remained there as permanent 

residents. If they left the stream and moved into Copper 

Lake, they did not return to the stream- The older trout 

which entered the treatment stream in the fa11 were not 

those previously observed leaving the stream- 

Trout movement was correlated to habitat parameters 

with most correlation coefficients being significant, 

However, correlations were not strong. Most trout moved in 

association with storm events. Two patterns in upstream 

movement were obselrved; 1) an apparent ' pref erred' veloci ty 

range, similar in both strearns, and 2) a shift in the timing 

of upstream movement during a storm based on the mean 

velocity at the storm peak. These patterns indicate a 

preferred mean stream velocity for upstream movement of 

0.395-0.462 m-s-L in the treatment and 0.206-0.409 m-s-' in 

the control stream and a switch to moving upstream a f t e r  the 

storm peak if the peak velocity was greater than 0.474 and 



0 -421 m-s-L for the treatment and control stream 

respectively , 

Downstream movement in the treatment stream occurred 

most at lower velocity ranges and more trout moved before 

and after storm peaks than during the peak. In the control 

stream, downstream movement occurred at al1 velocity ranges 

with trout moving downstream throughout the storms, These 

differences may be related to differences in stream 

morphology near the entrantes of the streams. 

Discharge, maximum water temperature, mean Stream 

depth, velocity, and temperature were not altered in the 

treatment Stream by the lirnited forest harvest. Dissolved 

oxygen could not be compared between years, but it did not 

reach critical levels even after the cut. The minimum daily 

water temperature was affected by harvesting. In addition, 

TSS may have been increased, however. statistical evidence 

is lacking, The apparent lack of affect on most parameters 

was probably due to the small size of the cut (atypical of 

the usual size of clear-cuts harvested in Newfoundlandl- 

Increased movement out of the treatment stream was 

recorded in 1995 after the limited forest harvest within its 

drainage basin. Trout did not appear to change the distance 

of migration but changed their direction of movement and the 



habitat-type they occupied, L e -  they moved out of the 

treatment stream and into Copper Lake. This increase may 

have been due to subtle changes in stream habitat, 

undetected by the present methodologies, which decreased the 

holding capacity of the section of Stream adjacent to the 

clear-cut, 

Lacustrine spawning may represent a large proportion of 

reproduction in certain areas of the watershed. Therefore, 

lacustrine spawning sites need to be considered in the 

context of effects from forest harvesting practices- 

It is important to stress that these conclusions are 

developed after only two years of detailed study. At this 

point, there is little opportunity to observe year-to-year 

variation in movement and habitat use. At present, 

conclusions are drawn from contrasting observations between 

the treatment and control streams. Additional study is 

required to determine variation in seasonal behaviour as 

well as to identify causal factors for observed changes. 

This is a problem when trying to assess the significance of 

any ecological change when little is known about the spatial 

and temporal variations in the 'baselinel from which the 

change occurred (Elliott 1994). With the limited number of 

years monitored to date, this study is only able to assess 
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immediate results, which m a y  not be representative of longer 

time series (Hall and Knight 1981) - Monitoring the changes 

in habitats and the effects on behaviour and habitat use of 

trout over the coming years will help determine if this 

observed change in the treatment Stream is persistent and/or 

detrimental to the population- 

Further cutting reginies within the watershed are 

scheduled including a more extensive cut of the treatment 

drainage basin in 1996 and the leaving of a 20 meter no- 

harvest buffer strip on other treatment streams. Further 

research within the watershed will help determine if this 

required buffer size is beneficial to aquatic ecosystems in 

Newfoundland- 
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Appendix 1. Calculated equations for discharge (D) f o r  each 

Stream section and year. SH = Staff-gauge height. 

' Signif icant 

equation 

Dis charge=l O 'atsH'+b' 

D = l~((-o.ossasm+z.sa) 

D = 10 ( ( -0 .O?S2SH) +2.67) 

D = 10 ( ( - 0  -0794SH) e 3 . 4 6 )  

p-value 

O - 0001 

O, 0001 

O. 0001 

rZ 

92 -2 

92.7 

85-1 

n 

21 

25 

Il 



Appendix 2 .  Calculated regression equations for mean 

velocity (V) for each Stream section and year. 

Location and 
year 

Tl-1 lower 94 

Tl-1 lower 95 1 V = 1-38 - 0 -0189SH 1 0-000' 1 92 .O 1 20 

1 

equation 
V = b + a(staff height) 

TI-l upper 94 

V = 2.30 - 0.0332SH 

TI-3 upper 95 1 V =  1-12 - 0.0172SH 1 0.000' 1 84.3 1 21 

P 
value 

V = 1-91 - 0.0276SH 

TI-l upper 95 

Tl-3 lower 94 

Tl-3 upper 94 

Tl-3 lower 95 

- -  - - -  

' Signif icant 

0.000' 

r= 

0.000' 

V = 1-00 - O .0125SH 

V = 1-24 - 0.0206SH 

V = 1.34 - 0,0224SH 
V = 0.902 - 0 -0147SH 

n 

96.6 26 

96.5 

O-O0OL 

0-000' 

0-000' 

O-00O1 

26 

81.6 

94-9 

9 5 - 6  

93.2 

- - - -  

20 

25 

25 

21 



Appendix 3. Calculated regression equations for mean depth 

(Dl f o r  each Stream section and year. 

Tl-1 lower 94 1 D = 49.6 - 0.676SH 1 O.OOO1 1 94.1 1 26 

Location and equation 
D = b + a(staff height) 

l 
' Tl-1 upper 94 
1 

Tl-l lower 95 

T l 4  upper 95 

TI-3 lower 94 

Tl-3 upper 94 

Tl-3 upper 95 1 D = 45.1 - 0.656SH 1 0.000' 1 9 2 . 2  1 2 1  

p-value 

D = 48 -1 - 0 .671SH 

D = 48-4 - 0.580SH 

D = 47-5 - 0,590SE 

D = 66.7 - 0.915SH 

Tl-3 lower 95 

Significant 

D = 46.7 - 0,689SH 

r' 

0,000~ 

0 .OOO1 

0.00O1 

0.000' 

D = 62 - 6  - 0.851SH 

n 

0.000' 

91-3 

5 6 . 2  

81.6 

81.4 

0.OOO1 

26 

20 

20 

25 

85.2 25 

97.3 21 



Appendix 4. Calculated regression equations for mean daily 

dissolved oxygen (DO) based on water temperature (T) and 

water velocity (V) for each Stream section, 1995. 

Location and 
year 

Tl-1 lower 95 

Tl-3 lower 95 

equat ion 
DO = a+b (T) +c (V) 

' signif icant 



Appendix 5. Regression equations for calculating water 

depth ( cm) f r o m  staff - gage  height ( cm) for individual 

transect points, Tl-1 section 1, 1994- 

equat ion 
Depth=b+a (Staff Height) 

' randomized p-value 
' not significant 

I 
P 

value 

D= 45.5 - 0.680SH 

15 transect 

C O -  002' 76 . 1 1 (Point 1) 
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Appendix 5 (cont.) . Regression equations for calculating 

water depth (cm) from staff -gauge height (cm) for individual 

transect points Tl-ls2, 1994. 

randornized p-value 

not signif icant 

equat ion 
Depth=a+b (Staff Height) 

P 
value 

z? transect 
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Appendix 5 (cont . ) . Regression equations for calculating 

water depth (cm) from staff-gauge height (cm) for individual 

t ransect  points,  Tl-3s1, 1994- 

equat ion P r ' transec t 
Depth=a+b (Staff Keight ) value 

1 D= 34.3 - 0.185SH 0. 668Ie2 1- O 6 (Point 2 )  

randomized p-value 

not signif icant 
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Appendix 5 (cont.) . Regresçion equations for calculating 

water depth (cm) from staff-gauge height (cm) for individual 

transect points, Tl-3s2, 1994. 

equation 
Depth=a+b (Staff Height) 

D= 89.9 - 1.54SH 

D= 76-3 - 1-28SH 

D= 82.2 - 1.35SH 

randomized p-value 

D= 61.0 - 0.718SH 

D= 50 -4 - 0.574SH 

D= 73-3 - 0.905SH 

D= 44-6 - 0,691SH 

D= 54-3 - 0,914SH 

' not significant 

P 
value 

01000 

0-000 

0.000 

0-000 

<O - 005' 
0-000 

O. 038' 

0.000 

rZ 

81.2 , 

82.6 

84.5 

- - - -  

transect 

l(Point 1) 

I(Point 2) 

1Woint 3) 

68.4 

60.8 

94.3 

20.1 

76.9 

2(Point 1) 

2(Point 2) 

S(Point 3) 

3 (Point 1) 

3Woint 2 )  



Appendix 5 (cont.). Regression equations for calculating 

water velocity (m-s-') from staff -gauge height (cm) f o r  

individual transect points, Tl-lsl, 1994. 

l equation 
Velocity=a+b (Staff  Height) 

randomized p-value 

' not significant 

V= 2-56 - 0.0350SH 

V= 2.09 - 0.0267SH 

P 
value 

0,000 

O. O00 

? transect 

45.4 

55 - 9  

S(Point 2 )  

5 (Point 3 )  



Appendix 5 (cont.)  . Regression equations for calculating 

water velocity (m's-') f r o m  staff -gauge height (cm) for 

individual transect points, Tl-1s2, 1994. 

randomized p-value 

equation 
Velocity=a+b(Staff Height) 

' not significant 

P 
value 

~f transect 

1 



Appendix 5 (cont . ) .  Regression equations for calculating 

water velocity (m-s") f rom staff -gauge height (cm) for 

individual transect points, Tl-3s1, 19%. 

equat ion 
Velocity=a+b(Staff Height) 

V= 1-50 - 0.0208SH 

V= 0,247 - 0,00394SH 

V= 1-86 - 0-0315SH 

V= 1-53 - 0.0260SH 

V= 1-91 - 0.0322SH 

randomized p-value 

not signif icant 

P 
value 

0. 0712 

O, O00 

0,000 

V= 1-55 - 0.0239SH 
! 

<O. 005' 

O. 000 

r' 

14-1 

82-8 

76.6 

,' 
CO, 005' 

transect 

I(Point 1) 

l(Point 2) 

l(Point 3 )  

94.3 

90.1 

4 (Point 3 )  

S(Point 1) 

7 1 6  5 (Point 2 )  



Appendix 5 (cont . )  - Regression equations for ca lcu la t ing  

w a t e r  ve loc i ty  (m-s-'1 frorn çtaf f -gauge height (cm) f o r  

individual  transect points, Tl-3s2, 1994- 

- 

equation P ~f t r ansec t  
Velocity=a+b(Staff Height) value 

V= 1-66 - 0 -0282SH 0 - 002l 91-5 4 (Point  3) 

NOT ENOUGH DATA (DRY) 2 (Point  1) 

' randornized p -value 

not significant 

V= 0,687 - 0.0126SH 
V= 1-60 - 0.0276SH 

V= 0,542 - 0.00981SH 

0,000 

0.004 

82-7 

99.2 

5 (Point  2 )  

S(Point  3 )  

6(Point  1) 



Appendix 5 (cont.1 . Regression equations for calculating 

water depth (cm) from staff-gauge height (cm) for individual 

transect points, Tl-lsl, 1995, 

equat ion 
Depth=a+b (Staff Heisht 1 

P rZ transect 
value 

0.005 

0.000 

NOT ENOUGH DATA (DRY) 1 

randomized p-value 

not signif icant 

D= 57.0 - 0.702SH 
D= 48.2 - 0.606SH 

D= 71-8 - 0 -943SH 

0.000 

0-000 

0,000 

75.7 

91.7 

9 4 - 9  

3(Point 2 )  

3(Point 3) 

4 (Point 1) 
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Appendix 5 (cont.) . Regression equations for calculating 

water depth (cm) frorn staff -gauge height (cm) f o r  individual 

transect points, Tl-ls2, 1995. 

equation 
Depth=a+b (S ta f f  Height) 

randornized p-value 

' not  significant 

D= 65.6 - 0.685SH 
D= 56.8 - 0 -788SH 
D= 67-4 - 0.843SH 

D= 68-0 - 0-931SH 

P 
value 

0-000 

0,000 

c0.005' 

0-000 

r= transect 

55.0 

89-1 

77.2 

92-2 

- - -  - 

l(Point 3) 

2(Point 1) 

2 (Point 2) 

2Woint 3 )  
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Appendix 5 (cont.1 . Regression equations for calculating 

water depth (cm) front staff-gauge height (cm) for individual 

transect points, Tl-3s1, 1995. 

randomized p-value 

' not significant 

equat ion 
Depth=a+b (Staff Height) 

P 
value 

if2 transect 
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Appendix 5 (cont.) . Regression equations for calculating 

water depth (cm) f r o m  staf f-gauge height (cm) for individual 

transect points, TI-3s2, 1995. 

equation 
Depth=a+b (Staff Height ) 

transect 

D= 12.0 - 0.250SH 

3 (Point 1) 

P 
value 

3 (Point 2 )  

r2 

ONLY 2 

4 (Point 3 )  

POINTS 

5 (Point 3 ) 

6 (Point  1) 

' randomized p-value 

' not significant 



Appendix 5 (cont.) . Regression equations for calculating 

water velocity ( r n - ~ - ~ )  f r o m  staff-gauge height (cm) for 

individual transect points, Tl-lsl, 1995 - 

equation 
Velocity=a+b(Staff Height) 

randomized p-value 

' not significant 

V= 1.52 - 0.0236SH O .1002 53 - 2  l(Point 1) 

P 
value 

- . - - - - - -- - - - - - - - - - - - - - 

V= 2.43 - 0.0337SH 

V= 2 - 9 3  - 0.0392SH 

65.1 

92 - 3  

0.000 

0 -000 

- 

T? 

6(Point 1) 

6 (Point 2) 

transect 



Appendix 5 (cont . ) . Re5ression equations for calculat ing 

water velocity (m-s-') from staff -gauge height (cm) for 

individual transect points, Tl-ls2, 1995. 

equation 
Velocity=a+b(Staff Height) 

V= 0,936 - 0 -0149SH 

P 
value 

V= 0.725 - 0.00972SH 

II V= 1-28 - 0 -0135SH 1 O-1202 1 12.3 1 2 (Point 1) 

0 .1862 

V= 0.524 - 0-00716SH 

l? 

0.000 

transect 

38.9 

0.008 

V= 0.622 - 0-00817SH 

1 (Point 1) 

62.5 

V= 0.307 - 0.00383SH 

1 (Point 2) 

31.3 

0-001 

V= 3.23 - 0.0454SH 

1 (Point 3 )  

O. 071" 

V= 0.036 + O-OOSH 

50.1 

0-000 

V= 1.62 - 0.0187SH 

randomized p-value 

' not significant 

- - 

2 (Point 2) 

20.1 

ONLY 2 

V= 0.040 - 0.00014SH 

2 (Point 3) 

91.8  

0 -008 

3 (Point 3) 

POINTS 

O . 906'~' 

4(Point 3) 

31.6 5 (Point 3) 

0.1 6 (Point 3) 



Appendix 5 (cont.) . Regression equations for calculating 

water velocity (m-s") f rom staff -gauge height (cm) for 

individual transect points, TI-3s1, 1995 - 

equation 
Velocity=a+b (Staff Height) 

V= 0 -0857 - 0.00118SH ONLY 2 POINTS 6 (Point 3 )  

V= 0-789 - 0.0133SH 

randomized p-value 

P 
value 

' n o t  significant 

O. O00 

P 
- 

transec t 

91-2 2 (Point 1) 



Appendix 5 (cont.) . Regression equations for calculating 

water velocity (m-s-') f rom staff -gauge height (cm) for 

individual transect points, Tl-3s2, 19%- 

equation 
Velocity=a+b(Staff Height) 

V= 0 -624 - 0 -00148SH 
V= 0 -691 - 0 -00676SH 

V= 0 -0857 - 0.00118SH 

V= 2 -00 - 0 -037lSH 

P 
value 

V= 3-05 - 0.0461SH 

V= 2 -63 - 0 -0473SH 

1 V= 0.185 - 0.00355SH 1 ONLY 2 1 POINTS 1 6 (Point 3) 

O. 783' 

O. 271' 

ONLY 2 

0.000 

V= 1.66 - 0.0270SH 
V= 0,100 + 0.0039SH 

NOT ENOUGH DATA (DRY) 

V= 0 -158 - 0.00229SH 

V= 0 -194 - 0 .00228SH 

randomized p-value 

' not significant 

r' 

0.001 

0.000 

trmsect 

0 - 5  

6.7 , 

POINTS 

98.3 

O. 004 

O. 715' 

O ,  0 5 5 ~  

O. 1612 

I(Point 2 )  

l(Point 3 )  

2(Point 1) 

2(Point 2) 

51-2 

90.3 

3 (Point 3 )  

4Woint 1) 

58-7 

0.9 

43 .O 

10-6 

4(Point 2) 

4(Point 3) 

5(Point 1) 

S(Point 2 )  

5 (Point 3 
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Appendix 6 -  Stream transect locations for  habi ta t  

Stream Section Transect 
Tl-1-S1 I 
Tl-1-SI 2 
TI-1-S1 3 
Tl-1-S1 4 
Tl-1-S1 5 
Tl-1-S1 6 

Lat-Long position 
N 48' 49' 9-5'' W 57* 46' 48-9" 






