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Abstract 

Increased industrial activities on the Ptace and Athabasca River systems have raised 

concerns about cumulative impacts on fish and warn resources downstnam in the Slave 

River, of Albtrta and the Northwest Territories. Because v a y  little iafonnation is 

available on the fish assemblage in this system, I examined sp& and temporal patterns of 

food and habitat use fkom thee locations along the Stave River system to assess trophic 

and habitat relatiomhips within the assemblages. Habitats used by the fishes of the h e  

study areas were ecologically distinct, w y  due to differences in discharge and the 

amounts of vegetation. However, within each of the study areas, finer-Scatled dBerences 

in habitat use wexe evident among individual species. Rw specks appeared to be influenced 

by the same combh.lations of habitat variables, thus mferactions between species in habitat use 

are probably bw. Dietary overlap was also generally low. Most fish in tbe Slave River are 

generalist, opportunistic feedus, consuming a number of different prey, and the 

importance of these prey varies spatially and seasonally with variation in their abundance 

in the environment. 
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Chapter 1. GENERAL INTRODUCTION 

Introduction 

Tht S h e  River of northern Alberta and the Northwest Tcsritorits, Canada, is a 

rclativcly pristhc large northern river in the hbckmzk River Bssin, providhg important 

traditional &hing grounds for eborighnl mbsiQacc ami canaercial hsbedts (Bodden 

1980). However, as Mostrial  act^^^ 
.. ~ontkRcactandAtbabescaRiversupstream 

of tbe Slave River, there is increased concern &om northern redents about the @ty of 

water and fish resources in this system. Often, predators at the top of aquatic food chaios are 

m a  sewrely afked by the bio-acxumhtion of contamhum, and it is these top predators 

t h a t a r e m o s t ~ ~ u s c d b y m r r h a n ~ .  

Since itcmmwon of co muminaminto ~maybeinfiuelYXdbythctmpbickvelat 

which tbey live, including the spatial and temporal pattem of tbeir 6eoding (MacDoaald and 

Smith 19931, it i essential to quantihl tksc pattans, and patterns of habitat use, for the fish 

assemblages in this qmem Also, since very ftw studies have previously been conducted on 

the Slave River, there is a red need for important basehe information on resource use by 

fishes, so we can have a better understanding of the relative roles that biotic and abiotic 

factors play in structlning the fish assemblages in this system. This knowledge should 

contribute to a better overall understanding of how contamhints may bio-magnify within 

the food web and how physical alterations to the Slave River Q.e., construction of dams) 

may alter the structure of fish assemblages. 

Very iittle is known about processes structurhg fish assemblages in large rivers, 

particularly large. northern rivers. Abiotic factors such as discharge rates, substrate type, 

channel morphology and the degree of turbidity may ultimately influence the productivity 

of a system (Welcor~lm 1985: Bodaly et crl. 1989; Ryder and Rscndorfer 1989; Johnson 

et al. 1995). Furthermore. the productivity d a system may iaaucnec biotic factors, such 

as the distribution and abundance of organisms present and thereby infiucncc community 

structure. 



This study will begin by examining the productivity of large rivers and how this 

interacts with biotic and abiotic factors to influence the distribution and abundance of 

species. The main body of the thesis (Chapter 2) qmtifies spatial and temporal patterns 

of food and habitat use atnong fish asscmblagcs of the lower Slave Rinr system and 

examines the potential for trophic intendons amng the component species. F W y ,  

Chapter 3 (General Discussion) provides a synthesis ofthe major findings and 

interpretation of the relative roles of biotic and abiotic faCtOlS that Muencc the structure 

of fish assemblages in the lower Slave River system Chapter 3 also discusses the 

significance of the fiadings in relation to concans of nonhem residents and future 

management concerns for fishes in this systtm. 

Productivity of large rivers 

Primary Productivity 

The two main sources of primary production in river systems can be divided into 

autochthonous (is, within-system) production and allochthonous (LC. outside-system) 

inputs (Johnson et al. 1995). Autochthonous production is gemrally low in the mainstems 

of large rivers (Welcomme 1985; Barton 1986) due to factors such as high discharge and 

suspended sediment concentrations that cause high turbidity. The high turbidity, 

characteristic of large rivers, Limits light penetration and thus aquatic plant growth 

(Welcomme 1985; Boddy 1989; Johnson et al. 1995). Also, a strong, steady current 

hinders the establishment of aquatic macrophytes (Jank et al. 1989). Other factors 

limiting macrophyte establishment in large rivas are substrate type, nutrients and flooding 

(Hynes 1970; Keup 1988). Similnr1y, periphyton and phytopIankton production is 

generally limited by light penetration, water current and the substantial depth of most large 

rivers (Roy 1989). Phytoplankton production is minimal if current velocity is greater than 

0.2 rn set" (Roy 1989 citing Tseeb 1%2), which is often the case in the mainstems of 

large rivers. However, Barton (1986) found that although virtually no rooted aquatic 

plants existed in the Athabasca River, ,the algal flora was rich, particularly wit& diatoms 

and blue-gre+n algae, in the s m m x z  months. 



h contrast to the generally low levels of autochthonous production, allochthonous 

inputs arc a substantial s o m  of energy in large rivers (Barton and Lock 1979; Barton 

1980; Barton 1986). In the Athabasta River, Barton (1980) reported the presence of large 

quantities of -g coarse material, such as leaves, grasses and woody debris. 

particdarly during periods of high water levels, and that these materids were frequently 

colonized by aquatic invcrtcbraacs. AIIochthonolls input h m  woody debris was also a 

main contributor in the Frasa RiVg system (NortfIcotc and Laddn 1989). Although 

studies on rivers such as tht Missouri (Hesse et al. 1989) and Columbia (Ebel et al. 1989) 

find that most primary production is of autochthonous origin, this is primarily produced in 

the still-watm of lesavoirs. Indeed, many tempcrate and sub-tropical river systems have 

had various degrees of modifications (7Hecomm et af. 1989) such as diversions, 

reservoirs or impoundments, and thus arc likely much di&.,rent thaa frte-flowing northan 

rivers. 

Secondary Pmdudion 

Many species of aquatic invertebrates often require particular habitats to thrive (Keup 

1988). The distribution and abundance of aquatic invertebrates are generally innuenced by 

characteristics of the substrate, such as particle size, stability, and heterogeneity (Hynes 

1970; Miashall 1984: &up 1988; Knight and Ross 1994). The velocity o f  water flow in a 

river determines the suspended sediment load and turbidity, the rae of Sediment 

deposition, and substrate type (Ryder and Rsendorfer 1989), with the d t  being that 

limitations in standing stocks of aquatic invebrates are often associated with high 

discharges and turbidities (Bmn 1980; Ryder and Pesendorfa 1989). 

Sand and mud-based riverbeds, which are typical of large rivers, arc unstable and 

continuously shifting due to the overlying current; as a result, they are often unsuitable 

habitats for many aquatic invertebrates (Hyncs 1970; Barton 1980,1986; Angerrneier 

1985). Substrates such as sand mud and silt also lack suitable interstitial spaces that are 

more common in tbe heterogeneous cnviro~~lll~nts of cobble and gravel. Interstitial space 

provides attachment sites, protection from p#iattors and the cment, and food for aquatic 

invertebrates (Keup 1988). In the Athabasca River. Barton (1980) found that where 



unstable coarse sand was the predominant substrate, aquatic invertebrates were few and 

limited primarily to chironomids and oligochactes, whereas the more stable substrates 

associated with bedrod; a greater variety of aquatic invertebrates, including 

Ephemroptera, Pkopttra, and Trichoptera (Barton 1980). Although the maimems of 

large rivers generally have unsuitable substrate fm aquatic iavatcbrates, &Sting organic 

material, such as leaves, trees, a d  woody debris, provides attachment sites for filter 

feeders. as well as a somce of food for shcddas and scrapers ( B a n  1980,1986; Keup 

1988). 

A more diverse assemblage of aquatic invertebrates is often found in tributaries of large 

rivers. Tributaries are often much shallower, with reduced currents and turbdity, and 

of'ten have flourishing aquatic vegetation, which provides more suitable habitats for many 

aquatic invertebrates. Benthic invertebrates such as gastropods and amphipods, which are 

generally absent in mainstems (Roy 1989), are often present within tributaries. 

The abundance of zooplankton in most large rivers is also usually limited (Roy 1989). 

The somce of zooplankton in rivers would generally be ups- lakes. Upon entering 

the river, zooplankton abundance would be heavily diluted as they are carried 

downstream. Exceptions of high zooplankton abundance in rivers an generally found in 

impounded systems, such as those of the Missomi (Hesse et al. 1989), Columbia (Ebel et 

al. 1989) and Colorado Rivers(Carls0n and Muth 1989). where still-water reservoirs 

enable zooplankton to flourish. In these reservoirs, zooplankton are probably a main 

source of food for many fish, especially young-of-the-year (Hesse et al. 1989; Ebel et al. 

1989). 

Fish Productivity 

Fish species diversity genclally im#lses with strearn order, however, in larger rivers 

with stream ordus above four to six, species diversity may often plateau or even decrease 

(Horwitz 1978). As rivers increase in stxcam order, factors such as water temperature, 

river morphology, habitat diversity and low invertebrate abundance may limit fish species 

composition (Paller 1994). Because of low autochthonous productivity, invertebrate- 

feeding fish must often rely mainly on drifting invertebrates and ternstrial-based energy 



inputs, such as flying insects and detritus (Keup 1988). Also, there are often increased 

numbcrs of larger fish, particularly piscivons, in the downstream reaches (Keup 1988; 

Baylcy and Pwcn 1989: Novoa 1989; Paller 1994), which may also limit and shape fish 

species diversity and composition. 

Sina productivity in large rivers is gellcrauy low, rmay large rivers are used primarily 

as migration corridors, with rclaatieiy k w  spades being resident Extensive migrations to 

and &om spawning destinations are common, as an migrations to overwintering grounds, 

and movements between lah envirooments (Bayley and Petrere 1989; Bodaly et al. 1989; 

Novoa 1989; Roy 1989). 

Fish species diversity in no*= systems is generally quite low in cornpaxison with 

tropical and emperate rivu systems, when standardized on the basis of watershed area 

(Welcomme 1985; Bodaly et al. 1989). This difhence is primarily due to increased 

climatic severity in northern regions, including shorter growing seasons and lower mean 

daily water temperatures (MOM et d 1981; Bodaly et of. 1989), and to postglacial 

dispersion patterns (Morin et ai. 198 1; Lindsey and McPhail 1986). 

The Study System: lower Slave River, Northwest Territories 
The Slave River and its delta are part of the Mackenzie River System The Slave River 

flows northward &om the Peace-Athabasca Delta in northern Alberta to the Slave River 

Delta at Great Slave Lake in the Northwest Territories. 'Ibis large river has a mud 

bottom, and steep, sandy cutbanks (Vanderburgh and Smith 1988). There are four sets of 

rapids over a distance of 29 km between Fiagerald, Alberta to Fort Smith, NWT, creating 

a potential barrier to upstreantmoving fish. From the Rapids of the Drowned at Fort 

Smith, WT, the river flows steadily approximately 320 km to the Slave River Delta at 

Great Slave Lake. 

The Slave River receives a signiscant proportion of i ts  water and sediment loads fkom 

the Ptace River. About 77% of the water flow in the Slave River during the spring 

originates from the Peace River, and during the fall, the Peace River contributes about 

42% of the water flow (English e~ af. 19%). Since the construction of the W.A.C. 

Bennett Dam on the Peace River in late 1%0's, the Slave River has experienced a 33% 



(372,49 1 t yfl ) reduction in the average annual sedimnt load, affecting the growth and 

&velopment of the Slave River Deha @nglish et of. 1996). In contrast, the Athabasca 

River Delta mlcases most of its sediment load into Lak Athabasca before continuing on 

into the Slave Rivex (BnmSkiU 1986). 

The Iowa Slave Riva near Fort Smith is a homogenous system, characttrized by 

turbid, fhst-flowing water and steep river banks with very little aquatic vegetation. At this 

location, the river has a maximum width of appmximatdy 3 km, with the cut-bank kvees 

reaching up to 35m high (Vandcrbmgh and Smith 1988). 

The Slave River Delta enters Great Slave Lake midway along thc south shore. There 

are four main channels that comect the Slave River to Great Slave Lake, plus many small 

channels, perched basins, and wetlands, creating very diverse habitat types, compared with 

the mainstern of the river. Shoreline habitat ranges from heady vegetated shorelines on 

gently sloping banks to steeper banks with narrow littoral zones and little vegetation. 

Very few active tributaries are located along the lower Slave River between the 

Territorial border at Fort Smith and the Slave River DeIta at Great Slave Take. The Salt 

River is the largest tributary of the Slave River, located 25 km downstream of Fort Smith. 

It is a very meandering and narrow river, compared with the Skve River, with a maximum 

width of about 60 m and an average rnsUrimum depth of 1 to 2 m. It also differs from the 

Slave River by the greater amounts of aquatic vegetation prtsent in the summer and early 

f a  

Revious studies have documented up to 23 fish species in the Slave River and its delta 

(Tripp et al. 198 1; McLeod et a!. 1985). The most abundant larger-bodied fish include 

b h t  ( b t a  loto), fiatkad chub (Platygobw grocl'Iik), gobye (Hiudon alowides), &MU 

(StertOdC(S leucichthys), laLe wbiteikh (Coregoma clqptqtionnis), bngnose sucker 

(Cutostomw C Q ~ O ~ ~ ~ ~ C L S ) ,  northern pibe (Esar lucius), ad walleye (Stiwstedion vitrem). 

Together, these species and others present in the Slave River make up a diverse fish 

assemblage. 

The main objective of this study was to examine spatial and temporal pattern of food 

and habitat use among fish assemblages of the lower Slave River system and to examine 

the potential for trophic interactions among the component species. Since systems in the 



north are highly variable and are often of low productivity, fishes must be adaptable to 

diffmnt physical and biotic conditions. My expectation was that most of these study 

fishes would exhibit a generalist strategy with respect to food and habitat use within the 

Slave River system. Understaading the principal roles of biotic and abiotic factors 

smctmhg fish assemblages in this symm should aid in fitarc management decisions as 

industrial activities continue to develop up- aad along cbe Slave River, 
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Chapter 2. FOOD AND HABITAT USE WITHIN THE FISH 
ASSEMBLAGES OF THE LOWER SLAVE RIVER, 
NORTHWEST TERRITORIES 

Introduction 
Identifying spatial and tanpod peftcrns of food and habitat use is important in 

understanding eco10gical relationships among species (Keast 1978; Johnson and Dropkin 

1993). Coexisting organisms may interact through the shared use of momas such as 

food and habitat, which may have a nlajor influence on population and community 

structure (Schoener 1974; Ross 1986). Abiotic conditions such as physical harshness and 

disturbance may also influence community structure (Magalhaes 1993). In the past there 

has been much controversy over the relative roles of biotic versus abiotic factors 

influencing the structure of fish assemblages (Schlosser 1987). However, it is now widely 

rezognized that both U s  of factors act together in strucnning commutljties (Sousa 1984; 

McNeely 1987; Schlosser 1981; Magalhaes 1993; Magnan et ai. 1994). 

Investigations into the processes srmchning fish assemblages in flowing waters have 

largely focused on small and rnedium-sized temperate streams (e.& Angermeier and Karr 

1983; Meffe and Sheldon 1988) with few comparable studies on larger streams and rivers 

(Lobb and Orth 199 1). These studies of stream fish assemblages often find that food and 

habitat are important factors interacting to structure fish assemblages (Baker and Ross 

1981; Paine et al. 1982; Ross 1986; McNeely 1987; Glova and Sagar 1991; Magalhaes 

1993). Ohen, differences in the use of these resources among the fishes of an assemblage 

are observed, which may act to reduce inter- and/or intra-specific competition. 

Differential use of food resources, which is often h.ked with differences in mouth 

characteristics (Keast 1978,1985; Magalhaes 1993). can be obmed as seasonal 

(Angermeier 1982,1985; Greger and Deacon 1988; Magalhaes 1993), War did 

differences in diet (Glova and Sagar 1991). Differential use of habitat in stream fish 

assemblages has beem attributed to various factors, including cmnt  (Gonnan and Kaa 

1978; Schlosser 1982; Moyle and Vondracek 1985; Glova and Sagar 199 1). depth 

(Gorman and Karr 1978; Baker and Ross 1981; Schlosser 1982; Moyle and Vondracek 



1985), occurrence of aquatic vegetation (Baker and Ross 1981). and substrate type (Paine 

et a(, 1982; Schlosser 1982). 

However, m y  differences exist between streams and large rivers, particularly 

between temptrate streams and large northern rivers (Chapter 1). Because of these 

difft~tnces, and the difkential llse ofrrsotuccs among species, the relative importance of 

biotic and abiotic factors may Mtf to various degrees in large river fish assemblages 

compared with the better studied stteam fish assemblages. Since few integrative studies 

have been conducted on resource use of fishes in large northern rims, there is a real need 

to quantay these pattcms, so we can have a better understanding of the relative roles that 

biotic and abiotic factors play in structuring fish assemblages in large nonhern rivers. 

The Slave River of northern Alberta and the Northwest Temtories, Canada, is a 

relatively pristine large northern riva in the Mackenzie River Basin, providing important 

traditional fishing grounds for abo- subsistence and co- f b r k s  (Bodden 

1980). However, as industrial activities expand on the Pwa and Athabasca Rivers upstream 

of tbe Slave Riw. there is increased concern ftom northern residents about the quality of 

water and fish resources in this system. Since very few studies have previously been 

conducted on the Slave River, it is important to exmine seasonal variations in the use of 

food and habitat of fish assemblages in the Slave River system to have a better 

understanding of the potential pathways that contaminants bio-magnify within the food 

web and how physical alterations to the Slave River (i.e., construction of dams) may alter 

fish assemblage s t r u c t m ~  

The objectives of my study were to quint@ spatial and temporal pattern of food and 

habitat use among fish assemblages of the lower Slave River system and to examine the 

potential for trophic interactions among the component species. 

Materials and Metbods 

Study Area 

The Slave River is, by far, the largest tributary into Great Slave Lake (Figure 24); in 

the Northwest Temtories, the Slave River basin drains an area of 2,252 km2. From the 

Rapids of the Drowned at Fort Smith, NWT (60"00'N, 11 1°S3'W), the river flows 
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approximately 320 km to the Slave River Delta at Great Slave Lake. Three study areas 

were chosen for comparison: 1) the Slave Riwr Delta, 2) the Slave River, immeriiately 

downstream of the Rapids of the Drowned near Fort Smith, NWT and 3) the lower Salt 

River. 

The Slave River Delta is located midway along the south shore of Great Slave Lake, 

approximately 13 km northcast of Fort Rcso1utio11 (6l01OW, 1 l3O40W), whexe it covers 

an area of approximately 78 & @ngbh 1979). llre delta is represented by very diverse 

habitat types, compared with the main stern river proper, as a result of the numerous and 

variously sized channels. Landfo~lls mge fran large mud 5 t s  on the outer edges of the 

Delta, to cut-bank levees ranging in height up to 3 m (English 1979). Shoreline habitat 

ranges from heavily vegetated shorelines on gently skoping bnks to steeper banks with 

narrow littoral zones and little vegetation. The dominant sabmergent macrophytes are 

Potomgeton pectinatus, P. n'chat.dsoni, and P. gramt*new, aad the dominant emergent 

aquatic macrophytes art Equi~etumfl~amle (horsetails) and Typha latifolia (cattails) 

(Tripp et al. 198 1). 

The delta includes four main channels that connect the Slave River to Great Slave 

Lake: 1) ResDelta, 2) East Channel, 3) Middle Channel, and 4) Old Steamboat Channel 

(Figure 2-2). ResDelta Chamel is the largest channel through the delta, accounting for 

86% of the water flow (Tripp et al. 1981), with rxmimnm depths ranging fkom 12 to 32 m 

( T a p  et al. 1981; per. obs). The other main channels ranged h m  5 to 12 m deep. Most 

delta sampling occurnd along these main channels. The Slave River Delta also contains 

numerous minor channels (Figure 2-2), with depths of 1 to 2 m 

The lower Slave River near Fort Smith (Figure 2-3) is a more homogenous system, 

characterized by turbid, fast flowing water and steep river banks, both of which deter 

aquatic plant establishmnt within the narrow littoral zone. At this location, the river has a 

rnardmurn width of approximately 3 hn (Vderburgh and Smith, 1988). with the cut- 

bank levees reaching up to 35 rn high (Vanderburgh and Smith 1988). 

The Salt River is the largest tributary of the Slave River, entering the latter 25 km 

downstream of Fort Smith (Figure 2-4). However, it is a very meandering and narrow 

river, compared with the Slave River, with a rnaxirnum width of about 60 m and an 



Figure 2-2. Map of the Slave River Delta (modified from English et al. 1996), where 
(1 )=ResDelta Channel, (2)=East Channel, (3)=Middle Channel, and (4)=01d 
Steamboat Channel. See Appendix A for exact sampling locations. 



Figure 2-3. Map of the Slave River at Fort Smith, Northwest Territories (modified 
from Tallman et d. 1996). See Appendix B for exact sampling locations. 



Figure 2-4. Map of the lower Salt River (modified from Tallman et al. 1996). See 
Appendix C for exact sampling locations. 



average maximum depth of 1 to 2 m. It also di€krs from the Slave River by the greater 

amounts of aquatic vegetation present, dominated by Potomoger~n sp., and 

Ceratophyllum sp. 

Fd I'hndum 

~ w u c w l b c f e d ~ g t b e o p c l ~ ~ a t ~ f p c d o d e v a y 2 t o 4 w k f i o m t h e r h n e s h d y  

anas m 19W ( J d y  to August) and 1995 m y  to August and October). 

To ndPacffkas ofgearselstivityonspecieseodshwof~caught, fish were collected 

using various samphg techniques* Collecting methods inchdcd= (1) two types of experimntal 

(multi-&) gillncts, 1.8 m deep, each nude up of dna 10m panels of dahennt oleshes (38, 

51 and 635 LIXQ aod 76, 89 aad 102 nm stretched mesh), (2) sinplt-meSb giUoets, 25 m in 

Iwgth, 1.8 m and 2.4 m deep, and citba 114 nm or 133 w stretched mesh (3) a 16.8 m 

beach seine. 1.2 m deep with a 5 mn stntcbed a3csh a d  (4) set k. Set ihw are more 

effective in catching piscivomus fish, such as b e t ,  that live mainly at the bottom of the k, 

due to the strong current, gilhets set at thc rivn bottom would be buried by bottom sediments. 

Upstnambeachseincswcepswaeuscdtocapturedfishn*nshore,suchasminnowsaad 

yomg-of-the-year Esh, which were too d to be captured by g i k t  However, the primary 

fish colbction method was ginpets set in backeddies. Gillnets were mstly set for 3- to Ch 

periods* 

ThefobwingbiologicaldataweretaLwhmindividual~ forkaodstaodardkngths 

(m) and total mass (g) were rmamd, sex and stage of matmity was recorded, and aging 

structures (scales, pectoral 6n rays, and otoliths) were cokted. For the analysis of diet, the 

complete digestive tract, from the oesophagus to the arms, was removed and frozen within 3 h 

after capture* 

Todc~patternsofhabitatusewitbinthefishassembhges ofthetbreestudyareas, I 

quanti6ed babirat c m  at all of the locations whcle gihets wcre s e ~  At the tim that 

each net was checlad, I mtaslmd the fobwing habitat variables: distance ikom shore, water 

flow dbction in t k  bsrck#.ldits, water rmpaatlm, pnsena or absence of vegetation sad 

g e d  weather conrlitinns- As wdL water current readings were Wac bi-weekly at 

comnonly used gillnetting stations usmg a magnetic flow meter. Rim discharge rates and 



continuous water tmperahncs wcn obtamed hrn Water Snmy Canada, Fbrt Smith, M. 

Tk rmount ofvcgctation at each ginpet station was demmined mnthly using three randomly- 

placed 1 x 1 mquadrars ; theco~ofPqPer icv~~nwatr iacachpbtwas  visuaUy 

samd on a scale @om0 ( a m )  to 10 (100% coverage). 

Determinatim of Catch-Per-Unit-Em (CPUE) 

Catch-per-unit-effort (CPUE) was calculated for nets set every 2 wk for the Slave 

River and its delta in 1994 and 1995 combined, and for the Salt River in 1995. Ntt length 

was standardized to 30m, e.g., the catch fix a 25m net was multiplied by 30/25 to convert 

to 30m. Net depth was standardized in the same manner to a 2 m deep net The B U E  

was dculated for each set by dividing the s t a m k b d  catch for that set by the soak time 

(in hours). 

ffabitat Anal* 

To a n a l p  the o d  patterns of habitat use by specks m tbt &h assemblages among the 

three study locations (regional dilke~lces), I conducted a Principal Components Analysis 

(PCA) on a weighted mean of spccies/location-by--habitat variable matrix, Rincipal 

Components Analysis sannnarizes the rmltdE . nsiond species' population-by-habitat 

variabks matrix in kwer dirne&ns, with the goal of producing a mall number of 

interpretable axes. For eadr of the tbree study locations, a weighted nran of each habitat 

variable was calculated for each species, ie., for each iadivldual fish caught, a value for each of 

the five habitat variabks could be assigned, and a species' average for these five variables was 

cafculated for each of tbe thne locations to be used in the data matrix &hitat variables as 

colurms and species per hation as tows). In the muking OrdiLISitiDa, specks' populations 

characmizcd by shmilar values of the habirats variabk win be positPncd close to each other, 

w h c r e a s s p e c i c s p a p ~ 1 1 ~ ~ b y ~ ~ h a b a a t ~ ~ b e l o c a t e d f a r  

ap- Each habitat variable is qmsented m the PCA bipbt as an mw; tbe dinction of the 

m w  indicates the dicctPn ofincrcasing values for that variable and thc length of the arrow 

~testherektivetateofiaaeaseintbatdirection. 'IheamomtofvariationexpraiHPnby 

each axis is measured by its eigenvaloe. Eigenvalues of PCA all lie between 0 and 1, and 
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typically only tbe axes with tbe largest eigenvalues display tbe biobgically relevant information 

per Braak 1987a). PCA was carrLd out Psng tbe CANOCO computer program (Ter BDak 

19s-n). 

The association of individual speciff in each bcatpn to tbe five speci6c habitat variables 

were analyzad usiug wo rnedrods. Erst, Ptarson's Cocf6&nts OfCorrchtion were caicuhted 

b c t w e m t h c ~ h a b i l a t v a r i a b l e s d C P U E o f e r h ~ ~ m m r y o e t ~ ~ ~ g l h o s e  

nets m which a specks was obscnS sccom, ECA, d d a r  to tbe ooe described above, was 

p e d b d f o r e a c h o f t h e l o c a t i o a s ~ .  ' k t l i & r e z ~ ~ b t t w e c n t h t s e t w o ~ i s  

that PCA compares tk habitat scans for each species with all other specits-babitat scores 

within tk paaicuhr assemblage, wtureas, tb wconektion analysis conprrres a spec& specks 

with a speci6c habitat variable. 

Diet Analysis 

In the laboratory, stomach contents were sorted into taxonomic categories, weighed and 

mmsme& Bbtted wet mass, m a x b m  lengths (for WI prey in most cases, this represented 

total length), anci lllaxhnrm body depths were mcaslned for prey item. The fkquency of 

~ccurzence, and the percentage composition of prey taxa by n u m b  and by mass of all prey 

taxa wen calculated for each fish species to estiolate the rewe importance of those food taxa 

in a species' diet (Hysbp 1980). 'Lbe Relative Iqmrtance Iadex, RI (George and Hadley 

1979), is essentially a mean of the three diet nulsuns for each prey taxa (Walhce 198 1). For 

a given fish species, the Rektive Importance of prey taxon i is calcukted as: 

where A& = the absolute importana of prey taxon i, 

which prey taxon i ocamed, 



Fkr stomach contents containing only d&ested remaips of fish prey, diagnostic hard 

structures, such as otolitbs a d  pharyngeal arches, were used to identify ingested prey items 

where possible. Prey identified by hard stroctlnes were not included in the RI cahhtions 

since the mass of the prey would h a .  been grossly m t e d  

Food relationships between species m each study area wen aaalyzwl using two mthods. 

(1) The pair-wise dietary overlap indw of Schoma (1974): 

where c&=theoverlapbetweenspeciesyaadspccits*; 

= the popolton of food tamm i m the diet of specks y; 

% =tbeproporrionoffoodtaxoniinthedietofspeciesx; 

a = the total nmnba of prey taxa sb;lrcd bctwcen x and y. 

The index ranges brn 0 (no ovalap) to I (conpkte ovalap); an iadex value of 0.3 or less 

innicntes lit& ovalap in the diets, wba#ls an idex value of0.7 or mre indicates a high 

degree of overlap (Keast 1978). The Iadias of Relative Importance @I) calculated for each 



prey taxon were the values used as the proportion of each taxon required for Schoem's 

overlap index 

(2) M- 
0 .  OrdinatIo~1' 

T b c ~ ~ n t e c ~ D e t r e D d e d C o a s p o n d c a c t ~ ( D C A ) w a s o s e d  

to conple~rcsults  brntkanalysis ofpainhie ovdap. Detrded Cornspondeme 

Aaalysis Wrrrmarires the n d t & m d o n d ~ b p r c y ~ m  kWQdinrensions. This 

ordiaationtecfpquewasdesigpod~fordisadcd~disveryef6cctivcfw 

comtmuity-level dietary anal@ byprodDciDg a anall mmbcr of innpretable axes (Graham 

and Vrijenhoek 1988). In this study, the data matrix consisted of prey tategories as coium~~ 

aad fish pndatofi per season as rows. Values iwigmd to indJvidual prey categories within the 

data lnaaix were based on the cakdatd Relative Importance (George and Hamey 1979) of 

each prey category. Redator per season scores (lepresented by eigenvectors) with with sirnilarts 

are positioned close to each otbcr, whereas scores far apart represent predator per season 

combinations with c l h h d a r  diMs The amount ofvariahion exphimi by each axis is masllred 

by its eigendue. E i g e n .  of DCA all lie between 0 and 1, a d  typically only the aaes with 

the largest eigenvalues display the biologicany rekvant idonnation per Braak 1987a). DCA 

was carried out usiug the CANOCO computer program Bra& 1987b). 

Results 

Fish Spefies CompoSitioa 

Over& 23 fish species were documented at the thee samphg locations Pble 2-1). 

Cisco, lake chub, mut-perch, w i n e  stickleback, emaald shiner, spoaail shinn, and 

spoonhead sculpin were otha species caught m be& seines but were not included in the diet 

and habitat aDalyses- 

Fish species conposition was rehtivtly h d a r  throughout all study areas, with the 

EDIlowing exceptions: whac sucLns were pnsem only m thc Salt River, incomu were present 

only m thc Slave River aad its delta; cisco aad lake chub were present only in the Slave River 

Delta. 
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Seasonal v;lriation in the abundaace of ikk caught m the Slave a d  Salt Rivers was 

evklent throughout tbe 1994 dl995 sanqling pedods @?@re 2-5 ad 2-6, respectively). 

Fortbe Shve RivcrandDcha,tkCPUE wascombkdfot 199Qand lggsdata, Siace similar 

nsllhswaeevidene. Twonrringroupscanbe~mtkSlavcRiw,rtSjdentspecies 

and migratory specks. Resident species are those that complete their lift cycle within the 

river and its tri'butarks wberras migratory species spend only part of their life cycle in the 

river. 'Ibacforc, nskicnt species included northern pike. wallcyc and goideye. These 

species wen generally found at higher nnmbtrs then atha species throughout the entire 

open-water period (Figme 2-5). lbese aforementioned species were also resident in the 

Salt River, along with juvenile We wbicdish and white mkers 2-6). Also 

categorized as nsident species were resident aggregate spawners such as flathead chub, 

longnose sucker and btubot Flathead chub and longnose sucker were plesent within the 

Slave River throughout the entire open-water period but were found in highest abundance 

during the spring and early summer, with fewer nwnbers captared dming the remainder of 

the sampling periods. Burbot were primarily found in congregations in December under 

the ice. In contrast to residents, migratory species inchdtd s e d y  mature inconnu and 

lake whitefish, which were present in the system mainly during their spawning migrations 

fiom Great Slave Lake in the late summer and fall (Figure 2-5). 

Regional Differences in Habitat Use 

Principal Components Analysis (PCA) performed on the species populations-by- 

habitat variables matrix separated the data matrix into the three regional fish assemblages: 

the Slave River near Fort Smith, the Salt River a d  the Slave River Delta (Figure 2-7). 

The fist two axes accounted for 96% and 3% of the variance. Discharge was the most 

important variable along axis I, separating the populations in the low discharge Salt River 

from those in the other two locations, whereas aquatic vegetation was the most important 

variable along axis H. The Slave Delta fish assemblage was most closely associated with 

aquatic vegetation. Ibc Slave Riva fish assemblage was most closely associated with 

higher currents, greater distances from shore and lower water temperatures. 









LAlcal Variation in Habitat Use 

Species-specific differences in habitat use wae  evident in the thne PCAs h m  each of 

the three study aleas. 

For the Slave River fish assemblage, tbe first phcipal cornpotlent, which explained 

70% of the variation, was most strongly associated with discharge and cllrrcnt @5gure 2- 

8a). 'Lhc second prhtcipal component, with an eigcnvd~ of 25%. was related most 

strongly and negatively to distance fbm s h e ,  and positively to temperature. The widely 

separated species scores indicated that most oftbe fishes of this assemblage di&d in 

their degnx of association with the measllnd habitat variabIes. The exceptions were 

flathead chub and longnose suckers, which wue both more strongly associatad with lower 

water temperatures than the rest of the Slave River assemblage and also occurzed at 

relatively greater distances fkom shore. Walleye and goldeye were associated with 

moderate temperatures and moderatt distances from shore, but higher discharge and 

current Lake whitefish were only weakly associated with lower discharge, current and 

water temperature and greater distances from shore. 'Ibe most distinct patterns of habitat 

use were displayed by inconnu and northern pike. Incomu were associated with low 

discharge, and current, whereas northern pike were associated with inshore distances and 

warm water temperatures. 

Correlation analysis of the habitat variables with CPUE showed relatively sirnilar 

results to the PCA (Table 2-2). Northern pike had a negative conelation (R0.05) with 

greater distances from shore, whereas flathead chub, lake whitefish and longnose suckers 

had a positive correlation (Pd.001). Flathead chub, longnose suckers, walleye 

(P<O.OOl), and goldeye (P8.05) were negatively correlated with water temperature. 

I n c o ~ u  was the only species that had a negative correlation with discharge (Pc0.001). 

No species exhibited significant cornlations with anent, 

For the Slave Delta fish assemblage, the h t  principal component, which explained 

69% of the variation, was most strongly associated with discharge and temperature 

(Figure 2-8b). The second principal component, with an eigcnvalut of 3096, was dated 

most strongly and positively to vegetation, and negatively to distance fkom shore. The 



Figure 2-8. Riocipal Component Analysis on the f i h  species populations-by-habitat 
variables in the (a) slave River, (b) s h e  Delta, and (c) salt River, in 1995, 
where T=water temperature, muatic vegetation, m3/s=dischiirge, 
mls=wmnt, and IWjStaMT h m  shore; Naorthtrn pike, W=walIeye, 
IN&COMU, G=g01&ye, LK=lakc whitefish, LN=Iongnose sucker, WT=white 
sucker, and F=flathcad chub. 





widely separahed species scores indicated that most of the fishes of this assemblage 

diffkred in their degree of association with the measured habitat variables. Northern pike 

was most strongly associated with higher amounts of aqyatic vegetation and inshore 

distances, whereas lake whitefish were associated with little a~llatic vegetation and greater 

distances from shore. Walleye wen associated with incrcascd discharge. temperature and 

curxent, whereas incomu was negatively associated with these variables. Goldeye showed 

weak relations with al l  5 habitat variables as its score was positioned close to the origin. 

For the Correlation analysis (Table 2-2), northern pike were positively cornlated 

(P0.05) to aquatic vegetation, and negatively c ~ r ~ ~ l a o c d  to greater distances h m  shore 

(P<0.05). Inconnu were negatively cornlated to aquatic vegetation, discharge and water 

temperature (Pd.10, P4.05, Pd.02, respectively). Goldeye were negatively correlated 

with current 0. lo), and walleye were positively coaclaad with discharge (P<0.0 1). 

Lake whitefish were not correlated a, any of the habitat variables measund. 

For the Salt River fish assemblage, the first principal componenl which explained 778 

of the variation. was most strongly and negatively associated with distance fkom shore 

(Figure 2-8c). The second principal component, with an eigenvalue of 1996, was related 

most strongly and positively to temperature. The widely separated species scores 

indicated that most of the fishes of this assemblage differed in their degree of association 

with the measured habitat variables. Northern pike were most closely associated with 

higher amounts of vegetation, greater discharge and more inshore distances. Walleye, 

goldeye and lake whitefish were associated with offshore distances, smaller discharges and 

little vegetation. Longnose suckers were most commonly associated with higher currents 

and white suckers with warmer temperatures. 

Correlation analysis indicated that goldeye, walleye and lake whitefish catches were 

negatively correlated with aquatic vegetation and discbarge, and positively to distance 

fkom shore (Table 2-2). Northern pike and white suckers were the only species positively 

correlated with temperature (P0.10 and Pd.002, respectively), and longnose suckers 

and flathead chub were the only species negatively correlated to distance fkom shore 

(P<O.OS, P<O.OO 1). 



Table 2-2. Correlations between fish c a t c h r t e f f o  and habitat variables for fishes in the lower Slave River, Northwest 
Territories, from May to August, 1995, where n is the number of total net sets at each of the study areas, Vegetation was 
absent at all Slave River sampling locations. 

d.f. (n-2) Vegetation Distance Cmnt  Discharge Temperature 
(0- 10) from shore ( 4 s )  (m3/s) (* c) 

....*.. ~ . ~ . v . . . ~ n n . . . , ~ ~ ~ ~ ~ * ~ t t t t t ~ ~ ~ ~ ~ n n ~ ~ ~ ~ o ~ ~ ~ ~ r . ~ ~ ~ ~ r ~ . ~ r r . ~ r r r ~ r ~ r r ~ r . ~ ~ ~ ~ . ~ . ~ ~ ~ ~ ~ ~ . . . ~ ~ ~ . . ~ ~ ~ ~ ~ ~ . ~ r ~ ~ . r ~ ~ r ~ ~ ~ r . . r ~ . . ~ r  ..t- .~...~.r.~~~+~.~.~~~~~~tttt~~~~~t~~~..+~~rr..~~r...~...~~...~.....r..~tr.r.~~~.~~~~~~~~~~w~~~v~~~~~~~w~~~~~~~~~~~~~~~~~~~~~ 

Slave River PHCB 52 0.5976*** 0,1954 0.08 12 -0.4830*" 
C?") 

W 
W 

Salt River 

Slave Delta 

GOLD 
INCO 
LKWT 
LNSK 
NTPK 
WALL 
FHCB 
GOLD 
L W  
LNSK 
NTPK 
WALL 
WTSK 
GOLD 
INCO 
LKWT 
NTPK 
WALL 30 -0,0959 -0,0843 -0.0750 0.4766** 0,2 136 

* P<O. 10 
** P<O.Ol 
*** P<0,002 



The diets d ddent and uigmtay piffimRs 

w- Pjkg (Emxkius)  

Stomach contents wen detcnninrrf for rmkm pike from Jllly and August in 1994 (1~90) 

and May to August and October in 1995 (-322). A high pmcmage of fish had empty 

ston#chc m both 1994 ard 1995, conpasiDg 65% and 68% of tk sanqk respEctively. 

During 1994, 11 diE&nt p y  m a  wa fad 8 fish species (93% Rl), 2 aquatic 

invertebrate orders (4%) ad 1 ~ v c r t c b r a t c  taxon (2%)uabk 2-3). T k  most wmmn 

preyfolmdintbesto~weremrtbcmpilaandlake whit&& 

In 1995,22 different prey taxa wezt docwmnted Vabk 2-3). Rey included 15 fish species 

(89% Relative laportaocc 0. 4 invertebrate orders (7%) and 3 tmcstrial vextetnate taxa 

(4%). The most dominant prey w a e  burbt, fhtkad chub and suckers 

0i.r in Differeat HizbitClts 

For 1995, the data were divided into the three main sampling locations: the lower Slave 

RivnatFortSlrith,tbcS&RiwaodthcSlanDcha~2-9). Preydiversitywashighest 

in the Salt River (16 prey taxa), fbllowed by 12 taxa in the S h e  River and 9 m the Slave 

Delta. T&e diets of northem pike m the Salt River included 11 cliffbent fish species, accounting 

for 83% of all prey (by Relative Inpoaam), two invertebrate orders (9%), and three 

temard vertebrate taxa (8%). Suckers, burbot, niDupine stickleback d smaltlah whitefish 

were the most conmon prey specks eaten by pike h m  tht Salt River. Eleven of the 12 prey - 
taxa taken by nortbem pike in the Slave Riva were &h species (95% Relative Importance); 

one invertebrate orda (Pkcoptera) was also fomd Flathead chub, Arctic lamprey, burbot and 

e d  shioers were the =st COIT~IID~ prey specits of mrtbem pike h m  the Slave River 

near Fort Smith. Nonhan pike h m  the S k u  Delta contained nine different prey types, of 

which seven were fkh species (88% Relative Inportance), onc was an aqyatk invertebrate 

order (8%) and one vertebrate taxon (4%). B e t ,  trout-perch and lake whitefish 

were the dominant preycoosmrrd. 



Table 2-3. Penxnt number, mass, and fncluency of occurnnce, and Relative Importance 
@I) of prey taxa in the diet of nortfrtra pile in the lower Slave River system 
throughout all study sites and seasons in 1995, and the Relative Importance of 
prey taxa in 1994 (n=number of stomachs with prty suitable for calculation of RI). 
Scientific names d fish prey arc in Tablc 1. See Appendix D for percent number, 
mass, and ikquency of OCCUIICIIC~ of prey taxa in the diet in 1994. 

96 
Number 

4 b -  
Mass 

Fish: 
burbot 12.3 29.6 
fithead chub 5.8 28.1 
suckers' 8.7 9.0 
lake whitefish 6.5 12.7 
ninespine stickleback 20.3 0.2 
trout-~erc h 10.9 0.4 

emerald shiner 

d e v e  1.4 4.4 

lake chub 1 0.7 1 0.1 
- -  - -  --- - 

spottail shiner 0.7 0.1 
Aquatic Invertebrates: 
Amphipoda 2.9 0.0 
Plecoptera 2.2 0.0 
Zygoptera 2.2 0.0 
Ep hemeroptera 3.0 0.0 

Terrestrial Vertebrates: 2.8 4.8 
longnose and white suckers 

2 rodents, snakes and birds 



Tro~t-p~ch 
Lake Whitefish 

Suckers' 
Goldeye 

Q-spine Stickleback 
SMnets2 
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Northern Pike 

Walleye 
I- Vertebrates3 
)r 
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ArcticLamprey 
Plecoptera 
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Figure 2-9. Relative Importance (%) of prey from northern pike in the Slave River system in 1995, where n is the number 
of stomachs containing prey suitable for the calculation of RI, and N is the total number of stomachs examined, 
excluding unsuitable prey. 1 indicates longnose and white suckers, * indicates emerald and spottail shiners, and 

indicates rodents, snakes birds. 



Smmnal Changes in Diet 

'RE 1995 -ling paiod was divided at0 three seasons to aramine seasonal changes m 

dictconpositionofoonbanpike. S c a s o n s w a e c f p n s i S c d a s ~ g ( M a y a n d J l m ) , ~  

~ u l y a a d h g u s t ) a u d ~ ( O c t o b c r ) .  Pleyw~alsop~intofombroaderecobgical  

cafegorics= deepdwelling flsb, stmow-g m, aqmk m v c r t t w  and tarese$l 

vutebrahes (Appeadirr E). 'Ibe des@atbn of hB spccLs was baaed on the litemme and 

catchcs~mpiOaetscmdkachseiacs 

Scasonaldictary~~cvidcstintachoftktbrccsbdya~ta~~ IntheSlaveRiver, 

deepdwelling WI were tk most inportaut prey in the Sprpg, representing 88% of the diet by 

Relative Iaponam @!&me 2-lOa). Flathead chub atxi Arctic h n p y  were the dominant 

deepdwehg prey at this Qlr, repsesenting 58% and 2296, nspcaively. The bpoinpor of 

deepdwelling fish prey deatasd to 41% in smmn, tben increPsed stightly to 52% in the faIL 

However, the importance of burbot as prey iDcrtascd across seasons, athiring an importance 

of 38% in the fhIL No identifiable shalkrwdwelling specks were present m spring, although, 

shdow-dwelling specks iacnased considerably to 59% importance m sumner and decreased 

slightly to 48% in the fid. hprtant shallowdwelling species during tbe fatter two seasons 

were trout-perch, e d  shiner, nines@ sti&hi& aod young-of-the-year (YOY) 

nonhan pike, walleye and longnose SuclOer. Of tbcst shallowdwelling prey, small northern 

pike and walleye were present in the diet only during summ, whaees nioespine sticklebacks 

and YOY longnose sacker wae present only during the fall (RI values in Appendk E). 

Emxaki shiner and trout-perch were inportant prey in both seasons. Invertebrate prey 

(Plecoptera) were only present in the diet during spring (12% relative inportance). 

In the Salt Rim, shallowdwelling fish specks wae dominant in nor- pike diets across 

allseasonsandiocnasedconsiderablyinimportancehmthe spring to slmrnnaodW (Figure 

2-lob). hportmt shallow dwehg species wen d 1~11thern pice d lake whitefish in 

spriag, whacas suckers, nimespine ~ t m c l c s ,  lake wbitcfish and gokkye were m a  

inportant in sumacr (RI values m Appendix E). A q d  invertebrate pny (Zygopteran 

nynphs and atlpbipods) had their higbesr inpomurt in spring (31.3% RI), deaeasd 

considerably m surrmer (4.2%) and disappeared m MI. Burbot was the only deepdwelling 

species m the diet, occurring oaly in slnrmn (17.6% RI) and fall (18.7%). 



(a) Slave River 

(c) Slave Delta 

(b) Salt River - 

Deepdwelling fish 
Shallow-dwelling fish 

Aquatic Invertebrates 
other Vertebrates 

Figure 2-10. Seasonal variation in the diet of northern pike during 1995 in the (a) Slave River, (b) Salt River, 
and (c) Slave Delta, based on the Index of Relative Importance. See Appendix B for the four 
prey categories. 



F m h t k ~ r - P ~  Ske ReWn&@s 

Them was a positive combtion between predator length and prey kngth ( h . 3 8 ,  -132) 

(E5gure 2-11). Prey hgth incnased with predator length, aIthough large predators also 

consurd small prey items- The ratio of prey length to predator length ranged fkom 2 to 60% 

with an average of 22%. 

WaIleve (S&stembA Wwn) 

Stomach contents were dcrrrmiPed for wakye collected in I994 (n=68) and 1995 (n=206). 

A high percentage of fish had empty stolllacbs in both 1994 and 1995, conprisiPg 57% and 

75% of the samples respe&ely. 

Dietary infi,mtion fix 1994 was obtained only for tbe summx sampling period 

(July/August), fkom which 11 difExent prey taxa were fblmd; sbt fish species (80% Relative 

Importance) ad fke aq& inve~cbrate orders (2M)~able 2-4). The mst comnon prey 

fi,dmtbestomachswuem~pJadsuckrrs. AMshpreyhadinpOrtancevalues 

exceeding those of aquatic invextebrates- 

In 1995, 15 difExent prey taxa were d~crrmented (Table 2-4). Prey i~~luded nine fish 

species ('78% Reiative Inportam) ad sirr aquatic invertebrate orders (22%)- The most 

comaon prey found in tbe stomachs were nirlespk sticklebeck, trout-perch, Arctic lamprey 

and plecopterans. 



0 100 200 300 400 500 600 700 800 900 1000 

Predator Fork Length (mm) 

Figure 2-1 1 : Relationship between northern pike fork length and length of prey. 



Diet in Differeat Hcrbilofs 

Fbr 1995, the data were divided into tk three main samphg locations: the Skve Riw at 

Fon Smith, the Salt Riva end the SlavtDelta(F@c 2-12). Reydiversaywas bighest m the 

SaltRivetwith 1 1 p r e y t r r m f o i b w C d b y ~ p r c y t a x a i n t h e S l a v e ~ d ~ m  the Shve 

Delta Walltyc m tk Salt River ate six dnBkent &h species, accounting for 64% of all prey 

(by Relative Importance) aud five aquatic imrcrtcbrate ordas (36%)- Emaald shims, trout- 

pcrch,cphennopaaasandpbmp~eranswaetbcmstconmnpeyamsfo~ Oftbe 

walleye caught in the Slave River, forP of tk sbt pncy taxa were fbh species (83% Relative 

Importance) and two were aquatic imrertebrate orders (17%). N i  stickkbacks, Arctic 

lamprey, trout-perch ad p- were thc mst inportant prey taxa for walleye fiom the 

SkveRiw. WalEeye~omthcSlaveDchabadtbncdiffii=rentpnytaxa,ofwhichtwowge 

fish (90% Rektive Inportance). Trout-perch were by fiir tte most donham prey eaten. 

Seas01101 Clhorges in Diet 

Seasonal changes m the diet conposition of walleye were exambed during 1995. Data were 

divided into three seasons and prey taxa were grouped into four broader categories, as with 

no- pike dias (Appendix G). 

As with northern pike, seasonal dietary patterns wen  evident in each of the three study 

areas. In the Skve River, s)lalk,wdwehg fish prey - taken in all three sampling periods. 

whereas quatic invertebrates were present only in spring aad deepdwelling fishes were 

c o d  only in the smmm sill~phg period (Figme 2-13a). For the spring and sunrmer 

sampling paiods, small northern pike and espaciany trout-perch w m  the main shallow- 

dwelling prey fish. For the fan sampling perid, only four walleye were caught, of which only 

two had prey item; both stomachs comaiacd large numbers of ainespine sticklebacks (37 and 

42 each). Aquatic invertebrates wme only present in the stormcbs of walleye caught in spring, 

aocountiag for 47% of the diet by Relative Iqortance. Tk two main invertebrates were 

pkopteraa nymphs and amphipods. Arctic lanpey were the only deepdwelliag prey dming 

salmrEr. 



Table 24. Percent number, mass, and frequency of occuncnce, and Relative Importance 
(RI) of prey taxa in the diet of walleye in the lower Slave River system throughout 
all  study sites and seasons in 1995, and the Relative Importance of prey taxa in 
1994 (naurnber of stomachs with prey suitable for the calculation of RI). 
Scientific nrrmes of fish prey are in Table 1. See Appendix F for percent number, 
mass and frequency of occmzltnct of prey taxa in the diet in 1994. 

Prey Item 
I 

Fish: 
ninespine stickleback 
trout-perc h 
Arctic lamprey 
shiner1 
flathead chub 
northern pike 
lake chub 
walleye 
sucker 

, Aquatic Invertebrates: 
, Plecoptera 

Ephemeroptera 
Amphipoda 
Zygoptera 
Diptera , 
Trichop tera 

, Corixidae 
Hymenoptera 

lenzdd and spottailshims 

% 
Number 

56.3 
11.3 
1.4 
3.5 
1.4 
1.4 
0.7 
0.7 
0.7 

11.3 
6.3 
1.4 
1.4 
f -4 
0.7 
0.0 
0.0 

% 
Mass 

30.7 
26.1 
33.4 
5.7 
0.5 
0.3 
1.3 
1.1 
0.2 

0.3 
0.1 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 

SbF~equtncy 
Occmcnce 

8. 1 
27.0 
5.4 
13.5 
5.4 
5.4 
2.7 
2.7 
2.7 

24.3 
5.4 
5.4 
5.4 
5.4 
2.7 
0.0 
0.0 

% R I  

n=37 
(77.7 % ) 

29.6 
20.0 
12.5 
7.1 
2.3 
2.2 
1.5 
1.4 
1.1 

(22.3 % ) 
11.2 
3.7 
2.2 
2. f 
2.1 
- - -  - 

1.1 
0.0 
0.0 

1994 
% RI 
n=22 

(79.6 8 )  
., 0 

7.7 
0 

6.5 
7.2 
33.6 
0 

7.2 
17.4 

(20.4 46) 
4.8 
5.0 
0 
0 
0 

4.8 
3.4 
2.4 





(a) Slave River 
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(b) Salt River 

Spring Summer 
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I Deepdwelling fish  hallow-dwelling fish Aquatic Invertebrates I 
Figure 2-1 3. Seasonal variation in the diet of walleye during 1995 in the 

(a) Slave, and @) Sal Rivers, based on the Index of Relative 
Importance (n is the number of stomachs with prey suitable for 
the calculation of RI, and N is the total number of stomachs, 
excluding unsuitable prey. See Appendix D for the three prey 
categories. 



In tbe Sak River, aquatic invertebrates wen tbc dominant prey in the diets of walleye during 

spring, with sbabwd~elling tkh b d n g  domiosnt e g  s~rmrr (Figure 2-13b); no 

walleye were caught in the Salt River during tk firll sanphg pabd Aspatic invertebrates 

~ 0 ~ 7 0 9 6  of tkd ic tbyRe la t ive~ inspr iDg ,whichdccr tased  to 6% m 

summr- Tk dominant aquatic iavcrttbrates during spring wen ephcmnopferaas and 

pbcoptcrans. Shalbwdwdhg fish  ICY a c c o d  for 3096 of tbe diet by Relative 

~ r t a a r i n ~ g , w h i c h i n c n a s e d t o W % i n s u u r a ; r ~  Emasldshimsweretherma 

important prey during both seasons. Tmmperch and YOY ftatbcad chub were other 

important prey in smmm. 

Very few walleye were captured in the gillnets during tbt sprhg and sumtn sampling in 

the Slave Deha Ofthe foln walleye caught m spring, all had empty stomachs. Sixteen walleye 

wat caught in smmn, but o d y h  had ncognkabk prey. Trout-perch were present m fbm 

of the five, achieving a relative hpmtamx of 81%; the naaioiDg prey conprised lake chub 

and Diptera lame (Appendix G). 

PndadwPw Size Relorionsh@s 

Predator- prey size relationships were also examined for walkye. There was a weak positive 

correlation between p y  length and predator length (? = 0.06, n = 53) (Figure 2-14). The 

ratio of prcy length to predator length ranged from 2 to 20% with a man of 8%. Araic 

lamprey (2 m total) were exchded &om this am@% as outks, since they were coiled up in 

the stomach; each Arctic m y  bad total length rmch grcasa than stomach kngth thus the 

prey4reciator ratios wouki be greatly o m m t h k d  ifincfuded. 

,BEha blcr) 

Stonrach contents were examiird for 68 adult borbot caught in 1994 and 9 juvenile burbt 

eom 1995. All adult bmbot were caught in Decanber 1994, prior to spawning. These bwbt 

were p r b d y  caught using beited set lines. A very high pamnage had empty stomachs or 

minbd digested mattu (74%). Only two dificmt prey species were 60d m the stolllit~hs, 

smaU goldeye (one stomach) and lake whitefish (two stomachs). 
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Figure 2-14: Relationship between walleye fork length and length of prey. 



Because very fcw burbot were caught m tk gilloets, most juvenile burbot that were 

~ Z w d i c t w e r e i a d i v i d u a I s S J u n d m ~ p i L e s t o ~ h s .  'Ihcselishwerecaughtin 

the sunrm and f i I l  sanpling paads. Total kngths ranged fiom 141 nm to 355 mn Prey 

i t e n s w e r e ~ d i n S i r r o f t k ~ ( 6 7 9 6 ) s t o n r a c h s ~  Tkfourpreytaxakhti6ed 

incbd#i anphipods (tbret storrmcbp), nincspk stictlckk (two stomachs), YOY bngmse 

sucker (om stomch) a d  pbcOpatsD n y q h  (one stomach). 

Stotmch contents from inC01lnu wcre a d p d  during the 1994 (M) and 1995 (1.~51) 

sampIing periods. Only 30 s t o e  (22%) had prey item, of which 18 had r e c o ~ l e  prey. 

Five fish species wuc doctffllented in the stomach contents. In 1994, northern pike were the 

most important prey of inwarm. fbIlowed by trout-perch and flarhcad chub (Table 2-5). Ln 

1995, d Ialce w m  were the rmst inportant prey, fobwed by trout-perch and longnose 

suckers, wpectkly (Table 2-5). All prey itens were smaIl fish, ranging fiom a 32-mn trout- 

perch to a 1 13aan northern pike. 

The diets of invertebrate feeders 

. ~~ (Coregonus clup@ornis) 

In 1994.78 lala whitefish s t o ~ h s  wen anal- 67 were fkom the Skve River, of which 

only 4 had prey items (6%); in contrast, 9 of 11 hsh (82%) from tht Salt Riva contained prey 

items. Five clifferent prey taxa wat doclrmcnted in 1994 during the August sanpling period, 

all of which were ;aquatic invertebrate taxa, Tricbopterans were the dominant prey (Table 2-6). 

In 1995.67 lake whitefish stomachs were anstyzad h m  tht Salt River, of which 47 had prey 

items ('70%); from the Slave River, 37 stomachs were adpd, but simihr to 1994, only om 

contahred a prey item In addition, two lakc whk&h were caught h m  the Delta in 1995, but 

both bad empty stomi~~hs- E;ifteen di8Socut pny taxa were dommnted in 1995.13 of which 

wae aquatic mvcrtebratc taxa (9496 by Relative Lnpoltana); plant mamid represented 4%. 

and fish 2% (Table 2-6). 'Lbe mst cormnn items fouod in the stomachs wge ostracods 

fobwed by corixids and aichopterans. 



Table 2-5. Percent number, mass, and m e n c y  of occlmence. and Relative Importance 
(RI) of prey taxa in the diet of bcomu in the Slave River and Delta in 1995 and 
Relative Importance of prey taxa daring 1994 (n=number of stomachs with prey 
suitable prey for calculation of RI). Scientific names of fish prey are in Table 1. See 
Appendix H for pacmt number, mass, and fkpency of occurrence of prey taxa in 
the diet in 1994. 

Rey Items 

lake whitefish 
trout-perch 
longnose sucker 
northern pike 
flathead chub 

% 
N e  

55.6 
22.2 
22.2 
- 
- 

% 
Mass 

14.5 
79.6 
6.0 
- 
- 

% F i a p n c y  
Occuncnce 

62.5 
25.0 
12.5 
- 
- 

%RI 

44.1 
42.3 
13.6 
- 
- 

1994 
% RI 
n=10 
0.0 
10.3 
0.0 I 

83.0 
6-7 



Table 26. Percent number, mass. and 6npncy of occurrence, and Relative Importance 
of prey taxa in the diet of lake whitefish in the Salt River throughout al l  seasons 

in 1995, and the Relative importance of prey tua in 1994. (n==aumber of stomachs 
with prey suitable for calculation of RI). See Appendix I f a  percent number, mass, 
and fkqutncy of occorrcnce of prey taxa in the diet in 1994. 

Rey Lbms 

Aquatic in vertebra^. 
Ostracoda 
Corkidae 

Ceratopogonidae 
Tabanidae 
Epherneroptera 
Diptera larvae 
Zygoptera 
Oligochaeta 

Rant Material 
Fish 

9b 
N e  

8 1.9 
12.6 

0.1 
0-4 
0.04 
0.3 
0.01 
0.01 
0.1 
0.1 

% 
Mass 

25.5 
51.2 

0.03 
2.9 
0. 1 

. 0.02 
0.2 
0.00 
0.3 
2.4 

%Flt~~tncy 
o f ~ ~ n c t  

40.4 
63.8 

12.8 
8.5 

%RI 
n==7 

(93.6%) 
30.4 
26.2 

1994 
%RI 
n=9 

(100%) 
0.0 
16.9 

2.7 
2.4 

0.0 
0.0 
0.0 
1 1-4 
0.0 
0.0 
0.0 
0.0 

6.4 
2-1 
2.1 
2.1 
19.2 
10.6 

1.3 
0.5 
0.5 
0.4 
4.0 
2.7 



S ~ ~ ~ ~ ~ ~ n a l C h g e s i # a D l d  

During 1995. osmmds wac tk dominant prey for lala w b k W  m tk Salt River during 

spriog, conpiskg 525% by Rcletive hprtamc @gum 2-13 Appendix J). The importance 

ofo~deaeasedto62%ms~mrm,aPdnoostracodswacprcse1ltiatheE4sanples. 

Corixids were the dcmhant p y  during smrmp (27.746R.9 ad fsll(67.596). T k  inporoure 

of both trichoptcran Ianm ad &h doubled between spring ad smmn, befne -g 

fkom the diet in tbe M. G- iacnased m bqmtamc from spring (2.3%) to stmum 

(15.7%) end s u w n t l y  demxued m the fall (8.8%). 

Gad- (Hkubnatosvk) 

Stomach contents were analymd fix 131 gokleye caught in 1994, of which only 35 had prey 

item. Tbirtan cliffuem prey taxa were ide- this i o c W  seven aquatic invertebrate taxa 

(42%RI), thee tansDisl insect taxa (35%). teme&al vertebrates (12%), fish (6%) and plant 

mterial(59b). Termtad insects included adult Odonata, Orthoptera and Hyrrremptera. Of 

the aquatic mvertebates, dytiscids end co* were the m a  inportant prey taxa (Appendix 

K). For the 1995 sampling paiod a rmch larger proportion (56 of 74) of the goldeye 

examined contaiwrt prey m their stomachs. Sixteen diffknnt prey taxa were identified (Figure 

2-16); 12 aquatic invertebrate takl(78Q by Rehtivc hpo~ance),  two temstrkd insect taxa 

(8%), a ternstrial vertebrate (12%) and p h t  material (3%). The dominant prey taxa were 

ckmsbrirnps (Branchiopoda), colix&, d e n t s  andpbcopmIls (AppendixL). 

Diet in Different Habitats 

The 1995 stomach content data were divided into three sampling locations, the lower Slave 

River at Fort Smith, the Sak River and the Shve Delta (Egm 2-16). Over all seasons, goldeye 

caught in the Slave Rivu had eight different prey taxa, cuapand wirh nine difkent p y  taxa 

in the Salt River ad 12 in the Slave Deha. T k  diets of gokkye caught in the Shve River had 

iive CMfkrent aquatic invertebrate taxa, accounting for 83% of all prey by Relative Importance; 

other food categories inckdcd two tamtd insect otdas (5%), om temstrS vertebrate 

taxon (7%) and plam miterial (5%). Corirdds were the dominant prey type, folbwed by 







pkopterans. Of the gokleye caught m the Slave Deb, nine of tbe 12 prey taxa found were 

aquatic mvertebtes (78% Rehtive Importance); orher prey inchded memial insects (8%) 

and rodents (14%). Clam slninp wue tk main ~ e y ,  folbwd by corixids and chirommids. 

Gokkye fhm the Salt Rircr had n i ~ ~  &&rent prey types, six of which were a~ua t ic  

invertebrate orders (65% Rchtive -); onesaial kacts were also inportant (31%). 

Tentstr$ l~andpbcopfcransarerethe~prey*  

Seyzso&-in Dict 

Seasonalpattcrnsmthcdietofgokk~werecxamioeddtlriog 1995 foreachofthethree 

sampling locations. Seasonal variation was evident Tor all three locations. 

In the Slave River, plecopta;ms wen tk umt dominant prey m the goldeye diet during 

spring and sunma, however, no plecopteran nymphs wae present during the fan flabk 2-7). 

Corirridswaeprese~in~thnese8sonsandwaebyf;atbemstinportantpreytypeinthe 

Eln. Terrestrialias#rsaaddytisdds~atsopresentma~threeseasoasaodbothreacM 

their highest inrportauce during sunmx. Plant material was present during spring and mnmr* 

whereas rodents and epkltleropterans wcrc present only m the fiIl samples. 

In the Slave &ha, clam shdrnp were the most important prey in goldeye diets during 

spring, but their iapoftit~lce d#rrased coosiderably in summr gable 2-7). Corixids, 

gastropods, dytiscids a d  dipteran larvae wexe also bud in the diet during both seasonal 

periods* whereas rodents, chironorrrids and temst&l iosects were prey types that were only 

found in the diets during smnm. 

In the Salt Rivet, tbge was a rmch greater diversity of prey types in spring than surrnner 

(Table 2-7). Of the sht prey taxa present in the spring, plecopterans and aichopterans were the 

most inportant. Corixib and tcrrrstrial insMs were the only two prey types present in the 

diet of goldeye during sllrmm, not slapriringly, both imcascd substantially m relative 

importance &om spring* No gokkye were captnnd m tbe Salt River during the tidl sampling 

period- 
During 1994, diet informtion for gokky was obtaiaed only for tbe Slave Riva during the 

smmx sampling pcrod pncbdhg seasonal analysis (Table 2-7). However, some dikrences 
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between years wae evidem. 'RE total number of prey taxa documnted in surrmer 1994 was 

11, coapand with only sevm in 1995. h both ytaq aqoatic hvcrtebrates wae the main 

prey, mowed by tcm%td iasus. In 1994. tclmtra llcxtcbrafts (rodents) and aquatic 

vettebrates(fish)~12%pnd5%ofthcdLxbyrelativc~rram,butwereabsmt 

in the diets of goldeye in tk Slave River d b g  1995. - ( P l P r r s o ~ ~ )  
A totalof 37 stolllacbs wen snalymd hmBatbead chub coktai in tbe S h  and Salt 

Rivers h m  1994 and 1995. of which 19 (51%) oonraiocd p y  items. Ten difbent prey 

categories wen docluncnte& In the Slave River, the tbe chub diet consisted of six aquatic 

invertebrate taxa (82% RI) and two temadd insect taxa (18%). There was no single 

domhant prey when all seasons were combhrd (Appedix M). There were, however, 

seasonal patterm evident flabhe 2-8). P k q t e m s  and trichopterans were mst important in 

spring, but both deacascd in irportance in smrmer; ''0th~ colcopterans" also demased 

between spring and s u m .  Qliro~~)& and cspeciany km%rkd insects, which were the 

most inportant prey in summ, inaeased fiom Spaag to sunxm. In the Sait River, only four 

prey categories were docpnrcnted, with gastropods and oorixids being the most inportant prey 

conswned ('T'abk 2-8). 

Stonrach contents were cxamioed for 16 longmse sucken collected in the Salt River during 

1995. of which nine had stoxmch contents. A total of ten tent food categories were 

docu~~lented, inchding seven aquatic mvertebrate taxa, one order of tenestr$l insects, phnt 

mterial (kaves, seeds, grasses) a d  detrims (Figme 2-17). Rey diversity was higher m spring 

than in spnmer (10 versus 5 prey taxa xcspcchb) uable 2-9). Ofthe animal prey, ostracods 

were mst inportant during bth seasons, whereas, chiromn6ds inrrasad substantially m 

hprtance during slmrmn. The anount of plant mated  in thc diet ckreas& considerably m 

the laffcr part of tbe summ, and denims imeascd slightly. 



Table 2-8. Seasonal variation in the Relative Importance (96) of prey for flathead chub in 
the Slave and Salt Rivers in 1995. 

Slave River Salt River 
Prey Items Spring Summer Spring 

Aquatic Invertebrates: (93.1) (713) (a*6) 
Piccoptera 21.1 9.7 0.0 
Trichoptera 19.9 6.8 0.0 
Dytiscidae 19.6 16.2 0.0 
other Coleoptera 15.6 7.1 0.0 
Corhidae 11.8 14.0 29:7 
Chironomidae 5.1 17.5 0.0 
Gastropods 0.0 0.0 50.9 

Terrestrial Insects= 6.9 28.8 10.3 
PIant Material: 0.0 0.0 9.1 
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Figure 2-1 7. Relative Importance (%) of prey from longnose suckers 
in the Salt River, 1995. 
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Figure 2-1 8. Relative Importance (%) of prey from white suckers 
in the Salt River, 1995. 
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Table 2-9: Seasonal variation of the Relative Importance (96) of prey for longnose sucker 
in the Salt River in 1995. 

-,,prey Item Sp~hg Summer 
Aquatic InveFtebrates: (389) (37.6) 
Ostracoda 15.9 16.7 
Cbironomidae 4.0 14.2 
Trichoptera 2-7 6.8 
Gastmpoda 4.8 0.0 
Plecoptera 3.5 0.0 
whipoda 2.7 0.0 
Ceratopogonidae 2.7 0.0 
Orthoptera 2.7 0.0 
Plant Material: 22.7 6.3 
Detritus: 38.4 56.1 

Table 2-10: Seasonal variation of the Relative Irnportauce (%) of prey for white sucker in 
the Salt River in 1995. 

- -  - 

Prey Items Spring Summer Fall 
Aquatic Invertebrates: (58.1) (62.a) (70.7) 

Chironomidae 14.9 10.4 16.9 
Corixidae 13.1 7.3 7.7 
Gas tropoda 8.5 3.5 4.6 
Trichop tera 8.3 10.4 8.1 
Dytiscidae 5.5 3.4 4.6 
Ephemroptcra 2.7 0.0 4.9 
Other Diptera 2.7 7.0 9.6 
0 s  tracoda 2.7 0.0 0.0 
Ceratopogonidae 0.0 13.9 14.2 
Plecop tera 0.00 6.8 0.0 

Fish: (0.0) (3.5) (0.0) 
Sculpin 0.0 3.5 0.0 

Detritus: 41.9 33.9 29.3 



Stomach content adysis was conducted on 15 white suckecs cokcted in the Salt River 

during 1995, of which 14 conteiocd prcy. Twdvt ditkent Cwd categodcs were docurmate& 

inchding ten aquatic imtGttebratc taxa, o~ 6sh speck,  and detritus; tbe lena oanwd m s t  

hqentlyinthediets. ~mmidswezcthernost~occtminganimalsinthediet  

(Rgme2-18). A h h o u g h t b g t w a s a w k l c v a d c t y o f p y ~ m ~ d i c t o f w ~ s u c l r a s  

throughout an seasons, seasonal vadatiDn was mt as evident m wbite mxkezs as it was for 

most other spades pxemt m the SaJt River Pblc 2-10). Detritus represented a substantial 

amount of the diet throughout each season, while chirow)& and ccratopogonids wen the 

do~taairnalpny.  

Tmpbic Relations within the Fish APrmbbrges ofthe lower Shve River 

Schoener's dietary overlap index fa hshts m all study areas showed 3 different food 

relationshipsy no overlap (8.05), a low degree of overlap (<0.3), and a moderate degree of 

overlap (N.3 to 4.7). There were no specits pairs exhibiting a high degree of overJap (M.7) 

for any of the 3 sites. 

Tm~hic Refafions in the Slave River 

Diet overlap within the fish co- oftbe Slave Riva near Fort Smah was generally low 

throughout all seasons (Table 2-11). The main fishes Eeeding in the spring and surrmer were 

northan pike, walleye, gokkye and &uhcad chub. During the spdng, goldeye showed a 

moderate degree of overlap with waIleye and fktbead chub, due to the common prey base of 

plecoptem; all other pakwke overlap values were low (S 0.21). Trophic relations between 

northern pile and walkye imcascd in sumrrr to a rmdemte degree of o w k p  as walleye 

shated to a more piscivorous diet, with a commDn prey base of Arctic laapny, trout-perch and 

young northern pike. Gokieye and fIatkad chub mamtamd . . a rmderate degree of overlap. 

During tbc fan, northem pike and w a k ] ~  were tbe only specks present that showed any 

overlap, however the omkip was low, wkre nbpim Sticweback were tbe only commn peey 

baseconsurrred. 



Table 2-1 1. Seasonal variation in the diet overlap betmeen fishes in the Slave River, 1995, 
using Schowa's index (1974). Dashes indicate the absence of one of the species- 
pair combinations. 

WALL GOLD FEKB LNSK LKWT INCO 

Slunmer 
Northern pike (NTPIQ 0.3 1 
walleye (WALL) 
Goldeye (GOLD) 
Flathead chub (FHCB) 
Lake whitefish (LKWT) 
Inconnu (INCO) 

Fall 
Northern pike (NTPK) 0.15 
Walleye (WALL) 
Goldeye (GOLD) 
Lake whitefish (LKWT) 



The DCA ordinatpas m g e d  the diet data for tbe Slave River fish assemblages along two 

readily intmpretable wes, with eigamhes of 0.94 and 0.40 (axis I and axis II, nspcctively). 

'Ibe ordinetion of specks by season contrasts imrcrtcbrate fkkrs (ie-, goldeye and &tbd 

chub) with pischores gee. aatbem pila ad walleye), espeda4r abng axis I (Figwe 2-19a). 

Thetwocxtmmmdiet. ~ b y f a l l c o ~ n s o f w a I I G y e a n d g o k y h  were thctwo 

endpoints along axis I (Rgtuc 201%); tbwe comsponrlpll with t k  positions of their mpr 

prey, nioeSpiOe stickltback~ for and epkmqtmm and mrcslrial vertebrates for 

gokkye (Egm 2-19a). Pisc ivo~  co- some imrctttbratts m the spriog aud srarmrr and 

thus were arraoged in the middle of tk ordhtion Axis II contrasled walleje m tbe summr 

and tbeir main prey (trout-perch) with northern pila m tk spzhg a d  their prey (fkthcad chub 

polygons that enconpassed prey i&ms representing RI's >5% weze drawn mto the ordination 

(Figures 24% and d). Tbis showed dearly tbet: (3 most f b b  exhibited seasonal variation in 

diet, as illustrated by the daferent shapes of polygons between Figure 2-19 c and d, (a overlap 

between piscivores and invertebrate 6eedas was mre promknt in the spring, with 

plecopterans and anphipods being tbe c o m n  prey base, whereas no overlap occllmd in the 

sumam, (mi northern pike was the top O p r  across both seasons, consuming p r h d y  fish 

prey including walkye, but also tem&d vertebrates ad aqyatk invertebrates, CN) walleye 

goldeye and flathead chub were simikr ia diet conposition d d g  both spring and aod, 

however, tky were rmch more sirnibr during the sumnr m n h ,  due primarily to the 

comtmn prey base of surhce insects, dytiscids ad plecopterans. 

Tmdk Rehtions in the Salt River 

The tmpk  relations m the Salt Riva were rmn corrpla than those of the Slave River 

since mae M e s  occurnd b e ,  parbhdy mvcrteaate feedns. Overan, trophic relations 

am0ngspecieSwaem~stsimilarm~- 

Nortbem pike and wakye showed lisle ovahp d e g  spring, and end (Table 2-12). 

As in the Slave River, witlleye and goldeye had a moderate degree of overlap in spring, 



Figure 2-19. Deanded Conwpondencc Analysis of trophic relations in the Slave River, 
1995. (a) Rcy species scores, and (b) Redamn species scores. Polygons that 
encompass prey with RI values r5% fa each predator iu the (c) spring and (d) 
Summer* 

- ---- walleye, - - goldeye, and -*- * - - *  fhhezid chub 

Seasons: 1= spring, 2=spmma, 3 a  
Predators: N=northcrn pike, W=w&yc, G=goIdcyt, Fathead chub 
Fish Rey: &Axctic lamplcy, BR=bmbot, EM3tmEtatd sbintr, 

FH&thead chub, GD=goIdtyt, LK=& whitefish, 
LNElongnose sucker, 9SB-aioespine stickleback, NP=northem pike, 
TP--trout-perch, wL==walleye 

Invertebrate Pny. ArmAmphipoda, Ch=.Cfdrcmomidae, Cd=other coleoptera, . . Cx=Corrxrdae, Dy=Dytiscidae, Ep=Ephemcroptera, PI=Plecoptera, 
Ter=terresaial insects, Tr=Trichoptera 

Other Prey: VT=othcr vertebrates, Vegqlant material 





Table 2-12. Seasonal variation in the diet overlap between fishes in the Salt River, 1995, 
using Schoenez's index (1974). Dashes indicate the absence of one of the species- 
pair comb'iti011~. 

WALL GOLD LKWT FHCB WTSK LNSK 
S P M ~  
Mxthem p* (NTPR) 
W*F (WALL) 
Goldeye (GOLD) 
Lake whitefish &KWT) 
Flathead chub WCB) 
White sucker (WTSKJ 

Summer 
Northern pike (NTPK) 
WaUeye (WALL) 
Goldeye (GOLD) 
Lake whitefish (LKWT) 
White sucker (WTSK) 
Longnose sucker (LNSK) 

Fall 
Northern pike (MPK) 
Lake whitefish (LKWT) 
White sucker (WTSK) 

Table 2-13. Seasonal variation in the diet overlap between fishes in the Slave Delta, 1995, 
using Schoeeer's index (1974). Dashes indicate the absence of one of the species- 
pair combinations. 

- - - - -- 

WW GOLD INCO LKWT 
Spring 
Northern pike (NTPK) 0 0 - - 
Walleye (WALL) 0 - - 
Goldeye (GOLD) - - 
Summer 
Northern pike (NTPK) 0.12 0 0.38 0 
W*YC (7KW) 0.0 1 0.42 0 
Goldeye (GOLD) 0.00 0 
Incomu WCOL 0 



contributed prhmdy by the conm~n prey base of plecopman~, ephemaopterans, and 

zygopterans; other pairs exhibitiag a iladera& degree of ovedap wae lake whitefish with 

bngmse sucker atxi white srrlm, with a commn prey base of ostracods a d  cbnomids. 

Longnose sudter and white sllclm showed the higkst degree of moderate ovdap in both the 

spring and surmra conpad to all ottm specbpaic combhathns, cormikned msrly by 

overlap in coasurrpion of ostracods, chironomids ad tdchoptcraas. During the t4 few fish 

were fiieding. 

'Ihc DCA ordinatIons smxnadd trophic nbtions for the Salt River fish assemblages 

along two d y  interpretable axes, havhg c i g e m b s  of 0.90 ad 0.57 {axis I and axis I& 

respectiyely). Thc ordinaton of species by season contrasts piscivores with invertebrate 

feedcrsabogaxisI(F5gure2-20b). AsintkSkveRivcr, ! k h e s w i h w i t b & t s , ~ y i n  

the spring, wcre amged m the middle of the ordination. 'Ibe two extrelDeS in diet, 

represented by surrmn collections of bngnose sucker d fall coDections of northern pike, 

were tk two endpoints along axis I (Figure 2-20b); these correspoaded with the positions of 

their mapr prey, detritus and cbirononlids for bng00~ suckers, a d  young-of-the-year 

longnose suckers for northem pike (Figure 2-20a). Axis II contrasted the summr diet of 

longnosc sucker with that of goldeye in the srmran, when the rmin prey were tanstrial 

insects* 

Dietary polygons for the Sah Riva fish assemblage @guns 2-20c and d) showed that: (i) 

most fishes exhibii  seasonal variation m diet, ( i i  diet owhps of northem pike and walleye 

with inve~ebrate fixden, partkukly gobye, occuued lnainly m the spring, mre so for 

walkye than mttbera pike, (Ei) tk diets of lake wbaefish and w k  suckers widened during 

the summer season to include prey such as phpterans and sculpios for white suckers and 

gastropods, anpbipods and nioespine sticklebacks for lake white- and, (iv) m contrast, 

goldeye diet narrowed comidcmbly to include p r b d y  corkids and termad insects. 

Tbere was no over@ in din amwg &&s m the Slave Deha duriDg tht spring sampling 

period; during this tim mrbn pike and gobye were the only fiPhes caught that were 

feediag. During summr, the only species paits tbat showed a moderate degree of overkp 



wen inconnu-mrrhcm pike and inconnu-eye flabk 2-13). Gokkye was the only species 

~goninvertebatcsandLOdtats, No~anpleswcrecollcEledduri~gthefalL 

Tbt DCA ordinations arranged tk diet data for tbc Slave Deha fish asscmbbges abag two 

n!acMy imaprctablt axes with eigemmhlcs of 0.94 pad 0.46 (axis I ard axis I& respectiveIy). 

Tht ordiaatiron of species by season contrasts tk tbree piscivorts with tk invertebrate fkder, 

goldeye, along axis 1 @igwc 2-21b). Gobye in tk slmnn and their prey (ckm shrhq, 

d i p ~ ~ d ~ ) b a d t b e ~ s c o s e s o n ~ I , w h a e a s i n c o t l l ~ i n s u m m a  

ad their prey (YOY bngnose suckers ad lala whit&&) had the lowest scores (Figures 2- 

21a and b, nspectivcly). Axis I[ conttasted walkye in tk slurmn ad their major pny (trout- 

perch d lake chub with mrthw pike in tbe smnm and their xmin prey (burbot, goldeye, 

bngmse suckers and lalce whitem). 

Dietary polygons for the Shve Delta &h assemblage @gme 2-21c and d) showed that: (i) 

no- pike were the top piscivores aaoss both seasons, (5) gokleye were the only 

invertebrate feeders, (m) overlap between piscivores and invertebrate M e n  was not 

obsemd, (iv) among the piscivores,  MU diets were htemxhte between those of 

northern pike and wakye, and (v) northern pike and goldeye exhMed seasonal variation in 

diet. 



Figure 2-20. Detrended Correspondence Analysis of tropbic nlations in the Salt River, 
1995. (a) Prey species scores, and (b) Predator species scores. Polygons that 
encompass prey with R l  vaiues >5% for each predator in the (c) spring and (d) 
Sntmner. 

- nempilpe, ---- walleye, - - g d - ~  - Iakewhitefisb, ---- wbte sucker, 
longnose sucker. md - - - flathead chub 

Seasons: l= spring, 2=nmmer, 3 = =  
Predators: Nr11orthcm pike, WtwaUeyc, LK=dakc whirefish, WTwhite 

sucker, LN=longnose sucker, G=goldeye, F=flathcad chub 
Fish Rey: BR=bmbot, EM=emedd shins, FH=flathead chub, GD=goldeye, 

L K = W  whitefish, 9SB=nimqhe stickleback, NP=northern pike, 
SC=scuIpin, SKmcker, SP=spottail shiner. TP=trout-perch, 
% = = y e  

Invertebrate Rey: Am=Amphipoda, Ce&topogonidae, 
Ch=Chironomidae, Cx=Cork&e, Dpcother Diptera, Dy=Dytiscidae, 
Ep=Ephemeroptera, GpSasPopoda Pl=PIecoptera, Os=Ostracoda, 
Ter=tmstrial insects, T=Tnchoptcra, Zy=Zygoptera 

Other b y :  VT=other vertebrates, Veg=plant material, 
det=dettitus 





Figme 2-21. Deanded Coxrespondence Analysis of wphic relations in the Slave Delta, 
1995. (a) Prcy species scans, and @) Ehdator species scores. Polygons that 
encompass prey with RI values >5% for each predator in the (c) spriog and (d) 
summer. 

Seasons: l=spring, 2=smmcf 
Rcdators: N=northcm pikh W=wallcyt. IN=inconnu, G=goldeye 
Fish Rey: BR=bmbot, -0, G R = g o l ~ .  LOlaLt chub, LK=lake whitefish, 

LN=IoLI~~os~ suck,  ~ o ~ t - p u c h  
Invertebrate Rey: BpBranchiopoda (clam shrimp), Ch=Chironomidae, 

(Sr=Curixidac, Dppother Dipera, Dy=Dytiscidae, GpEGastropoda, 
Teemstrial insects, 

Other Rey: VTtother vertebrates (rodents) 





Discussion 

Fish Species CompOeitioa d the Slave River system 

T k  Slave R*a system consists of 23 fish species, representing 11 d i f f i n t  families; of 

those, six species were rare in this study. This was similar to the findings of previous 

work in the Slave River system flripp et d. 1981; McQeod et al. 1985). 011 the basis of 

habitat heterogeneity, which has k e n  found to i n f l u ~ ~ ~ c t  species diversity (Angenneier 

1985, Keast 1978), it would be expected that species diversity would be highest in the 

Slave Delta, followed by the Salt River, then the Slave Rim. After rare species were 

excluded, the Slave Delta had the highest species diversity (15 species) followed by the 

Slave River (14) and the Salt River (13). Differences found between the species diversity 

of the Slave and Salt Rivers were probably due to the large difkence in channel size. 

Overall, the Slave River comprises roughly half of the total species present in the 

Mackenzie basin (23 versus 53) (Bodaly et ul. 1989). However, in comparison with 

tropical and temperate river systems, species diversity of this northern system is much 

lower when standardized on the basis of watershed area (Wekomme 1985; Bodaly er al. 

1989). These differences are prhady due to increased climatic severity in northern 

regions. such as a shorter growing season and lower water temperatures (Morin et ol. 

198 1; Bodaly et al. 1989) and to postgliscial dispersion panems (Morin et al. 198 1; 

Lindsey and McPhai.11986). 

Two groups of fishes were represented in the Slave River system, resident species and 

migratory species. This result was not suprising since the mainstems of large rivers in 

many different geographical locatioas have been found to be used primarily as corridors 

for migratory fishes (Bayley and Petrere 1989; Bodaly et al. 1989; Novoa 1989; Roy 

1989). With the option to undertake migrations, fish can select distinct spawning anas 

and/or feeding areas (Bodaly er al. 1989). However, the number of rmly migratory 

species that use the river for only part of their lif'e histmy was quite low in the Slave River 

(2 species) compared with systems connected to estuaries aad mafifle coastal regions 

(Bodaly et al. 1989), which often represent more productive f&g areas. Although 

resident species complete their life cycle within the river, the high catch-per-uniteffort 



observed in the spring suggests that even resident species migrate within the river, possibly 

to preferred spawning or faeding areas. 

Variability d Wtat use within the F'ish Assembiaw of the Slave River System 

The community-level analysis of habitat use illustrated that tbe fish assemblages among 

the three study areas wae ecologically distinct Since the species composition within 

these regional assemblages wae similar (at least in this analysis), each species must 

therefa be versatile in their ability to use a variety of diffhent habitat regimes. 

Discharge was the main habitat faaor distinguishing the SIave River and Delta 

assemblages from the Salt River assemblage, probably due to the large difference in 

channel size and morphology. Tbe distinction between the Slave River and its delta was 

due to the association of the Slave Delta W assemblage with vegetation, However, when 

species-habitat associations were considered within each of the study areas, finer-scaled 

differences in habitat use were also evident among individual species. 

Northern pike are found in a wide variety of habitat types, however they generally 

prefer clear, heavily vegetated waters (Scott and Crossman 1973). Vegetated areas allow 

for concealment of these visual sit-and-wait, opportunistic predators (Nursall1973, 

Chdstiansen 1976, Turner 1984. Studies by Diana et al. (1977) and Tumer (1984) found 

that northern pike in northern Alberta lakes were associated with shallow, vegetated 

waters approximatdy 90% of the time. Within the Slave River system, northern pike were 

most closely associated with shallow, vegetated areas when this type of habitat was 

available. 

Walleye are also adaptable to a wide range of environmental situations, but are mainly 

found in large, shallow, turbid lakes or large turbid rivers (Scott and Crossman 1973; 

Colby et at. 1979). Temperature is often considered one of the most important factors 

influencing walleye distributions (Spanglcr et al. 1977; Colby et at. 1979; Bryan et at. 

1995). In particular, temperature cues spawning migrations and spawning events (Colby 

et al. 1979). h the Slave River, the highest abundance of walleye were associated with 

low water temperatures and increased discharge, which may be important in cueing spring 

spawning events. Another important factor inflwncing walleye distributions is light 



intensity (Scott and Crossman 1973, Colby et 01.1979). Due to extremely sensitive 

retinas to Light, walleye in many lakes have been found to seek shelter among shoals of 

large boulders or sunken trees dwhg daylight hours (Colby et al. 1979). These types of 

habitat structures arc often not present in flowing water systems such as the Slave River, 

however, due to the extreme turbidity of the Slave Riva and its delta, walleye activity 

WEely wouId not be restricted by light Generally, walleye are found at depths of 1-15 m 
and they tend to avoid dense submrgent vegetation (Colby et al. 1979); this was also the 

case in the Slave River. Oved ,  wantye in the Slave River system w m  most often 

associated with modcrate distances &om shore ard little or no vegetation, and in faster 

currents and greater discharges within the rnainstem. 

Of the Slave River migratory species that reside in Great Slave Lake, inconnu are most 

often associated with inshore depths of 10 m, occasionally invading open-water, whereas 

lake whitefish inhabit offshore depths (Rawson 1951). Fuller (1955) also found inconnu 

pdmarily residing in moderately shallow waters and concluded that depth seemed to be the 

main factor influencing their distribution in Great Slave Lake. Inconnu within the Slave 

River were also associated with moderateIy shallow depths but lower discharges and water 

temperatures were the most important habitat variables. During the fall spawning 

migration kom Great Slave Lake to the Rapids of the Drowned at Fort Smith, it is most 

probable that both inconnu and lake whitefish migrate along the shoreline through back- 

eddies, since the slower amcnt of those areas would be energetically less costly. 

Goldeye and flathead chub are often associated with large, turbid rivers; goldeye can 

also be found in the muddy shallower waters of some larger lakes and connecting 

tributaries (Scott and Crossman 1973). Both species are generally associated with open- 

water (Scott and aossann 1973), which was similar to the findings in the Slave River. 

Both goldeye and flathead chub had their highest abundance during the spring when water 

temperatures were low, and discharge and current were high; it is during this time that 

these species aggregate to spawn. Goldeye have been found to be unaffected by 

sedimentation or fluctuating water levels (Nelson and Walburg 1977). thus turbidity and 

changes in discharge may not be critical in influencing goldeye distributions. Within the 

Slave River and the Delta, goldeye scores in the ordination were positioned near the 



origin, indicating that there was no dominant habitat variable influencing the distribution of 

goldeye. However, in the Salt Riva, goldeye wne strongly associated with the deeper, 

less vegetated sections of this shallow riw. As fm flathead chub, v a y  little is known 

about the ecology of this species. h the Slave River, flathead chub were associated with 

low water tcmptraturts, offshore disrsnas and moderately fast currents. Similar habitat 

associations were found in the Salt River, although flathead chub wen not common in the 

Salt River. 

White suckers are usually f m d  in the warmer waters of shallow lakes or shallow bays 

and tributaries of larger lakes, generally within the top 6 to 9 m (Scott and Crossman 

1973). Rawson (1951) reported that white suckers do not live within the lake proper of 

Great Slave Lake, rather in the shallow, warm bays and associated tributaries. However, 

longnose suckers, which prefer clear, cold water, are commonly found at depths of 10 to 

20 meters within Great Slave Lake. Rawson (1951) concluded that these two sucker 

species probably compete very little for food and space in Great Slave Lake. In the Slave 

River system, these two species only coexisted within the Salt River. Distance fiom shore, 

which could also be relared to depth, did not seem @te as important for these two species 

in the Salt River, however, ampemture seemed to be the most important factor 

segregating these two sucker species. Depth segregations as observed in Great Slave 

Lake, are probably not a contributing factor in the Salt River since average depths range 

from 1 to2rnandamaximumwidthof60m. 

In sunrmary, resub b r n  the babitat aaalyses showed that tbe distributions of mst species 

were associated with a combination of habitat varjabk. However, few species appeared 

influenced by the stuac c o m b i n s  ofbabitat variables, thus mtemctions m habit  use are 

probably low. 



TheaietsdLPSidmt and IIifpatorg piseiraes 

Northan p k  ard walltyc are g m d y  consibd piscivorous pndators, o&n being the 

top pdatcm of aquatic ecosystem (Lawkr 1- Scott a d  Crossman 1973; Coby et al. 

1979; Diana 1979). Both specits arc alp0 generalist k a k s  in mimy systms (Scott and 

(2msxma 1973; C b r k b m  1976 Tmm 19&1; Cbapnm et af. 1989; Bryan et ell. 1995), 

ahhough some sbxiics show that both the prdators can athibit siPc-9~]ective pndation 

(CoIby et cJ. 1979; Hart aad HPnrm 1988; Wehl aai Stein 1988). N h  p3e end walleye 

&urn tk bwa Slave Riva system both cxb ibd  a feeding strategy throughout the 

three sanphg bcatbns- It is not surpdPiag that tbese visual predators (Scott rud Cn,ssman 

1973) are opportur&tk fwagas m t k  Slave Riw, Soce vipibility is greatly redud by 

MWity a d  a steady cuuent. Nonhem pib: ad walleye in thc Slave River system co- 

n o t o ~ M b l l t & ~ ~ ~ ~ p b a l p o d ~ a t e t a r e s t r i a l  

vertebrates such as rodents, snakes ad birds- Mimy studies have documnted tenestrial 

vertebrates in tk diet of mrtbem pike (Scott and Crossaan 1973; 1om-s et aL 1978; Bond 

1980), however, only a few studies have aamined the hportance of aqna&: invertebrates in 

thc diet of northem pike (Christiansen 1976; Chaparmn et d. 1989). 

A high proportion of empty stomachs were docu~~~nted throughout all seasous for both 

predators, generally ranging &om 50 to 88% during a given time of the year. Although walleye 

occasionally regurgitate their stomach contents w k n  caught in gillnets (per. obs.), a high 

proportion of empty stomachs is aot atypical for many piscivores (Lawk INS; ch&iamen 

1976; Jom et d 1978; Tripp ad McCm 1979; Tuner 1984). 

Variations in tbe diet co~lposition of both nortbcm pike a d  walleye were evident among 

the three study anas. These three study areas repatsmed tbne dBerent types of habitat, and 

tht composition of prey spedes varied slightly between each area Prey richness for both 

pndat~r~washighMmtbeSalrRivadbwestintheSlaveDeha Olrearightexpect 

gnaterdietriChllessinareasofgr*nerhabitatdivasty,~~forgeneralistibadefi,since 

a greater richness of prey rnay also be available m mm hetaogc~e~us cnvimmaents (Keast 

1978). AsexpeacddietrichmsswashighmtbeSahRivcr, howwer,Iwasslaprisedtofidit 

bwestintkShveDcha ibelowriCtmesSobscmdinrheSBvcDebarrayhave~lybeen 

due to the bwer sampling effort tbae compared with the other two study areas. 



Seasonal dietary variatiDn was also evident within each of the three study areas- Most shats 

in dict c ~ r r e ~ p ~ n d a d  to changes in the avaMiky ofvarious prey in the emkorrmcnt at a given 

Riversysmnweretbemoniaponantpley~formrthan~at~tioe,~oiocidiag with 

a peak in their catch-per-unit-eikrt @ipp a d  McQrt 1979). 

AqoatL: invertebrates were an important part of the diet for mnban pike and walleye 

during the spring in the Salt Riw and to a tssa extent in tht Shve River- Few studies have 

reported aquatic invertebrates as a lnapr part of the mrtbenr pike diet durhsg this t b T  and all 
0 .  

reports are from kke systems (Chmtmsen 1976 Chaplnan et d. 1989). In contrast, 

invertebrate 6eeding by walleye, particularly in the spring* has been Wen documented (Kelso 

1973; Swemn 197% Cdby et ai. 1979; Johnson et at. 1988; Bryan et at. 1995). Colby et al. 

(1979) suggested that in sornc lakes, walleye are forced to feed on aqyatk invertebrates when 

forage fish are scarce- Linited beach seiping in spring did show much lower numbers of forage 

fish compared with s~rrma, when young-of-the-year &h appeaAd As we& many aquatic 

invertebrates, such as the late instars of cpbemmpteraas, ppboopmaa~, donates and 

amphipods, are vny abundant in spring, malting tbem vay aaesible prey items (Keast 1977; 
. . 

Chmtmsen1976). 

InthcSbvcdSalrRivasd~gsmmm,tbcirrportaaceoffish.partiRllarlystllallfish, 

imeased substantially m tk dkts of no- pikc and walkye. A shdar iaaease in small fish 

prey was observed in northem pike b m  a mnbem lala (Cbmbamc . n 1976). This irmease 

cou lds inp lykduetoan iarrasemthc~ofdf i shardm~~~e~uent lyan imease  

in their availability. By Augusf young-of-the-year (YOY) &h would have grown to a size that 



would likely & t h e m p 5 b l e  prey; t k e  YOY are also possibly moving &om sa6a very 

shalbw waters todeepa, less sa6e waters where tkmaprityofpndators may be found 

(Power 1987). As well, catchts m sciaes showed an imrase in ocha important small- 

bodied pxey species during the sunm~~,  - m the Salt River, coasisttnt with studies on 

the Athabasca River 0 .  end McCart 1979; Bond 1980; Bod a& Berry 1980) ad 

elsewhere (Paetz and N b n  1970; Scott a d  Cm.eawn 19'73). 

hrbgthe&& northanpikchdacmchhigkrdivasityofpreyspecics than&ye7 

although both specks ate vay bnv &h at this tmrt. Norrhan piLe used both deepdweIling 

species7 such as burbt and lalte whMsh, as well as some of tbt samc shabwdweIling 

species takenmsumm. 

Although prey size g e d y  imeases with predator h for norkm pike and &ye 

most 1954; Popova 1967; Parsons 1971; C h k t h m  1976; brsythe and Wiem 1979; Hart 

and Co~~eIlaa L984), relationships observed in the k k l  often depend upon the availability of 

various size-classes of prey to the predators. In the Slave Rivg system, northem pike 

exbibhi a sigaifikmt immse m prey Iength with imeased predator length, with the average 

prey being 22% of the length of the pndator; however, )mga northem pike also continued to 

coasum srnall prey item. The average prerpredator s h  shclatbu for noahem pike in the 

Skve River system was simaar to those npomd by N d  (1973) and Christiaasen (1976). 

Walleye in the Slave River system also exhMed irrreases in prey length with iMeased 

predator kngth, although the coaelation was not as strong as with northan pike. The 

consumption of srnaIl prey exhibited by all sizes of northern pike and walleye might be 

expected in a system such as the Slave b. Given tbe high arrbiday of the Slave Riw, and 

consequent reduced visibility, predators nust probably resort to an oppommis&: &ding 

-a* 

Adult burbot are d y  piscivorous, whereas juvenile burbot often co- mm aquatic 

invertebrates and small fish ~ w s o n  1955; Lawk 1%3; Ckn 1969; Trijp et d 1981). 

A large proportion of tbe burbot captured m the Slaw Rivg had e q t y  stomachs. However, 

adult burbot were only caught in signifi*lm numbczS during December, under the ice, using set 



kmmru  is an arc& and subarctic sp- with a distribotion in North Arocrica from the 

Bering Sea eastward to tk t b t n  Riva and south to Great Slave Lake and it's tributaries. 

Inconnu are abundant in the Mackenzie system, ranging fiom the Mackenzie River delta to the 

Rapids of the Drownad on the Slave Rivu at Fort Smith, Northwest Territories (Scott and 

C~ossaan 1973: McLeod et al. 1979). I~COMU fiom this study area reside in Great Slave 

Lake for rmst of the year a d  are only present m the Shve River duri~g the fill spawning 

period, Spawning migrations through the Skve Deha were id ia td  at the beginning of August 

for both years. Duriag this t b ,  44% of the iacormu caught had stomach contents, 

constletably higher than the 16% fad by Tripp et uf. (1981) during the sarne tinrt period 

Uponreachingtk ShveRivanear Fort Smith, U)Okmup~oftbeDel ta ,  kwerinconnu 

(26%) contaimd prey  item^. hxdhte ly  prior to tht peak spawning paiod in September, 

inconnu ceased bmding, based on the proportion of empty stomachs. Ah (1969,1987) found 

that ~ O M U  in tht Kobuk aad Qwtam'lra Rhm, AIaska all had empty stomachs throughout 

the spawning migation. However, mre s h s h  to our findings, Petrova (1976) f o d  tbat 

some inconnu from tk lrtysh River Basin in Siberia were stilI fkeding during tbe spawning 

migration,butccasd6eading~. 



Thedietsafinv-feeders 

BasdonCPUE d a r d p s o f  stomachcontmts, it appears thettkreare threedistina 

gr~upsofIake~iathcS)aveRivetsystcm EirsSimrrrmnlakewhae~wereresident 

in the Salt River d BcediDg throughout tk open-water sampling periods Sewmi, mn- 

fixding, migatmy spa- were prrsm in the main stem of tbe Slave Rivn during late 

slmmnandthughoutthefan. OtberstlditsontkSlaveandAthabascaRivashavealso 

f o ~ t h a t l a h e w ~ a p s 6 t e d i a g d ~ t b e s p a ~ s e a s o n ~ e t o l .  1979; 

McCan et ol. 19n; Bod 1980; Tripp a af. 1981). although Joms a aL(1978) fomd that 

most labe whMsh captured in the Ahbesca Rivcr during tbe spawning season wexe gorged 

with whitefish eggs. Third, a peak in lake whit&& catch &rt during late May aad early June 

suggests that so= of tk fall spawning fish may have ovenviatQcd near tk spawning grounds 

b e h  migrating back to Great Slave hke. An of those fish also had enpty stomachs Tripp 

et ol. (1981) also foood that lake whi!efish were stilirehtively abundant in the Slave River near 

Fort Smith after the spring break-up and k m  tagging data suggested that so= of these 

overwintned there after spawning- Similarly. Bond (1980) nponcd a spring peak in lake 

whitefish catch in the At idma River* again suggesting that s o n  hkt whitefish overwinter 

at the spawniag grormds. 

As a result, the diet of b wbitehh presented here, coasistiPg of a wide variety of prey, 

but prhnarity ostracods and corircids9 was only representative of itmume fish caught in the 

Salt River, but is neveTtheless consistent with lake w h h W  diets in many other systems (Scott 

and Crossrnan 1973; Tohtz 1993). 

Seasonal changes m the diet of tht juvenile lake whitefish often conesponded to the 

changing avaihb3iry of prey organism in the envitomnt, pem'wlarly for tht dominant prey, 

ostracodsandcorixkls~ Ostr;icods,thedominampreymthe~g,hatchatthis~@ebm 

1991), aad, along with oligochaetes~ dominared Spriagtim macroinvertebrate samples taken in 

tk Slave Riva Delta fliipp et d 1981). 'Ibe corze~p~nding deaease in tbc importance of 

ostracods during tbt surmn m y  be m t e d  to d e d k  in abuadem due dropping water 

Icvels; in rllany systms, ostmcods arc absent throughout the suamn due to desiccatEon 

( D e l o ~  1991). In the Slaw River Delta, Tm et ol. (198 1) feud no ostracods were present 

in the fall sampling- During July aad August, the munt  of vegetation in the Salt River 



Goldeye were the mst OormDn &&nt &h specks m tk lower Shve Riva near Fort 

Snith throughout tk opcn water sanpling periods, slthough they were less abaodaat in the 

Slave Delta and the SaIt River. GoMe)e m the Slave River system were gemalin and 

qpormi& feedas, with spatial and seasonal Variatsons m diet composition that were similar 

to those seen in other systms ( Ibmdy ad Sprules 1967; Scott d aOssllan 1973; Donald 

and Kooyrnan 1977; McQln etd. 19n; Munson 1978; Bod 1980). 

Plecopterans were tbe most kprtant prey dtlriag the spring and s m m e r  in thc Shve River 

and during the spring in the Salt River, shnk to what has been found in the Ahbasca Rivg 

pripp and McCart 1979; Bond 1980). Most pbcopterans emerge in spring or early sunnner 

and thus would be more abundant at this h, oorqared with later m the season (Barton 

1986). Corixkis were also an inportant part of tbe diet during May a d  Juoc, although their 

bighcst impomme was aaaiacd in Octok. In contrast, Donald ard Kooyman (1977) found 

that corhtids were the mst do- prey item m adult goldeye throughout tbc open water 

period m the Peace-Athabasca Delta area For all three of my study areas, the importance of 

tcrnstrial insects peahd in July and August, by which tb m y  insects have emerged 

(Reonedy aad Sprules 1x7 Keup 1988). Because all pkmt in goldeye diets was of 

allochthonous origin (ie., sexds, I1&dlw, Itavcs), it was not sorprisiPg that the importance of 

this mterial was highest d d g  m g ,  wbca the water levels were very high and shoreline 

debris is swept downmeam (Barton 1980). 

Flathead chub are most often aPsodatcd with large, turbid rivers (Scott and Crossman 

1973). Sinrilar to the temporal pattern des&ed fix the Athabasca River (Bond and Berry 



1980; Bod 1980) and Skve Dcha (TrQp et d. 1981). they were mst abudant in the Slave 

Riva~gthe~pl ingard~prtsta~mnmchbwernmabas~ughouttbenmainderof  

the opm-water pcrhd Ahhough it has been suggested tbat they mve into tributaries to 

spawn(ScottrmdCm~19n;Bond 1 9 ~ m ~ s r ~ c h u b ~ e r e c a u g h t m t h e S l a v e  

River- Onlymcewerctkyo~intkSaltRivcr. Noaduitswerecapturedmthe 

S k  Delta, although YOY slld 1+ were caught tben m beach W. 

TbefhtkadchDbhmtheSaltRiveraoe~gapoopods andcorirtids, whereas 

g a s h a p o d s w u e a b a a ~ t b e c l i c t s o f c h u b ~ 8 ~ @ m t h t S ) a v e R i v n , ~ ~ b l y d u e t o  

UIlSUitabk habitat m the mrh h f c r  flowing Slave Rivn. Ipstead, these chub displapd 

consirlerable seasonal var$tion m diet that d k d  those of gokkye from the Salt River. 

Tenestdal nscds inaeased wnderably in inportaxe in the dia during July and August, 

corresponding to the amrgc~w;e of many aqpatk and omestdal hrvae. Although there are 

slight diffhe~lces m tbt diets of Bpthcad chub m the bwer Slave River coqared with those 

reported fiom sirnikr systems (Athabasca Riw ad Slave D e k  McQrt et ol. 1977; Bond 

1980: Tripp et ol. L981), the diet offlatbcad chub ia each study appeared to correspoad to the 

availability of prey in the eIlYirOmnt, 

Longnose suckers and white suckers were trrainIypresent in tbe Slave River system during 

their spring spawning periods; tbe fbmrer were present m the Slave aad Salt Rivers, while the 

latter were fbund only in the Salt Riw. Spring spawning peaLs have also been observed in the 

S h m R i v e r D e h a a a d t h e A t h a b a s c a R i v a ~ ~ d  19n;BondaodBmy1980; Tripp 

and McCrat 1979; Tripp et af. 1981). Both species are bentbic fixden, eating prey such as 

chirom& and trkhopterans, as well as detritus. As well, bngmse sucker ate ostracods 

whereas white sucker c o d  COW. E;ew othn sturlies have quatlW the diet of 

longnose and white suclms in large noahcm rivers, often because the stomach contents are too 

wen digested to panit identifbtbn of individual food item* However, the dkts  of bngnose 

and white suckers in the Atbabasca River wae of m h  bwer dhmity then those of the Salt 

Rivet (Bond 1980). 



Tmpbic Rehhm io the Slave River syskm 

'Ibc pzbwise and c o ~ - l e v e l  snalyses of ciiets suggested that trophic relatiorships 

withinthe iish assemblages o f tk  Slave Riversysmnwcre gcmdlybw throughout dl 

seasons. A moderaDt &grce of ovalap was lmaioed by a fbw speck-pairs, however, none 

exhibited a high degree of overlap- These resub may be due to sevcxal Etccors. First, 

in morpbobgy, espdany muth charancdPtiEs (e.g., mouth width and gape) may 

lead to ~~g styks War size--11s @ b s t  a d  Webb 1%6), ard secondly, 

diErcntiaI use offceding habhts m y  also nslllt m bw degrees of dietary overlap Amng 

the top predator, niffketlce~ in math morphohogy may contrhte to reduced tropic 

relations between no- pike and walkye. Walleye raay bt mnc limited by the size of prey 

that can be consrrmed compared with northern pik, thus larger prey such as flatbed chub and 

sucken, may be c o d  by northan pike, but probably not for walkye* In tht Slave Deb, 

tropk relations between northern pike and h m u  were probably mbkal since inconnu are 

also size-limited to d M prey, generally kss than 100 mn in length (Fuller 1955; Petrova 

1976). Diet overiap between incormu and walleye were moduate during the s m m r  season, 

howevex, this may over-estimate the true trophic rehtionshp, since vay few incomu were 

feeding during this time. Within the mvertebrate feeders ofthe Slave River system, gokkye an 

the only specks with a supra--mminal muth position, which aRows for effective kding on 

suxface prey, such as adult winged-hsects and surficedrifting srnall rodents. Conversely, 

whitefish, and suckers have sub-termiaal 1m~1t.h positions adapted fOf e&ctively fixding on 

benthicdwelling organism. Although these later species an p h d y  benthic Men, with 

the potential to have a commn prey base, trophic relations are probably mioia6zed due to 

diikences in habitat use as obarvcd in tbe previous habitat analysts- 

Thus, potentiany W I I ~ C I ~ O ~  prey that m y  be abmdant during aMia tirac periods, may not 

be readily accesibfe to all predators due to Rifiiercnces in mqhology aod diikential habitat 

use (or seasonal patterns of fcading versus m@mtb&pawning), by resubg in weak mpk 

relationships m n g  fishes in an assemblage. 
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Cbapter 3. GENERAL DISCUSSION AND CONCLUSIONS 

The Slave River systcm has a diverse composition of fishes (23 species) for an inland 

northern river. However, in comparison to tropical and temptrate river systems, h h  

species diversity in this river and h e x  northem river systems is generally q ~ t e  low when 

standardizad on the basis of watershed area (Bodaly n d 1989; Welcomm 1985). These 

diff'as are primadly due to mCLUiStd climatic severity in llORfPCrn regions such as 

shorter growing seasons and lower mean daily water temperatures (Morin et ul. 1980; 

Bodaly et 01.1989) and to postglacial dispusion patterns (Morin et al. 1980; Liadsey and 

McPhail1986). Another factor influencing the distniiution and abundance of fishes is the 

productivity of a system Roductivity of river systems is believed to be influenced by 

abiotic factors such as discharge rates, substrate type, channel morphology and the degree 

of turbidity (Welcomme 1985; Bodaly et al. 1989; Ryder and Pcsendorfer 1989; Johnson 

et al. 1995). Since the productivity of large rivers is generally low, fish often use these 

waters as migration corridors to and from prefeLfed spawning W o r  fixding areas 

@odaly et al. 1989; Roy 1989). In the Slave River, there were a number of resident 

species and several migratory spawning species fbm Gnat Slave Lake. The number of 

migratory species in the Slave River (2 species) was quite low compared with systems 

c o ~ e ~ t e d  a estuaries and marine coastal ngions (Bodaly et al. 1989), which often 

represent more productive feeding areas. Although resident species complete their life 

cycle within the Slave River, their high abundance observed in the spring suggests that 

even resident species migrate within the river, possibly to prefirred spawning or feeding 

areas. Also, it appeared that the Salt River plays an important role for the Slave River by 

providing a refuge and nwsexy area in which fish can fkd and mature. 

The three study arcas, the Slave River neat Fort Smith, the Slave Delta, and the Salt 

River, represented distinct habitat regimes, most notably in the amount of vegetation and 

discharge rates. The presence of many d the same species in each of the thee regional 

areas indicates that these species an tolerant to a variety of different habitat regimes, and 

thus can be considered habitat generalists. Furthermore, results h m  tbe habitat analyses 

showed that most species were associated with a combination of habitat variables and 6ew 



specics~infllledbytbt~combinatio~~~ofhabaatvariables,tbus~os 

involving habitat use are probably low. 

All actively fMhg specks within ami among the study aseas exhibited seasonal 

variations in diet, f d g  most commoaly on suitable prey that was most abundant in the 

system at a given time, tlms as with habitat use, most fish in the Slave River system could 

be consided g e d  5- Most species in the Salt River exhibited a wida diet 

Wth conpared with & k s  m tbe S h u  W, probably due to a gmtm babitat 

ktmscPcay. ~ b a b i t s t ~ S e a e a y o f t c n ~ t o ~ s p c c i e s r i c h o c s s ~  

1978; Angermeier 1989, and thus tkre woukl be a greater potential prey base for predators. 

Nortbem pike and walleye were the top predators in the Slave River (Figure 3-1). 

However, northern pike had a much grcatcr diet richness, exhibiting versatility in the diet 

as they consumd not only fish bat also tamstrial vertebrates and aquatic invertebrates. 

Incomu a d  burbot are also generally considered to be top predators, however, within the 

Slave River, they were only present during their spawning seasons, when M e  or no 

feeding occurred. Few invertebrate-fixding species were present within the Slave River, 

probably due to abiotic factors such as fast cments, high turbidity and littIe vegetation, 

which limit the distribution and abundance of aquatic invertebrate prey. In the Salt River, 

the top piscivole was again the northern pike (Figure 3-2). Wakye fed not only on fish 

but also consumed aquatic invertebrates such as plecopterans and ephemempterans, which 

exceeded the relative importance of som fish p y ,  particulariy in the spring. Compared 

with the Slave River, there was a much greater diversity of aquatic invertebrates. and 

consequently, there was also a greater diversity of invertebrate feeders. 

Trophic nhtiDnships within the fish aSgcmbla.gcs of the Slave Riva system were geoaally 

weak throughout all seasons, and no specks-pair exblrited a high degree of overlap. This 

rcsuhnraybe~xpcctedgiventbatmost f i shwaege~~taLiog~yonthe  basis 

of their avakbdiy, however, many of these &h have ditkential feediPg styles or me difluent 

feeding habitats, which contributed to m i h h h g  tropic relationships amng cooccurring 

w-- 
It is very d E d t  in large, open systems, such as the Slave Rivu, to determiae the q e d k  

factors influencing the shuaure of fish assemblages, although abiotic fixtors are probably the 



In 1991, Northern River Basins Study initiated a number of studies to address the 

concerns from northern residents about the cumulative effixts of development on the 

water and aquatic environments in the Peace-Athabasca-Slave river basins. One of the 

areas lacking extensive, integrative information was the quantiEication of patterns in food 

and habitat use among tbe fish assemblages of the lower Slave River. The resuIts from 

this study should provide aquatic ecologists and environmental managers with a better 

understanding of important food and habitat variables far fishes within the Slave River 

system. More specifically, information h m  this mdy should contribute to a better 

overall understanding of the potential pathways that contamjnauts bio-magnify within the 

food web of the Slave River. This study has shown that the food webs within this system 

can be very complex, however, tben is st i l l  liraiced knowledge of the f a g  and habitat 

ecology of organisms in lower trophic levels (i.e.. aquatic invertebrates, and forage fish). 

Further studies m needed to determine species diversity and abundance, and habitat 

requirements of aquatic invertebrates within the lower Slave River system. Results from 

the habitat analyses m y  also provide insight into the potential effkts of physical 

alterations, such as those of hydroelectric dams, on fishes within this system. 



It is my hope that this study will provide valuable information for hture developments 

of management guidelines in tbe North, and will provide a strong foundation for fuMe 

fisheries work on the Slave River and other, large northern rivers. 



Figure 3-1. Food web in the lower Slave River, Northwest Territories, as represented in thc diet analysis, Arrows indicate the 
direction of energy flow. Thick arrows indicate those prey which represented 210% Relative Importance 0 in the diet, 
thin arrows indicate those prey which represented 4 0 %  RI, and dashed arrows indicate those few prey found when most 
stomachs examined were empty. 



Figure 3-2. Food web in the Salt River, Northwest Territories, as represented in the diet analysis. Arrows indicate the direction of 
energy flow. Thicker mows indicate those prey which represented >lo% Relative Importance in the diet. 
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Appendix A. Location of sampling sites on the Slave River Delta (modified from English 
et al. 1 996), where ( I  )=ResDelta Channel, (2)=East Channel, (3)=Middle 
Channel, and (4)=01d Steamboat Channel. 
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Appendix B. Location of sampling stations on the Slave River at Fort Smith, 
Northwest Territories (modified from Tallman et al. 1996). 
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Appendix C. Location of sampling stations on the lower Salt River (from Tallman et al. 1996). 



Appendix D. Pacent number, mass, fmpcncy of occmrena and Relative Importance 
@I) of prey taxa in the diet of nonhem pike in tbe Slave River and Delta dming 
the slunrm in 1994 (a=nnmhct of stomachs with prey suitable fm thc Calculation 
of RI). Scientific mums offish prey are inTable 1. 

northern pikt 
, kLe whitefish 
walleye - 

suckers 
mottail shiner 

36.4 23.7 
9.1 49.0 
12.1 0.0 

, goldeye 
flatbead chub 
emerald shiner 
Epherneroptera 
Plecoptera 
rodent 

3.0 
15.2 

38.5 
11.5 
15.4 

6.1 
6.1 
3.0 
3.0 
3.0 
3.0 

32.0 
22.7 
8.9 

19.9 
0.7 
5.6 
0.9 
0.1 
0.0 
0.0 
0-0 

3.9 
7.7 

8.7 
7.7 

7.7 
7.7 
3.9 
3.9 
3.9 
3.9 

6.3 
4.8 
2.3 
2.2 
2.2 
2.2 



Appendix E. Seasonal variation in the ReIative Importance (96) of p y  for northern pike 
in the Slave River, Salt River and Slave Delta in 1995 and the summer season far the 
Slave River in 1994 Categories are based on the fiterahire, and on gillnet and beach 
seine catches in the present study. 





Appendix F. Pen;ent numba, mass, hqucncy of occurrence and Relative Importance 
@I) of prey taxa in the diet of waleye sampied from the Slave River and the Delta 
during Jdy and August 1994 (n=nDmbtf of stomachs with prey suitable for the 
calculation of RI). Scientific names offish p y  PC in Table 1. 

11322 
1 

Fi: (79.696) 
northern pike 3 .0  63.7 18.2 33.6 

18.8 9.3 1- 17.4 
trout-pcrc h 9.4 6.1 9-1 7.7 
walleye 9.4 0.0 13.6 7.2 
fithead chub 6.3 7.5 9.1 7.2 

, spottail shiner 3.1 13.2 4.6 6.5 
Aquatic Invertebrates= (20.4 % ) 
, Ephemeroptera 6.3 0. I 9.1 5.0 

Trichoptera 6.3 0.1 9.1 4.8 
Plecoptera 6.3 0.03 9.1 4.8 

, Corixidae 6.3 0.02 4.6 3.4 
; Hymenoptera 3.1 0.00 4.6 2.4 





Appendix H. Percent number, mass, m n c y  of ooconence and Relative Irnportaace 
@I) of prey taxa in the diet of inconnu in the Slave River and Delta during 1994 
(n=rmmkr of stomachs with prey suitable for the calculation of RX). Scientific 

northern pike 80.0 89.0 80.0 83.0 
 out-pa h 10.0 11.0 10.0 10.3 
flatbead chub 10.0 0.0 10.0 6.7 

Appendix I. Percentage by number, mass, fbquency of occmna and Relative 
Importance (RI) of prey taxa in the diet of lake whitefish during August 1994 in 
the Salt River (n=nurnber of stomachs with prey suitable fir the calculation of RI). 

Rey Items 
r 

Tric hop tera 
Dytiscidae 
Corixidae 
Cbironomidae 
Diptera 

96 Number 

34.8 
8-7 
26.1 
13.0 
17.4 

% Mass 

36.2 
39.1 
11.6 
12.3 
0-7 

96 Fnquency 
of Occurrence 

66.7 
22.2 
22.2 
22.2 
22-2 

-- 

%RI 

n=9 
38.7 
19.7 
16.9 
13.4 
11.4 



Appendix J. Seasonal variation in the Relative Importance (46) of prey for lake whitefish in the Slave River, Salt River and 
Slave Delta in 1995. 

Slave River Salt River Slave Delta 
my Items s p i n g  Summer Fall Spring Summer Fall Spring Swrrmer 

Aquatic InverkbracS: 
m h i p o d a  0.0 0.0 0.0 1,9 9,O 0.0 ND 0.0 
Ceratopogonidac 0.0 0.0 0.0 2.6 3.6 0,O ND 0.0 
Chironomidae 0 .O 0.0 0.0 3.5 4.4 0.0 ND 0.0 
Corixidac 0.0 0.0 0.0 132 27 .7 67.5 ND 0,O 
Diptera 0.0 0.0 0.0 2-2 5,s 0.0 ND 0,O 
Dytiscidae 0.0 0.0 0.0 3*7 2.9 6.0 ND 0.0 
Ephemeroptcra 0.0 0.0 0,O 0.9 0.0 1 1.9 ND 0,O 
Gastropods 0.0 0-0 0.0 2.3 15.7 8.8 ND 0,O 
0 s  tiacoda 0.0 0.0 0.0 52,s 6-2 0.0 ND 0.0 
Trichop m a  0.0 0.0 0-0 9.9 18.5 0.0 ND 0.0 
Zygopters 0-0 0.0 0.0 1 .O 0-0 0.0 ND 0,O 

Fish: 
Ninespine stickleback 0.0 0.0 0,O 1.8 4.2 0.0 ND 0.0 

Plant material: 0,O 0.0 0.0 4-5 2.4 5 .9 ND 0,O 



Appendix K. Percent number, mass. fiquency of occurrence and Relative hportance 
@I) of prey taxa in the diet of g o b y e  dwing August 1994 in the Slave River 
(n=numbcr of stomachs with prey suitable far the calculation of RI). 

Rey Items 

T e m e ~ t ~ W m  
Aquatic InvertebrPtes= 

axi~i~b 
Plccoptcra 
Trichop tera 

%Number 

3QS 

16.2 
21.0 
13.3 
5.7 

%Mass 

46.4 

8.2 
0.9 
1.2 
0.3 

Ephemeroptera 
Chironomidae 
Diptera larvae 

Terrestrial Vertebrates: 
rodents 

Fish: 
Plant Material: 
w o a -  (d~agonfiies). -p- Q?=bppers) ad H p m p -  ($iry wasps) 

3.5 
3.5 
3.5 

6.9 
13.8 
l3.8 

1.2 
1.2 
1.2 

(11.9%) 
11.9 
5.7 
5 3  

%Fnpnency 
ofOccostnct 

58.4 

24.1 
20.7 
17.2 
17.2 

1.0 
1.0 
1.0 

1.9 
3.8 
4.8 

%RI 

n=29 
35.4 

(41.7%) 
12.7 
11.1 
8.3 
6.1 

0.2 
0.0 
0.0 

36.7 
4 3  
1.8 



Appendix L. Pucent number, mass, kqucncy of occuuence and Relative Importance 
of prey m a  in thc diet of goldeye in 1995, throughout all study sites and seasons 
(n=number of stomachs with prey suitable fm the calculation of RI). 

Aquatic InverUhWs 
Branchiowcia 
Cdxidae 
Plccopftra 

Chironornidae 
Gastropods 
Trichoptera 
Amphipoda 
Other Coleoptcra 
Other Dipera Larvae 
Zygop tera 
Ephemeroptera 

Terrestrial Vertebrates 

62.1 
13.3 
3.0 

rodent 
Ternstri0Pl Insect1 : 
Plant Material: 

1.9 
0.3 
1.7 
0.2 

32.0 
9.3 
1.4 

0.2 
3.8 
0.3 

1.6 
1 

2.5 
11.6 5.6 

4.3 
0.1 
1.0 

0.03 

8.9 
42.9 
33.9 

36.1 
7s 
0 3  

n=56 
(Tt.7%) 

27.5 
17.5 
10.2 

23.2 
7.1 
3.6 
7.1 
3.6 
3.6 

0.04 
0.04 
0.04 

7.3 
6.5 
2.6 
2.0 
1.7 
1.0 

1.8 
1.8 
1.8 

0.04 
0.02 
0.01 

7.1 
19.6 
8.9 

0.5 
0.5 
0.5 

(11.6%) 
11.6 
83 
2.5 



Appendix IK Percent number, mass, hpcncy of occutrence and Relative 
Impormnce (RI) of prey taxa in the diet of£Mhead chub in the Slave River, 1994 
and 1995 (naumbct of stomachs with prey suitable for the calculation of RI). 

Rey Items 

Aquatic Invertebrates= (81.7% ) 
20.0 14.1 45.5 18.2 



Appendix N. Principal Component Analysis original data matrix for the output of Figm 27. 

Location Discharge I Current I Distance I Vegetation I Temgturr I (m3/s i 100) (ds) h m  shore (1- 10) 

Flathead Chub Salt River 17.37 00.03 00.09 09.33 I 00.08 
Goldeye Salt River 17.95 00.03 00.07 1 1 .44 00.14 
Lake Whitefish Salt River 18.29 00.03 00.07 10.28 00.67 
Longnose Sucker 
Northern Pike 
Walleye 
White Sucker 

Salt River 17.82 00.03 00.08 08.40 00.60 
Salt River 18.83 00.04 00.08 07.83 0 1.48 
Salt River 17.99 00.03 00,06 f 0.50 00.45 
Salt River 19.43 00.03 00.06 09.23 00.57 

Goldeye Slave Delta 18.49 35.32 00.10 09.90 05.80 
Inconnu Slave Delta 17.80 3 1 .42 00.10 09.80 05.40 
r wwm 

1 Northern Fike 
walleye 
Flathead Chub 

- 

Goldeye 
~ O M U  

Lake Whitefish 
Longnose Sucker 
Northern Pike 

Slave Delta 
Slave Dtlta 
Slave Dclta 
-- 

Slave River 
Slave Rivcr 
Slave River 
Slave River 

Walleye I Slave River I 16.77 I 35.69 I 00.23 I 1 1.63 I 00.00 









S888$f 
o d o o o c  

00 o o r  o a 8 8 0 -  
o o o o d c  

sr?ssss 
o o o o o c  

88=88S  
o o o o o c  




