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ABSTRACT 

The life histones and biology of two small-bodied fish, the trout-perch and the lake chub, 

were examined to detennine their suitability as sentinel species to monitor the effects of 

pulp mill effluents on ecosystem health. The study was carried out in the Athabasca River 

40 km upstream to 50 km downstream of a bleached kraft pulp mill in central Alberta. 

Trout-perch were found in al1 habitat types but they preferred tributarykonfluence 

habitats and appear to be batch spawners, spawning at least tsvice. 

Lake chub was the most abundant small bodied-fish collected in the study area. They 

were also batch spawners with each individuaI spawning at least twice. 

Trout-perch far exceeded lake chub as a sentine1 species. Lake chub exhibited a large 

variance of biological parameters within populations. For those monitoring aquatic 

systems the trout-perch is a good species that can provide valuable information with the 

least effort. 
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Chapter 1 

General Introduction 

Small-boaied non-garne fish such as trout-perch, Percopsis orniscon~a_vc~cs 

(Waibaum) and lake chub, Coitesius p1zrnlbeu.s (Agassiz), have been suggested 

as sentine1 monitoring species for effects of pulp mil1 effluents on aquatic 

ecosystems (ECDFO, 1997). There is a lack of information on the life history 

of trout-perch and lake chub throughout their range that is needed to detennine 

their effectiveness as sentine1 monitors. 

The concept of sentine1 species was developed as a means of monitoring the 

impact of human activities on ecosystems. Originally, sentine1 species 

represented species valued by local interest groups such as abonginal people, 

hunters, anglers and naturalists, were monitored to ensure their sustained 

supply (eg./ Moose, caribou or walleye). A second and more recent role of a 

sentine! species is to represent ecological processes and patterns (Alberta 

Pacific, 1995). In some cases these sentinels may have both an individual value 

to stakeholders and also indicate ecosystem health. There have been many 

bioindicators or sentinel monitoring species studied in Canada, including 

colonial water birds (Weseloh and Collier, 1985) and Coho salmon 

Oncorh~vncliics kisutch on the West Coast, (Alderdice and McLean, 1982). and 

the Great-blue Heron, Arclea herodias, in British Columbia (Butler, 1 997). 

Karr (1997),compiled examples of U.S. river systems that were in various 



states of degradation. He reported that S473 billion was spent on water- 

pollution control facilities between 1970 and 1989 and these systems are still 

declining. In temestrial ecosystems there is a movement from single-species 

(fine filter) to multi-species, landscape level approaches (coarse filter) (Alberta 

Pacific, 1995). 

To monitor the effects on aquatic ecosystems fiom pulp mil1 emuents, fish 

and benthic inverebrate communities were selected as the most likely sentinels 

(E.C.D.F.O., 1993). Fish species selected must be resident, abundant and have 

a high reproductive rate, but must also be exposed to emuents and sediments 

(E.C.D.F.O., 1993). 

Native fish species have been used successfiilly as sentine1 monitors for 

industrial effluents in habitats where their movements were restncted 

(Munkittrick et al, 199 1). Srnall-bodied fish may be suitable sentine1 species 

to determine if pulp mil1 effluents have an impact on large northem rivers. 

Environmental monitoring prograrns conducted by Alberta pulp mills found 

that larse-bodied fish are sometimes migratory and hard to collect in sufficient 

numbers. Life history parameters of large-bodied fish can also have hi& 

variability within a given population (E.C.D.F.O., 1997). Small-bodied fish are 

less variable, less rnigratory, and more abundant than large-bodied fish 

(Gibbons et al, 1996). 

Responses of wild fish to industrial emuents are reported in central Canada. 

Most of these occurred where fish movement was restricted by habitat or man- 

made barriers, (Munkittrick et al., 1991; Hodson et al., 1992). in most cases 

effects were not detected using large-bodied fish where their movement in the 



system was not restricted. Exarnples of fish species used as sentine1 monitors 

include longnose sucker, Catostonns catostorntls (Forster) (Gibbons er al., 

199 1 ; Gibbons et al., 1992; Swanson et ai., 1992, 1 993); walleye, Stizostedion 

vitreztnz vitrertm (Mitchill) (Swanson et al.. 1993 and Sentar, 1994); white 

sucker Catostomits conrrnersorri (Lacepede), (Munkitüick et al., 1 99 1, and 

McMaster et al., 1 992); lake whitefish Coregorizfi clztpeafomis (Mitchill), 

(Munkittrick et al., 1 992); and mountain whitefish, Prosopiunr wiliiamsoni 

(Girard), (h4unkittrick et al., IWO; Kilgour and Gibbons, 199 1, and Swanson 

et al., 1992). 

Athabasca River pulp mills have exarnined a varïety of large and small-bodied 

fish species as candidates for sentine1 monitors (E.C.D.F.O., 1997). Preference 

was originally given to large bodied fish such as walleye and longnose sucker 

(Fraikin, 1 996; Alberta-Paci fic, 1994). However, both these and other large 

bodied fish species show extensive movements, which make it difficult to 

determine if they were exposed to mil1 effluents. Small-bodied fish tend to be 

abundant and reside in a variety of habitat types whereas large-bodied fish are 

more habitat selective and far less abundant (Shelast et al, 1994). Cypnnids 

and cottids are thought to have limited mobility relative to large-bodied fish, 

and tend to complete their whole life cycle in a small home range and would 

reflect changes in the local environment more than large-bodied fish species, 

(Gibbons et al., 1 996). Hence there is a greater probability that any response 

they show would reflect a change in the local environment. 

Pulp mills are required as a condition of their licence by the Federal 

Environmental Effects Monitoring (E.E.M.) program to select two fish species 

as  sentinel monitors and to sarnple adults of these species in the waters that 



receive pulp mil1 emuents. This adult fish survey is the main component of 

E.E.M. requirements for pulp and paper mills. Sentinel monitors" are to be 

selected @om local fish populations which exist in suficient numbers to allow 

intensive study in the mill's area of emuent discharge (E.C.D.F.O., 1993). 

Criteria for sentinel species set out by E.E.M. scientists (ECDFO, 1993) state 

that at least one should be a benthivore. Fish species that are resident to the 

aquatic system under investigation for most or al1 of their life cycle and exhibit 

temtorial behavior or limited movement relative to the size of the study area 

are preferred. The greater likelihood that a fish species is exposed to effluent. 

the greater its value as a sentinel species. Also, consideration should be given 

to species of relatively small adult size since age-at first maturity and adult 

natural mortaiity Vary in proportion to adult size (Shuter, 1990). Consequently, 

adult abundance of smdl species should respond more rapidly to stressors that 

affect fecundi ty and/or larval s wival. 

The adult fish s w e y  mentioned above is to be conducted every three years 

where each survey is one cycle. Successive cycles will allow the assessrnent of 

temporal changes in the degree and spatial extent of any site-related effects on 

fish, fish habitat and the use of fisheries resources. Undesirable effects include 

reduced health, decreased fecundity and recruitment. and reproductive effects 

such as reduced gonad size and delayed maturity. The intent of the E E M -  

program is not to interpret findings Eiom one cycle but to monitor long tenn 

trends that would be seen in three or more cycles (E.C.D.F.O., 1992). The first 

cycle of studies for E.E.M. were completed in the fa11 1995 by four pulp mills 

on the Athabasca River, narnely Alberta -Pacifie Forest Industries inc., Boyle, 



-Alberta Newspnnt Company, Whitecourt, Millar Western Pulp Limited, 

Whitecou-t, and Weidwood of Canada Limited, Hinton. 

Al1 mills used at least one large-bodied fish species and no mil1 was able to 

catch enough adult fish of both sexes in the effluent exposed area and the 

unexposed reference area to evaluate the effects of the emuent. Other 

difficulties inciuded rnovement between reference and exposure sites, 

variability within species in liver, gonad size and development (E.C.D.F.O., 

1997). Millar Western Pulp Limited and Alberta Newsprint Company, 

successfiilly used a small bodied species - lake chub, as one of two sentine1 

monitors (E.C.D.F.O., 1997). Although sufficient nurnbers of fish were caught. 

methods used to collect these fish (electroshocking) are not always effective 

and other methods have been developed in this study which may decrease 

effort and increase yield. 

Trout-perch and lake chub were the two most locally abundant fish species in 

the Athabasca River near the Alberta-Pacific Pulp Mill. These two species 

were found to be the most abundant and readily caught species for use as 

E.E.M. sentinel species (Alberta-Pacific, 1994). Of these hvo, the trout-perch 

was the most abundant and yielded the greatest amount of life history 

information. Subsequently, more effort was expended on sampling and 

examinations of trout-perch. 

Lake chub and trout-perch have been described as occuning widely throughout 

Canada and in the northem United States (Scott and Crossman, 1973). In 

Alberta, both fish have been studied in some detail for the Athabasca Oil Sands 

Environmental Research Program (A.O.S.E.R.P), a 1 0 year program that 



researched the potential impacts of development of the oil sands in the area of 

Fort McMurray. These studies catalogued the presence of al1 fish species in 

various areas and touched briefly on their biology. The present study area lies 

within the section of the Athabasca River that Wallace and McCart (1 984), 

defined as the lest  understood in terms of population structures, movements, 

li fe histones, and spawning habitats of fish. Presently, there still is a lack of 

knowledge of the general biology of these small-bodied fish. Gibbons et al.. 

(1 996) States that " very Iittle information exists on growth rates, reproductive 

strategies or sampling requirements for using forage fish to monitor impacts of 

industrial discharges in large rivers". He also mentions that "capture efticiency 

of srna11 fish species could be increased if their general biology was 

understood". 

In this thesis 1 will describe the suitability of trout-perch and lake chub as 

sentinel species using the methods for conducting the adult fish survey 

required by E.E.M. in the Athabasca River. 1 will also define growth rates, 

reproductive strategies and diet to complete a description of trout-perch and 

Iake chub life history. 

This thesis has four parts. Chapter 2 de fines the study area and methods. 

Chapter 3 describes the biology of trout-perch collected in the study area. 

Chapter 4 describes the biology of lake chub collected in the study area. 

Chapter 5 outlines the general conclusions and an evaluation of the hvo species 

of  fish using the E.E.M. cnteria for a sentinel monitoring species. 
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Chapter 2 

Study Area and Sarnple Collection 

The Athabasca River is located in central Alberta and flows Erom the eastem 

dopes of the Rochy Mountains to Lake Athabasca along the 

Alberta/Saskatchewan border (Fig. 2-1). The study reach along the Athabasca 

River extended fiom 10 km upstream of the town of Athabasca, Alberta, (54", 

44' 59.8" N; 1 13" 21 ' 54.8" W) to the mouth of the Calling River (55" OS' 

21.5" N; 1 12" 52' 54-5" W), a distance of 83 km. Two rivers influence the 

study area, the L a i c h e  River (54" 00' 5 1 -6" N; 1 12" 44' 00.7" W) and the 

Calling River (55" OS' 21.5" N; 112" 52' 54.5" W). 

The Athabasca basin is one of the largest drainages in Alberta with an area of 

155,000 square km o r  22% of the Province of Alberta. The Athabasca River 

encounters a wide diversity of soil types and urbm or industrial developments. 

Available fish habitat ranges fkom clear cold mountain brooks to warm, wide 

silty meanders. Most of the Stream flow in the Athabasca River arises in the 

mountain ranges, as the plains contibution is limited by high 

evapotranspiration rates. The water quality is variable, as the rate of soil 

erosion in the plains is high, with high values for dissolved and suspended 

solids. (Wallace and McCart, 1 984). 
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Figure. 2-1. Map of Alberta with study area on the Athabasca River. 



The Athabasca River within the study reach is chatacterised by a single 

channel occasionally confined by the valley wails. Results fiom a 1994 study 

of the Athabasca River near the Alberta-Pacific pulp mil1 indicated a mean 

annual water velocity of 0.75 m/s, and mean water depth of -G m, and a low 

gradient of O . ~ ~ m / k m  (Alberta-Pacific, 1994). The average wetted width of the 

river in the study area was 230 m. Water levels during the study period varied 

considerably (Fig. 2-2). The mem water level was 1.75 m.. Maximum was 

4.32 m. and minimum level was 0.78 m, (data Erom Athabasca station 

07BE001 at Athabasca). 

Sampling for this project occurred from May to October in 1995 and from May 

to September 1996. Several peak flows during sampling in 1995 and 1996 

were present in both years and were related to rainfall events in the upper basin 

(Fig. 2-2). These events were comrnon for the Athabasca River and fell within 

the normal range of flows (Environment Canada, 1992). The mean annual 

discharge was 430 m3/s (range 299-740 m3/s), based on historic data (19 13- 

199 1 ) h-om Athabasca River at Athabasca station no. O7BEOO 1 (Environment 

Canada, 1992). Mean discharge for open water flow (May- 

October/September) were 589 m3/s (range 18 1-2234) and 895 m3/s (range 125- 

25 70) for 1 995 and 1996 respectively (Environrnent Canada, unpublished), 

(Fig. 2-4). The 2-year mean discharge during the study (May to October 1995 

and 1996) was 748 m3/s (range 126-2570 m3/s) and historical mean discharge 

( 19 1 3 to 199 1 ) fiom May to October was 7 14 m3/s (range 50-5440 m3/s) 

(Environrnent Canada, 1992). Al1 discharge values were calculated kom mean 

daily values provided by Environment Canada Erom the Athabasca station no. 

O7BEOO 1 at Athabasca, Alberta. 



Figure. 2-2 Mean daily discharges (m3/s) for 1995 and 1996 and histoncal 

monthly discharge for the Athabasca River at Athabasca station no. 07BE001 

located at the upper end of the study area. 



The Athabasca River begins in the Rocky Mountains is a torrential high 

mountain Stream and teminates as a silt-laden major river at the delta created 

by the Peace and Athabasca rivers at the western end of Lake Athabasca. The 

upper reaches of the river pass through the Alpine, Subalpine and Montane 

ecoregions before entering the Boreal Foothills and Boreal Uptands ecoregions 

behveen Jasper National Park and the Town of Whitecourt, (Mitchell and 

Prepas 1990). Below Whitecourt, the river flows through the Boreal 

Mixedwood Ecoregion, which extends al1 the way to Lake Athabasca. 

Wallace and McCart (1984) divided the river into three sub-basins (1, II and 

III); the study area is within Sub-basin II and is entirely within the Boreal 

Mixedwood Ecoregion. Athabasca Sub-basin II extends f?om a point mid-way 

behveen the tokvns of Fort Assiniboine and Athabasca to Fort McMurray and 

drains an area of more than 6,000 km2. The river gradually drops in elevation 

from Fort Assiniboine to Athabasca and then begins a sudden drop in the 

vicinity of the Pelican River. The last major drops in elevation occur at the 

Grand. Brule and Boiler rapids. Between Athabasca and Fort McMurray the 

river declines in elevation fiom 508 to 238 m, is shallow (3 m on average) and 

canies a high sediment load. Substrates are grave1 mixed with sand and 

cohesive clays (KellerhaIs et al. 1972). 



In the southern portion of Sub-basin II, Calling and Rock Island lakes drain 

into the Athabasca River through the Calling River. The Calling Lake sub- 

basin covers an area of 1090 km? Calling Lake is the largest waterbody 

within the sub-basin (Mitchell and Prepas, 1990). The main inflow to the lake 

is locally knowi as Rock Island River, which originates from Rock Island 

Lake in the northem part of the watershed. Several smaller streams flow into 

the lake, contributing to the mean annual inflow of 106 X 106 m3. The 

Calling River is the only outlet, flowing barn the south-east end of the lake for 

a distance of about 25-km to its confluence with the Athabasca River. 

The La Biche River fiows 80 km from Lac La Biche, one of the largest lakes in 

the region (246 k d ) ,  joining the Athabasca main stream near the confluence 

of the Calling River. It drains an area of 8,800 km2. The La Biche River is a 

slow flowing stream, with a substrate of muddy clays occasionally interspersed 

with pebbles and cobbles. 

The study area included these two important tributaries, the La Biche and 

Calling rivers (Fig. 2-3), for a distance of one kilornetre above their confluence 

with the Athabasca River. The upper extent of the study area was 10 km 

upstrearn of the Town of Athabasca, a distance of about 45 km upstream of the 

Alberta-Pacific pulp mil1 location. This boundary was chosen for practical 

considerations as well as to reflect conditions in the basin below industrial and 

municipal effluent discharges and other land uses. 



Figure. 2-3 Study area with site locations. The study reach along the 

Athabasca River extended fiom 10 km upstream of the town of Athabasca, 

Alberta, (54O, 44' 59.8" N; 1 13' 21' 54.8" W) to the mouth of the Calling 

River (5S0  05' 2 1 .5" N; 1 12" 52' 54.5" W) a distance of 83 km. 



Man's activities can affect the water quality of the Athabasca River through 

both point and non-point sources. Point sources include industrial and 

municipal discharges. Non-point sources are those resulting fiom land uses 

such as forestry, agriculture, mining, and urbanisation. 

Resource development is the major land use activity in the Athabasca River 

basin. Logging is the dominant land use in the upper half of the watershed. 

Numerous sawmills are Iocated throughout the basin but none have a direct 

emuent discharge to the river. Coal mining activity in the McLeod and 

Pembina River sub-basins has resulted in localised water quality effects but has 

had no detectable effects on the mainstream Athabasca River (Hamilton et al. 

1985). Conventional oil and gas developrnent in the basin is extensive. None 

of the gas processing plants have a direct e£Ruent discharge to the river. There 

are no significant effluent discharges within the study area downstream of the 

Alberta-Pacific mill. The main users of water and sources of effluents 

discharged directly or indirectly to the Athabasca River upstrearn of the study 

area are pulp rnills and municipalities. These are listed in Table 2-1 (taken 

fkom Shelast et al, 1994). 



Table 2-1 Main Water Users and Emuent Sources on the Athabasca River 

Water User/Discharger Effluent Type 

Town of Jasper sewage emuent 

Weldwood of Canada 

Town of Edson 

Alberta Newspnnt Company 

Millar Western Pulp Ltd. 

Town of Whitecourt 

Slave Lake Pulp Corporation 

Town of Slave Lake 

secondary treated, combined 
bleached kraft mil1 emuent 
(95%) and Town of Hinton 
sewage (Y%), at Hinton 

treated municipal sewage 
(enters Ma McLeod River) 

secondary treated TMP mill 
effluent, near Whitecowt 

secondary treated BCTMP 
mill effluent, at Whitecourt 

treated municipal sewage 

secondary treated BCTMP 
mi11 eft'luent (enters 
Athabasca River via Lesser 
Slave River) 

treated municipal sewage 
(enters via Lesser Slave 
River) 

Town of Athabasca treated municipal sewage 

Alberta-Paci fic Forest Products inc. secondary treated, combined 
bleached kraft mill emuent 



Hamilton et al. (1985) stated that indusirial and municipal point source 

discharges had no broadly based influence on the water quality of the 

Athabasca River, and this may still be true in terms of "conventional" 

parameters. However, pulp mills are still recognised as potential sources of 

fish endocrine disrupters in water, sediments and biota (Bright et al, 1997). 

Athabasca River Variability 

Natural characteristics of the Athabasca River may mask effects 6om effluent 

because of their magnitude and variation. These characteristics are flow, water 

level and sediment load. 

Flow 

Flow in the Athabasca River is subject to sudden variations. During the peak 

flow months of Apnl to August historic flows varied from 250 to 5500 m3/sec 

(Environment Canada, 1992), (Fig 2-4). These changes correspond to storm 

events and intense warming of the Athabasca glacier and snow pack (Wallace 

and McCart, 1984). 

Water level 

In response to increased flows water levels can rise or fat1 in a short tirne 

period. With large variation in water levels, available habitat for fish can 

change fiom loose cobble to riparian in a rnatter of hours. Spawning fish and 

fry can be adversely affected by the change in water levels (Allan, 1995). 

Several large flow events occurred in both study years (Fig 2-2). in 1995, June 

1 Ob, July 8' and August 12' and in1996, A p d  2 0 ~ ,  June 3rd and 24 ", July 8 ' 
and 2 &, 4 ", and August 7' al1 had peak flows. These dramatic increases in 



flow were associated witb large rainfall events in the upper Athabasca basin. 

Although substantial these peak flow event fell well within the range of flows 

typical for the basin (Fig 2-4). 



Figure 2-4 Monthiy mean, monthly maximum and monthly minimum 

flows in the Athabasca River fiom 19 1 3 to 199 1 .  Flows from the study 1995 

and 1996 periods are also included. Measurements taken at Athabasca station 

#07BE00 1, Athabasca, Alberta. 



Sediment load 

The turbidity in the river water varied widely over short time periods. Such 

changes are buffered or may not be seen in backwaters and confluence with 

tributaries. in an example fiom the study area, June and July, 1996 turbidities 

ranged between 60-290 ntu in the mainstem of the Athabasca River and 15 - 

100 ntu in tributaries and back waters. Flow and Ievels of turbidity were 

directly related (Fig. 2-5). 



Figure 2-5 Average turbidity (NTU) and flow (M3/s) in the Athabasca 

River 1995 and 1996. Values taken fiom the Alberta-Pacific Pulp Mill raw 

water monitoring system. 



Sample Collection 

In the Athabasca River, run , backwater and confluenceltributary habitats were 

sarnpled for small-bodied fish (Table 2-2). individual site locations and 

substrate descriptions are in appendix 1. Run habitats were straight stretches of 

the river that had finer substrates and flows consistent with the mainstem flow. 

These were also the longest sites ranging fiom 50 to 1000 m. (Figure 2-6a). 

Back water habitats tended to be tess than 100 m in length and were formed 

when a still water area was fonned in the lee of a point bar (Fig. 2-6b). These 

tended to have a cobble substrate overlain by silt- The two tributarykonfluence 

areas (La Biche River (LR) and Calling River (CR)), were approximately 500 

rn each in length and encompassed the downstrearn bank of the Athabasca 

River that was in contact with the tributary river and immediately upstrearn 

from the confluence site (Figure 2-6c). The Calling River has a flow control 

structure that reduces large increases in flow and the La Biche River is a small 

river that is mostly low gradient channel that has a dampening effect on large 

flows. The LR site had substrates of cobble, sand and silt and the CR site had 

substrates of gravel, and sand. 



Table 2-2 Individual sample site grouping by habitat type for 1995 and 

1996. Sites 2, 10 and 1 1 were dropped in I 996 and sites 12- 1 8, CR (Calling 

River) and LR (La Biche River) were added. 

Habitat Type 1995 Sites 1996 Sites 

Run 1,6,7,9,1 O 1,6,7,9,13,18 

Back water 2,8,11 8,12,14,15,16,17 

Tributary/Confluence 3,4,5 3,4,S,CR,LR 



Athabasca River 

run site 

Fi,aure 2-6a. Depiction o f  a typical run site 

' Athabasca 
River 

,. - .  .. backwater scte 
point bar ,' ' 

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

Figure 2-6b. Depiction of a typical backwater site. 

. .- - .- - - - -- - -- --- - -- -- -. A - -- - - -- - . - . 

Figure 2-6c Depiction of Calling River tributarykonfluence site. 



Capture 

Seining is effective for small-bodied, slow moving or schooling fish whose 

normal habitat is shallow w-ater (E.C.D.F.O., 1993). Seining has been 

previously demonstnted to be effective as a capture technique for trout-perch 

(Alberta-Pacific, 1994). 

The beach seine used was 5 m long by 1.2 m in height consisting of three 

panels of equal size; the two outsides with 1.5 square cm mesh and the centre 

with 0.5 square cm mesh. In the centre panel a 30 cm diameter by 45 cm long 

"sock" was added (Fig. 2-7). ïh is  centre small-sized meshed "sock" ensured 

capture of the smallest size classes of fish. Seine hauls were nonnally pulled 

upstream against the current and were between 30 and 60 m in lena& 

Collections were done in O. 1 to 1.2 meters of water with an average depth of 

0.5 meters. 

Trout-perch and lake chub were collected from May to October during 1995 

and May to September in 1996. Sampling was conducted at 1 1 sites in 1995 

and 17 sites in 1996. Sarnpling periods consisted of five-day sessions every 

second week. Thunderstoms and mechanical problems aflected the schedule 

for a five-day period in 1995. Trout-perch and lake chub were exarnined for 

total length in mm, mass in grarns to hvo decimal places, and extemal 

condition in the field. Also, a portion of the collected fish from each site were 

euthenized, exarnined for sexuai maturity (egg diameter (mm), gonad 

weight (g)); diet (gut contents as percentage of prey by volume), age (scales) 

and condition of organs and tissues. Scales were stored in small, labeled 

envelopes for age determination in the laboratory. Tissues were placed in 



labeted vials and fixed with 5% buffered formalin and later stored in 5% 

ethanol for long - tenn preservation as in Haedrich (1983). 



5 c m .  
" s o c k "  o p e n i n g  

m c s h  1 . 5  c m .  

W . S  c m .  m e s h  

5 m -  

Figure 2-7. Seine net used for collection of bout-perch and lake chub in the 

study area. The centre sock opening was 30 cm in diameter and extended 45 

cm out fiom the centre panel. 



Re ferences 

Allan, J.D. 1995. Stream Ecology : Structure and tùnction of running waters. 
Chapman and Hall, London, England. 388 pp. 

Bright, D.A., P.V. Hodson, K.J. Lehtinen, B. McKague, J. Rodgers and K. 
Solomon. 1997. Use of chlorine dioxide for the bleaching of pulp: a re- 
evaluation of ecological risks based on scientific progress since 1993. 
in: Proceedings of the 1998 TappiICPPA International Pulp Bleaching 
Conference. 

Environment Canada. 1992. Historical streamflow sumrnary. Alberta. To 
1990. Water Survey of Canada, Environrnent Canada, Ottawa, 
Ontario. 

Environrnent Canada. unpublished. 1997. Streamflow summaty for Athabasca 
River station no. 07BE001 at Athabasca. 

Environment Canada and Department of Fishenes and Oceans. 1993. 
Technical guidance document for aquatic environmental effects 
monitoring related to Federal Fishenes & requirernents. Conservation 
and Protection, Ottawa, Ontario. Version 1 .O. 

Haedrich, R.L., 1983. Reference collections and faunal surveys. pp. 275-282 in 
L.A. Nielson and D.L. Johnson, editors. Fisheries techniques. 
American Fisheries Society, Bethseda, Maryland. 

Hamilton, H.R., M.V. Thompson and L. Corkurn. 1985. Water quality 
o v e ~ e w  of the Athabasca River basin. Prep. for Panning Division, 
Alberta Environment by Nanuk Engineering Ltd. 1 17 pp. 

Kellerhals,R., C.R. Neill and D.I. Bray. 1972. Hydraulic and geomorphic 
characteristics of rivers in Alberta. Alberta Research Council. Report 
72-1. 54 pp. 

Mitchell, P. and E. Prepas (Eds.). 1990. Atlas of Alberta lakes. Univ. of 
Alberta Press., Edmonton, Alberta. 675 pp. 



Shelast, B. M., M E  Luoma., S.M. Swanson, J.A. Martin and KT. Bra,vford. 
1994. A baseline aquatic monitoring study on the Athabasca River 
between the Town of Athabasca and Grand Rapids 199 1 to 1993. Prep. 
by Sentar Consultants ttd. Calgary Alberta. 

Wallace, R.R. and P.J. McCart. 1984. The fish and fishenes of the Athabasca 
River basin. Theu stahis and environmental requirements. Prep. for 
Planning Division, Alberta Environment, Edmonton, Alberta. 269 pp. 



Chapter 3 

Biology of the trout -perch in the Athabasca River, Alberta 

Plate 3- 1 Trout-perch collected from the Athabasca River nea.  Athabasca, Alberta 

1996. 

Introduction 

A large consideration in the selection of a species for environmental effects monitoring is 

that the life history be well understood. In Alberta, Gibbons et al. (1996), studied trout- 

perch at Hinton and Whitecourt on the *Athabasca River. They recomrnended trout-perch 

as a good candidate for use as sentine1 monitor. However, there is little known about its 

general biology, natural variability, and mobility. 

Trout-perch have been described as o c c k n g  widely throughout Canada and in the 

northern United States (Scott and Crossman, 1973). in Canada, trout-perch are distributed 

fiom northeastern British Columbia to Quebec. They are common in al1 the major river 

systems in Alberta (Nelson and Paetz, 1992). In Alberta, trout-perch have been studied in 

the Athabasca Oil Sands Environmental Research Program (A.O.S.E.R.P), a 10 year 

program that researched the potential impacts of development of the oil sands in the area of 



Fort McMurray. These studies catalogued presence of d l  fish species in various areas and 

touched briefly on their biology. 

Presently, there is a lack of knowledge of the general biology of small-bodied fish (Gibbons 

et al., 1996). Biology of trout-perch is briefly described for central Canada and Midwestern 

United States (Magnuson and Smith, 1963). Spawning there begins in May and continues 

into August in lower reaches of streams and lakes. Trout-perch tive up to four years and can 

s p a w  after their first year. Males tend to mature at a smaller size and earlier age than 

females (Bond and Berry (1990), Machniak et al. (1 %O), Magnuson and Smith (1 963). and 

House and Wells (1973). Insect larvae of midges (Chironomidae) and mayflies 

(Ephemeroptera) are reported as the most preferred item in the diet, (Machniak et al, 

1980). 

Ages were successfully obtained to determine growth rates using methods such as: 

standard lengths (KuYiey, 1950 and Lawler, 1954), scales (Magnuson and Smith, l963), 

and Mackay et al (1990) recommends otoliths. In this study scales and standard lengths 

were used to age trout-perch. 

In this chapter, the life history of trout-perch will be discussed. This will include 

reproduction, age and growth, body condition, diet, and habitat use. The life history 

information for the sentine1 species requirements of the EEM progam: gonad weight, 

liver weight, length, mass and age will be discussed also. 



lMethods 

Trout-perch were assessed for EEM biological aspects as well as other related life history 

parameters. The EEM pararneters described in this section are age, length at age, mass at 

age, gonadal somatic index (GSI), body condition factor (K) and liver somatic index 

(LSI). Other pararneters assessed included: movement, abundance, habitat preference, 

growth, reproduction, fecundity, sexual maturity, and diet. 

Residency 

Zn the 1995 study, fin clipping as in Wydoski and Emery (1 992) was employed to obtain 

residency information. Success in 1995 was poor (4 recaptures out of 9OO marked fish) and 

marking was not continued in 1996. An altemate approach to mark-recapture was the 

observance of age classes at the three habitat types during the complete sampling period for 

both years using length-fequency data (Appendix 2). These fish were deemed resident if al1 

age classes were present during the sampling events in 1995 and 1996. 

Fish captured during each seine haul were sorted with al1 trout-perch being retained in a 20 

litre pail and the other species being identified, counted and released. In 1994,900 trout- 

perch were collected and marked with single and double fin clips. Fluorescent dye injection 

was attempted, but the dye was not easily injected into the fish causing too much stress and 

some mortalities. Mer clipping they were placed in a pail of fkesh river water for recovery 

before release. Mortality from handling and clipping was Iow (> 2%). Individuals that did 

not recover afier 30 minutes were sacrificed and examined. 

An altemate criterion of residency used was the presence of al1 age classes at al1 habitat 

types sarnpled for spawning and post spawning semons. This was evaluated using length 

frequency as a measure of age at the three habitat types during the spawning and post 

spawning season. 



Catch per unit effort (C.P.U.E.) 

Catch per unit effort was calculated as 

C.P.U.E. = number of fish caughtl 

(length of seine haul X seine width) 

where length of seine haul and seine width are in metres. 

Environmental Effects Monitoring 

Environmental Effects Monitoring (EEM) requires that six adult fish parameters be 

measured to determine the sample size needed to detect differences at a reference site 

from a site exposed to effluents. Al1 six parameters are to be included for a fish species to 

considered as a sentinel species (ECDFO, 1995). These parameters are: length at age, 

mass at age, age, liver somatic indices (LSI), gonadal somatic indices (GSI) and condition 

factor (K). The original data is found in Appendix 3. 

Ageing 

Scales were used to determine age. Scales were removed fiom a sacrificed fish between 

the lateral line and dorsal fin. Three of these scales were viewed under a stereo 

microscope and exarnined for annuli at the anterior and lateral portion of the scale, 

similar to Mackay et al (1990). Ages were verified by post-cornparison to length- 

frequency data. A subset of scales was reread to check the reproducibility/consistency of 

counting amuli. In the case of discrepancies a third read was conducted and a consensus 

reached between the two readers. Otoliths were not used for aging, as they were difficult 

to extract, preserve and handle in the field. 

Condition factor 

Condition factor (K) is a reflection of the health of individual fish (Bagenal and Tesch, 

1978) and is one of the indices used by E.E.M. 



It was calculated as 

K = mass/(length)'X 1 O* 

Mass was total body mas (in grams) and length was total length of the fish (in 

rnillimeters) and 1 OS was a scaling factor. 

Liver somatic index &SI) 

Liver somatic index (LSI) is another index used by E.E.M. and can be associated with 

nutritional state and growth rate of the fish (Ehsacker et al, 1990). LSI was calculated as 

LSI = (liver masdbody m a s )  X 100. 

Where body mass was total body mass. Mass was measured in grarns. 

Growth Rates 

Specific and absolute growth rates were estimated similar to Busacker et al (1990) by 

calculating the change in lena& of a cohort of fish per unit time, usually a year. Specific 

growth rate defines growth as percentage increase and was calculated as 

Absolute growth rate defines growth by the incremental value in mm/year. This is denved 

from 

Absolute growth rate = (Y, -Y ,)/(t2-t,) 

where tz-t, is the change in time and Y, -Y1 is the change in total length of the cohort during 

that time. 

Sexual Maturity 

Sexual maturity was determined in the field on recently sacrificed fish. Immature females 

were identified by their two small thread-like ovaries, found below the air bladder, which 

were also translucent and had no visible oocytes. immature males were identified by their 

small translucent triangular shaped gonads located on either side and anterior to the air 
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bladder. Sexual maturity was detennined by viewing the reproductive state of the gonads, 

size and color of eggs or testis, and degree of vascularization. Ripe eggs were larger and 

yellow in color than the maturing, small, white eggs seen in non spawning trout-perch. 

Female fish were classified to one of five categories and male fish had four (Tables 3-la 

and 3-1 b). 

Gonadosomatic Indices (CSI) 

Gonadosomatic index or GSI was used to indicate the reproductive state of fish (Bagenal, 

1978). GSI was calculated as in Crim and Glebe, (1990), where: 

GSI = gonad masdtotal body m a s  X 100% 

Mass was in grams. GSI was calculated for adult mut-perch in 1995 and 1996. E.E.M. also 

requires GSI in its detexmination of appropriate sample size based on natural variabitity. 

Eggs 
Ovaries were selected fiom 109 adult trout-perch cotlected in 1995 and 1996. Al1 eggs were 

viewed after fixing in 5 % ethanol to minimize any size variation due to differing fixative 

fluids. Preservation tended to create a minimal arnount of shrinkage in the egg diarneter (< 

5%), when placed in the 5% alcohol solution the difference was minimized even m e r  

(<3%). Total egg counts and diarneter measurements were conducted on one mature ovary. 

Individual egg diameters were measured using an optical micrometer with a dissecting 

microscope at 16X (Appendix 4). Diameters were converted to millimeters from 

micrometer units. 

For those fish not lethally sampled, observations of spawning condition (expressing milt, 

distended abdomen andor releasing eggs) were recorded at the time of examination. 



Fecundity 

Absolute fecundity in fish such as trout-perch and lake chub is defined as the number of 

maturing eggs present in the ovary just before spawning (Bagenal, 1978). For these fish, 

being batch or repeat spawners, fecundity will include al1 maturing oocytes which will 

develop further before being released later in the same spawning season (Mann and Mills, 

1979). Fecundity of individual adult female trout-perch was determined as in Crim and 

Glebe, (1990) where a mass of 30 eggs taken &om the ovary was used to derive a mean egg 

weight which was then used to determine the total number ofeggs in both ovaries. In some 

cases fecundity was determined by total egg count of one ovary to obtain a mean egg 

weight then dividing the rnean egg weight into the total ovary weight. 



Table 3- 1 a. Fernale trout-perch reproductive condition 

Maturity level Reproductive condition 

1 Immature (clear ovary) 

3 - Maturing (small, white eggs-won't spawn this year) 

3 Mature (large yellow eggs-will spawn this year) 

4 Expressing eggs (spawning) 

5 Spent (spawning completed) 

Table 3- 1 b. Male trout-perch reproductive condition 

Maturity level Reproductive condition 

1 Immature (small clear gonad) 

7 - Maturing (gonad larger and whitish in colour 

- will spawn this year) 

3 Expressing (spawning) 

4 Spent (spawning completed) 



Diet 

Diet analysis was required to ensure that trout-perch were indeed benthivores or had a 

diet that included benthic organisms as part of the total diet. A benthic exposure is one 

criteria for the sentinel species selection in EEM (ECDFO, 1993), and is also useful for 

the understanding of the biology of the species. Stomach contents fiom 92 trout-perch 

were exarnined. Stomachs contents were examined and recorded as a percentage of prey by 

volume (Appendix 5). These stomachs were selected fiom 270 stomachs collected in 1995 

and 1996. The selection of number of stomachs was based on cost and equal number of 

representatives from habitat, season and gut fullness. Samples were collected from both 

sexes from ~May to September 1995 and 1 996 and were selected to evaluate seasonal and 

habitat prey preferences, by a Kniskal-Wallace one-way analysis of variance. 

Al1 prey was identified to lowest possible category. Ail taxa were identified to farnily using 

the keys from Usinger (1956), Brooks and Kelton (1967), Edrnunds et al. (1976), Baumann 

et al. (1977), Wiggins (1977), Pemak (1978), McAlpine et al. (198 1), Bode (1983). Oliver 

and Rousse1 (1983), Wiederholm (1983), Memtt and Cummins (1984), Wiederholm 

(1986), Stewart and Stark (1988) and Cliflord (1991). 

Data Analysis 

Systat 7.0 was used to analyze fish and habitat data. Lilieforte tests were used to test for 

normality. Most univariate normal distribution-based statistical methods are very robust 

under moderate violations of the assumptions, with the exceptions of very small (c 1 1 d-f. 

For error) and unequal sample sizes andlor one tailed tests (E.C.D.F.O., 1995). If data were 

visibly not normally distributecl, Kolmogorov-Smirnov non-pararnetric tests were used. 

Kniskal- Wallis one-way analysis of variance tests were used in the evaluations of habitat 

use, catch per unit effort, body condition, and diet. Analysis of variance tests were used in 

the evaluations of body condition factor and gonadosomatic index. For the EEM estimation 



of variability (in age, length at age, mass at age, liver somatic index, gonadosornatic index, 

body condition), analysis of covariance was used as in ECDFO, (1995) 



Abundance 

Trout-perch was the most abundant fish sarnpled in the study area pnor to 1995. The 1991 - 

1993 Alberta-Pacific baseline survey of the Athabasca River included trout-perch and lake 

chub accounted for 59% (N=4552) of sample size based on fish collections by seining from 

199 1 to 1993 (Shelast er al, 1994). In a preliminary survey in 1994, trout-perch accounted 

for 57% (Nt=884). (Fig. 3-1). Trout-perch was the second most abundant fish captured in the 

study reach in 1995 (14%; N=3867) and 1996 (23%; N=4492) (Fig. 3-2). 

Sarnpling methods for the 199 1 to 1993 surveys selected mostly mainstem and backwater 

sites as tibutary and confluence sites were avoided (Shelast, 1 994). The preliminary survey 

was conducted for twelve sarnpling days between the 16" of July a d  1 9 ~  of August in 1994 

and used the sarne methods and habitat types as the 1995 and 1996 collections. Trout-perch 

and other small bodied fish were collected for this project in the study area fiom May to 

October, 1995 and fkom May to September, 1996. 

Three major habitat types sarnpled were mn, backwater and tributarykonfluence. These 

habitat types were descnbed in chapter 2. Kruskal-Wallis one-way analysis of variance 

tests were used in the evaluations of habitat use. In 1996, there were significantly 

(P<0.05, N= 4440) more trout-perch captured in tributary/confluence habitats than the 

other two habitats (Fig. 3-3). In 1995, there was no difference in the number of trout- 

perch captured in the three habitat types (P3.05, N = 3887). 



Figure 3-1. Catch sumrnary results for abundant small-bodied fish species captured by 

seining in the study area. 199 1 - 1993 Baseline survey (N = 77 15) and 1994 preliminary 

survey (N = 1551). 



Figure 3-2 1995 (N = 27,622) and 1996 (N = 19,529) catch summary results for al1 

species by seining in the study area. Abbreviations as in Mackay et al (1990): FHMW = 

fathead minnow, LNDC = long nose dace, PRDC = pearl dace, SPSC = spoonhead 

sculpin, STBK = stickleback spp., BURB = burbot. GOLD = goldeye, WALL = walleye, 

NRPK = northem pike, MTWT = mountain whitefish, YWPH = yellow perch. 
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Figure 3-3. Nurnber of fish caught by seining in run, backwater and 

tributarykonfluence habitats of the Athabasca River in 1995 (hk3887) and 1996 

(N=4440) for trout-perch. 



Catch per unit effort 

Numbers of fish collected in 1996 were compared to determine if preference existed for 

tributary/confluence or mainstem river sites. Kniskal-Wallis one-way analysis of variance 

tests were used in the evaluations of in catch per unit effort. Similar effort was expended at 

the three habitat types and the same seines were also used. In 1996, backwater and run sites 

were combined and classed as mainstem river sites as there was no significant difference 

(P>. 05. N=50) in catch per unit effort (#fish/m2) for small-bodied fish between them. Catch 

per unit effort for trout-perch and al1 other fish was higher at confluence/tributary sites 

using a (Pc0.05, N = 84) than at mainstem river sites (Table 3-2). 

1995 catch per unit efforts were not evaluated because the tributary/confluence habitat sites 

had not been included in the study. 



Table 3-2. Mainstem and confluence/tributacy catch per unit efforts (CPUE) (in number 

of fish/m2) for trout-perch (trph) and al1 fish species combined. Catch by seining in the 

Athabasca River near Athabasca, Alberta, 1996. 

Seine hauls Average no. trph trph al1 fish al1 fish 

N distance (m) /haul CPUE total catch CPUE 

Mainstem 50 131.1 30.9 0.07 120.58 0.33 

ConEltribs 34 167.1 81.3 0.23 340.47 0.83 



Movemen t 

Results fiom the mark-recapture experiment in 1994 yielded no evidence ohovement. 

An alternate critenon of residency used was the presence of al1 age classes at al1 habitat 

types sampled for spawning and post spawning seasons. Trout-perch in 1995 and in 1996 

were present at the tluee habitat types sampled for the spawning and post spawning 

season (Appendix 2). 

Age 

Ages for fernale trout-perch ranged from young of the year to five years. There was 

considerable overlap of lengths for females at age 2,3  and 4 years (Fig. 3-4a). Mass at 

age was not evaluated as reproductive condition and gut fullness would skew the results. 

Ages for male trout-perch ranged fkom young of the year to four years. There was 

considerable overlap of lengths at age 2 and 3 years (Fig. 3-5). Mass at age was not 

evaluated as reproductive condition and gut fullness would confound the results. 



Figure 3-4a 1 996 fernale trout-perch length at age. hi= 195 fish. 

Figure 3-4b 1996 male trout-perch length at age. N = 88 fish. 



105 . Fernale 

95 . - Male 

Figure 3-5 1995 and 1996 mean total lengths (mm), (with standard error) at age for 

trout-perch. Young of the year (yoy) (N = 232), fernales (N = 278) and males (N = 140) 

are presented for respective year classes. Standard error was plotted with the mean. 



Growth Rates 

Based on scale age rneasurements and length-frequency data from collections in 1995 and 

1996. six age classes of female trout-perch were observed: young of the year (yoy), one, 

two, three, four and five year old cohorts. Five age classes were seen of males (yoy to 

four years), (Table 3-3a and 3-3b). Growth rates were larger for the young of the year to 

one-year-old cohort and decreased with the age of the cohort in fernales. (Table 3-3b). in 

males, growth rates were larger for the young of the year to one-year-oid cohort, but did 

not decrease with cohort age (Table 3-3a). 



Table 3-3a Specific annual growth rates of male trout-perch by year class fiom 1995 

to 1996 collections. (Le. G ,, would be the specific annual growth rate for 1 year old 

trout-perch to reach the age of 2 years). Al1 age classes were detemined by scale reading 

and verified by length fkequency. Young of the year were unsexed and were aged by 

length fiequency. 

Year class increment Absolute Specific Growth % N 

Growth (mm) 

G ,,y-, 17.5 34.4 246 

G 1-2 9.8 16.3 52 

2-3 14.6 21.5 56 

G 3 4  19.4 23 -5 17 

Table 3-3b Specific annual growth rates of female trout-perch by year class from 1995 

to 1996 collections. (Le. G would be the specific annual growth rate for 1 year old 

trout-perch to reach the age of 2 years). Ail age classes were determined by scale reading 

and verified by length frequency. Young of the year were unsexed and were aged by 

length frequency. 

Year class increment Absolute Specific Growth % N 

Growth (mm) 

G Y.,, 18.8 39.6 250 

G 1-2 12.8 20.9 71 

G 2-3 13.4 18.8 125 

G 3 4  12.9 15.3 61 

G +j 9 8.7 5 



Body Condition Factor 

Body Condition Factor or "K" is another body measurement used for EEM and compared 

the spawning season (S 1 ) and the post spawning season ( S 2 )  using Kruskal-Wallis one- 

way analysis of variance tests- It was found that the condition of males (P (0.0262, N = 

93) and femaies (P <0.0000, N = 1 12) in 1995 and the females in 1996 (P 4.0000, N = 

103) was significantly greater in the spawning season as compared to the post-spawning 

season. Males in 1996 (P >0.05, N = 106) did not show a significant difference in body 

condition between the two seasons. 

Reproduction 

Spawning commenced in early May pnor to sampling in both 1995 and 1996. Spawning 

lasted until mid-July when both sexes had greatly reduced gonad mass and no 

observations of spawning trout-perch occurred. Spawning and near-spawning fish were 

collected in al1 sites sampled. Available substrates ranged f?om silt and sand to large 

cobble. 

Age at Maturity 

Females 

In 1995, no female trout-perch aged were in spawning condition before age 1 (YOY), 65% 

at age 1,79% at age 2 and 100% were in spawning condition at age 3. in i 996, no fernale 

trout-perch aged were in spawning condition before age 1,84% at age 1.96% at age 2 and 

100% were in spawning condition at age 3 (Table 3-4). 

Males 

In 1995, no males were in spawning condition before age one, 95% of male trout-perch 

aged were in spawning condition at age 1 and 100% at age 2 and older. in 1996, no males 

were in spawning condition before age one, 88% of male trout-perch aged were in spawning 

condition at age 1, and 100% at age 2 and older (table 3-4). 



Table 3-4 Number of mature and immature maIe and female trout-perch by age class 

for the 1995 and 1996 collections. Ages were deterrnined by scale annulus formation and 

ven fied by length fiequency. 

1995 1996 Male 1995 1996 Female 

Male Male Total Fernale Fernale Total 

AgeCIass* M 1 M 1 M I M 1 -M 1 M 1 

YOY** 0 3 0 4 0 7 0  5 O 16 O  21 

1 30 3 43 6 73 9 24 13 5 1 10 75 23 

7 - 14 O 32 O 46 O 30 8 84 3 1 12 

* M, 1 - mature and immature respectively 

** YOY- young of the year 1995 and 1996 pooled data 



Length at Maturity/ Sex ratio 

Length at maturity and sex ratios were listed for trout-perch in 1995 (Table 3-5) and in 1996 

(Table 3-6). 1995 Females began maturing at 5 1 - 55 mm total length and in 1996 females 

began maturing at 56-60 mm. In 1995 al1 females were mature at 8 1 - 85 mm an in 1996 al 1 

females were mature at 9 1-95 mm. Male trout-perch began maturing at 46 - 50 mm in 1995 

and in 1996 no samples were taken smaller than 5 1 mm but 75% of males were mature at 

5 1-55 ml. AI1 males were mature at 66 - 70 mm in 1995 and 96% of males in 1996 were 

mature at 66-70mm. The sex ratio for the 1995 fish collection was 42% maie and 58% 

female and in the 1996 collection was 33% male and 67% female. 

Gonadosomatic Indices 

The GSI results in 1995 were variable for both male and female trout-perch and no 

significant changes in GSI were observed over monthly intervals (Fig 3-6). In 1996, there 

was a significant decrease (Pc 0.005, N=55) as GSI was approximately 10% for males 

and 15% for females, until mid July after which the GSI was approximately 1 % and 3% 

respectively (Fig 3-7). Both 1995 and 1996 GSI results were evaluated using Kruskal- 

Wallis one-way analysis of variance tests. From the 1996 collections individual trout- 

perch with gonads in full spawning condition were found in early May. 



Table 3-5 Length at maturity and sex ratios for 3 18 trout-perch captured dunng 1995 

collections. No sample collected is referred as "ns". 

Total Length N Sex Ratio Males Fernales 
(mm) 

%Fernale %Immature %Mature %Immature f mature 



Table 3-6 Length at maturity and sex ratios for 389 trout-perch captured during 1996 

collections. No sample collected is referred as "ns". 

Total Length N Sex Ratio Mates Fernales 
(mm) 

%Fernale %Immature %Mature %immature %iMature 

3 1-35 O ru US 115 11s lx 
3640 O XE 11s ns ns 11s 

4 1-45 O 11s ns Ils I1S C1S 

46-50 O 11s 1 1 ~  1 1 ~  xs 11s 

5 1-55 14 13 25 75 100 O 
56-60 49 49 32 68 96 4 
61-65 5 2 63 32 68 73 27 
66-70 69 62 4 96 8 1 19 
71-75 8 8 72 4 96 35 65 

76-80 47 72 O 100 2 1 79 

8 1-85 3 6 78 O 100 1 1  89 
86-90 17 94 O 100 6 94 

9 1-95 12 100 CS IE O 100 
96-100 3 100 CE ns O 100 
101-105 1 100 CIS IIS O 100 

106-1 10 O ns ns ns 11s m 
1 1  1-1 15 1 100 m ns O 100 
Totals 389 67 



i M A L E  

Figure 3-6. Trout-perch mean (with standard error) Gonadal Somatic Index (GSI) for 

mature males (N = 25) and mature females (N = 85) collected from the study reac h of the 

Athabasca River in 1995. 



Figure 3-7. Trout-perch mean (with standard error) Gonadosomatic Index for males 

and females fiom the 1996 survey (N=92 male and 195 female fish). 



Spawning Observations 

The largest number of observations of trout-perch in spawning condition was fiom late 

May until mid July for both years (Fig 3-8). No observations of trout-perch in spawning 

condition were noted after August 13. 

Fecundity 

Fecundities were compared by age class over the spawning season, early May to July 16, 

1996. There was a direct correlation (i = 0.46) between increase in fecundity with increase 

in age kom the one to five year class (Fig 3-9). M e r  the spawning season fecundities 

remained higher (8 = 0.25) for the older age classes of trout-perch (Fig 3-10) as older fish 

tended to retain more immature eggs. 

Egg Diameters 

Egg diameters were compared for individual trout-perch collected in 1996 (Appendix 2). 

Bimodal distributions of egg diamerers were observed, where eggs in the larger diameter 

distributions were yellow in colour and eggs in the smaller distributions were white. Large 

and small egg diameter distributions were separate with the small diameter eggs being 

white in colour and the larger diameter eggs being yellow during the spawning season (fig. 

3-1 la  to 3-1 Id). 



Figure 3-8. Frequency of male (N=93) and female trout - perch (N=99) in spawning 

condition from 1995 and 1996 pooled observations. 



Fecundity of Trout-perch colIected in 1996 by age class for the spawning 

season (from Apnl28 to July 16"). N = 173 fish. Fecundity was determined by total egg 

count of one ovary to obtain a mean egg weight then dividing the mean egg weight into 

the total o v q  weight. 



Figure 3-10 Fecundity of trout-perch collected in 1996 by age class for the post 

spawning season (fiom July 1 8h to August 3 1). N = 1 13 fish. Fecundity was determined by 

total egg count of one ovary to obtain a mean egg weight then dividing the mean egg 

weight into the total ovary weight. 



Figure 

3-1 la. Frequency distribution of n = 57 1 trout-perch egg diameters taken From a 

single o v q  dunng spawning. May 14, 1996. 

gwniie Eggs 

œYeliow Eggs 

Figure 3- 

1 1 b Frequency distribution of  n = 433 trout-perch egg diameters taken from a single 

ovary during spawning. June 14, 1996. 



Figure 3-1 1c. Frequency distribution of n = 128 trout-perch egg diameters taken fiom a 

single ovary after spawning. July 25, 1996. 

Figure 3-1 Id. Frequency distribution of n = 293 trout-perch egg diameters 

taken from a single ovary after spawning. August 21, 1996. 



Environmental Effects Monitoring 

Environmental Effects Monitoring (EEM) requires that six adult fish parameters be 

measured to determine the sample size needed to detect differences at a reference site 

from a site exposed to effluents. These parameters are: Iength at age, mass at age, age, 

liver somatic indices (LSI), gonadal somatic indices (GSI) and condition factor (K). The 

original data are found in Appendix 4. 

These parameters were calculated for adult trout-perch in 1995 (Table 3-7) and 1996 (Table 

3-8). Based on power analysis calculations, it could take as little as a sample size of 3 

males and 4 fernaleskite to detect a 20% di fference between sites (with the length at age 

parameter at a power of !IO), or it could be as high as 160 males and 162 fernaledsite to 

detect a 20% di fference between sample sites with the GSI parameter at a power of 90% 

(Table 3-9). 

The larger the variability the larger the estimated sarnple size will be for a given body 

metric. In the trout-perch for both years GSI had the most variance during the spawning 

season, then LSI, then age and mass at age, K was next and length at age had the least 

variance. 



Table 3-7 Number of trout-perch needed to detect significant differences in fish 

parameters between two populations in the stuciy area, 1995. SampIes sizes were 

calculated for a range of effect sizes (6) with power = 0.80 and power = 0.90, and a = 

Parameter Sex N 

LSI M 

:ondition (K) M 
F 

Estimated Sample Size (# of fishkrea) 



Table 3-8 Number of trout-perch needed to detect significant differences in fish 

parameters between two populations in the study area, 1996. Samples sizes were 

calculated for a range of effect sizes (6) with power = 0.80 and power = 0.90, and a = 

Parameter Sex N 

LSI M 31 
F 99 

GSI M 31 
F 69 

Condition (K) M 31 
F 103 

Estimated Sample Size (# of fishlarea) 



Diet 

Stomach contents were exarnined fiom 92 trout-perch collected in 1996 Eiom May to 

September in the three habitat types in the study area. Trout-perch from the study area had 

fed predominantly on immature forms of Ephemeroptera, Diptera, Plecoptera and 

Trichoptera (Fig 3-12). Results of these examinations were evaluated using Kniskal-Wallis 

one-way analysis of variance tests. 

Trichoptera (P =0.038, N=27) and Chironomidae (P= 0.03, N= 78) were the most seiected 

for tributary/confluence habitats, while in nin habitats Diptera (Chironomidae) were the 

most abundant by volume in the diet. (Fig 3-13). 

Seasonal differences in prey selection also occurred. In the spawning season (May to mid 

July 1996), Chironomidae (p=. 0067, N=78), and Emphemeropterans (p=. 0057, N=64), 

were preferred (Fig 3-14). Trout-perch selected various prey types at different times of 

the year. 



Je importance of  prey taxa by volume for trout-perch in al1 habitats. 

Stomach contents of trout-perch captured in May to Late August, 1996 from 

tributary/confluence, backwater and nui habitats. Insect taxa is plotted by percentage 

stomach content by voIume. N = 92 stomachs. 
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Relative importance ofprey taxa by volume for trout-perch between 

months of collectior?. Stomach contents of trout-perch captured for May to late August, 

1996 from tributarykonfluence, backwater and run habitats. Insect taxa is plotted by 

percentage stomach content by volume. N = 92 stomachs. 



Discussion 

Spawning 

En the study area trout-perch have an extended spawning period fkom early May to mid 

July of about 70 days. In 1996, a marked decline was observed in GSI over the surnmer 

From relatively high levels in May to low levels in mid July respectivety. This decline 

took place over a hvo-week period commencing June 24. Observations of trout-perch in 

or near spawning condition were also recorded for both sexes in the 1995 and 1996 

collections. Again, the observance of fish in or near spawning condition was fiom the 

beginning of the collections in early May to mid July of both years. It is believed that 

these fish would have been spawning previous to this time but were unavailable to 

sampling due to ice being in the river until early May. Based on 1996 GSI and 

observations for 1995 and 1996, spawning was concluded in mid-July. 

1995 GSI results for males were variable and could not indicate a distinct end to the 

spawning season. The female GSI results indicated an end to the spawning season 

completed in August similar to what occurred in 1996. Some of the reasons why these male 

data were variable could have been due to smaller sarnple size than in the 1996 collection 

and that the majority of the fish were collected outside of the spawning season. 

Rowes (1994) found trout-perch had an extended spawning period of 72 days (May to mid 

July) in Dauphin Lake, Manitoba. Other authcrs have f o n d  a shorter spawning season of 

approximately 45 days (May to mid-June) for trout-perch at various locations within 

Alberta (McCart et al. 1978; Machniak and Bond, 1979; Bond and Berry, 1980 and 

Machniak et al. 1980). In eastem Canada, Muth (1975) found that spawning was noted to 

take place ffom mid-April to the end of May (approximately 45 days). 



Spawning Strategy 

Multiple or batch spawning is a common strategy for most fishes, where ovaries contain 

asynchronously developing oocytes are released in several batches over the same spawning 

season (Mance, 1987). 

Batch or multiple spawners typically have extended spawning seasons (Heins and Rabito, 

I986), similar in duration to the elevated GSI period seen for trout-perch. Al1 

observations of spawning were during this same period. Egg diameters of trout-perch 

exhibited bimodal distributions as is typical for multiple spawning fishes such as the 

genus Nofropis (Heins and Rabito, 1986) and other cyprinids (Bagenal and Braum, 1978), 

OF the logperch, Perci~za caprodes (Rafinesque), and johnny darter, E~heostotia nigninr 

Rafinesque, (Rowes, 1994). The larger egg diarneter distribution was present from May 8 

until mid-luly and it is believed these eggs are shed not in during one spawning event but 

over the whole spawning period. The use of trout-perch as sentinel monitoring species is 

possible but will be difficult to infer effects on gonad size and development during the 

spawning period. 

Length at Maturity 

Matunty was achieved at shorter lengths in males than female trout-perch in 1995 and the 

1996 collections. Others (Bond and Beny (1990), Machniak et al. (1 98O), House and Wells 

(1 973) and Mapuson and Smith (1963), reported similar findings. 

Sex Ratio 

The sex ratio for the 1995 collections was 58% female. This finding was based on 3 18 fish 

exarninations from May to late October in 1995 (Table 3-5). The sex ratio for the 1996 

collections was 67% female, based on 389 examinations of fish collected fiom May to 

September in 1996 (Table 3-6). Machniak et al, (1980), found a 54% female sex ratio in the 

MacKay River in 1978. Machniak and Bond (1979) found sex ratios during spawning were 

skewed towards males and outside of the spawning season females dominated the catch as 



in this collection. A possible explanation of the diffenng sex ratios can be attributed to the 

duration of sarnpling in this study and the large sample size compared to the other authors. 

Age at Maturity 

Male trout-perch matured earlier than females. Ninety percent of age 2 and 100Y0 of age 3 

females and, 89% of males aged 1 and 100% of age 2 were sexually mature fiom the 1995 

and 1996 coIlections of trout-perch (Table 3-5). Bond and Berry (1990) also found that 

male trout-perch matured earlier than females in the Athabasca River. Other authors have 

reported that male trout-perch matures earlier than females in various drainages (Machniak 

et al, 1980; Magnuson and Smith, 1963; and House and Wells, 1973). This was also seen in 

Alberta by Mance (1987) in yellow perch, Percaflavescens Mitchill), where he obsewed 

trade-offs between egg nurnber and size and egg number and lifespan. These adaptations 

were due to the latitudinal and local habitat characteristics of the fish. 

Body Condition Factor 

Body condition factor (K) of female and male trout-perch tended to be larger in the 

spawning season for females in 1995 and 1996 and males in 1995. This is a normal 

occurrence, as fish in spawning condition tend to be larger with ripe gonads, which will 

inflate the result for K. in the 1996 collection, males did not show a significant difference 

behveen the spawning season and the post-spawning season. Male GSI did not fluctuate as 

rnuch as female CS1 in 1996, which may explain the similarity between seasons. 

Abundance 

Based on fish collections Fom 199 1 to 1994 (N =9352), trout-perch were the most abundant 

fish in the study area (58%). Dunng the snidy in 1995 and 1996 (N = 47,lS 1) trout-perch 

were the second most abundant fish in the study area (1 8%). Considerably more effort was 

used and the seine was modified in 1995 and 1996, which resulted in a more confident 

estimation with the increased sample size. 



iMovement 

ResuIts from the mark-recapture experiment in 1994 yielded no evidence on movement as 

it was not an appropriate test for small-bodied fish mobility. An altemate cnterion of 

residency was the presence of al1 age classes at al1 habitat types sampled. Trout-perch in 

1995 and in 1996 were present at the three habitat types sampled during May to October 

1995 and iMay to September 1996. To be present at al1 habitats dunng al1 sampling events 

suggests trout-perch are not highly mobile and meet the criteria as a resident fish species 

for EEM. 

Habitat preference 

The majonty of trout-perch were caught in confluence/tributary habitats. Machniak and 

Bond (1979) found similar preference for confluence habitat in the Steepbank River. In 

1996 confluencdtributary habitats were significantly preferred from backwater and run 

habitat types that were not significantly different fiom each other. But in 1995 there was no 

preference for habitat type. The difference between 1995 and 1996 may have been due to 

the addition of confluencdtributary sites LR and CR in 1996. 

Diet 

A variety of aquatic and some terrestrial insects were found in the stomach contents. 

Diptera (Chironomidae) and Epherneropterans were the most abundant prey in the 

stomach samples. The abundance of prey in the diet varied with habitat and season. 

Trichopterans and Chironomidae were preferred in the tributary/confluence habitat only. 

During the spawning season from May to mid-July, Chironomidae and Ephemeropterans 

were preferred. These prey preferences were also the same for trout-perch studied in other 

similar watersheds such as the Mackay River (Machniak et al, 1980), Steepbank River 

(Machniak and Bond, 1979) and the Mildred Lake and Athabasca River Delta area (Bond, 

1980). 



Trout-perch appear to be opportunistic feeders. The selection of prey by trout-perch was 

possibly more affected by the abundance of prey than by preference for a particutar prey 

item. Kimey (1950) studied trout-perch in Lake Erie and noted that the extent to which 

trout-perch would feed on any particular bottom organism varied with the avaiIabiIity of 

that organism. 
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Chapter 4 

Biology of the lake chub in the Athabasca River, Alberta 

Plate 

Introduction 

Lake chub have been suggested as a possible sentinel species for Athabasca River pulp 

mills- In Alberta, Gibbons (1996), studied lake chub at Hinton and Whitecourt on the 

Athabasca River. He recommended lake chub as a good candidate for use as sentinel 

monitor. However, there is little known about its Iife history, natural variability, and 

rnobility. 

Lake chub are distributed throughout North America fiom British Columbia to Nova 

Scotia northward in the Yukon and Mackenzie river system and southward to Colorado. 

They are common in al1 major river systems in Alberta (Nelson and Pa,etz, 1992). 

Spawning is dependant on latitudinal controlled processes such as temperature degree 

days and photoperiod; Lake Ontario populations spawn in late Apnl while in the 

Northwest Temtories spawning occurs in July or August (Scott and Crossman, 1973). 

Spawning migrations have been docurnented in Eastern Quebec, where lake chub move 



from main nvers to tributary streams to spawn in June (Montgomery et al, 1983). Post 

spawning mortality has also been observed in a southwestern Quebec Stream (Scott and 

Crossman, 1973). 

McPhaiI and Lindsey (1970), found terrestrial insects and zooplankton as part of the diet 

of iake chub in British Columbia. in Alberta, immature insects of the orders Diptera, 

Ephemeroptera, and Trichoptera, with sorne Crustacea, Arachnida and Nematoda, were 

included in the diet (Machniak et al, 1980). 

In Alberta, lake chub are found in lakes, rivers and small creeks and are often abundant. 

Spawning occurs fiom June to mid-August. Maturity is thought to be at age three or four. 

Few live more than five years (Nelson and Paetz, 1992). 

Life history information required to meet the sentine1 species requirements of the EEM 

program includes: gonad mass, liver mas, length, m a s  and age. These parameters are 

used to calculate an appropriate sample size based on an effect size using the range of 

natural variability in the fish being studied (ECDFO, 1995). 

In this chapter reproduction, age and growth, body condition, diet, and habitat preference 

of lake chub are discussed. 



Lake chub were assessed for EEM biological aspects as well as other related life history 

parameters. The EEM parameters described in this section are Gonadal Somatic Index 

(GSI), Body Condition Factor (K) and Liver Somatic Index (LSI). The other parameters 

were abundance, habitat preference, age, growth, reproduction, fecundity, sexual 

maturity, and diet. 

The observance of age classes at the ihree habitat types during the complete sarnpling 

period for both yean was used as a determinant of  residency (Appendix 6). Fish would be 

deemed resident if al1 age classes were present during the sampling events in 1995 and 

1996. 

Environmental Effects Monitoring 

Environmental Effects Monitoring (EEM) requires that six adult fish parameten be 

measured to determine the sample size needed to detect differences at a reference site 

frorn a site exposed to effluents (ECDFO, 1995). These parameters are: length at age, 

mass at age, age, liver somatic indices (LSI), gonadal somatic indices (GSI) and condition 

factor (K). The original data is found in Appendix 7. When using length fiequency to 

assign age no true ages were assigned to individual fish, which is n e c e s s q  for length at 

age, weight at age and age assessment in EEM. As a result, only LSI, GSI and K were 

reported for lake chub. 

Aging 

In this study age was determined by length fiequency analysis as in Mackay et al (1990). 

Age data were not generated due to difficulties in reading the ageing structures. Opercle 

bones, fin rays and scales did not yield annuli with any confidence. Other authors 



successfully used otoliths (Machniak and Bond, 1979, and Bond, 1980), but given field 

conditions and time constraints they were not used in this study. 

Size classes for lake chub were determined fiom length frequency analysis as suggested 

From Mackay et al. (1990). The modal distribution of size classes was used to correspond 

to a particular age class. 

Condition factor 

Condition factor (K) is a reflection of the health of individual fish (Bagenal and Tesch, 

1978). K is a measure of "fatness" or the mass at a given length. It was calculated as: 

K = mass /(lengti~)~X 10' 

Where mass was total body mass (in grams) and length was total length of the fish (in 

millimeters) and 10' was a scaling factor. 

Growth Rates 

Specific and absolute annual growth rates were calculated similar to Busacker et al 

(1990) by calculating the change in length of a cohon of fish per unit time, usually a year. 

Specific growth rate defines growth as percentage increase and was calculated as: 

Absolute growth rate defines growth by the incremental value in rnrn/year. This is derived 

from: 

Absolute growth rate = (Y, -Y,)/(t2-t,). 

Where t,-t, is the change in time and Y, -Y, is the change in total length (in mm) of the 

cohort during that time. 

Absolute growth rates were calculated by calculating the change in length of a size class 

of fish per unit time, usually a year as in Busacker et al., (1990). 



Serual Maturity 

Immature females were identified by their small thread like ovary, found below the air 

bladder, which was translucent and had no visible oocytes. The immature or non- 

spawning male gonad appears very similar to the ovary in an immature female. Immature 

males could only be identified as such after viewing males that had begun to have the 

gonad whiten (whitening was observed in several specimens begiming at the anterior 

end). In the femaIe, ripe eggs were larger and yeilow in color than the maturing, srnaII, 

white eggs seen in non-spawning lake chub. Female fish were given five categories and 

male fish had four (tables 4- 1 a and 4- 1 b). In 1996, spawning coloration was checked 

(primarily red-orange) at the base of the pectoral fins for both sexes at time of sacrifice. 



Table 4-1 a. Female lake chub sexual maturity level rating based on reproductive 

condition 

Maturity level Reproductive condition 

1 Immature (clear ovary) 

2 Matunng (evidence of eggs-won? spawn this year) 

3 Mature (will spawn this year) 

4 Expressing eggs (spawning) 

5 Spent (spawning completed) 

Table 4-1 b. Male lake chub sexual maturity level rating based on reproductive condition 

Maturity level Reproductive condition 

1 Immature (small clear gonad) 

3 - Matunng (gonad larger and whitish in colour-will s p a w  this year) 

3 Expressing (spawning) 

4 Spent (spawning completed) 



Gonadosomatic Indices 

Gonadosornatic Indices or GSI can be used to indicate the reproductive state of fish. GSI 

was calculated for adult lake chub as in Crim and Glebe, (1 WO), in 1995 and 1996: 

GSI = gonad masshotal body mass X 100% 

Mass was measured in grarns. GSI was calculated for adult lake chub in 1995 and 1996. 

E.E.M. also requires GSI in its determination of appropriate sarnple size based on natural 

variabi lity. 

Eggs 

Ovaries were selected fiom 38 adult lake chub collected in 1995 and 1996. Al1 eggs were 

viewed after presentation in 5 % ethanol to minimize any size differences due to diffenng 

fixative fluids. Preservation tended to create a minimal arnount of shrinkage in the egg 

diameter (c 5%), when placed in the 5% alcohol solution the difference was minimized 

even fürther ((3%). Total egg counts and diameters fiom both ovaries in lake chub were 

conducted (Appendix 7). Individual egg diameten were rneasured using an optical 

micrometer with a dissecting microscope at 16X. Diameters were convened to 

millimeters fiom micrometer units. 

For those fish not lethally sampled, observations of spawning condition (expressing milt, 

distended abdomen and/or releasing eggs) were recorded at the time of examination. 

Fecundity 

Absolute fecundity in fish such as lake chub is defined as the number of maturing eggs 

present in the ovary just before spawning (Bagenal and Tesch, 1978). As these fish appear 

to be batch or repeat spawners, fecundity will include al1 maniring oocytes which will 



develop M e r  before being released later in the sarne spawning season (Mann and Mills, 

1979). Fecundity of individual adult female lake chub was determined fiom total egg counts 

and as in Crim and Glebe, (1990) where a weight of 30 eggs taken £tom the ovary was used 

to derive a mean egg weight which was then used to determine the total number of eggs in 

both ovaries. 

Liver somatic index @SI) 

Liver somatic index (LS 1) is another index used by E.E.M. and can be associated with 

nutritional state and growth rate of the fish (Busacker et al, 1990). LSI was calculated as: 

LSI = (liver mass /body m a s )  X 100. 

CVhere body mass was total body mass. Al1 mass was measured in grarns. 

Diet analysis was required to ensure that lake chub were indeed benthivores or had a diet 

that included benthic organisms as part of the total diet. Benthic exposure is one criteria 

for the sentinel species setection in EEM (ECDFO, 1993), and is also useiül for the 

understanding of the biology of the species. Fi@-five lake chub stomachs were examined 

for their contents and recorded as a percentage of prey by volume (Appendix 9). AI1 prey 

were identified to lowest possible category. Samples from both sexes from May to 

September were selected to represent the possible seasonal prey preferences, if any. 

Stomach contents were based on material collected in 1995 and 1996. Sarnples were 

collected fiom both sexes fiom May to September 1995 and 1996 and were selected to 

evaIuate seasonal and habitat prey preferences, by a Kruskal-Wallace one-way analysis of 

variance. 

Al1 taxa were identified using the keys fiom the references of Usinger (1956), Brooks 

and Kelton (1967), Edmunds et al. (1976), Baumann et al. (1977), Wiggins (1977), 

Pennak (1978), McAlpine et al. (198 l), Bode (1983), Oliver and Roussel (1983), 

Wiederholm (1983, 1986), Memtt and Cumrnins (1984), Stewart and Stark (1988) and 

Clifford (1 991). 



Data Analysis 

Systat 7.0 was used to analyze fish and habitat data. Lilieforte tests were used to test for 

normality. Most univariate normal distribution-based statistical methods are very robust 

under moderate violations of the assumptions, with the exceptions of very small(< 1 1 d.f. 

for error) and unequal sarnple sizes and/or one tailed tests (E.C.D.F.O., 1995). If data 

were visibly not normally distributed, Kolmogorov-Srnirnov non-parametric tests were 

used. 

Kniskal-Wallis one-way analysis o f  variance tests were used in the evaluations of habitat 

use, catch per unit effort, and diet. Analysis of variance tests were used in the evaluations 

of body condition factor and gonadosomatic index. For the EEM estimation o f  variability 

(in liver somatic index, gonadosomatic index, and body condition), analysis o f  covariance 

was used as in ECDFO, (1995). 



Results 

Abundance 

Based on fish collections Fom 1991 to 1993 (Shelast et al, 1994), (N= 694,9%) and 1994 

(N=248, 16%) lake chub was the second most abundant fish in the study area (Fig 4-1). 

Lake chub was the most abundant fish in the study area during this study in 1995 (N= 

13,259,48 %) and 1996 (N= 7,616,39 %), (Fig 4-2). 

The three major habitat types sampled were nui, backwater and tributary/confluence. 

Catch per unit efforts were significantly higher for lake chub captures at 

tributary/confluence sites over the other two habitat types in 1995 (P>.05, N=10,668), 

and 1 996 (P>.05, N=6235),(Fig 4-3). 

Movemen t 

Movement of lake chub was evaluated by comparing the presence of year classes at each 

habitat type over the sampling periods in 1995 and 1996. Sampling in 1995 indicated a 

large use of tributary/confluence habitats by young of the year in 1995. The other habitat 

types, run and backwater had sirnilar use by al1 age classes collected but in far smaller 

numbers. In 1996, tributary/confluence habitats were again the most utilized by al1 size 

classes of lake chub and there was limited usage of the other two habitat types during the 

sarnpling penod fiom May to September (Appendix 6). 

Catch per unit effort 

Fish collections compared confluence sites with mainstem river sites. Backwater and run 

sites were combined and classed as mainstem river sites as they were not different (PB. 

05) from each other. Catch per unit effort (CPUE), for lake chub was higher at confluence 

sites in 1996 ( p> .002, N=84) than at mainstem river sites (Table 4-2); in 1995 CPUE did 

not differ significantly (p> -05) among habitats. 



Age 

Based on the length-frequency from fish collections in 1995 (Fig 4-4a) and 1996 (Fig 4- 

4b) four major age classes were obsewed in lake chub: young of the year, one, two and 

three year old cohorts. The third year class was less apparent than the rest as numbers of 

fish declined afier the second year class. 



Figure 3-1. Catch s u m m q  results for abundant small-bodied fish species captured by 

seining in the study area. 199 1 - 1993 Baseline survey (N = 77 15) and 1994 preliminary 

survey (N = 1 55 1 ). 



iAKE CHUB TROUf- SUCKER OTHER SWT TAILED GAME (BURE. FIATHEAD EMERALD 
PERCH (FHMW.LNûC. SHIHER GOLO W A L l  CHUB SHINER 

PRDC. SPSC. NRPK I L M .  
ST8K) W H )  

Figure 4-2 1995 (N = 27,622) and 1996 (N = 19,529) catch summary results for al1 

species by seining in the study area. Abbreviations as in Mackay et a1 (1990): FHMW = 

fathead minnow, LNDC = longnose dace, PRDC = pearl dace, SPSC = spoonhead 

sculpin, STBK = stickleback spp., BURE3 = burbot, GOLD = goldeye, WALL = walleye, 

W K  = northem pike, MTWT = mountain whitefish, YWPH = yellow perch. 



Figure 4-3. Nurnber of lake chub caught in run, backwzter and tributary/confluence 

habitats in 1995 (N= 11,976) and 1996 (N= 7,522). 



Table 1-2 1996 Catch per unit effort (C.P.U.E.) (in number of !%Mm2) for lake chub 

(lkcb) and al1 fish collected in the study area in the Athabasca River near Athabasca, 

Alberta. Mainstem habitats included run and backwater habitat types. 

habitat number of average no. lkcb lkcb al1 fish al1 fish 

seine hauls distance (m) haul  CPUE total catch CPUE 

Mainstem 50 131.1 29.88 0.09 121 0.33 

Confluence 34 167.1 160.53 0.36 340 0.83 



Figure 4-4a Length-kequency distribution of lake chub with peaks at young of the 

year, age 1 and age 2 respectively. Age 3 fish were observed in small numbers. Fish were 

captured June 1 1-24, 1995. N =119. 

Figure 4-4b Length-fiequency distribution of lake chub with peaks at age 1 and age 2 

respectively. Fish were captured June 9-22, 1996. N = 579. 



Growth 

Based on length-fiequency data, absolute and specific growth rates were calculated from 

lake chub cohorts collected in 1995 and 1996. Growth rates were larger for the young of 

the year to one year old cohort and decreased with the age of the cohort. (Table 4-3). 



Table 4-3 Specific amual growth rates of lake chub by year class for the 1995 and 

1996 collections. (Le. G ,, would be the specific annual growth rate for 1 year old lake 

chub to reach the age of  2 years). Al1 age classes were detemined by length fiequency 

and were unsexed. 

Year class increment Absolute Specific Growth % N 

Growth (mm) 

G y3y-l 28.4 74.1 780 

G 1-2 41.7 39.4 888 

G 2-3 40.8 23.8 191 

G 3-6 30.0 13.9 114 



Body Condition Factor 

Body Condition Factor or "K" was evaluated between the spawning season (S 1) and the 

post spawning season (S2) and the three habitat types (run, backwater and 

tributary/confluence). Kruskal-Wallis one-way analysis of variance tests were used in the 

evaluations of "K". It was found that the body condition of females in 1996 was not 

significantly different between habitats (P >0.05, N = 122) and behveen seasons 

(P >0.05, N = 122). Females in 1995 were also not significantly different between 

habitats (P >0.05, N = 15). Seasons could not be compared, as there was not enough post 

spaw-ning data. Males in both 1995 and 1996 tended to be caught in small numbers during 

the spawning season at confluenceltributary habitats only. AAer spawning it was 

extremely difficult to differentiate a post-spawning male from an immature female. 

Lengtb at Maturity/ Sex ratio 

Length at maturity and sex ratios were listed for lake chub in 1995 (Table 4-4) and in 1996 

(Table 4-5). 1995 Females began maturing at 7 1-75 mm total length and in 1996 females 

began maninng at 66-70 mm. in 1995 al1 females were mature at 9 1 - 95 mm an in 1996 al1 

females were mature at 96-100 mm. Male lake chub began maturing at 66 - 70 mm in 1996 

in 1995 only 6 males were collected of various lengths and were not used to determine 

length at maturity. Al1 males were mature at 91-95 mm in 1996. The sex ratio for the 1995 

fish collection was 6% male and 94% female and in the 1996 collection was 38% male and 

62% female. 

Reproduction 

From the 1996 collections individual female Iake chub with gonads in f d l  spawning 

condition were found in early May till late M y .  Mean Gonadal Somatic Index (GS t), vs. 

time (Fig 4-Sa) was plotted to reflect when the female gonad mass reverted to a resting 

cindition. These fish apparently have been spawning previous to this time but sampling 



could not commence until river conditions permitted in early May. Spawning concluded 

at the end of July. 

Few mature male lake chub were captured in 1995. GSI for females was variabIe and did 

not show any change over time. In 1995, mature males were caught on only two 

occasions near-spawning on July 14 and spent on August 3. Female GSI indicated a 

decline late in July similar to that as seen in local populations of trout-perch (Fig +Sb). 

Length of lake chub did not correlate strongly with female GSI in 1995 (Fig 4-6a) or in 

1996 (Fig 4-6b). Male GSI was not plotted due to smatl sample sizes. 

Spawn ing Observations 

For those fish not lethally sampled, observations of spawning condition (expressing milt, 

distended abdomen andor releasing eggs) were recorded at the time of examination. 

Orange-red c010ring at the bases of the pectoral fins was present in both sexes during 

spawning in sorne cases (N=2 1) but, the majority of spawning fish exhibited no 

coloration changes (N = 343). The largest number of observations of lake chub in 

spawning condition was late May till mid June (Fig 4-7). Spawning lake chub were 

observed only in tnbutary/confluence habitats on sand and silt substrates with low water 

velocity. 



Table 4-4 Length at maturity and sex ratios for 1 17 lake chub taken during 1995 

collections. No sample taken is denoted as "ns". 

Lengh (mm) N Female Males Females 

51-55 

56-60 

6 1-65 

66-70 

7 1-75 

76-80 

8 1-85 

86-90 

9 1 -95 

96- 1 O0 

101-105 

106-1 10 

11 1-1 15 

116-130 

Total 

YO % Immature % Mature % Immature % Mature 

46-50 100 ns ns 1 O0 O 



Table 4-5 Length at maturity and sex ratios for 325 lake chub taken during 1996 

collections. No sample taken is denoted as "ns". 

Length (min) N FernaIe Males Fernales 

YO % tmmature % Mature % Immature % Mature 

51-55 

56-60 

6 1-65 

66-70 

71-75 

76-80 

8 1-85 

86-90 

9 1-95 

96- 1 O0 

101-105 

106-1 10 

I l  1-1 15 

116-120 

Total 



M A L E  .FEMALE 

Figure. 4-Sa Mature male and female lake chub mean GSI (with standard error) 

collected from May to September 1996. N = 74 male and 125 female lake chub. 

Figure 4-Sb Mature female lake chub mean GSI (with standard error) collected Eiom 

May to September 1995. N = 50 female lake chub. Male lake chub were caught on only 

two occasions and were not included. 



Figure 4-6a Mature female lake chub GSI and total length (mm) for the 1996 

collection. N = 125 fish. 

Figure 4-6b Mature female lake chub GSI and total length (mm) for the 1995 

collection. N= 49 fish. 



MALE FEMALE 

Figure 4-7. Pooled frequency of observations o f  male and female lake chub in 

spawning condition fiom 1995 and 1 996 (male N= 24 and female N= i O 1 ). 



Egg Diameters 

Lake chub had extended spawning periods (Early May to mid July) for t 995 and 1996. 

Egg diameters in most specimens showed two distinct distributions during spawning. 

Egg diameters were compared for individual lake chub collected in 1996. Bimodal 

distributions of egg diameters were observed for lake chub during the spawning season 

(Fig. 4-8a to 4-Sc). Eggs in the larger diarneter distributions were yellow in colour and 

eggs in the smaller distributions were white in al1 cases. Afier the spawning penod, egg 

diameters were found only in a single distribution of the smaller diameter class and were 

al1 white in colour (Fig. 4-86). Ten frequency distribution plots of egg diameter are 

s h o w  in Appendix 7. 



a W hitm Eggs 
mYollow E ~ Q I  

Figure 4-8a. Frequency distribution of n = 1957 lake chub egg diameters taken fiom 

both ovaries in May o f  1996. 

Figure 4-8b. Frequency distribution of  n = 1705 lake chub egg diameters taken from 

both ovaries in June o f  1996. 



White Eggs 

Yallow Eggs 

Figure 4-8c. Frequency distribution of  n = 807 lake chub egg diameters taken fiom 

both ovaries in July of 1996. 

Figure 4-8d. Frequency distribution of  n = 306 lake chub egg diameters taken fiom 

both ovaries in August of 1996. Al1 eggs were white. 



Environmental Effects Monitoring 

Based on the EEM power analysis of the 1996 parameters it could take as little as 2 males 

and 7 femaledsite to detect a 20% difference between sites with the K parameter at a 

power of P=O.90, (Table 4-6b). Conversely if the GSI parameter was used 249 adult 

males and 246 adult femaledsite would be needed to detect the same difference of 20%. 

in 1995 LSI was calculated in 15 adult females and was found to need a very large 

sarnple size (408 adult fernaleskite) at a power of P=O.gO to detect a 20% difference 

behveen a reference and exposed site (Table 4-6a). LSI was not repeated in 1996 as it was 

difficult to extract livers in the field. The original data for power analysis is given in 

Appendix 8. 

The larger the estimated sample size the larger the variability will be for a given body 

metnc. In the lake chub for both years GSI had the largest variance for females, then LSI 

was next for the 1995 and K had the least variance. 

Lake chub have been shown to prefer the tributary/confluence habitats over run andor 

backwater habitats. The use of tributarykonfluence habitats in an EEM program is 

unlikely as this type of habitat would not be affected much or at al1 from an upstrearn 

effluent source. As a reference site it again would be far too different from any other 

habitat than another tributary/confluence habitat. 

The absence of males and difficulty of sexing males in the post-spawning season in 1995 

and 1996 made it difficult to assess GSI and K. 



Table 4-6a Number of lake chub needed to detect significant differences in tish 
parameters behveen reference and effluent exposed populations in the study area, 1995. 
Samples sizes were calculated for a range of effect sizes (6) with power = 0.80 and power 
= 0.90, and a = 0.05. Few adult male lake chub were collected in 1995 and could not be 
assessed in this evaluation. 

Table 4-6b Number of lake chub needed to detect significant differences in fish 
parameters behveen reference and effiuent exposed populations in the study area, 1996. 
Sarnples sizes were calculated for a range of effect sizes (6) with power = 0.80 and power 
= 0.90, and a = 0.05. 

- -- 

Estimated Sample Size (# of listdarea) 

Parameter Sex 80 P=O.W 

Parameter Sex 

GS 1 Male 
Female 

P=O.SO P 4 . 9 0  
O O 

205 273 

O O 
285 38 1 

O O 

LS i  male 
Female 

GSI +Ma le 
Fernale 

Condition (K)  male 

Condition (K) Male 
Fernale 

- 

I 

O O 
148 198 

O O 
207 276 

O O 

O O 
248 408 

O O 
346 570 

O O 

Estimated Sample Size (# of iïshfarea) 

I 

3 4 Fernale 

P=O.SO Y=O.90 

186 249 
122 246 

2 2 
5 7 

4 6 

125 1 67 
8 2 165 

2 2 
4 5 

4 4 

9 1 12 1 
60 120 

2 2 
3 4 



Stomach contents from 43 lake chub were exarnined. Lake chub Crom the study area had 

fed predominantly on immature forms of Ephemeroptera making up almost 45% of the 

diet. Heteroptera, Trichoptera, Diptera and organic material were the bulk of the 

rernainder (fig 4-9). Prey selections varied monthIy as different prey were selected in 

individual months (Appendix 9). Ephemeroterans were most prevalent in the diet in May 

and June and were replaced by Heteropterans (Corixidae) in July. 

Kruskal-Wallis one-way analysis of variance tests were used in the evaluations of diet. 

Habitat type did not affect prey selection (P >O.OS). Ernphemeropterans remained the 

most prevalent prey item when classed by the three habitat types; run, backwater and 

confluenceltributary. Other prey selection was variable (Appendix 9). 



Figure 4-9 Volumetric composition o f  lake chub diet in al1 habitats May to August 

1995 based on contents of 43 stomachs. 



Discussion 

Spawning 

Batch or multiple spawners typically have extended spawning seasons (Heins and Rabito, 

1986), similar in duration to the elevated GSI period seen for lake chub. Observations of 

spawning during this same period were also more prevalent. Egg diameters of lake chub 

exhibited bimodal distributions as is typical for multiple spawning fishes such as the 

genus Notropis (Heins and Rabito, 1986) and other cyprinids (Bagenal and Braum, 1 W8), 

or the logperc h, Percina caprodes (Rafinesque), and johnn y darter, Etheostonza izignrnz 

Rafinesque, (Rowes, 1994). The Iarger egg diameter distribution was present from May 

until mid-July and it is believed these eggs are shed not in dunng one spawning event but 

over the whole spawning period. 

1996 female GSI results indicated a marked decline fiom relatively high levels (10-20%) 

during spawning to low levels (45%) after spawning. This decline took place over a 

three-week period commencing July 21. Observations of lake chub in spawning condition 

were also recorded for both sexes in the 1995 and 1996 collections. Again, the 

observance of fish in or near spawning condition was from the beginning of the 

collections in early May to mid July of both years. 

1995 female GSI results were variable and could not indicate a distinct end to the 

spawning season. Some of the reasons why this data was variable could have been due to 

srnaller sample size than in the 1996 collection and that the majority of the fish were 

collected outside of the spawning season. 



Environmental Effects Monitoring 

The use of lake chub as sentine1 monitoring species is not possible with their preference 

for confluence/tributary habitats and lack of adult males. Assessrnent of the parameters 

GSI and LSI indicated a very large sample size would be needed to determine effects 

from effluents using this method. The sample size needed for body condition (K), was far 

less, but the method cannot stand on one parameter and needs to address al!. Given the 

low catch success of male lake chub and the species preference for tributarykonfluence 

habitats, it is unlikely that sufficient nurnbers of adult lake chub could be obtained in this 

study area to satis& the EEM requirements. 

Habitat preference 

The majority of lake chub were caught in confluence/tributary habitats. Backwater and 

run habitat types were less preferred but not significantly different fiom each other. 

Machniak and Bond (1 979) found sirnilar preference for confluence habitat in the 

Steepbank River. 

Abundance 

In 1995 and 1996 Iake chub was the most abundant small bodied-fish collected in the 

study area. In 1991 to 1994 lake chub was second most abundant in the study area. Young 

of the year dominated the catch in both years. This was seen for lake chub at other 

northeastem Alberta locations such as: the Steepbank River by Machniak and Bond 

(1979), the Muskeg River (Bond and Machniak, 1977 and 1979) and in the Mackay River 

(Machniak et al, 1980). 

Growth 

Growth in lake chub decreased with age. Growth was most prevalent in the young of the 

year to age 1 at 74.1%, declining to 13.9% in the age 3 to 4 cohort (Table 4-3). This 

decline with age is sirnilar to that found in trout-perch (Table 3-5). 



Length at Maturity 

Males tended to mature at a shorter length than females. In the 1995 collection, al1 female 

lake chub at 96-100 mm were mature. In the 1996 collection, al1 female lake chub at 9 1 - 

95 mm and al1 1996 males at 91-95 mm were mature. This was also documented in 

Labrador by Bruce and Parsons, (1976) where smaller males age 2 were mature and 

fernales 3 were also mature. OIder age classes found eastem Canadian lake populations 

(Scott and Crossman, 1973) were not represented in collections for this shidy and others 

at sirnilar latitudes, (Bond and Machniak, 1977 and 1979) (Machniak and Bond, 1979) 

and (~Machniak et al, 1980). 

A possible reason for the lack of older year classes is that there are not any. At northem 

latitudes the majority of lake chub may mature earlier at a smaller size than in fish from 

eastern Canada. This has also been seen in yellow perch (Perca flmsecerts MitchiIl), in 

Alberta by Mance, (1987) were he observed trade-offs between egg nurnber and size and 

egg number and lifespan. These adaptations may be due to the latitudinal and local 

habitat characteristic of the fish. 

Ses  Ratio 

The 1996 collections were 62% female. This finding was based on 325 fish examinations 

over the course of May to late August in 1996. Machniak and Bond, (1979), found an 

even sex ratio in the MacKay River in 1978. Machniak et al (1980) found the female sex 

ratio was 56%. In 1995 only six male lake chub were collected out of 1 17. The 1995 

collection was not focussed on lake chub as was the 1996 collection and the results fiom 

that probably do not reflect the true population. Time of collection is important as the 

presence of the hvo sexes on the spawning grounds has been found to be much longer for 

males (Brown, 1969). This may have influenced this study, as there were few adult male 

captures in 1995 and a small number in 1996. 



Stomach contents fiom 43 lake chub were examined. A variety o f  aquatic and some 

terrestrial insects were found. Ephemeroptera and diptera (Chironomidae) and were the 

most selected prey. These prey are also much the same for lake chub studied in other 

watersheds such as the Mackay River (Machniak et al, 1980), Steepbank River 

(Machniak and Bond, 1979) and the Mildred Lake and Athabasca River Delta area (Bond, 

1980). Bond and Berry (1 980) found similar results with Athabasca River lake chub. The 

abundance of prey in the diet varied with habitat and season, but selection of prey was not 

different behveen habitats. 
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Chapter 5 

General Conclusions 

This study represents the most comprehensive assessment of trout-perch and lake chub in 

a large northern river to date. 

Lake chub were the most abundant fish in the study area and trout-perch were second to 

them in 1995 and 1996. Both trout-perch and lake chub exist in al1 available habitats. 

Lake chub were more abundant in the confluence/tributary habitats as were trout-perch in 

1996. The Athabasca River exhibits large sudden changes in flow and water levels, which 

c m  iirnit fish in terms of spawning and rearing habitat, and reproductive success. 

Tributary and confluence habitats are sheltered fiom the changes that affect the Athabasca 

River and provide refugia for many fish species including trout-perch and lake chub. 

Both fish species were multiple spawners and had extended spawning periods. Egg 

diarneters in both fish species showed two distinct distributions during the spawning 

season. It is likely that these fish spawn two to three times in a given year. The larger egg 

diameter distribution was present fiom May until mid-July and it is believed these eggs 

are shed not in during one spawning event but over the whole spawning period. 

Based on GSI and observations in the field for 1995 and 1996, trout-perch began 

spawning in April and concluded in mid July, lake chub also began in Apnl and 

concluded in late July. Rowes (1994) obsewed that many small-bodied fish tend to have 

repeated spawning events. This permits small-bodied fish to produce a large number of 

eggs and increase their chances of survival in an environment with large variation in 

avaiIable habitat and water quality. 

Survival in large rivers for small-bodied species is difficult. Flows, sedimentation and 

variation in water level were the major disturbances in the system. Species such as trout- 

perch and lakc chub have the best chance for survival in this dynamic system by 



producing many young. Spawning of both trout-perch and lake chub was done in batches. 

This strategy increases the chances of sunival of young to the next year class, as the 

environrnent in which the eggs are released is so variable. These also fish maximise their 

success by selecting tributarylconfluence habitats of the Calling and La Biche Rivers that 

were more stable in terms of flow and provide less turbid water for most of the season. 

The Calling River has a flow control structure that minimises large increases in flow and 

the La Biche River is a small river that originates from a large lake that is mostly low 

gradient channel that has a dampening effect on large flows. Lake chub are s h o w  to 

prefer the tributarykonfluence habitats over run and/or backwater habitats. Trout-perch 

also prefer these habitats to a lesser extent but are also found in run and backwater 

habitats. 

Age classes found in trout-perch were young of the year (yoy) to four years. In lake chub 

ages were yoy to four years. Older age classes found in other populations (Scott and 

Crossman, 1973) were not represented in collections for this study. Observed trade-offs 

behveen egg number and size and egg number and lifespan are most likely due to the 

latitudinal and local habitat characteristics of these fish. 

Growth for both fish is substantial in the first year and slower as the age class increases. 

Matunty of trout-perch and lake chub females was later than males. As ages of lake chub 

could only be estimated from length fiequency analysis lake chub lengths at maturity 

were used to assess maturity. 

Sex ratios for both species were skewed towards females. Trout-perch sex ratios were 

76% fernale and lake chub were 70% female for al1 sexed fish. The abundance of females 

may be an artifact of only sampling with a seine at depths not much over I m. 

Diets of both fish species were compnsed primarily of ephemeropteran insects with 

variations seasonally and in differing habitat types. Prey selection appears to be related 



more to the abundance of prey than a particular preference. Trout-perch were abundant 

dunng daylight hours. It has also been noted that trout-perch move into the shallows at 

night to feed in eastem Canada lakes and streams (Magnuson and Smith, 1963). This is 

thought to be a light dependant process. The Athabasca River is turbid and light 

penetration is poor, this provided a suitable light intensity during the day. Sarnpling was 

not carried out at night for safety concerns. 

Refugia 

Tributaries and confluence areas were preferred by both species during the 1995 and 1996 

collection and in the 199 1 - 1993 Alberta-Pacific baseline survey of the Athabasca River 

which included trout-perch and lake chub (except mountain whitefish) (Shelast er al, 

1996 (a, b, and c). The Athabasca River, being glacially fed, has unique hydropenods, 

which can exhibit large sudden fluctuations in flow and water levels. Tributaries and 

confluence areas may act as refugia for Ash and other organisms as they are considerably 

more stable than the Athabasca river in terms of flow, water levels, turbidity, and 

temperature. 

Sediment Load 

With increased flow there is a proportional increase in turbidity. Fish feeding rates 

depend on prey observation and available light, which are minimized dunng turbid 

conditions. High levels of suspended sediments may cause a reduction in feeding. 

Reduction in feeding as a result of turbidity has been reported in four species, trout - 
perch, lake chub, slimy sculpin and longnose sucker, which inhabit the Athabasca river 

(Porter et al, 1974). 

The stress caused by increases of sedirnent load in the water column can cause 

physiological changes in fish and benthic invertebrates (Anderson et al, 1995). The 

physiological effects reported in fish include impaired growth, histological changes to gill 

tissue, alterations in blood chemistry, an overall decrease in health and resistance to 

parasitism and disease. Some fish (lake chub) were f o n d  to be tolerant of high 



suspended sediment levels and others (bout-perch, walleye) were moderate and 

intolerant. 

Effects reported in invertebrates include a loss of species diversity; decreased abundance 

and increased downstream drift (Anderson et al, 1995). These changes were also 

dependent on the duration of exposure and sediment concentration. 

How do these fish rate as Sentinel Species? 

The six parameters evaluated (age, length at age, weight at age, LSI, GSI, and K), were 

used in a power analysis recomrnended by The Department of Fisheries and Oceans to 

evaluate the number of trout-perch and lake chub needed to detect an effect of a given 

effect size (i.e./ 20% or 30%), (ECDF0,1995). A successfûl species would have a 

relatively low variance in al1 parameters to be considered with the power analysis method 

(ECDFO, 1 995). Trout-perch and lake chub li fe history and description for sentinel 

species critena are in table 5-1. 

Trou t-~erch 

Trout-perch were found to be the most suited to the EEM cnteria as a sentinel species. 

The 1996 results indicate the largest sarnple size of adult trout-perch needed for 

estimating effects would be 106 females and 426 males per site for GSI, then 89 females 

and 47 males per site for LSI. The number of fish needed to be collected decreases as size 

of the effect (or difference between populations) increases. These sample sizes are 

achievable with a large amount of effort but could possibly depIete local populations. 

The other parameters, (age, length at age, weight at age and K) have achievable sarnple 

sizes and could be easily collected in 3 to 4 days. 



Table 5-1 Comparison of life history and EEM criteria findings for lake chub and 

trout-perch fkom the 1995 and 1996 collection. 

1 Life bistory 1 Trout-perch 
( Abundant in study area 1 Yes 

Batch spawners 
Spawning duration 
Habitat preference 

-- - 

Yes 
Extended (70-80 days) 
Present at al1 habitats 

Local population 
Sex ratio (% female) 

Lake chub 1 

sampled 
Yes 
58% 1995,67% 1996 

EEM criteria 
Local population 
Abundance 
(adults of both sexes) 
Sample sizes required 
Habitat preference 
suitability for EEM 

- -  -- 

Yes I 

Yes 
Yes 

Achievable 
Yes 

abundant at other habitats 1 

Not achievable c 



Lake chub 

Lake chub did not meet the requirements for an EEM sentinef species. Three of the six 

parameters required were evaluated in this shidy. These were LSI, GSI and K. Age was 

determined through length fiequency analysis and was not specific enough to assign to 

individual fish. The age related parameters, (age, length at age and rnass at age) were not 

used as a result. 

Other researchers have successfully used LSI in lake chub (Shelast et al, 1996b). In this 

study on1 y 1 5 aault female lake chub liver weights were collected due to low abundance 

of adult females and difficulty of removing the livers in the field. A large variance was 

seen in the LSI, that equated to a sample size of 408 adult females per site needed to 

detect an effect. This large sample size would make LSI an unreliable metric to use as an 

indicator of effects. A larger sample size may have decreased variance and resulted in a 

slightly smaller sample size needed to detennine effects. GSI had a similar large variance 

an again would be of little use. The only parameter with a lower variance was body 

condition (K) that indicated a relatively small sample size was needed to detennine 

effects. 

To obtain a large enough sample size of adult male (and female) lake chub would require 

more effort than for trout-perch in this reach of the Athabasca River. There is concem 

that collec ting such a large sample size would reduce local populations drastically. AIso, 

the number of adult lake chub captured was not sufficient at any location to support the 

numbers of adult fish required by EEM. Lake chub were only abundant in 

tributary/confluence habitats. In an EEM program this type of habitat would not be 

suitable to sample as it is not affected rnuch or at al1 fiom an upstrearn effluent source. As 

a reference site it again would be far too different fiom any other habitat other than 

another tributarykonfluence habitat. The exclusion of this habitat type would drastically 

increase the effort required to capture enough fish to meet the sampling requirements. 

Based on these factors, lake chub were not judged as a suitable sentine1 monitoring 

species. 



Juveniles dominated catches of both fish species in 1995 and 1996. Only adult fish are 

used in the current method employed for EEM. There are opposing views to using single 

adult indicator taxa as in the EEM approach. Schaeffer (1988) wrote that indicator species 

may be effective only for general, qualitative evaluations and the single species approach 

may be used to monitor effects at the individual level and population level, but is not 

powerful enough to reflect community or ecosystem level effects. 

Other methods of fisheries assessment exist that also take into account al1 the aspects of 

the comrnunity and do not require such a large sarnple size to be statistically reliable. 

Two such methods are the health assessment index (HAI), and the index of biotic 

integrity (IBI), which look at the total catch of fish intensively in a given section of 

Stream or river. The HAI evaluates closely at individual fish health through extemal and 

interna1 examination of the fish in the field (Goede and Barton, 1990). The B I  integrates 

communities, populations and individual organisms on the basis of relative abundance 

(Fausch et al, 1990). These two methods are currently being compared in the field with 

the adult fish survey method used by EEM in Quebec and Alberta by the Pulp and Paper 

Research Institute of Canada. 
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Appendix 1 

Table of site descriptions and location for the 1995 and 1996 study. 



LOCATION 
N: W: 

1 North bank upstream of La Biche River, sand point 54.989 112.715 
7 - North bank upstream of La Biche River, back ctrannel 55.009 1 12.733 
3 Confluence of La Biche River and downstrearn 55.014 1 12.734 
4 Confluence of Calling River and downstream 55.089 1 12.882 
5 Upstrearn of Calling River 55.089 1 12.882 
6 North bank of second island upstream of Poachers Landing 54.966 1 12.87 1 
7 South bank of second island upstream of Poachers Landing 54.966 112.871 
8 South bank upstream of La Biche River 55.006 1 12.730 
9 South bank upstream of mil1 outfall 54.746 113.277 
10 2 ND island upstream of Athabasca 54.750 1 13.365 
1 1 ~Mid-channel sand bar upstream of bridge 54.965 1 12.880 
12 South bank upstream of LaBiche River near Dwayne's hole 51.996 112.719 
13 Poachers Landing 53.962 1 12.829 
14 Across from Poachers Landing and area 54.965 1 12.835 
15 South west corner of island across from Marks creek 54.785 1 13.260 
16 Bay on south bank between La Biche and Calling River 55.057 1 12.853 
17 Marks creek 54.787 1 13.255 
18 South bank downstream of new pipeline 54.853 1 13.223 
LR LaBiche River interior 55.013 1 12.7 19 
CR Cailing River interior 55.089 1 12.888 



Appendix 2 

Trout-perch length frequency by habitat in al1 months of collection 1995 and 1996. 
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Appendix 2 Figure 1 Total iength (mm) frequency of trout-perch at the three 
habitat types sampled. May, 1995. N = 94 fish. 
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Appendix 2 Figure 2 Total length (mm) fiequency o f  trout-perch at the three 
habitat types sampled. June, 1995. N = 1578 fish. 



Total Length (mm) 

Appendix 2 Figure 3 Total length (mm) fiequency of trout-perch at the three 
habitat types sampled. July, 1995. N = 907 fish. 

Appendix 2 Figure 4. Total length (mm) frequency of trout-perch collected at run 
and backwater habitat types. August, 1995. N = 483 fish. 
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Appendix 2 Figure 5 Total length (mm) fiequency of trout-perch collected at the 
three habitat types sampled. September, 1995. N = 752 fish. 
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Appendix 2 Figure 6. Total length (mm) frequency of trout-perch collected at mn 
and backwater habitat types. October, 1995. N = 273 fish. 



Appendix 2 Figure 7 Total length (mm) fiequency o f  trout-perch collected at the 
three habitat types sampled. May, 1996. N = 1107 fish. 

Appendix 2 Figure 8 Total length (mm) frequency of trout-perch collected at the 
three habitat types sarnpled. June, 1996. N = 277 fish. 



Appendix 2 Figure 9 Total length (mm) fkequency of  trout-perch collected at the 
three habitat types sm$ed. luly, 1996. N = 997 fish. 

Appendix 2 Figure 10 Total length (mm) frequency of mut-perch collected at the 
three habitat types sampled. August, 1996. N = 1793 fish. 



Appendix 3 

Trout-perch frequency distributions of egg diameters taken korn both ovaries, 1996. 



Length: 91 .O mm 
Weight: 7.39 g 
GSI: 19.22 
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Appendix 3 Figure 1.  Frequency distribution of n = 846, trout-perch egg diarneters. 
Taken f?om a single ovary ( .uring spawning. May 7, 1996. 
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Appendix 3 Figure 2. Frequency distribution of n =1142, trout-perch egg diameters. 
Taken fiom a single ovary during spawning. May 14, 1996. 



Length: 87.0 mm 
Weight: 5.72 g 
GSI: 12.94 
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Appendix 3 Figure 3. Frequency distribution of n = 967, trout-perch egg diameters. 
Taken fiom a single ovary during spawning. May 24, 1996. 

White Eggs 

l Y e l l o w  Eggs 

Appendix 3 Figure 4. Frequency distribution of n = 433, trout-perch egg diameters. 
Taken fiom a single ovary during spawning. June 14, 1996. 



Length: 7 4 . 0  mm 
Weight: 4 . 8 5  g 
GSI:  24.32 
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Appendix 3 Figure 5.  Frequency distribution o f  n = 453, trout-perch egg diameters. 
Taken fiom a single ovary during spawning. June 20, 1996. 

Length: 72.0 mm 
Weight: 3.76 g 
GSI: 9.57 

 white Eggs 
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Appendix 3 Figure 6. Frequency distribution of  n = 297, trout-perch egg diameten. 
Taken fiom a single ovary during spawning. July 7, 1996. 
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Length: 92.0 m m  
Weigtit: 6.6g 
G.S.1: 11.96 
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Appendix 3 Figure 7. Frequency distribution of n = 324, trout-perch egg diameters. 
Taken from a single ovary during spawning. July 16, 1996. 
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Appendix 3 Figure 8. Frequency distribution of n = 228, trout-perch egg diameters. 
Taken from a single ovary during spawning. July 25, 1996. 



Length: 75.0  m m  
W e i g h t :  4.04 g 
G S I :  2 . 5 2  

Appendix 3 Figure 9. Frequency distribution o f  n = 985, trout-perch egg diameters. 

Taken from a single ovary during spawning. August 12, 1996. AI1 eggs were white in 
colour. 

Appendix 3 Figure 10. Frequency distribution of n = 293 , trout-perch egg diameters. 

Taken from a single ovary during spawning. August 2 1 ,  1996. Al1 eggs were white in 
colour. 



Appendix 4 

Trout-perch raw data used in power analysis for Environmental Effects Monitoring 
evaluation. 



MONTH DAY YEAR SESSION SEASON 

MALE 95 

WEIGHT LENGTH K AGE SITE HABITAT SEX LIVER TESTES MATURITY 



MONTH DAY YEAR SESSION SEASON 

MALE 95 

LAB WEIGHT LENGTH K AGE SITE HABITAT SEX LlVER TESTES MATURITY 
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MALE 95 

MONTH DAY YEAR SESSION SEASON 
9 (i 1 1 O 2 
9 G 1  10 2 
9 12 1 1 O 2 
9 12 1 10 2 
9 12 1 10 2 
9 27 1 11 2 
10 I I  1 12 2 
10 1 1  1 12 2 
10 1 1  1 12 2 
10 13 1 12 2 
I O  13 1 12 2 
10 13 1 12 2 
IO 13 1 12 2 
10 13 1 12 2 

WEIGHT LENGTH K AGE SITE HABITAT SEX LIVER TESTES MATURtTY 
4.04 77 0.88 3 9 I M 0,046 0.064 2 
3.1 73 0.80 3 9 1 M 0.042 0.04 2 
4.1 74 1.01 4 5 3 M 0.05 0.076 2 
3.89 77 0.85 3 5 3 M 0.03 0.05 2 
3.22 74 0.79 3 5 3 M 0.036 0.03 2 
4.2 1 80 0.82 3 3 3 M 0.066 0.096 2 
4.12 79 0.84 3 9 I M 0.06 0.1 15 2 
1.34 57 0.72 2 9 I M 0.022 0.012 2 
1.1 52 0.78 1 9 I M 0.02 0.024 2 

75 I I 2 M 2 
7 2 I I 2 M 2 
76 I I  2 M 2 

73 I I 2 M 2 
73 1 1  2 M 2 



FEMALE 95 

MONTH DAY YEAR SESSION SEASON 
5 17 1 2 1 
5 17 1 2 1 
5 17 1 2 1 
5 18 1 2 1 
5 18 1 2 1 
5 18 1 2 1 
5 18 1 2 1 
5 18 1 2 1 
5 18 1 2 1 
5 18 1 2 1 
5 18 1 2 1 
5 19 1 2 1 
5 19 1 2 1 
5 19 1 2 1 
5 19 1 2 1 
5 30 1 3 1 
5 30 1 3 1 
5 30 1 3 1 
5 30 1 3 1 
5 30 1 3 1 
5 30 1 3 1 
5 30 1 3 1 
5 30 1 3 1 
5 30 1 3 1 
5 30 1 3 1 
5 31 1 3 1 
5 31 1 3 1 
5 31 1 3 1 
5 19 1 2 1 
6 5 1  3 1 
6 5 1  3 1 
6 5 1  3 1 
6 6 1  3 1 
6 6 1  3 1 
6 6 1  3 1 

LAB 
9 
1 1  
12 
28 
3 1 
32 
3 4 
35 
3 7 
39 
40 
46 
4 7 
48 
5 2 
100 
101 
102 
1 O3 
1 O4 
105 
Il3 
II9 
120 
121 
142 
145 
146 

WEIGHT LENGTH K AGE SITE HABITAT SEX LlVER 
1 Si 55 0.96 3 3 I: 
0.9 45 0.99 3 3 F 
0.9 46 0.92 3 3 1: 
1.5 55 0.90 4 3 F 
0.4 36 0.86 4 3 I: 
2.8 69 0.85 5 3 F 
5.7 82 1.03 5 3 F 
5.3 82 0.96 5 3 F 
6.8 87 1.03 5 3 F 
3.3 68 1.05 5 3 F 
2 59 0.97 5 3 F 

3.6 73 0.93 6 1 F 
2.9 66 1.01 6 I 1: 
3.2 71 0.89 6 I I: 
2 .O 61 0.88 7 I F 
1.3 44 1.53 1 I F 
1.5 57 0.81 I 1 F 
1.8 58 0.92 I 1 f: 
1.2 53 0.81 I I F 
1.2 57 0.65 I I F 
0.7 44 0.82 I I F 
O. 7 43 0.88 2 2 t: 
0.6 40 0.94 2 2 F 
0.6 39 1.01 2 2 1: 
0. 7 49 0.59 2 2 1: 
1.7 55 1.02 3 3 1: 
0.8 48 0.72 3 3 1: 
0.8 47 0,77 3 3 1: 
1.5 55 0.90 6 I I: 
2.19 60 1.81 6 I i: 
2.4 1 64 0.92 O I F 
2.27 60 1 .05 O I 1: 

5 7 I I 1: 
l XI 53 1.05 I I F 
0.22 84 1.05 8 2 F 

OVARY MATURITY 
I 
I 
I 
I 
I 
4 
4 
4 
4 
4 
I 
4 
4 
4 
3 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
2 
I 
I 
I 

0.76 3 





MONTH DAY YEAR SESSION SEASON 
6 14 1 4 1 
6 14 1 4 1 
6 15 1 4 1 
6 15 1 4 1 
6 13 1 4 1 
6 20 1 4 1 
6 20 1 4 1 
6 20 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 21 1 4 1 
6 22 1 4 1 
6 22 1 4 1 
6 22 1 4 1 
6 22 1 4 t 
6 22 1 4 1 
6 22 1 4 1 
6 22 1 4 1 
6 22 1 4 1 
6 22 1 4 1 
6 22 1 4 1 
6 13 1 4 1 

WEIGHT LENGTH K AGE SITE 
3.8 74 0.94 2 3 
2.1 62 0.88 I 3 
1.95 65 0.71 2 5 
2.24 59 0 9  2 5 
3.44 72 0.92 I 
2.6 63 1 .04 8 
3 -6 75 0.85 8 
2.8 67 0.93 2 8 
3.6 73 0.93 3 3 
3.5 71 0.98 3 3 
4.68 75 1.11 3 3 
4.7 81 0.88 3 3 
3.5 73 O.<!O 3 3 
5.4 83 0.94 3 3 
3.7 75 0.88 3 3 
1.84 56 1.05 2 3 
1.7 60 0.70 2 3 
3.4 72 0.91 2 3 
1.9 60 0.88 2 3 
4.7 76 1 .O7 3 3 
1.8 55 1.08 2 3 
2.6 62 1 .O9 2 3 
4.5 80 0.88 2 3 
2.4 62 1.01 1 3 
1.86 75 0.44 2 4 
5.8 85 0.04 3 4 
4.6 80 0.90 2 4 
2.7 1 65 0.99 2 4 
3.14 67 1.04 2 4 
3.45 O 1.20 2 4 
3.6 70 l O 2 4 
3.65 G9 1.1 1 2 4 
1.38 47 1.33 1 4 
2.7 65 0.98 2 5 
2.5 65 0.0 1 I 

HABITAT SEX 
3 F 
3 F 
3 F 
3 F 
I F 
2 F 
2 1: 
2 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 F 
3 1: 
I 1: 

LIVER OVARY MATURITY 
4 
2 
4 
4 

0.36 3 
4 
5 

0.3 3 
0.138 0.442 3 
0.09 0.33 3 
0.14 0.23 3 
0.134 0.358 3 
0.060 0.052 2 
0.17 0.49 3 

O 4 0.216 3 
0.034 0.010 2 
0.044 0.020 2 

4 
0.040 2 

4 
4 
4 
4 
4 

0.1 1 0.39 3 
0.148 0.896 3 
O, t06 0.26 3 
0.038 O. I6G 3 
0.006 0.032 2 

O. l(i 0.456 3 
0.082 0.082 2 
0.074 0. 124 2 
0.034 I 
0.06 0.132 2 

4 







MONTH DAY YEAR SESSION SEASON 
9 26 1 11 2 
9 26 1 1 1  2 
9 26 1 11 2 
9 27 1 1 1  2 
9 27 1 11 2 
10 1 1  1 12 2 
10 15 1 13 2 
IO 13 1 12 2 
IO 13 1 12 2 
IO 13 1 12 2 
IO 13 1 12 2 
10 13 1 12 2 
10 13 1 12 2 
IO 13 1 12 2 

WEIGHT LENGTH K AGE SITE HABITAT SEX 
2.2 63 0.88 1 8 2 1: 
3.15 75 0.75 3 8 2 f: 
5.44 86 0.86 3 8 2 F 
6.96 94 0.83 4 3 3 I: 
5.27 85 0.86 3 3 3 1: 
4.16 81 0.78 3 9 I 1: 
10.8 IO8 0.86 4 3 3 F 

76 I I 2 t: 
85 I I 2 F 
80 I I 2 F 
78 1 I 2 F 
8 3 I l  2 1: 
74 1 I 2 I: 
84 I I 2 I: 

LIVER OVARY MATURlTY 
0.04 0.08 2 
0.067 0.2 3 
O. IO6 0.388 3 
O. 158 0.43 3 
0.094 0.362 3 
0.122 0.272 3 
0.267 0.86 3 

2 
3 
3 
3 
3 
3 
3 



MONTH 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

DAY 
7 
7 
7 
8 
8 
8 
8 
9 
9 
9 
9 
9 
14 
14 
14 
14 
15 
15 
15 
22 
22 
22 
22 
22 
14 
17 
17 
17 
20 
20 
20 
20 
20 
20 
9 

YEAR SESSION SEASON LA0 WEIGHT LENGTH SITE 
3 
3 
3 
5 
5 
5 
8 
9 
9 
9 
9 
9 
3 
3 
3 
3 
1 
1 
1 
8 
8 
8 
8 
8 
12 
9 
9 
9 
13 
13 
13 
13 
13 
13 
LR 

HABITAT 
3 
3 
3 
3 
3 
3 
2 
1 
1 
1 
1 
1 
3 
3 
3 
3 
1 
1 
1 
2 
2 
2 
2 
2 
2 
1 
4 
1 

1 
1 
1 
1 
1 
1 
1 
3 

SEX 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

LIVER TESTES MATURITY 



MONTH 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

L 

V, 
8 

a 8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

DAY 
16 
26 
31 
31 
3 1 
3 1 
13 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
19 
20 
20 
21 
2 1 
21 
21 
21 
21 
21 
21 
21 
21 
21 

MALE 96 

YEAR SESSION SEASON LAB WEIGHT LENGTH K 

0.76 

0.8 1 
1 .O4 
1 .O9 
1 .O9 
0.93 
0.86 
0.87 
0.83 
O.!!O 
0.9 1 
0.89 
0.74 
0.84 
0.92 
0.82 
0.0 1 
0.82 
0.9 1 
0.85 
0,80 
0.76 
084 
0.80 
0.90 
O.!) 1 
0.79 
0.8R 
0.85 
0.8 1 
0.87 

AGE 
2 
4 

3 
2 
2 
2 
2 
2 
3 
2 
3 
2 
2 
3 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 

2 
3 
2 

SITE 
20 
13 
15 
15 
15 
15 
12 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

LR 
16 
15 
15 
CR 
CR 
CR 
CR 
5 
5 
5 
5 
5 
5 
5 

HABITAT 
2 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
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8 
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DAY 
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26 
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26 
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26 
26 
26 
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27 
27 
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27 
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22 
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22 
22 
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MALE 96 

YEAR SESSION SEASON LA6 WEIGHT LENGTH K AGE 
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LR 
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LU 
LU 
LU 
LR 
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LR 
LU 
6 
6 
6 
6 
6 
6 
6 
6 
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8 
8 
8 
8 
8 
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HABITAT 
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DAY 
22 
22 
22 
22 
22 
22 
22 
22 
22 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
20 
16 
16 
18 

YEAR SESSION SEASON LAB WEIGHT LENGTH AGE SITE 
8 
8 
8 
8 
8 
8 
8 
8 
8 

LR 
LR 
LR 
LR 
LU 
LR 
LR 
LR 
LR 
LR 
LU 
LR 
12 
20 
20 
LR 

HABITAT 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
3 

SEX 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

LIVER TESTES MATURlTY 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
4 



MONTH DAY 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 8 
5 8 
5 9 
5 9 
5 14 
5 14 
5 14 
5 14 
5 14 
5 14 
5 22 
5 2 1 
5 22 
5 2 2 
5 22 
5 22 
5 22 
5 24 
5 24 
5 24 
5 24 
5 24 
5 24 
5 27 
5 29 
5 29 
5 29 

YEAR 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

ESSlO SEASO 
1 1 
1 1 
1 I 
I I 
1 I 
1 1 
I I 
I I 
I I 
I 1 
1 I 
I I 
2 I 
2 1 
2 I 
2 1 
2 1 
2 I 
2 I 
2 I 
2 1 
2 I 
2 1 
2 1 
2 I 
2 I 
2 1 
2 1 
2 I 
2 1 
2 I 
a I 
3 I 
3 I 
3 I 

WElGHT LENGTH 
5.5 1 8 3 
7.39 9 1 
4.5 78 
6.2 86 
6.25 85 
4.62 7 7 
4.78 76 
3.69 72 
3.35 73 
1.99 6 1 
3.94 7 I 

5 79 
5.4 8 2 
6.74 92 
7.2 9 1 

3.55 72 
4.83 8 1 
5,69 85 
5.16 83 
6.3 1 86 
5.23 82 
3,85 7 7 
5.88 83 
4,27 79 
5,0 1 8 2 
4.43 74 
5.72 8 7 
4.4 1 74 
5.5 8 2 
3.77 78 
3.9 7 5 
427 74 
9.9 95 
7 90 

5.1 8 1 

K AGE SITE HABITAT SEX LtVER OVARY MATURITY 
0.96 3 3 3 1: 0.2 1 0.9 4 
0.98 4 3 3 1: 0.27 1.42 3 
0.95 3 3 3 1: 0. 13 0.9 3 
0.97 3 3 3 1; 0.25 0.92 3 
1,02 3 3 3 1: 0.23 0.95 3 
1.01 3 3 3 1: O. 16 0.84 4 
1.09 3 3 3 1: 0.2 0.94 3 
0.99 3 3 3 1: 0.1 1 0.39 3 
0.86 3 5 3 1: 0.09 0.49 4 
0,88 2 5 3 F 0.06 0.17 I 
1,IO 3 9 I F O 0.72 3 
1,01 3 9 I 1 0. 19 0.87 3 
0.98 3 3 3 F 0.24 0.95 3 
0.87 4 3 3 F 0.23 0.77 3 
0.95 4 3 3 F 0.23 1.57 3 
0,95 3 3 3 F O. 12 0.65 3 
O 3 3 3 F 0 . 1  0.77 3 
0.93 3 3 3 F 0.2 0.94 4 
0.90 3 8 2 F 0.25 0.54 4 
0.99 4 3 3 1: 0.29 0.68 4 
0.95 3 8 2 1; 0.23 O.( i  4 
0.84 3 8 2 1: 0.18 0.37 4 
1,03 3 8 2 F 0.17 1.15 4 
0.87 3 8 2 F 0.22 0.55 4 
0.91 3 8 2 F 0.22 0.49 4 
I ,O9 3 9 I F 0.19 0.43 4 
0.87 3 9 I F 0.22 0.74 4 
1 .O9 3 9 1 F 0.1 0.84 4 
1.00 3 9 I 1: 0.25 0.84 4 
0.79 3 9 I F 0.12 0.36 4 
0.92 3 9 I 1: 0. 16 0.44 4 
1,05 3 7 I F 0.21 0.53 4 
1,15 4 3 3 F 0.52 1.74 4 
096 4 3 3 F 0.25 1.4 4 
0.96 3 3 3 F 0.24 0.5 4 
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MONTH DAY 
8 26 
8 26 
8 26 
8 26 
8 26 
8 26 
8 27 
8 27 
8 27 
8 27 
8 27 
8 2 7 
8 27 
8 27 
8 27 
8 27 
8 27 
8 27 
8 27 
8 27 
8 27 
8 14 
5 22 
5 22 
5 22 
5 22 
5 22 
5 23 
5 28 
5 28 
7 17 
7 17 
7 17 
7 17 
7 17 

YEAR 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

ESSlO SEASO 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
8 2 
2 1 
2 I 
2 I 
2 1 
2 I 
2 I 
3 I 
3 I 
6 2 
6 2 
6 2 
6 2 
0 2 

LA6 WEIGHT LENGTH K AGE SITE HABITAT SEX LIVER OVARY MATURITY 
96520 4.2 7 3 1.08 3 LR 3 1: 0.068 O. 15 2 
9652 1 4 79 0.81 3 LR 3 1: 0.072 0-16 2 
96522 1 7 5 0.95 3 1.R 3 1: 0.092 0.132 2 
96523 5.5 8 5 0.90 3 LR 3 1: 0.08 0.22 2 
96524 8 96 0.90 4 L R  3 1 0.134 0.292 2 
96527 5.8 88 0.85 4 LH 3 1: 0. 12 0.28 2 
96537 1.7 57 0.92 1 6 I 1: 1 
96538 1.8 59 0.88 1 6 I 1: I 
96539 1.6 5 8 0.82 1 6 I 1: l 
96541 1.54 56 0.88 1 6 I 1: 1 
96542 3.08 09 0.94 2 6 I F 2 
96545 2.62 67 0.87 2 6 1 F 2 
96548 2.85 70 0.83 2 6 1 I: 2 
96549 1.43 5 3 0.96 I 6 1 F I 
96552 1.99 62 0.83 2 6 1 F 2 
96553 2.97 69 0.90 2 6 1 1: 2 
96554 1.96 59 0.95 1 6 f F 1 
96555 1-79 58 0.92 1 6 I F 1 
96556 1.85 59 0.90 I 6 1 F 1 
96557 1-66 57 0.90 I 6 I F 1 
96559 2.02 GO 0.94 1 6 I F 1 

06381A 3.31 68 1 .O5 4 3 F 0.08 2 
4.19 75 0.90 8 2 F 4 
5.3 82 0.96 8 2 F 4 
3,8 75 0,90 8 2 F 4 
2.4 65 0.87 8 2 F 4 
5.3 84 0.89 8 2 1: 4 

98 0.00 20 1: 5 
5.2 8 3 0.9 1 LR 3 F 4 
6.2 8 5 1.01 LR 3 1: 4 
1.1 5 2 0.78 5 3 1: I 
2.6 67 0.86 I 6 2 1: 0.038 5 
3.17 70 0.92 16 2 F 0.06 5 
3.39 73 0.87 16 2 F 0.09 5 
3.27 74 0.8 1 I (i 2 F 5 



DAY 
17 
25 
2 5 
25 
2 5 
2 5 
25 
25 
25 
25 
2 5 
2 5 
25 
2 5 
25 
25 
29 
29 
29 
3 1 
3 1 
3 1 
3 1 
3 I 
3 1 
3 1 
3 1 
3 1 
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MONTH 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
R 
8 
8 
8 
8 
8 

DAY YEAR 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
26 2 
2 7 2 

ESSlO SEASO 
9 2 
9 2 
9 2 
9 2 
9 2 
0 2 
9 2 
9 2 
9 2 
9 2 

9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 
9 2 

LAB WEIGHT LENGTH 
4.6 80 
3 -4 72 
3.4 7 1 
4.3 7 7 
3.5 73 
3 7 1 
3 7 2 

4.8 8 1 
3.3 72 
2.2 67 

3.2 7 2 
2.0 70 
l .6 6 I 
I .4 54 
3 70 

1.3 5 5 
3 65 

65 

K AGE SITE HABITAT SEX LlVER OVARY MATURITY 
0.90 LR 3 I: 
0.9 1 LU 3 I: 
0.95 LR 3 F 
0.94 LR 3 1: 
0.90 L R 3 1: 
0.84 LR 3 F 
8.80 L R 3 I: 
0.90 1.H 3 F 
0.88 L R 3 F 
0.73 LR 3 F 
0.86 LW 3 1: 
0.85 LR 3 1: 
0,70 L R 3 I: 
0.89 L R 3 F 
0.87 L R 3 1: 
0.78 LR 3 F 
1 ,O9 LR 3 I: 

7 I I: 



Appendix 5 

Trout-perch diet analysis as percent by volume of stomach contents, 1995 and 1996. 
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TROUT-PERCH DIET 
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Appendix 6 

Lake chub length fi-equency by habitat in al1 months of collection 1995 and 1996. 



May ta95 Iake chub 

5 500 
c 

a w 
soo 

300 

200 

100 

O 

Run 

Backwaier 

~Tnbuta~lconfluence 

Total length (mm) fiequency of lake chub at the three 
habitat types sarnpled. May, 1995. N= 2942 fish. 

June lBBS Iake chub 

rn Run 

~Backwater 

~Tnbutarylconfluence 

Appendix 6 Figure 2 Total length (mm) frequency of lake chub at the three 
habitat types sampled. June, 1995. N= 7602 fish. 



July 1995 Irk8 chub 

Total kngth (mm) 

Appendix 6 Figure 3 Total length (mm) frequency of Iake chub at the three 
habitat types sarnpled. July, 1995. N = 1 160 fish. 

August 1995 Iake chub 

O Run 

Backwater 

TOUI kngm (mm) 

Appendix 6 Figure 4 Total length (mm) fkequency of lake chub collected at run 
and backwater habitat types only. August, 1995. N = 42 fish. 



Septmmbw 1995 kit8 chub 

0 Run 

Tributarylconfluence 

Appendix 6 Figure 5 Total length (mm) fiequency o f  lake chub collected at run 
and tnbutarykonfluence habitat types only. September, 1995. N = 165 fish. 



May 1096 Ikcb 

Appendix 6 Figure 6 

Total irngih (mm) 

Total length (mm) frequency of lake chub at the three 
habitat types sampled. May, 1996. N = 1647 fish. 

Juno 1031 Ikcb 

Appendix 6 Figure 7 

q Rufl 
meackwater 
~Tnburarylconfluence 

TOI81 lanoth (mm) 

Total length (mm) fiequency of lake chub at the three 
habitat types sampled. June, 1996. N = 642 fish. 
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Total length (mm) 

Appendix 6 Figure 8 Total length (mm) kequency of lake chub at the three 
habitat types sampled. July, 1996. N = 1421 fish. 

August 1996 lkcb 

Total Ienglh (mm) 

Appendix 6 Figure 9 Total length (mm) kequency of lake chub at the three 
habitat types sampled. August, 1996. N = 641 fish. 



Appendix 7 

Lake chub frequency distributions of egg diameters taken fiom both ovaries, 1996. 



Appendix 7 Figure 1. Frequency distribution of n = 1957, lake chub egg 
diameters. Taken fiom both ovaries. May 9, 1996. 

Appendix 7 Figure 2. Frequency distribution of n = 1705, lake chub egg 
diameters. Taken from both ovaries. May 13, 1996. 



Length: 109.0 mm 
Weight: 9 .75 g 
GSI: 14.0 

Appendix 7 Figure 3. Frequency distribution of n = 2776, lake chub egg 
diameters. Taken from both ovaries. May 30, 1996. 

Length: 80.0mm 
Weight : 4.729 
GSI: 16.0 

qWhile Eggs 
.Yellcw Eggs 

Appendix 7 Figure 4. Frequency distribution of n = 1146, lake chub egg 
diarneters. Taken fiom both ovaries. June 4, 1996. 



Length: 83.0mm 
Weight: 6.460 
GSI: 23.0 
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Appendix 7 Figure 5 .  Frequency distribution of n = 1250, lake chub egg 
diarneters. Taken Fom both ovaries. June 13, 1996. 

Length: 79.0mm 
Weight:  4.688 
GSI: 14.0 
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Appendix 7 Figure 6 .  Frequency distribution of n = 2 147, lake chub egg 
diarneters. Taken from bot I ovaries. June 19, 1996. 



Length: 8O.Omm 
Weight: 4 . 1 7 0  
GSI: 21.0 

Appendix 7 Figure 7. Frequency distribution of n = 2072, lake chub egg 
diameters. Taken from both ovaries. July 19, 1996. 

Lmglh: 81 .O mm 
Weight: 4.88g 
GSI: 13.9 

Appendix 7 Figure 8. Frequency distribution of n = 807, lake chub egg diameters. 
Taken from both ovaries. July 25, 1996. 
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Appendix 7 Figure 9. Frequency distribution of n = 2 130, lake chub egg 
diameters. Taken fiorn both ovaries. August 13, 1996. 

Length: 105.0 mm 
Weight: 9.1 g 
GSI: 4.9 
Comments: Al eggs were 
white in coior 

-. Lenglh: 95.0 mm 
Weight: 7.53 g 
GSI: 5.3 
Comments: Al1 eggs 

were white. 

Appendix 7 Figure 10. Frequency distribution of n = 306, lake chub egg 
diameters. Taken fiom both ovarïes. August 21, 1996. 
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Appeodix 8 

Lake chub raw data used in power analysis for Environmental Effects Monitoring 
evaluation. 



95 MALE 

MONTH DAY Year Session Season Lab Weight LENGT Site Habitat Sex Liver Testes Maturity 
6 7 1  3 1 5.8 85 3 3 M 3 
6 7 1  3 1 275 8.2 90 3 3 M 0.010 3 
6 11 1 6 1 1018 5.02 81 8 2 M 0.058 1 
6 13 1 6 1 1059 5.5 91 9 1 M 0.074 0,132 2 
7 21 1 4 1 570 2.8 68 3 3 M 0.082 1 
7 21 1 4 1 562 4.7 81 3 3 M 0.114 0.21 2 



MONTH DAY Year Session Season 
5 17 1  2 1 
5 17 1  2  1 
5 18 1  2 1  
5  19 1  2  1  
5 19 1  2  1  
5  19 1  2  1  
5 19 1  2  1  
5  19 1  2 1  
5  19 1  2  1  
5  30 1  3  1 
5 30 1  3  1 
5  30 1  3  1  
5  31 1  3  1  
5  31 1  3  1  
5  31 1  3  1  
5  31 1  3  1  
5 31 1  3  1  
5  31 1  3  1  
5 31 1  3  1 
5  31 1  3  1  
5 31 1  3  1  
5  31 1  3 1  
5  31 1  3  1 
5  31 1 3  1  
5  31 1  3  1 
5  31 1  3  1 
5 31 1  3  1  
5  31 1  3  1  
6  1 1  3  1  
6  5 1  3  1  
6  5  1  3 1  
6  5  1 3  1  
6  5 1  3  1  
6  5 1 3  1 
6  5  1 3 1 
6 5 1  3  1  

Lab Weight LENGTH Site Habitat Sex Ovary Liver Maturity 
1 4.6 8 0 3 3 F  3 
3  2.0 6 5 3 3 F  1  

41 6.7 9 2 5 3 F  3  
51 2.5 6 7 6 1 F  1  
53 3.3 7 6 7 1 F  2  
54 2.6 6 7 7 1 F  1  
55 2,5 6 7 7 1 F  1  
56 2.5 6 8 7 1 F  1 
57 2.3 6 7 7 1 F  1  
107 1.9 6 5 2 2 F  1 
108 1.5 5 4 2 2 F  1  
109 2  6 4 2 2 F  1  
127 4 5  7 9 3 3 F  3  
128 3.8 7 5 3 3 F  1  
129 5.3 8 1 3 3 F  3  
130 4.2 7 7 3 3 F  1  
131 1.4 5 6 3 3 F  1  
132 1.9 6 1 3 3 F  1  
133 3.7 7 5 3 3 F  1  
134 2.1 6 3 3 3 F  1 
135 3.4 7 4 3 3 F  1  
136 1.5 5 5 3 3 F  1  
137 1.6 5 5 3 3 F  1  
138 2.4 6 3 3 3 F  1  
139 4.3 7 8 3 3 F  3  
140 4.7 8 0 3 3 F  3  
148 3.2 7 0 3 3 F  1 
149 3.4 6 9 3 3 F  1  
154 2.6 6 2 5 3 F  1  
205 4.14 79 6  1  F 1  
206 5.34 81 6  1  F  1  
207 4.83 82 6  1  Ç 1  
208 4.15 77 6 1  F  1  
209 6.17 88 6  1 F 1  
210 3.66 75 6  1 F 1  
217 5.7 8 5 6 1 F  1  



95 FEMALE 

MONTH DAY Year Session Season Lab Weight LENGTH Site Habitat Sex Ovary Liver 
6 5 1 3 1 219 5.95 85 6 1 F 
6 5 1 3 1 220 4.44 76 6 1 F 
6 6 1 3 1 225 4.1 7 7 1 1 F  
6 6 1  3 1 227 5.83 84 8 2 F 1.01 
6 6 1 3 1 228 4.67 82 8 2 F 0.58 
6 6 1 3 1 229 5.73 86 8 2 F 0.71 
6 6 1 3 1 231 3.65 75 8 2 F 0.1 
6 6 1 3 1 233 4.76 79 8 2 F 0.67 
6 6 1 3 1 236 8.23 98 8 2 F 0.79 
6 6 1 3 1 238 2.02 65 8 2 F 
6 6 1 3 1 240 4.77 81 8 2 F 0.57 
6 6 1 3 1 245 4.93 82 8 2 F 0.44 
6 7 1 3 1 273 4.15 81 3 3 F 
6 7 1 3 1 277 4,42 75 3 3 F 
6 7 1 3 1 2 7 9 4 . 8 1  80 3 3 F 
6 7 1 3 1 280 4.26 73 3 3 F 
6 7 1 3 1 281 2.36 63 3 3 F 
6 7 1 3 1 282 5.92 83 3 3 F 0.83 
6 7 1 3 1 284 5 80 3 3 F 0.1 
6 7 1 3 1 288 5.83 80 3 3 F 1 
6 7 1 3 1 289 6.95 89 3 3 F 0,69 
6 7 1 3 1 3.89 80 3 3 F 
6 8 1  3 1 293 6.4 91 4 3 F OB6 
6 8 1 3 1 294 105 100 4 3 F 1,65 
6 8 1 3 1 299 5.1 85 5 3 F 0.12 
6 8 1 3 1 300 8.9 93 5 3 F 1.52 
6 8 1 3 1 5.4 8 6 5 3 F  
6 13 1 4 1 324 10.4 106 8 2 F 0.97 
6 13 1 4 1 325 6.9 94 8 2 F 0.75 
6 13 1 4 1 326 8.71 100 8 2 F 1.2 
6 13 1 4 1 327 7.1 91 8 2 F 0.73 
6 13 1 4 1 328 7,7 94 8 2 F 1.23 
6 13 1 4 1 4.3 7 7 8 2 F  
6 13 1 4 1 5.7 8 7 8 2 F  
6 13 1 4 1 6.9 8 8 8 2 F  
6 13 1 4 1 6.8 9 2 8 2 F  

Maturity 
1 
2 
1 
3 
3 
3 
t 
1 
3 
1 
3 
3 
2 
1 
1 
1 
1 
3 
2 
3 
3 
3 
4 
4 
1 
3 
1 
3 
3 
3 
3 
3 
4 
4 
4 
4 



95 FEMALE 

MONTH DAY Year Session Season Lab Weight LENGTH Site Habitat Sex Ovary Liver Maturity 





96 MALE 

DAY MONTH YEAR SESSION SEASON LA8 WEIGHT LENGTH SITE HABITAT SEX UVER TESTES MATURITY 



96 MALE 

DAY MONTH YEAR SESSION SEASON LAB WEIGHT LENGTH SITE HABITAT SEX LIVER TESTES MATURlTY 



96 MALE 

DAY MONTH YEAR SESSION SEASON LAB WEIGHT LENGTH SITE HABITAT SEX LlVER TESTES MATURITY 



96 MALE 

DAY MONTH YEAR SESSION SEASON 
24 7 2 7 2 
17 7 2 6 2 
17 7 2 6 2 
17 7 2 6 2 
17 7 2 6 2 
17 7 2 6 2 
17 7 2 6 2 
17 7 2 6 2 
24 7 2 7 2 
21 8 2 9 2 
21 8 2 9 2 
21 8 2 9 2 
21 8 2 9 2 
21 8 2 9 2 
21 8 2 9 2 
21 8 2 9 2 
21 8 2 9 2 

LAB WEIGHT LENGTH SITE HABITAT SEX LIVER TESTES MATURITY 
5.89 82 5 3 M 1 
4.66 82 5 3 M 2 
4.67 79 5 3 M 2 
4.28 80 5 3 M 2 
4.94 83 5 3 M 2 
3.86 77 5 3 M 2 
3.45 72 5 3 M 2 
3.95 78 5 3 M 2 
6.26 92 5 3 M 2 
6.4 94 5 3 M 4 
5.2 87 5 3 M 4 
6 88 5 3 M 4 
6 91 5 3 M 4 

2.7 70 5 3 M 4 
6 89 5 3 M 4 

3.5 75 5 3 M 4 
3.7 80 5 3 M 4 



96 FEMALE 

DAY MONTH YEAR SESSION SEASON LA8 WflGHT LENGTH SITE HABITAT SEX LIVER OVARY MATURITY 



96 FEMALE 

DAY MONTH YEAR SESSION SEASON LAB WEIGHT LENGTH SITE HABITAT SEX LIVER OVARY MATURITY 



96 FEMALE 

DAY MONTH YEAR SESSION SEASON LAB WEIGHT LENGTH SITE HABITAT SEX LIVER OVARY MATURITY 



96 FEMALE 

DAY MONTH YEAR SESStON SEASON LAI3 WEIGHT LENGTH SITE HABITAT SEX LIVER OVARY MATURITY 



96 FEMALE 

DAY MONTH YEAR SESSION SEASON LAB WEIGHT LENGTH SITE HABITAT SEX LIVER OVARY MATURITY 



96 FEMALE 

DAY MONTH YEAR SESSION SEASON LAB WEIGHT LENGTH SITE HABITAT SEX LlVER OVARY MATURlTY 



Appendix 9 

Lake chub diet analysis as percent by volume of stomach contents, 1995 and 1996. 



Lake chub diet 

Sample No. 

Date 

Spcias 

Flacoptera 

Paxa Percent by Voluiie 

rriiphipodrr 
Ephomtop tera 

05/30/95 05/30/95 05/30/95 05/30/95 

LKCB LKCB LKCB LKCB 

3 

05/17/95 

LKCB 

iimtaroptera Corixiâae I I I I I I I I I I 

0 

Horaptara 

Colroptmra 

4 

05/17/95 

LKCB 

% 

5 

Diptara 

6 

05/17/95 

LKCB 

(Terreetrial) 

Dytiicidae 

EliPidae 

Othor (Torr. ) 

Chironomidao 

4 1  108 112 

05/18/95 05/30/95 05/30/95 

LKCB LKCB LKCB 
- 

% 
-- -- 

% 8 % 

50 8 0 

- 

Hydracarina 

Drganic Material 

-- 

Other Diptera 

Hymenoptera (Terraetria) 

Waneae (Terreetrial) 5 9 



Lake chub diet 

Coleoptera 

Diptera 

Da te 

Species 

Taxa Percent by V O ~ W O  

Amphipoda 

Sirnuliidae 

Ephmroptera 

Plecop tera 

Trichoptera 

m a l o p t e r a  

Heteroptera Corixidae 

Hoioptera (Tsrrertrlal) 

05/31/95 

LKCB 

% 

Other (Terr. 1 

Chironomiâae 

1 

Other Diptera 1 
Hymenop teta (Terres tr ia l )  

Araneae (Terrestrial) . 

45 

1 

06/01/95 

LKCB 

% 

05/31/95 

LKCB 

% 

1 

05/31/95 

LKCB 

% 

06/05/95 

LKCB 

% 

1 

06/07/95 

LKCB 

% 

20 

06/07/95 

LKCB 

% 

2 1 O 

06/07/95 

LKCB 

8 

06/13/95 

LKCB 

% 

06/15/95 

LKCB 

% 



Lake chub diet 

Isup1e No. 1 557 1 650 1 654 1 1001 1 101.3 1 1014 1 1016 1 1017 1 1018 1 1020 

06/21/95 

LKCB 

T u a  Percent by Volume 
1 

Aaphipoda 
Ephmmrop tara 

Plmcoptera 

Trichoptera 

Megaloptsra 

06/22/95 

LKCB 

O 

2 0 

3 O 

06/22/95 

LKCB 

Hatrroptsra Coriridae 

Homoptera (Terrer t r i a l )  

Coleoptrra üytiaciàae 

Elmidae 

Other (Terr .) 

Diptara Chironomidae 

Simuliiâae 

Othor Diptara 

Hywinoptera (Tersentrial) 

Ataneae (Terrer t r i a l )  

Hydracarina 

Oraanic Material 

O 

60 

100 

I 

07/11/95 

LKCB 

O 

5 

6 O 

5 O 

5 

3 O 

07/11/95 

LKCB 

S 

eap>tY 

07/11/95 

LKCB 

07/11/95 

LKCB 

07/11/95 

LKCB 

07/11/95 

LKCB 

07/11/95 

LKCB 

% O 

100 

S 

eWty 

O O 

15 



Lake chub diel 

Ephemoroptera 

Plecoptera 

Trichoptera 

Sample No. 

Da te 

Spmciea LKCB 1 LKCB 1 LKCB 

Homop tera 

Colaoptara 

Taxa Percent by Volume 8 % O \ % % t 

Aaphip- 

1021 

07/11/95 

LKCB 

(Terrertrial) 

Dytiiciàae 

Elinid.. 

1025 

01/11/95 

LKCB 

Simuliidae 

Oüier Diptera 

Other (Torr.) I 
Diptera Chironomidae 

1026 

07/11/95 

LKCB 

- - -- 

Hymenoptera (Terrertrial) 

kaneae (Terrestrial) 

Hydracatina 

Organic Material 

1027 

01/11/95 

LKCB 

I 

100 

1042 

07/12/95 

LKCB 

1043 

01/12/95 

LKCB 

1050 

07/12/95 

LKCB 



Lake chub diel 

APphipod. 
Ephauroptera 

Plecoptara 

Trichoptari 

Magaioptera 

Hateroptera Corixidaa 

Sample No. 

Da te 

Spciei 

Taxa Percent by Vol- 

Homoptara (Terre. trial) 

Colaoptera Dytircidae 

Elaiche 

Other (Tarr . ) 
Diptera Chironomiâae 

Simuliidae 

Other Diptera 

Hymenoptera (Tetre8triaI) 

'~taneae (Terrestrial) 

Hydracarina 

Organic Material 50 

1059 
07/13/95 

LKCB 

'$ 

1061 

07/13/95 

LKCB 

% 

96032 

05/09/96 

LKCB 

'$ 

96033 

05/09/96 

LKCB 

% 

96175 
06/0t/96 

LKCB 

% 

96064 
05/21/96 

LKCB 

% 

96068 
05/21/96 

LKCB 
0 

96205 
06/17/96 

LKCB 

0 

96316 
07/31/96 

LKCB 
'$ 




