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ûsika, M. 1.1997. Potential impacts of clearcut logging on laLe trout (SohtelUucs 
nmnrrycush) ~eproduction in three small nurthwestern ûntaxio îakes. 

Lake tmut reproductive habitat was characterized ia three smaii lakes, 250 km northwest 
of Thunder Bay, Ontario, by measuring the physical characteristics of prefemd spawning 
habitat including 1) depth, 2) substrate size, 3) interstitial space ckpth. 4) orgaaic material 
abundance, 5) embeddedoess, 6) pamcuiate debris, and 7) pemieability. Rincipai 
Cbmponents Analysis indicated that periphyton, macrophyte, and particulate deinis 
abundance a l l  inmasxi with s h d  depth, while substrate sîze decreased Hydraulic 
permeability, inàexed by the d o n  of gypsum cylinders, was hi* in coarser substnues. 
Lake mut egg deposition density in egg traps averaged 70 eggs mJ , of which 45% were 
viable by late fall. Lake trout ernbryo survival and emergence in enclosures varied with 
Fredle Index, and was highest (75%) in cobblemibble mixtures. Fine sediment which was 
added to incubam in the fail was absent when the incubators were retrieved in the spring. 
At the single h e  sediment dosage tested in this study (equivdent to a layer approximately 
2 5  cm àeep across the sirrface of each incubator), lake mut hatching success was not 
si@cantly affécted Although experimental nutrient enrichment (? and N) of a spawning 
shoal increased periphymn biomass by 2.5 times over the sumrner, the effects of this on 
reproductive habitat are not known at present 
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INTRODUCTION 

CONTEXT OF STUDY 

Interactions between water, soil, and vegetation within a watershed are primarily 

responsible for allochthonous nutrient and sediment wnmbutions to lake basins (Likens 

1984; Bormann and Likens 1985). Therefore, aiteration of riparian co~lllllunities by 

clearcut logging (and road construction and maintenance activities), may have significant 

impacts on a lake (Sm01 et al. 1983; Jaakko 1991). For example, sediment and nument 

loading have repeatedly been docurnented for both Stream and lake systems following 

timber harvesting (Likens et al. 1970; Burns 1972; Posey 1973; Pennington 198 1; 

Hombeck and Kn,pelin 1982; Vitousek; 1983; Ward 1992). Based on the experimental 

work conducted in the Hubbard Brook Experimental Forest and otha locations, Likens 

(1984) mggested that the changes which would typically occur in a watershed ecosystem 

following deforestation would include a) more erosion and transport of pamculates into a 

lake, b) increased concentrations of phosphoms and suspended solids in water, and c) 

generaly a more eutrophic (nutrient and organic material enricheci) lake. 

There is a growing concem regarding watershed disturbance and the subsequent 

habitat degradation thnats to the lake-nout stocks throughout Ontario (Evans et al. 

1991). Lake-trout Mes exhibit a narrow range of LVMologicai characteristics (e-g. depth, 

temperature, dissolved oxygen and solids, nutrients, pH, and are thought to be vulnerable 

to even slight changes in water quality or land use (Ry&r and Johnson 1972; Ryan and 

Marshall 1996). Lake trout in many small narthem lakes typically spawn in shallow (Qm) 



nearshore areas with clean coarse substrate; locations which an in close prolamxty to auy 

potential disturbances resulting h m  s h m h e  modifications (McAughey and Gnnn 1995). 

USE OF SPAWNING SHOALS BY LAKE TROUT 

Lake mut reproductive habitat exhibits distinct characteristics required to 

facilitate development of eggs through to early larval stages (Olver et al. 1991). and may 

have an ecological role far more impomuit than snggested by shoal size alone (S teedman 

and Regier 1987). Lake trout have demonstrated their ability to respond rapidly to 

spawning habitat loss in Whitepine Lalce (Sudbury, Ontario) by selecting new sites when 

their preferred habitat has been altered (McAughey and G u .  1995). However, egg 

deposition does not necessarïiy hdicate that the fish have selected sites suitable for 

embryo incubation and emergence. Spawning habitat quality can be & h e d  by both the 

intensity of use by spawners, and by the &gree of successN incubation of deposited eggs 

to hatching, and sunival of fiy to emergence. Therefore, the evduation of spawning and 

incubation habitat quality requires an understanding of the factors that affect adult choice, 

egg incubation and fky SUfVival (Marsden et al. 1995a). 

In Ontario, lake trout spawn in the fall (iate September to mid-November), in 

water temperatures ranging h m  8.9 to 13.g°C (Scott and Crossman 1973; Sly and 

Widmer 1984). These declinuig temperatures are usually accompanied by a reciuced 

photoperiod and stmng on-shore winds (Mamn and Olver 1980). Lake mut  are 

noctumal spawners which makes obsefyations of spawning behaviour difficult (Gunn 

1995). 



Inland lakxmout u d y  spawn in shaîîow water (14 m) along shorelines, or 

shoals that are exposed to prevailing winds of SuffiCient magnitude (wind fetch AM) to 

keep the area swept c h  of silt and partiCulate debris @&utin and Olver 1980; Palilionis 

1981; Sly 1984; Nester and Poe 1987; Evans et ol. 1991; Gunn 1995). Uniike most 

salmonids. lake trout do not build nests or redds (Martin and Olver 1980; Moyle and Cech 

198 8). but broadcast their eggs over scattered piles of clean broken cobble (2 - 62 mm) 

and rubble (65 - 256 mm) substrate. interdispersai with larger bodders (Martin and Olver 

1980; Evans et al. 1991). SmaU patches (0.25 - 5 m2 sur fke  area) of grave1 or small 

rubble were the focus of lake tmut spawning activity in a 60 ha inland lake in north centrai 

Ontano (Gunn 1995). 

The eggs usuaüy faU into the substrate interstices (spaces between substrate 

pieces), where they absorb water, sweli, and become wedged within the substxate. These 

interstices, (usualiy 20-30 cm deep) enmp the eggs. protecting them h m  physical 

disturbance and predators (Edsall et al. 1992). Substrate s tability is important to embryo 

siwival, and spawning habitat is usuaUy not located on actively moving beach a grave1 

channels (Sly and Schneider 1984). 

The growth, development, and Survival of lake m u t  eggs and larvae are influencecl 

by the physical and chernical characteristics of the smuncling environment Lake naut 

embryos require an ample supply of oxygenated water which is fkee of toxic substances 

(McNeii and Ahne11 1964). Development and survival of salmonid embryos are adverseiy 

affected if dissolveci oxygen drops below 6 mgR. (Phillips 197 1; OMNR 1984). 

Sahonid embryo siwival and fiy emergence have a positive relationship with 

mean substrate particle size and permeability (intragravel water exchange) and a negative 



relationship with inmashg abundance of fiae sediment (McNeii and Ahneli 1%4, 

Chapman 1988; Petticrew and Kaln 1991). Cimnic or intense sediment loading can bmy 

rock and grave1 subsaate makhg it mavailable to spawning fish (Eraacis et al. 1979). 

Less intense sedimentation can fill interstitial spaces, preventing eggs from penetrating die 

subsnate iayers, and inmeashg the eggs susceptibility to predation by fish and 

invertebrates. Increases in fine sediment, d a subsequent decline in substrate 

pemeability, may impair the ability of water currents to mix M y  and deliver oxygen to. 

and remove waste products (Le. N%+, Ca) fhm incubating embryos (Chapman 2961; 

Phülips 1971; Ward 1992). Reiser and White (1988) confirmed that for steelhead and 

chinook salmon eggs, the smaiIer sedirnents (c 0.84 mm) were moa detrimental a> 

incubatiug eggs. F d  chinook-salmon eggs Mer& as much as 85% m d t y  when 15- 

30% of the voids in the grave1 beds, in Abernathy incubation charnels. were Wed with 

sediment (Shelton and Pollock 1966). Sediments can also fom a barrier to 6ry emergence 

(FWEps 197 1). 

Cultural (anthropogenically accelerated) eutrophication has been identified as the 

causative factor of increased algae growth on lake-mut reproductive habitat in Lake 

Ontario (Etyàer and Edwards 1985; Sly 1988). Plant and algae &bris can be trapped and 

accumulate in the substrate of spawning sites when there are high nutrient kvels 

aiginating h m  shoreline disturbances (Evans et al. 199 1). Algae and periphyton, Wre 

fine sediment, may impede an embryo's ability to peneuate the interstices, and increase 

embryo susceptibüity to predation. In addition to the clogging of interstitiai spaces. 

decomposition of organic material could result in oxygen loss or elevated m' within the 



incubating environment, In severe cases, oxygen cm be depleted to a level instrfficient for 

a developing embryo to s d v e  (Sly 1988). 

Spawning behavior and habitat of lake tmut have been studied by mapping 

histoncal reprOauct.ve habitat, egg collections, visual assessrnent of spawning grounds, 

and substrate ana?ysis. Most mbstrate surveys and analysis visually assess the uppermost 

layer of substrate to determine the particle-sîze distribution at a location of interest These 

methods are not reliable far certain sediment mixtures, and significmt infonaation is often 

lost when only the dominant substrate is recorded (Bain et al. 1985). These substrate 

assessrnenu do not adequately &scribe the material below the surface, the subsaate which 

evennially becomes the incubating habitat for the lake-mut embryos. 

Unfavorable weather conditions associated with fall spawning and eariy spring f iy 

emergence are most k l y  responsible for the lack of research regarding the incubation 

and emergence of lake-mut fiy. Many s u e s  have attempted to investigate the 

relationship between the embryo incubating environment and fry emergence. However, 

Me-mut fry typically emerge when lakes are s t U  ice covenxi, making quantitative 

measurements of fiy pduction difncuit, and researchers have often resorted to the 

deplopent of a variety of egg-incubating &vices in the fall. Manny et d(1989) placed 

fertilized lake-mut eggs in individual compartments of Plexiglass incubators (25 x 12.5 x 

1.5 cm) that were bded by SCUBA divers in rock rubble, and left over the winter. These 

incubators have since been used in a number of reproductive habitat qualïty d e s  

(Eshenroder 1988; Edsali et d.1992). However, upon burial of these and simüar 

incubating &vices, the embryos are not king subjected to an entirely riamml incubating 

environment. By creating an artificial microenvironment, factors such as subsfrate 



perrneability and subsequent water exchange no longer have a direct effect on the 

devefoping embryo. To measnre the xelationship between the physical nanne of the 

reproductive habitat, and embryo siwival and emergence, experimental containers should 

accufately simulate a natinal incubation environment. 

Figure 1 provides a conceptual fnunework of the land-water linkages relate to lake 

trout spawning shoal habitat and subsequent reproductive success. The goal of this study 

was to gain a further understanding of the characteristics of lake mut reproductive habitat 

and success by m e a d g  or manipulating the elements highlighted in Figure 1. 

This thesis attempts to identify and quantify the habitat variables that characteriz 

undisairbed lake m u t  spawning shods in three small lakes in nonh-western Ontario. It 

then attempts to determine how some of these habitat variables could be limituig or 

replathg lake mut reproductive success by testing the null hypothesis that embryo 

hatching success is not signïficantly effected by substrate size and composition. To 

investigate the potential impacts that tirnber harvesting practiœs may have on lake trout 

reproductive habitat (Le. siltation and nutrient enrichment) and subsequent lake m u t  

embryo survival, 1 test& two additional nuil hypotheses: a) the deposition of fine Sediment 

has no signincant effect on lake trout embryo hatching success, and b) increased P and N 

water concentrations have no signScant effect on penphyton accumulation and abundance 

on lake trout spawning subsaate. 





METHODS 

STUDY AREA 

This study was undertaken in Lakes 20.26. and 42 at the Coldwater Lakes 

experimental watersheds, Iocated on tbe Canadian Shield about 2ûû km northwest of 

Thunder Bay, Ontario, Canada, in the transitionai zone between the Great Lakes - St 

Lawrence forest and the boreal forest (Figure 2). The Coldwater Lakes research project 

was initiateâ in 1990 m rneasure the effects of logging on lake ecosystems, and test the 

effectiveness of shoreiine buffer s e s  in preventing rhose effects (0- 1996). The 

lakes are small, oligotmphic headwater basins characterlled by sparse fish faunas (Table 1; 

France and Steedman 1996). Lakes 20,26, and 42, have simiiar f%h community 

compositions. Lake trout and white sucker (Catostomus commersoni) are the only two 

large-fish species present (Table 1; Appendix I). 

Lake mut spawning shods were identifiai in the fd of 1993 and 1994, by OMNR 

staf f  using snmkeling gear, who placed permanent c o l o d  markers in the areas where 

lake mut egg deposition was observed. mese smeys resuited in the identification of one 

major spawning shod within each snidy lake. 



Figure 2 Map of the stwfy lakes 20.26. and 4 2  



'Table 1. Qiaraaerisrics of the study laLes. chhophyil a. Secchi dep& and pH are 
1992-1993 averages. Littoral fi& species are coded as f81lows: white 
suckers contmersonf. 1; nonhem redbelly dace Phox1*1u(s ear 
and finescale dace P h o x i w  neogaeus. 2; cornmon shiners IIln'Ircs conunrr. 
3; blacknose &iners Notropb hetetofepis. 4; fathead mbmws Pihephalles 
promeias. 5; pead dace Mmgmhrcus morgîuita. 6; brook stickleback Ciùaea 
k o ~ f i ~ w .  7; Iowa darten Etheosmma exlïe, 8; and slimy sailpins Comcs 

cogtumu. 9 (France and Steedman 1996). 

Study Lake 
Lake Characteristics 20 26 42 

Lake ara @) 57 27 28 
bhximum lake depth (ru) 32 37 19 
~ o r o ~ h ~ f l  a (wu 3.0 0.9 1.3 
Secchi depth (m) 3.1 5.0 4.2 
PH 6.8 7.1 6.7 
Li#oral fi& species 1-9 1.5 4-9 1.2.5-7.9 
lake aait population 

estimatel 196-21 8 256-369 129-177 

Lake mut population estimates for the study lakes are based on f a  gill nettmg data 
obtained in 1992-1993 for Lake 20.1992 and 1995 for Lake 26, and 1992-1994 
for Lake 42. (OMNR unpubiïshed data) 



PHYSICAL ATïRIBUTES OF LAKE TROUT SPAWMNG SHOALS 

Sam~Ie Sites 

Random selection methods used throughout this stuây are summarized in 

Appendut IL The permanent markers used for the MNR egg deposition smveys wen 

used to cietennine the outer perimeter of each of the thnt spawning shoals. Within each 

spawning shoai, 20 sampling sites were randomly selected and marked with a coloured 

md numbered rock. These markers established the center of a 42 cm diameter plot for 

each of the 20. 16, and 20 sample sites for the shoals in Lakes 20.26, and 42 respectively. 

The depth of the sample site h m  the water surface was measurcd to the nearest cm. 

Peri~hvton 

Relative periphyton abundance on shoal subsaate (none, Zow, medium, hi&) was 

visually assessed using the critena presented in Appendix Ei, and included attached algae. 

mganic detritus, and some fine sediment (Werzel1979). 

Vegetation and Particulate Debris 

Maaop hyte (su bmerged aquaric vege tation), and particdate debris (i. e. sticks, 

bark, wood pieces, leaves) abundance were visually estimated as the percent of the total 

sample plot area covered (Appendix IV). 

Em beddedness 

Embeddedness describes the extent that the larger particles (boulders, rubble, or 

gravel) are covered by fine sediment (Plam et al. 1983). The relative embeddedness of the 



subs~ate (none, low, medium, of hi@) was assessed using the critena presented in 

Appendix V. 

At each sample plot, ten interstitial spaces were mdumly selected A suspended 

Iead shot with a diameter of 4 mm (sirnulating that of a non-waterfiardened lake trout egg) 

was lowered into each of these spaces until the shot reached its maximum possible depth. 

With the line remaining tau& the penetrated depth was measured relative to the average 

surface level of the subsaate surrounding the interstitial space. 

ubstrate Size and Com~osition - 

Substrate size and composition were quantifieci ushg the technique described by 

Marsden and Krueger (1991). At each sampling site, divers removed 10 L of substrate 

nom the area beneath a 42 cm diameter circular h e .  Efforts were made to include fines 

(sand) in the sample; however some loss was unavoidable. On shore, the substrate was 

washed through a series of sieves, dividing the material into five possible diameter size 

classes: fines (0-6.3 mm), grave1 (6.4-75.9 mm), cobble (76.0- 149.9 mm), rubble (150.0- 

303.9 mm), and smaü boulders (304.0609.9 mm) (Plaas et al. 1983). For each sample 

site, the material within a size class was coilected and placed in a plastic container with a 

known volume of water. Volumemc displacement was used to determine the volume of 

each size class. 



Substrate Permeabilie 

Fredle Index 

Fredle Index describes the particle size distribution in sediment mixnaes, and is 

Fi=FredlêIndex=B, 
s o  

where Dg = geomeûic mean pamcle size 
S. = sorting coefficient = & 

d25 

nie S, is derived by taking the square mot quotient of the grain size at the 
75& percentile divided by that at the 2sL (Lotspeich and Evaest 198 1). 

The M e  numbers index both pore size aiad relative pemeability, both of which increase 

as the index becomes larger. The Fredle Index was calculateci for each sample site ushg 

volumemc substrate abundance described above. Fredle Indicies were divided hm four 

index classes: Uass 1 (0-50). Class 2 (51-lm), Qass 3 (101-150). and Qass 4 (151-200) 

hdexine Water Circulation Above and Within S ~ a w n i n ~  Shoals 

1 used gypsum cylinders to mesure the water turbulence occiirring above each of 

the three spawning shoals and within vaTiou subsaate types. 

Blocks of hydrated calcium sdphate (gypsum or Plaster of Paris) have been used 

as qualitative and quantitative water turbuience (disturbance, flow) sensors in both marine 

and bshwater systems, and can be used as an inexpensive meas- of average current 

speeds. For this study gypsum cyhders were prepared and calibrateci according to 

Petticrew and KaH (1991), and R Kushneriuk (pers. comm.). A mixture of Plaster of 



substnue Type 

0 Rubble 

Cobble 

Grave1 

Figure 3. Relationship between Fredle Index Qass and particle s h  
dismcbution for spawning shoal substrate samples analyzed 
in this study 



gypsum and water were poured into cylinQical mol& (9.5 cm long x 2 cm diameter) and 

left to set at m m  temperatme ovemight. A 16 cm long nylon cable tie was inserted into 

each cylinder before the mixture hardened, The cyh&rs were removed h m  the molds 

and oven dried at 40°C fa a minimum of 3 bours. The ends of each cylinder were sealed 

with an 02-based p e t  to restrict erosion to the circumferenœ of the cyhder. Each 

cylinder was numbaed on the promding end of the nylon tie. AU cylinders used in this 

study were made h m  the same batch of gypsum. 

bration of Cvlinder Diameter Loss to Waer Fiow 

A 45 cm wide recirculating flume channel, with a water depth of 15 cm and a 

temperature of 16-18"C, was used to calibrate the cylinders. A paddle wheel, powered by 

an electric motor, crieated the water fiow. Water velocities in the flume were calculated as 

the mean veIocity (n=5) of a s d  piece of styrofoam as it mveled the length of the flume. 

Water velocity was set between O and 12 cm sec". For each r u ,  four to eight gypsum 

cyiindexs were vertically submerged mid-depth across the width of the channel. The 

cyhders were left in the f l u e  for up to 36 hours, removed, oven dried at 4O0C, and re- 

weighed To avoid problems of saturating the flume water with gypsum, the flume was 

&ained between nuis. 

Due to the number of cylinders requiRd for field deployment, it was necessary to 

reuse partially eroded cylin&rs. Cyiinders with a smaller radius and surface area have the 

potential to e& at a slower rate than larger cylinders. Therefore, cylinder diameter loss 

was explored as a possible index of water flow. The volume ( m e d  using volumetric 

displacement) of randomly selected cyhders of various weights was used to calculate the 



cyIin&rs' density. After confirming bat thae was no sigdïcant relationship between 

cylinder weight and âensity (Appendix VI), cylinder diameters were c a l d t e d  as folIows: 

Diameter = 2 ( V / (3.14 L ) ' ~  

where: V(vo1ume) = mass / density 
L = length of cyhder 

Linear regression indicated that there was no signincant relationship between 

cyhder  weight and diameter loss rate (3 d.00, p =0.91, n =286). Therefare cyhder 

diameter loss rate was used to resolve the cyhders' response to water fiow. Linear 

regression aoalysis of the flume data indicated a positive linear relationship between 

cylinder diameter loss rate and water velocity (Figure 4). The position of the cylinder in 

the fiume did not appear to affect the diameter loss, as iiiustrated by the minimal variation 

exbibited by replicate cyhders. 

At each shoal, at least five sites were randomly chosen h m  among the previous1y 

established sample sites. At each site, one cylinder was suspended 20 cm above the 

substtate (with a weight and float system) and another cylinder was buried under one Iayer 

of subsnate 5). Between July 24 and September 7,1995, cyhders were deployed 

for at least two sarnpiing intervals of up to 72 hours. Diameter loss rate was estimateci 

h m  weight loss for each deplopent interval. To estimate sampling variation in various 

substrate sizes, three cylinders were buried together for 24 hours at five sites on the Lake 

26 shoal on August 7, 1996. The pemeability of the substrate was indexai as follows: 

Permeability (96) = c~linder diameter loss nite within the substrate x 100 
cylinder diameter loss rate above the substrate 



Figure 4. Relationship between cylinder diameter loss rate and water velocity for 
cylinders calibrated in recirculating flume. The linear relationship is significant 
(rt0.86, p-0.000, n-32). 



Figure 5. Wata flow measurement using gypsum cyhders 
within and above shoai substrate. 



EGG DEPOSITION 
Egg traps (615 cm2 surface area) were consmcted of 5 cm-wide rings cut h m  

20 L plastic containers. The top of each trap was covered with 6 mm (itemal width) 

galvanhed steel mesh. The bottom of each ring was covered with plastic fly-saeen 

matenal (1 mm internai width). The steel mesh was large enough to pass non- 

waterhardened eggs into the mp. but smali enough to trap waterIlardened eggs and 

exciude predators. A smaii amount of grave1 was used as a baiiast to prevent dislocation 

or ovemirning of the trap after deplopent On October 5,1995 @rior to iake trout 

spawning), 20 egg mps were randomly placed throughout the area of each of the three 

spawning shoals. The mps were left out on the substrate surface of the shoals on October 

3 1, 1995, at which time the trapped eggs were counted and their condition (viable, non- 

viable or opaque white, and fungus covered) assessed. 

EMBRYO HATCHING SUCCESS BIOASSAYS 

Egg incubatons were consmcted of 30.2 x 36.5 x 26.5 cm plastic milk mates, lùied 

with galvanized steel mesh. A mesh size of 3.0-3.5 mm (intenial width) was selected 

because a) the average warerhardened lake-trout egg has a diameter of 5-6 mm, and b) 

Balon and Noakes (1990) estimated the dorsal-vend &pth of a fke lake-trout embryo 

(141 days ,4.4OC) as 3.25 mm. The incubators were &si& to retain eggs and larvae, 

whiie maximizing water circulation and excluding predatm. Thirty-five incubator sites 

were randornly selected on the three shoals throughout September 1995 (Appendix II). 

At each sampling site, substmte was removed and an incubator was placed into the 

excavated area. The removed substrate was then pIaced into the incubator (Figure 6). 



shoal substrate 

Figure 6. Incubator installation in shoal subsûate 
of Lakes 20,26, and 42. Diagmm is not to d e .  



Thmughout the spawning season (October 7 - October 29, 199 5)  (between 

sundown and midnight), gül nets (3.8 - 5.0 cm rnesh) were set for 15-miaute intervals on 

and around the spawning shoals. Several femaie lake mut were stripped, and their eggs 

pooled and fertüized (in water) with milt h m  several males. The eggs were lefi overnight 

to waterfiarden in a 20 L paii, partiaiiy submerged in the lake ro maintain a cool 

temperature. The next &y, non-viable eggs (opaque white) were removed, and two 

hundred eggs were scattered over the substrate enclosed within each incubatm. 

Plans et al. (1983) distinguish two classes of fine sediment: large fine sediment 

(0.83 -4.71 mm), and smaiï fine sediment (1 0.83 ). The reason for the separation is that 

large fine particles can f m  a physical barcier to fky emergence, while mail fine particles 

tend to decrease water permeability through spawning substrate (Platts et ai. 1983). 

To observe the effect of a single sedimentation event on embryo siwivaI, hatching 

success was assessed on the Lake 20 shoal where 700 cm3 of sand (diameter < 0.425 mm) 

had been added to the incubators, equivalent to a layer approximately 2 5  cm deep anoss 

the surface of the incubator. Incubators (up to a maximum of 3 if available) were placeci 

in rafldomly selected sample sites. ApproximitteLy 75 46 of the fine sediment was 

dismbuted amss the surface of the subsaate in the incubator, followed by the 200 eggs, 

foiiowed by the nmainder of the fine sediment. AU of the incubators were covered with 

galvanized steel mesh secured with elastic cords. The incubators were retrieved May 21- 

24, 1996. Hatching sucœss was assessed by counting the number of unhatched eggs. 



MID-WINTER DISSOLVED OXYGEN 

Interstitial water on Lake U) was sampled using apparatus simüar to that describeci 

by Gunn and Keller (1984). Known lengths of tygon tubing (5 mm intemal diameter) 

were burieci under one layer of subsnate enclosed in five incubators. These incubators 

were not randomly chosen as they needed to be in close proximity to each other to 

facilitate easier winter access. On February 15, 1996, water was drawn through the tubing 

using a peristaltic pump. The water entered a plastic chamber which enclosed an oxygen 

meter probe. The water passed over the probe membrane and exited the chamber via a 

second tube (Figure 7). Once the water initially sitting the tubing was fïushed out, 

readings were recaded for a subsequent 500 mL. The primitive design of the 

experimenml seaip had the oxygen probe's pressure compensatùig membrane out* of 

the sampiing chamber. Therefore, it was necessary to pump the wam very slowly to 

avoid increasing water pressure withki the measurement chamber which causes emneous 

dissolved oxygen readings. Ambient water oxygen concentrations were measured h m  

water sampled at approximately 40 cm above the subseate. Samples for warer chemistry 

were also coilected, but were not analyzed due to laboratory s e ~ c e  dismption arising 

h m  a public service strike- 

NUTRLENT ENRICHMENT OF THE SHOAL ENVIRONMENT 

The spawning shoal of Lake 20 is divided into a nonh and south section by a large 

rock outcrop (Figure 8). Six sarnpling sites were randody selected in each of these 

sections. To test the nsponse of periphyton to inincreeà nuaient inputs, the north section 

of the shoal received inputs of both P and N in the form of P a -  and N2- containing 



Figure.7. Samphg appamh~ used to meanire oxygen conceahations 
of wata above and withm the shod substrate of hice 20 during 
egg incubation Diagram is not to d e .  





fereüizers. Six pht i c  mesh cylinders (945 cm3) were constmcted and filleci with 

fertilizer, and one cyhder was piaced at each of the sampling sites in the north section 

(Figure 9). The cylinders weiie £Ued weekly (June 19 - Juiy 25,1996). with a total of 

1042 g P and 4734 g N king  rdeased over the entire sampiing period. The south section 

was used as a conml area (Figure 8). 

Granite-tile areificial substrates were chosen to measure the response of periphyton 

abundance to the point sources of N and P. These tiles were convenient and flexible 

regarding replication and sample location, and provideci a standardized area (225 cm2 

upper surface ara) to measure periphyton biomass. 

O n  June 19, 1996, one tile was placed at each of the six sampling sites in both the 

north and south sections of the spawning shoaL On August 7,1996 all of the tiles were 

cârefuily removed and placed in plastic bags for transport, To &termine whether the 

nument sources were successfui in raising the ambient N and P concemations in the 

enriched areas, water samples were taken at each of three of the sarnpie sites and ar one 

and two meters h m  the sites parailel to the shoreline (Figure 9). This was repeated for 

the control are& 

In the lab, the tiles were scraped and r i a d  with distilleci water, to remove a l l  the 

accumulatecl periphyton h m  the surface. The material and water were put into plastic 

jars, sealed, and refngerated (c-4°C) to allow suspended material to setùe out. After two 

days the water above the settied material was drawn off with a pipette comecred to a 

vacuum line. The remaining material was placed into preweighed aliiminum dishes and 

oven-dried at 105°C unal a constant dry weight was obtained The dishes were ashed at 



utrient Source 

Figure 9. Spatial rdationship of water samp1e sites for nutrient edchment 
expexixnent on Lake 20. Nutrient somes in enricbed m a  were 
placed adjacent to des. Watex samples (X) were taken at 1 and 2 
meters from the sample sites in both the control and enriched areas. 



500°C f a  one hour and reweighed. For each sample the h a l  shed weight was 

subnacted M m  the dry weight to determine the weight of organic material. 

STATISTICAL ANALYSES 

Principal Components Analysis (PCA) (SPSS 1993) was used to explore how the 

seven habitat variables (depth, embeddedness, periphyton abundance, particulate debris 

abundance, percent vegetation, Fredle Index, and interstitial space &pth) interacted with 

each other. The PCA maximizes the variance in the &ta which is explaineci by linear 

combinations of variables, in which successive components are constmcted to be 

uncorrelateci with previous ones. It often resuits in the summarization of the variance into 

only a few components, so that multidimensional data cm be displayed &ectively on a 

two- or three- dirnensional graph that uses the PCA components as axes (James and 

McCulloch 1990). 

Parametric statistics were used on data the exhibited both normal distribution and 

homogeneous vaxiance. The hypothesis that substrate pemeability was not significantly 

different between lakes was tested using ANOVA. Linear regression andysis was used to 

&temine if there was a significant relationship between Fredle h&x and substrate 

permeability. 

Data made up of small sample sUes and/or non-nomal data distributions violate 

the assurnptions of the ANOVA. Therefore, non-parametric statistics were used to test 

for inter-lake Werences in egg &position, embryo condition, and hatching success data. 

Non-parametric statistics were also used u, test for a significant effect of Fredle Index and 



fine sediment on hatching success, and auaient emichment on periphyton abundance on 

the dfkid tiles. 



PHYSICAL AlTRlBUTES OF THE LAKE TROUT SPA\NNING SHOALS 

Lake 42 

The spawning shoal on Lake 42 was approximarely 156 m2. This was the deepest 

of the h e e  shoals and was composed of rounded smooth grave1 and cobble subspate 

interspersed wi th  large boul&xx (Figure 10). The subsmte had relatively low Fredle 

Indexes and shallow interstitial spaces, with a moderate amount of periphyton and 

rnacrophyte growth, and littte paniculate debris on the shoai (Table 2, Figure 11). 

Although there was fine matenal located beneath the grave1 and cobble, the surkial 

substrate was reiatively unembedded by fine materds. Dead eggs and egg cases h m  the 

previous year were observed in ten sample plots during submte sampling. 

L & a  

The spawning shoal on Lake 20 was approximately 100 m2. The shoal was 

composed of smooth and very angular cobble and mbble (Egure 10). The substrate on 

this shoal had higher Fredle Indexes and deep interstitial spaces, relative to M e s  42 and 

26 (Table 2). The shoal sites exhibited no substtate embeàdedness, no particdate debris 

or macrophytic growth, and low amounts of periphyton (Table t; Figure 11). Dead eggs 

were obsewed in two sample plots. 



Fines Gravel Cobble Rubble 
(06.39) (6.4-76.0) (76.1 -149.9)(lSOmO-303.9) 

Subsaate Size (mm) 

Fi- 10. Boxplots displaying the percent of total sample volume by 
substrate ciass for the sampling sites on Lakes 20 (n=20), 26 (n=16), 
and 42 (n=20). The statistics conveyed by a boxplot are ülustrated 
in Appendix W. 



Table 2. Mean + S.D. of habitat variables on spawning 
shoais in Lakes 20 (-20). 26 (n=16). and 42 (n=20). 

Study Lake 
-- - - -- -- 

Habitat Variable 20 26 42 

Depth (m) 55 + 17 41 2 12 158 + 8 
Fredie h&x 105 + 34 87 & 29 37 + 12 
Interstitial Spaœ Depth (cm) 1046 6 2 3  311 
Vegetation Cover ('PB) O+O 010 4 + 8  
Paxticdate Debris Cover (8) O t O  111 O+O 



O = none 
1 = Iow 
2 = medium 
3 = high 

O 1 2 3  O 1 2 3  O 1 2 3  
Lake 

20 26 42 

Figure 11. Hïstograms displaying the number of sites f a h g  into each 
grading category for periphyton abundance and embeddedness. 



lz!&a5 

Spawning shoal materiai in Lake 26 had been previously identifid in various 

locations amund the perimeter of the lake, but seemed to be concentrated in a 97 mZ area 

located on the West  shoreline. The s h d  was comprised of round gravei, cobble and 

rubble interspersed with larger boulders 10). The Fredie Indexes and interstitial 

space depths of Lake 26 were generally higher than those of Lake 42 and smaiier than 

those of Lake 20 (Table 2). The shoal had low embeddedness and little periphyton and 

particdate debris abundance. There were no maaophytes, and iinle periphyton (Table 2; 

Figure 11). 

MULTIVARIATE ANALYSBOF SPAWNING HABITAT 

Each of the variables (T'able 3) in the PCA appeared to be providing distinct 

idmat ion ,  and therefore all were considered as unique descriptors of the spawning 

shoals. The PCA reduced the seven dimensions of the fifs-six sites into two main 

variables (iinear combinations of the original variables, or principal components). The first 

p ~ c i p d  component (PCl), ~ C C O U ~ M ~  for 45% of the variance, indicated a conhast 

between a) deeper sites with more vegetation, and periphyton on smaller sized substrate, 

and b) shalloweî sites with less periphyton on larger sized substrate~ The second principal 

component (PCZ), accounting for 20% of the variance, conmted sites having a greater 

degree of particdate debris and embeddedness with cleaner non-embedded sites. A 

scatterplot of the fifty-six sites, using the two new linear combinations (PC1 and PC2), 

(Figure 12), shows that periphyton, paxticdate debris, and macrophyte abundance 

inmased with increasing depth, white F d e  W x  and interstitial space depth decreased 



Table 3. Factor loadings l for the PCA on the physical features 
of fifty-six sites located on the spawning shoals within 
Lakes 20,26, and 42. 

Variable PCl FC2 

Depth of Site- 0.9 1 
Depth of Embeddedness O. 10 
Fredle Index -0.84 
Interstitial Space Depth -0.75 
Particdate Debns Abundance-0.46 
Periphyton Abundance 0.77 
Vegetation Abundance 0.50 

% Variance 44.9 

lFactor loadings represent of the correlation berwcen the 
principal components and the original habitat variables. 



More particulate debns 
More embedded substrate 

Less pariiculate debris 
Less embedded substrate 

Lake 42 

Me 26 

-2.0 1 1 I I 1 

Lake20 
-2.0 - 1 *O 0.0 1 *O 2.0 

Principal Componen t 1 
(Ki) 

S hallower 
Lower detritus abundance 
Lower vegetation abundance 
Higher Fredie Index 
Deeper interstitial spaces 

D w e r  
Higher debitus abundance 
Higher vegetation abundance 
Lower Fredle Index 
Shallower interstitiai spaces 

Figure 12. Principal Components Analysis- Ordination diagnim of the fifty-six sample 
sites in relationship to the seven habitat variables measured on che spawning 
shoals within Lakes 20,26, and 42. 



with increasing &pth. Fi- 12 &O shows that each shoal exhibits distinct 

combinations of physical feahires, causing the sample sites fkom each shoal to cluster 

together in PCA space 

WATER FLOW MEASUREMENTS ABOVE AND WITHiN THE SHOAL 

The water velocity above the shoal in Lake 42 was slightiy greater than that of 

Lakes 20 and 26 (Figure 13). However, the water velocity within the mbstrate 

demonstrated little variation among lakes (Figure 13). 

The diameter loss rate of the three replicate cylinders placed in the sites on the 

Lake 26 spawning shoal demonstrated homogeneous variance acmss a variety of Fredle 

Index classes, confirming that the cylinder measurements can be compared over a variety 

of substrate sUes (Figure 14). Lake 42 had a significantly less-permeable subsaate than 

Lakes 20 and 26 (Tukey - HSD multiple contrast, p4.05, F i p  15). Pemieability 

(diameter loss above/ diameter loss below) data for Lakes 20,26, and 42 were combineci 

to determine the effect of FE& Index on substrate pemeability. Permeability had a 

significant positive hear relationship with Fredle Index, indicating that the interstitial 

water of larger substrate can more freely mix with ambient water compared to that of 

smaller subsaate (Figure 16). 

EGG DEPOSITION 

Two hundred and seventeen eggs were trapped on the three shoals. The maximum 

number of eggs found in one trap was 55 in Lake 42. The mean (+ SD) egg deposition 

&nsity (n=20) was 77 + 209 eggs nf2, 61 + 101 eggs m", and 70 t 123 eggs m-* for 



26 
Lake 

Figure 13. Box plots displayhg diameter loss rates for gypsum cylinders suspended 
above and buriecl b e m  the substrate on the shoals of Lakes U). 26, and 42 
(July 24 to September 7, 1995). 



10 67 95 153 
M e  Index Number 

Figure 14. Box plots displaying the diameter loss rate for (n=3) cylinders placed 
in sites of vaxying Fredle Indexes on the Lake 26 shoaL The Levene 
test for homogeneity of variance shows that there is no signifiant 
difference in the variance of the diameter loss rate for the dBerent 
Fredle Index numbem (p = 0.1 12). This indicaies that the turbulence 
measiired by the cylinders in various substrate sizes exhibit homogenous 
variance and can be can be compared fa diffizences. 



N= 29 34 19 

20 26 42 
Lake 

Figure 15. Mean& S.E. of pameabilïty (diameter 105s above / diameter loss below) 
measurements of the substrate on the shods in Lakes 20,26, and 42. 
The permeability of Lake 42 substrate is significantly lower than the 
substrate on Lakes 20 and 26 @ 4.05). 



Frede Index Number 

Figrnt 16. Relationship between subsaate permeability and Fredle Index numbers 
for subsûate of the shods in Lakes 20.26. and 42. The iinear relationship 
is "gnincaut (M.24 ,  @.ûûû, 000,422). 



Lakes 42.20. and 26 respectively. F m  five perrent of aii the eggs trappeci in the three 

lakes appeared to be viable, and 32% appeareci non-viable a opaque white in appearance. 

Nine percent of eggs appeared to be coved  with fungus (Table 4). Then were no 

significant clifferences in the total number of viable eggs (K-W, p=0.8706>, non viable 

eggs (K-W. p=û.8392), or egg density among the three îakes (K-W, ~00.7353). There 

were significant differences among the iakes in the number of fungus covered eggs trapped 

(K-W, p=O.OlS8), with Lake 20 having the highest number of fungus covered eggs. 

EMBRYO HATCHNG SUCCESS BBIASSAYS 

When the incubators were renieved it was apparent that the mesh covering the 

incubators had not prevented h-Swimming embryos h m  escaping. Thmfore hatching 

success was estixnated as 200 minus the number of rernaining eggs in each incubator. 

Afkr detennining that there were no significant differences in hatching success between 

Lakes within Fredle Indexes classes 1,2,3, and 4 (K-W. pe0.05). 1 combined the hatching 

success data from the three lakes. Hatching success was not the same for a l i  four Fredle 

Index classes (K-W, p=O.û487). Mann-Whitney U tests on two Fredle Index classes at a 

time were used as post Iioc multiple conmt tests and c o n h e d  that F r d e  Index Qass 3 

had a significantly higher hatching success (75%) than Fredle Index Classes 1 (44%). 2 

(45%). and 4 (35%), (M-W U, p4l.1, Figure 17). The fine sediment which was added to 

incubators in the fall was absent upon spring incubator assessrnent There was no 

signiticant effect of added fine sediment on embryo hatching success (t-test, p=0.305, 

n=2 1, Figure 1 8). 



Table 4. Number of total viable, non-viable, and fûngus covered eggs trapped 
on the shoais of Lakm 20 ( ~ 2 0 ) .  26 (n=20), and 42 (n=20). Mean 
egg density 2 S.D. is dculated using a i I  the eggs trapped on each shoaL 

Study Lake 

Viable 19 45 51 115 
Non-viable 26 19 35 80 
Fungus covered 21 1 O 22 

Total eggs trapped 66 65 86 217 

Density eggs m2 61 & 101 70 & 123 77 ;t 209 69 146 



2 3 
Fredle Index Class 

Figure 17. Box plots displaying the hatching success for Fredle Index classes 
1,2,3, and 4 for Lakes 20.26. and 42 combined 



8 
Fine Sediment 

Added 

Figure 18. Box plots displaying the hatching success of the incubators with 
no added h e s  sediment (control) and added fine sediment 

The two groups are not significantly different (t-test, @.305). 



MID-WINTER DISSOLVED OXYGEN 

On Febniary 15,1196 the temperature and oxygen concentration of the wmr 

below the ice sudace were 1.9C and 9.7 mg L" respectiveIy. The oxygen concentration 

for incubator sites with Fredle Index numbers of 45,99, 141, 155, aad 193 were 9.0.9.1, 

8.9,g.S. and 9.5 and mg L" respectively. Although M e r  sampluig is quired to CO* 

any signincant relationship, there does appear to be an higher 9 concentration in the 

subsûates with Iarger Fredle Index numbers. 

NUïKENT ENRICHMENT OF SHOAL ENVIRONMENT 

Concentrations of both P and N were significdy different in the control and 

enriched areas at O, 1, and 2 m away h m  the sampling site (M-W U, p4.05, Table 5). 

indicating that the nutrient sources were successfui in increasing the ambient P and N 

concentrations. Tiles from the Lake 20 conml (n=3) and nument enriched area (n=6) had 

a mean organic mass 0.02g and 0.05 g respecrively. There was a si@cant effect of 

nument concentration on the abundance of organic material on the tiies (M-W U, p 

=0.020 1). 



Table 5. The p values of a panwise cornparison using the MaanMaanWhitney U test as a 
multiple contrast of mean embryo hatching success between substrates 
different F d e  Index classes. A Bonf'ni correction fanoil, 
was used to &temine signincance (n=35). 

Fredle Index Uass 1 2 3 4 

1 Bonferroni correction 
The p values presented in the above table are those resulting h m  individuais pairwise 
comparisons using the Mann-Whitney U test. For aIl cornparisons to be valid as a 
group, the alpha level chosen must be divided by the nurnber of comparisons made, 
in this case six. Therefore, if an alpha level of 0.05 was chosen, any tigaificant 
p values would have to be las than 0.008. 



DISCUSSION 

SPAWNING SHOAL C H A R A d P T I C S  

Substrate Size and C o m ~ i t i o n  

The substrate anaiyses for LaLes 2O,26, and 42 were in generai agreement with 

other studies of inlaad lake-mut reproductive habitat, Spawnùig snbstrate on the tlnee 

shoals ranged fkom grave1 (06 mm), to smd boulders (150-303 mm), at depths between 

0.2 and 1.6 m. Simila. spawning shoal material has been described as clean rubble, 20-200 

mm in diameter, locatad in w a k  depths between 0.1-5.0 m (Martin and Olver 1980; 

Evans et ai. 1991). Lake-mut surveys report that spawning takes place mostly on cobble 

(64-256 mm) and boulders (>256 mm) (Hansen et al. 1995). The interstitiai spaœ depths 

on the three shoals ranged fimn 10 to 40 cm, which are consistent with interstices (>IO 

and < 50 cm) measined of substrates in 1- 4 meters of water (Kelso et al. 1995). 

Trends exhibited by Substrate Size. Perhhvton. Macro~hytes and Particdate De- 

The Lake 42 spawning shoal was deeper, with srnalier substriite and a greater 

amount of penphyton and vegetation than the Lake 20 and 26 shoals which were 

shallower, cleaner sites with rdatively larger substrate. Higher organic material 

abundance may be explained by the higher nutrient values of Lalue 42 compared to those 

of Lake 20. However, w i n d - c a d  cumnû and waves are hown to play a key role in 



keeping the shoal areas swept clean of siit and particulate debris (Sly 1984; Nester and 

Poe 1987; Gunn 1995). 

The PCA illusaated an increasiag abundance of periphyton, maaophyte 

vegetarion, particulate debris and smaller substrate with & p h  Sedimentation of srna 

nument-rich particles, as a remit of periodic wave actions, usuai.Iy inaeases with 

increasing water &pth and wind fetch (Hakanson 1977; HaMson 1992). PWodic wave 

energy usually occurs in the form of orbital circulation of water particles, and peripheral 

wave action (waves breakhg on the shore) (HiIton 1985). with both actions dissipating 

with &pth. Orbital water movements often extend to the sediments, causing the 

d i b a n c e  and erosion of the sediment bed (Lick 1982). Peripheral wave action is the 

dominant mode of resuspension of sediment which is subsequently deposited in the centrai 

portions of the lake (Larsen and MacDonald 1993). 

Macrophyte and penphyton growth may be enhmced by the nutrients associated 

with the fke sediments, which tend u> accumulate in deeper lower energy environments. 

There is also a negative relationship between periphyton and vegetation abundance, and 

the increasing mechanical force of wind-hduced water motion (which increases the 

probability of biomass removal, seeding displacement and propagule displacement) (Keddy 

1983; Chambers 1987). 

There is a dearth of resea~ch on the relationship between shoreline 

vegetation and the wind energy acting on a lake basin. However, the basic effect of trees 

in agricultural wind breaks is to reduce windspeed on the downside of the b& (Frank 

and W f i s  1972; Sturrock 1972; Tomari et al. 1980; W C  1984;). Therefore, shoreline 

deforestation may alter the Iocal pattern of wave approach or cunent flow which are 



responsible for the accumulation of fine partidate and orgaaic mamial in the area (Evans 

et cJ. 1991). 

The physical and bathymemc characteristics of individual spawning shoais may 

result in site-specific responses to terresaial disturbances associared with timber 

harvesting. These varying responses may be beneficial or deleterious to lake mut embryo 

survival and reproductive success (Evans et ol. 1991). Therefore, as recommended for the 

Great Lakes (Marsden et d 1995a), site specific measurements of wave energy and 

hydrodynamic patterns should be included in lake ûrnit reproductive habitat and embryo 

survival studies. 

EGG DEPOSITION 

Egg deposition densities for Lakes 20,26. and 42 (69 146 (S.D.) eggs rn-*) were 

M a r  to the 0-370 eggs m" measured in waters less than 4.5m deep in the Great Lakes 

(Kelso et al. 1995). Egg densities have b e n  measured up to 1500 eggs m" in Ontario 

inland lakes (Manin and Olver 1980). Recently, in Whitepine Lake, S u d b q ,  Ontârio, 

egg densities were recordeil as high as 1224 and 3136 eggs m" (McAughey and Gum 

1995). 

EMBRYO HATCHXNG SUCCESS BIOASSAYS 

Survival of lake mut embryos average 14-59 % in cobbk and rubble s u b s ~ ~ ~ t e  

(Casselman 1995; Eshenroder et d. 19%; Marsden et al. 1995b). 1 observed inaeased 

hatching success (75%) in the substrates in Fhde Index class 3 (40 96 cobble and 60% 

rubble) compared to classes 1 and 2 (44%,45%), which is consistent with the positive 



relationship determinai between M e  Index and emergence of salmonid embryos h m  

nahnal grave1 mixtures (Lutspeich and Everest 1981; Chapman 1988). Embryos 

incubating in substrate with iarger Fredle Indexes, and higher permeability, are most lilrely 

benefi~g fnrm increased oxygen delivery to, and waste removal from the incubating 

habitat. 

Deneased hatching success (35%) in Fredle In&x class 4 (2m cobble and 80% 

rubble) subsmte, may be due to physical shock or suffocation. Physical shock or trauma 

during t h e  of early embryonic development (Le. epiboly, germ ring closure) can cause 

mortality of lake trout embryos (Casselman 1995; Manny et ai. 1995; Perkins and Krueger 

1995). AU of the incubators with substrate in Fiedie h&x class 4 were located on the 

shoreline sbods of Lakes 20 and 26. The relatively higher w a w  flow through larger 

substrates, in addition to peripherai wind and wave energy @rior to ice cover), may have 

shocked eggs SUfficiently to inmase embryo monality. Too much wave action cm also 

damage eggs by scoriring them with suspendeci sedimenu, or by dislodging them h m  the 

subsaate (Adanden et al. 1995a). In the Great Lakes, eggs incubaring in deeper water 

were found to be less vulnerable «> wave-induced damage or displacement than those in 

the shallows (Marsden et al. 1995b). Any effect of physical uauma in this study may have 

been exaggerared because the eggs were scattered over the subsaate after they had 

waterhardened This wodd prevent them h m  swelling and enmpping thernselves more 

securely in the interstices, thus leaving them more vuherable to disturbance and 

displacement. 

Decreased hatching success observations in Fredle Index class 4 substrate may aiso 

could ais0 be an effect of increased embryo suffocation rnortdify (Soderberg and Krise 





the incubation trials within each lake for two reasons. Fkst, premanire development and 

hatching is stimulateci by early accumulation of thermai units (early fertilizaton at 

relatively high temperatmes) (Casselman 1995). Since incubators within each lake were 

supplied with embryos h m  the sme source, at the same tirne. they should aU have k e n  

exposed to the same temperatme regime. Secondly, d o n n  screen size subjects 

incubator, and its contents, equdy to invertebrate predation In addition, reûieval of 

incubators with numerous unhatched eggs, and a visible abundance of invertehate fauna, 

suggest that hatched embryos, if any, may be more vulnerable to invertebrate predation. 

Despite the shartcamings of these incubaton for quantQing stages of embryo 

development and survivai, these devices provideci a reiatively nanrral incubating 

environment, and were usefbi for cornparison of relative &val among sites. 

EFFECTS OF TMBEiR HARVESTING PRACïICES ON LAKE TROUT 
REPRODUCTIVE HABITAT 

The insignincant effect of fine sediment on embryo hatching suaiess in 

Lake 20 was not consistent with previous snidies (Phillips 1971; OMNR 1984), which 

indicated a positive relationship between increased fine material and embryo mortality. 

Almost none of the f i e  sedùnent that had been added was present when the incubators 

were recovered. The incubator screen would pemiit movement of fine material to deeper 

layers of substrate which, accompanied with any disturbance and removal of the firie 

sediment by f d  whd and wave energy, may diminish the effect of fine sediment on 

hatching success. 



Weii estabfished reIabionships exist between nutrient regimes and primary 

productivity (Diilon and Rigier 1974; O'Brien and DeNoyelles 1978; and Canfieid and 

Bachmann 198 1; Likens et al. 1972). The addition ofN and P fertiluer to the 

experimental area stimuiated growth (2.5 times that of the control area), wbich suggests 

that periphyton abundance and accumdation is iimited by P andor N availabiiity. The 

N:P ratio in the enriched area was approximâtely 5: 1. a d e ,  an N:P ration lower than 

15 indicates nitmgen limitation (Levine and Sciiindler 1992). Although the results 

suggest that nutrient enrichment does inmase pxiphyton abundance, comparatively, 

both the pre- and pst-harvesting nitrate stream concentrations in the Hubbard Brook 

Forest were much higher (0-1 mg& and 20-80 mg/L respectively). 

One of the biggest Merences between shoals in Lakes 20 and 42 is the 

abundance of fine sediment and periphyton. Therefore, emembryos on sites with equal 

Fredle Index classes wodd be expected to have a decreased &val rate in Lake 42. 

However, embryos in substrates of similar composition tbroughout d three lakes 

demonstrated no significant Survivd differences. It is possible that the degree of fine 

matenai and organic material was not high enough to have a signincant negative impact 

on embryo d v a l  or hatching success. However, it is likely that substrate dishnbance 

during a) substrate d y s i s ,  and b) incubator installation, was sufTf?cient to remove the 

biomass and fine materid fkom the incubatiag habitat, thus m . g  the effect of fine 

materials on hatching success. 

Investigating the effects of siltation and nutrient enrichment has played an 

essential role in understanding the threats of lu~naturd disturbance to lakes, spawning 



shoals, and incubating embryos. However, studies of Me-trout reproductive habitat are 

limited for two reasons. First, many d e s  have investigated the response of srwival to 

only one variable (e-g. siitation). Secondly, much of our understanding of Me-trout 

habitat degradation d t s  fkom the extrapolation of findiags h m  studies gf long-term 

shoreline disturbance (e.g urbani7iition and development), instead of the specifïc 

activities msociated with timber kesting.  It is critical to treat the unique issues of 

timber hawesting, and the dynamics of this habitat, on a much broder scale. 

This study has provided a c h a r a c î ~ o n  of the physcal features of the preferred 

lake &out reproductive habitat in three small undisturbed northwestern Ontario Iakes. 

The hydraulic measurements indicated that subsûate penneability increases with 

substrate size which may have a direct effect on lake trout embryo b h i n g  success. The 

fhe sediment which was added to incubators in the fd was absent upon sprhg incubator 

assesment. At the single fine sediment dosage tested in this study (quivalent to a layer 

approximately 2.5 cm deep across the Surface of each incubator), lake trout hatching 

success was not sigdicantly aected. Nutrient e ~ c h m e n t  of a shoal area indicated that 

periphyton abundance increased with nutrient addition (N and P) and is most likely 

nitrogen limited, although the effects of this, on reproductive habitat, are not presently 

known. 
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Lake mut age distribution in Lakes 20 (199î,1993), 26 (1992,1995), 
and 42 (1992-1994) as reflected by fall netthg (OMM unpublished data). 



APPENDIX II 

RANDOM SELECITON OF: 

Spawning shoai sample plots, egg w p s  locations, and nutrient enrichment sites 

Each shoal was divided hm 1 x 1 m squares, similar a> the following grid. 
Each intersection point. lrepresenting a potential sample plot enter or egg trap 
location, received a nmber. AU the numbers were put on individual pieces of 
paper. Twenty numbers, were Qawn and the corresponding points, locaad 
on the shoal using markers and ropes, were sampId This process was npeated 
to d e t e d e  die egg trap Iocations. This proces was also used to estaùlish the 
sampie sites for the nutrient emichment experiment 

Interstitial spaces 

A circular plastic grid (42 cm in diameter) was used to select interstitiai spaces for 
sampling. Each square was numbered and represented a 4cm2 area. For each plot 
10 numbers were drawn. The grid was laid over the pIot and the intestitial space in 
the plot's corresponding 10 points were sampIed. If there were more than one 
interstitial space in the area, the one closest to the center was measured If there 
was no interstitial space, another number was selected. 

Gypsum cyhder deplopent and incubmr &es 

Sample plot numbers were drawn untii, separately, a) at lem five sites were selected 
for each shoal for substrate permeability measurements, b) five sites wae selected 
for cyIinder sampiing vaxiance measurements on the Lake 2û shoal, c) 35 incubator 
sites were ârawn fiam al i  three shoals combhed, and d) an iidnitioaal9 incubator sites 
were selected h m  the b k e  20 to receive added fines. 



The critexkt for determining the reIative abundance of 
periphyton is presented in the foiIowing table. 

Relative Grading Criteria 
abundance 

none 

low 

medium 

-no visibIe periphyton 

-> 50 % substrate surface visible 
-sparse periphyton abundance 

-50% substrate surface visible 
-periphyton easy to remove by 
creating moderate current 
with hand movement 

-< 50 % s u b s m  s&ace visible 
-periphyton Aifficult to remove 
by creatùig moderate current 
with &and movement 



Percent cover charts used to visually estimrite vegetation and particdate 
debis abmRance ia sampIe plots. Revised nOm Ontario Institute of 
Pedology (1985). 



RELATIVE EMBEDDEDNESS 

The criteria for determining the dative embeddedaess are 
presented in the foUowing table. 

Relative Grading 
embeddedness 

- -- 

none O -no visible surficiat fines in gravel, 
cobble, rubble or bouider mamiaï 

-mim'mum of 2 1ayers clean surface 

low 

medium 

-no VisMe siimcid fines in gravel, 
cobbIe, rubbie or bodder mater;ai 

-0dy 1 layer clean surface 

-fines visible in Iarger sufficiai substrate 
-greater than M 96 of substrate diameter 
e x p o d  

-fies visible in h g e r  substrate 
-las than 50 % of substrate diameter 
exposed 



Relationship between cylinder h i t y  and weight 'Ihe linear 
relationship is wt significant (9 = 0.09, p = 0.0557, n = 40). 

20 25 30 35 40 
Cylinder Weight (g) 



I maximum value 

I minimum value 
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