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Northem pike (Esox lucius), yellow perch (Percaflavescens), and pumpkinseed (Lepomis 

gibossus) rely on vegetated littoral zones as spawning substrate, foraghg areas, and 

refûge fiom predation. However, the removal of littoral zone habitat has increased in the 

past twenty-five years. This led Department of Fisheries and Oceans Canada (DFO) 

researchers to study the effects of habitat loss on northern pike production in Lake 19 1 in 

the Experimental Lakes area (ELA) in northwestern Ontario. The removal of 50% of 

littoral zone macrophytes Ied to a 50% reduction of northem pike abundance, increases in 

yellow perch and pumpkinseed abundance, and changes in the size structure and biomass 

of the zooplankton community. The present study was initiated to help determine 

underlying causes for changes in the fish and zooplankton comuni ty  in Lake 19 1. 

Fish fiom Lake 191 were examined for feeding patterns. Northem pike sampled did not 

eEectively exploit alternative prey fish species in Lake 19 1. Only three (out of twenty) 

northern pike stomachs contained yeliow perch and none contained pumpkinseed. 

Further, yellow perch made up ody  12% of northem pike diet. Lnstead, the northem pike 

in Lake 191 ate s m d  northem pike. Northern pike fingerlings a d o r  remains made up 

49% of the diet of larger northern pike. Northem pike preference for conspeciflcs helps 

to explain both the decreases in northem pike abundance, and the increases in preyfish 

abundance. Northern pike in Lake 19 1 may prefer cannibalism because of Merences 

between young-of-the-year ( W Y )  northem pike, yellow perch, and pumpkinseed habitat 

selection, £in morphology, and predator avoidance behaviors. 

Yellow perch and pumpkuiseed ate mostly benthic invertebrates and zooplankton. 

Further, preyfish in Lake 19 1 selected only Iarge species of zooplankton. Macrophyte 

harvesting may have increased preyfish access to benthic invertebrates, and thus 

contributed to the increases in preyfish abundance. Preyfish preference for large 

zooplankton coupled with the increase in preyfish abundance rnay be responsible for the 

shifts in zooplankton community structure observed by Saiki (in prep. 2000). Thus, 

macrophyte harvesting may be indirectly responsible for the changes in zooplankton 

community structure. 



The policies of Manitoba, Ontario, Minnesota, Wisconsin, and Michigan for the conmi 

and /or removal of aquatic macrophytes were reviewed. Fish habitat protection in 

Canada is administered by the DFO via the Federal Fisherïes Act and habitat protection 

provisions of the No Net Loss Poiicy (NNLP). In the United States, regdations relating 

to fishenes habitat are admuiistered by individual state agencies. The regdations that 

Minnesota, Wisconsin, and Michigan ado pted to admuùst er macro p hyte removal include 

Muinesota Rules Chapters 6280 & 6216, W~sconsin Codes Chapters NR 107 and 19.05, 

and Michigan State Codes Chapter PA 004199, Section 12562 and Michigan Compiled 

Laws PA 324.48735 & R 299.1052- 

Regulations governing macrophyte removal in these jurïsdictions are not an effective tool 

to protect fish populations. Four of the five jurisdictions iack specific guidelines on how 

to apply the regdations to the physical control ofmacrophytes. The pennittiug processes 

that the jurisdictions utilize to regdate chernical control do not integrate enough 

biological idormation about the application sites to insure habitat protection. Finally, the 

jurisdictions do not directly regulate the bioIogica1 control of macrophytes. The relevant 

governent agencies should adopt new macrophyte control regdations based on the 

results of adaptive management experimentation. 
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1.1 Background 

The main focus of this research project was to detennine the effects of habitat 

modification on the trophic dynamics of a boreal take, Of particular interest were the 

effects of harvesting Littoral zone macrophytes on the relationships between pump kinseed 

sunfish (Lepomis gib bosus), yellow perch (Perca fravescens), norihem pike (Esox Zzicius), 

and associated zooplankton communities. The importance of macrophytic habitat for fish 

populations is weii established (Crossman and Casselman 1987). Macrophytes are used 

for spawning, for nursery habitat for Young, and for feeding areas. Although 

macrophytes are cntical to fish populations, harvesting by management agencies and 

landowners attempting to reduce eutrophication and remove exotic macrophyte species is 

widespread in North America (Nicholson 198 1). 

Fish use macrophytic habitat for a variety of Me history adVities (Crossman and 

Casseiman 1987). Radio-telemettry studies indicate that adult northern pike select 

microhabitats, such as logs, creek channels, and moderately dense macrophytes (Diana 

1979, Headrick 1985). Northern pike select dense vegetation for egg deposition, and 

emergent f?y use these areas for nursery habitat (Farrell and Werner 1996). The most 

important predictor of a lake's northern pike carrying capacity is the percentage of near- 

shore area that has vegetation (Simpson 1995). Finaily, the relationship between 

macrophyte cover and northem pike foraging area selection has been well researched 

(Roos et al. 1994). Diehl and Ekioev (1995) found a strong positive correlation between 

macrophytic cover and the selection of foraging habitat by northem pike. Forage fish 



populations also rely on vegetated habitat for spawning, nursery, and feeding areas (Diehl 

and Ekloev 1995). These fish increase their use of rnacrophytic vegetation in the 

presence of predators (Savino and Stein 1989, He 1990). 

There are three broad categories of macrophyte harvestrng: physical hanrest (i-e. 

mechanical and non-mechanical), chernical control (Le. herbicidbe use), and biological 

control (Le. stockhg of herbivorous fish andor aquatic invertebrates). Resource 

management agencies and private landowners have increased macrophyte hanresting over 

the past twenty years (Wiicox and Meeker 1992)- North American habitat managers use 

macrophyte removal for Lake rehabilitation in a number of ciiffirent circumstances. In the 

United States rnacrophytes are harvested fiom lakes where high densities are thought to 

contibute to the stunting of garnefish populations (Le. smaller &an average sexudy 

mature Kidividuals) (Olson et ai. 1998). In these situations a reduction in predator 

efficiency due to high macrophyte density is the proposed mechanism of stunting (Olson 

et al. 1998). Although there is no doubt that macrophyte removal results in increased fish 

growth, actual fish production (the product of growth and change in abundance) may be 

substadally reduced due to a decrease in fish abundance resultimg fiom increased 

predation. Whether fish production actudy decreases or how much it decreases is not 

known (Olson et al. 1998, pers. comm., KH. Mills, Freshwater IInstitute, Winnipeg, Mb. 

1998). 

Management agencies harvest rnacro phytes to mitigate eaitrophication, stop the 

spread of invasive exotic macrophyte species, irnprove water quality, and increase angler 

access (Nicholson 198 1, McKee et al. 1986, Wynne 1992, VanEeckhout and Quade 

1994). Macrophytes sequester nutrients that would othemise b e  quickly recycled by 



phytoplankton Therefore, the recycling of these nutrients by algae is decreased. The 

decrease in nutrient recycling leads to a decrease in water clarity. Thus, management 

agencies have adopted macrophyte removal techniques to increase/maintain water cl- 

(VanEeckout and Quade 1994). 

Habitat managers across the United States use macrophyte harvest to increase 

angler access ( W y ~ e  1 992). Littoral zones are cleared of vegetation to increase 

shoreiine angluig opportunities in urban centers. Additiondy, triploid (sterile) gras  carp 

(Ctenopharyngodon idella) are stocked to prevent re-growth of aquatic vegetation (Elder 

and Murphy 1997). Landowners often view near-shore vegetation beds as a detriment to 

recreationai pursuits such as swimming and boating (Bryan and Scamecchia 1992). 

Therefore, macrophyte beds are harvested to establish swimming beaches and improve 

the aesthetic and recreational value of their property. 

Kistorïcaiiy, there have been several cornmon methods employed to clear 

shoreluies of aquatic vegetation. The use of herbicides was a popular technique until 

legislation was passed in the United States and Canada that restrîcted non-commercial 

use of such chernicals (VanEeckhout and Quade 1994, Ontario Ministry of Natural 

Resources 2000). Physical control techniques include raking pulling, and cutting using 

hand held tools, as weU as specially designed hanresting machinexy (Engel 1998). The 

whole lake impact of these types of removal is not well documented or understood. 

1.2 The Experimental Lakes Area 

This study was conducted in The Experimental Lakes Area (ELA), which is 

located 52 km east of Kenora, Ontario (Fig. l), at 93O3 0 - 94°00', 4g030' - 4g045'N 
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Figure 1 : Location of the Experimental Lakes Area. 



@nuiskiIl and Schdler 1971). There are two rasons why the ELA was the ideal 

location for this study. First, the ELA represents a rare opportunity where whole-lake 

experimentation takes place (Johnson and Vdentyne 197 1). The founding principles of 

the ELA are entrenched in the basic tenets of adaptive management. Specifically, 

experirnents at the ELA involve perîurbing a natural system to study the responses. This 

study is centred around the idea that littoral habitat modification has an effect on the 

entire ecosystem of a Iake. Second, this study was designed as part of an ongoing ELA 

experiment . 

1.3 The Lake 191 Macrophyte Removal Experiment 

Lake 191 is a srnaIl (16.3 ha), shdow (4 m L), brown-water lake that contains 

northern pike (abundant), white sucker (Catostomus commersoni) (rare), yeIiow perch 

(moderately abundant), and pumpkinseed (moderately abundant). The Lake 19 1 

macrophyte removd experiment was inibated as part of the Canadian Green Plan 

program (1993 - 1996). The primary purpose of the experiment was to quant* the 

relationship between loss of macrophyte cover and changes in northem pike production. 

Secondary purposes include quantifying changes in northem pike habitat usage, changes 

in abundance of other fish species, and changes in other trophic levels in the lake when 

macrophyte cover is removed. The experiment was initiated as a resuk of discussions 

with local Kenora OMNR staff about fish habitat issues. Macrophyte removal by cottage 

owners is a local concem and macrophyte enhancement is a technique in its infancy as a 

measure to compensate for loss of fish habitat P o  Net Loss Policy (1986) of DFO]. 



DFO scientists collected two years of pre-manipulation data on Lake 191 (1994 - 

1995), and harvested macrophytes for three years (1996 - 1998) (Table 1). No 

macrophyte harvesting occurred in 1999, which was the fïrst year of the recovery phase 

of the experiment. However, little re-growth of macrophytes in harvested areas had 

occurred in 1999, making this year similar to other years in which rnacrophytes were 

reduced. Data collected during aU years of the study included the following components: 

mark-recapture methods to assess abundance and s u ~ v a l  of northern pike, catch-per- 

unit-effort (CPUE) methods to assess abundance of yellow perch, pumpkinseed, YOY 

northern pike, macrophyte biomass and species composition, water chemistry, and 

phytoplankton and zooplankton species diversity and abundance. Fish capture occurred 

using three types of gear: srnail-mesh trap nets, srnall-mesh seines, and angling. 

The removal of shoreline macrophytes was extremely successfùl (Table 1). In 

1996, macrophyte biomass and percent cover in the harvested areas of the littoral zone of 

Lake 191 were reduced by 93% and 88% of the original pre-harvest values, respectively. 

By 1998 macrophyte biomass and percent cover in the harvested areas of the littoral zone 

of Lake 191 were reduced by 96% of the original pre-harvest values. In unharvested 

areas, the biomass and percent cover in 1999 were similar to 1994 - 1997 values. 



Table 1 Percent Utoral zone cover and biornass of aquatic marrophytes in the littoral 
zone of Lake 191, ELA, 1994 - 1999. * No harvesting occurred in 1994 - 1995, and 
1999, the first vear of rec 

Year 

"1994 

*1995 

1996 

1997 

1998 

"1999 

very. (Adapted fiom Jansen 2000). 

Harvested 
Littoral Zone 
Areas 
Biomass 

100% 

100 

7 

3 

4 

< 5 

Northern pike abundance decreased by over 50% in the three years that 

macrophytes were harvested (Fig. 2). The decrease in northern pike abundance could be 

due to cannibalism because refuge areas were reduced for young northem pike. The 

abundance of age-0 northern pike in cut and uncut areas decreased when harvesting 

began Ui 1996 and continued through 1999 (Jansen 2000). The abundance of smailer size 

classes (> 60 mm) of yellow perch and pumpkinseed has increased (Figs. 3 & 4) (Jansen 

2000). Determullng the role that feeding relationships had in the abundance changes of 

these species was the ikst goal of thîs study. 

Zooplankton abundance in Lake 19 1 has changed as a resdt of macrophyte 

harvesting (A Salk Freshwater Institute, pers. corn., Winnipeg, Manitoba 1999). In 
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Figure 2 : Length frequency distributions for noTthern pike s&npled 1995 - 1998 in ELA Lake 191. 
Mean Catch-Per-Unit-Effort (C.P.U.E.)and 95% confidence intervals are included for each year. 
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Figure 3 : Length frequency distributions for yellow perch sarnpled 1995 - 1998 in ELA Lake 19 1. 
Mean Catch-Per-Unit-Effort (C.P.U.E.)and 95% confidence intervals are incIuded for ail years. 
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Figure 4 : Length fiequency distributions for pumpkinseed sampled 1995 - 1998 in ELA Lake 19 1. 
Mean Catch-Per-Unit-Effort (C.P.U.E.) and 95% confidence intervals are included for each year. 



1999 zooplankton abundance increased (Saiki, in prep. 2000). However, the abundance 

of large zooplankton (Le. D. pulex) decreased in 1999. The zooplankton community 

shifted from a cornmunîty made up of cladocerans, copepods, and cyclopoids to one 

made up mostly of copepod muplü, smali cyclopoids, and Holopedim g i b b e m  (Saki, 

in prep. 2000). The second goal of this study was to examine the feeding rdationships 

between fish and zooplankton communities. 

DFO Fish Habitat Management is already using results of the rernoval experiment 

as supporting data for evduating macrophyte removal proposals (KH. W s ,  pers. 

comm., Freshwater Institute, Winnipeg, Mb. 1998). Under Section 3 5(L) of the Fisheries 

Act "the harmfiil alteration, disruption, or destruction (EUDD) of fish habitat is 

prohibited", but there is a non-cornpliance problem, and macrophyte removai remained in 

the top five concerns by habitat managers at the 1997 Fish Habitat Workshop (sponsored 

by the DFO and OMNR). There is a need for research on the ecoiogical effects of 

macrophyte removal on predatory game fish such as northern pike as well as associated 

forage fish (K.H. Mills, pers. comm., Freshwater Institute, Winnipeg, Mb. 1998). 

1.4 The Trophic EfFects of Macrophyte Removal 

There were two main components to this project. The first component involved 

the determination of sorne of the underlying ecological mechanisms for changes in fish 

and zooplankton colllxnunities in lakes when macrophytes are removed. The second 

component invoIved an examination of the policy implications of macrophyte removal. 

Ecologicd reasons for changes in fish populations subject to macrophyte removal were 



detemiined by sampling Lake 191 fish populations. Stomach content analysis was used 

to determine the effects of macrophyte removal on feeding relationships between 

northern pike and preyfish. Policy implications were explored via a review and critique 

of macrophytic habitat legislation for Ontario, Manitoba and several U.S. states 

(Minnesota, Wisconsin, and Michigan) with sirnila. ecosystems. 

1.5 Research Objectives 

There were t ~ o  main goals to this project. The est was to determine the feeding 

relationships between fish species in Lake 191 d e r  macrophytes were removed. The 

second was to evaluate management prescriptions for macrophyte management. These 

goals were achieved by addressing the following objectives: 

1. To determine the feeding relationships between the fishes and lower trophic levels in 

Lake 19 1. This was achieved by sampling fish fiom Lake 19 1 and analysing the 

contents of their stomachs. 

2. To link the results of the stomach content analysis to the changes in fish and 

zooptankton cornmunities that were caused by macrophyte removal and observed by 

Miils (in Jansen 2000) and Salki (in prep. 2000)- 

3. To examine the current regdations that resource agencies administer to manage 

aquatic macrophytes and protect fish habitat. 

4. To detennine the implications of the results of this research on macrophyte removal 

regdations in Ontario, Manitoba, Michigan, Minnesota, and Wisconsin. 



1.6 Methods 

Field Sampling 

Fish sampling consisteci of a two-step process. The e s t  step involved capture of 

northern pike, yeiiow perch, and pumpkinseed by shoreline seining and angling. The 

next step invohed gut content analysis of the fish sarnples. Results f?om step two were 

used in conjunction with the results fkom the overd  expenment to ascertain the 

importance of  feeding relationships in d e t e m g  the effects of macrophyte removal on 

northern pike abundance. 

Literature Review 

Utimately, the resdts fiom field sampling were examined for their implications 

for habitat management- Lnformation gathered fiom an intensive literature review (see 

Chapter 2) of relevant macrophyte and fish literature was compared to the results of this 

study. A three-step process was utilised to determine management implications £tom the 

field data First, current regulations governing habitat modification were researched and 

summarised (Chapter 6)- Second, conclusions generated eorn the field experiment were 

used to evaluate these regulations. Findy, pertinent management prescriptions were 

presented as alternatives to  the current approach of habitat modification foiiowed by 

habitat restoration. 



1.7 Assumptions 

There were two assumptions associated with this project. The first assumption is 

tbat the changes in Lake 19 1 fish populations are due to macrophyte removal rather than 

naturd variation. This is likely t r ~ e  because the magnitude of abundance change of each 

fish species observed in Lake 191 has never been documented in any other ELA 

unmanipulated lake. The second assumption relates to  the methodologies of the proposed 

experiment. This assumption is that the stomach samples gathered fiom a subset of each 

fish population during the field season were representative of each population. 



2.1 Scope 

This chapter is divided into three sections. The first covers the Unportance of 

macrophytes to the He histories of the fish that inhabit Lake 19 1, northern pike, yellow 

perch, and purnpkinseed sunfish (Fig. 5). The second provides information on the 

ecological relationships between these species. The finai section explores the literature 

with reference to habitat modifications (Le. macrophyte rernoval a d o r  reduction) and 

their implications for fish management- 

2.2 The Importance of Macrophytes to Fish Communities 

The importance of vegetated areas to northern pike is well documented (Franklin 

and Smith 2963, Osterberg 1985, Cook and Bergersen 2988, Headrick and Cariine 1993, 

Farrell and Werner 1996). Macrophytes are important to the foiiowing activities of 

northem pike: spawning, habitat partitionhg and foraging (Franklin and Smith 1963). 

Northem pike are benthic spawners whose eggs adhere to aquatic rnacrophytes. 

Spawnùig habitat consists of water depths fiom 0Sm to 1.5 m with abundant patches of 

dense rnacrophytes (Farrell and Werner 1996). Northern pike spawning success is 

dependent on a hi& proportion of vegetated littoral zone habitat (Dube and Gravel 1980, 

Moyle and Cech 1996). Dube and Gravel (1980) found that northern pike spawning 

success was lowered when macrophyte areas were absent or degraded. 



Figure 5: The fish of Lake 19 1, pumpkùiseed sunfish (Lepomis gibbosur), northem pïke, (E- 
lucius), and yeiiow perch (Percaflavescens), fkom aww.nativefish-org. The pictures above are 
not to sde. 



Northern pike associate with medium to high macrophyte densities in littoral zone 

habitats (Diana 1977, Chapman and Mackay 1984, Cook and Bergersen 1988, Headrick 

and Carline 1993). Diana (1977) used radio-telerneû-y equipment to determine northem 

pike distribution. Northern pike were found most frequently in shdiow water (< 4x11) 

associated with aquatic macrophytes. Further, Chapman and Mackay (1 9 84) found that 

80% of sampled northern pike were found in < 2m water depth. Headrick and Carline 

(1993) f o n d  that at the onset of summer thermal stratification northern pike moved to 

inshore locations associated with rnacrophytes. Additionaily, young northern pike prefer 

vegetated littoral zones (Osterberg 1985). Cook and Bergersen (1988) conducted radio- 

telemetq studies on pike in Efeven Mile Reservoir, Colorado. Northem pike movements 

paralleled shoreline areas during summer stratification in this reservoir. Additionally, 

Cook and Bergersen (1 988) concluded that although northem pike did not usually occupy 

distinct home ranges, they preferred vegetated littoral zone areas. Further, aquatic 

vegetation was ofien the key factor in northern pike habitat selection. 

Northern pike Erequently associate with aquatic macro p hytes to acquire prey 

(Diana 1979, Savino and Stein 1989, Moyle and Cech 1996). Consumption of vertebrate 

prey starts as early as day 1 1, when young northern pike begin to exhibit cannibalism 

(Gres 1 994). At this stage northern pike spend most of their time in shdlow vegetated 

areas (Gres 1994). The increased ability of northem pike to capture prey may explain 

their associations with these areas (SaWio and Stein 1989). Additionally, there is 

evidence that northem pike abundance is closely associated with the availability of 

suitable forage (Snow and Kendail 1978). 



Yellow perch and pumpkinseed also have well-documented relationships with 

macrophytes (He 1990, Dionne and Folt 199 1, Wdcox and Meeker 1992, Kubecka and 

Svatora 1993, Flesch et al. 1994, Osenberg et al. 1994, Coleman and Wdson 1996, Fisher 

and Willis 1997, Cobb and Watzin 1998). Yellow perch utilize macrophyte areas for 

reproduction, acquiring prey, and avoiding predators (He 1990, Dionne and Folt 1991, 

Wilcox and Meeker 1992, Kubecka and Svatora 1993, Flesch et al. 1994, Coleman and 

Wtlson 1996, Fisher and Wfis 1997, Cobb and Watzïn 1998). Pumpkinseed use 

vegetated areas to acquire prey and seek refuge from predation @ionne and Folt 199 1, 

Coleman and Wilson 1996). 

Yellow perch are benthïc spawners whose eggs adhere to aquatic vegetation 

(Kubecka and Svatora 1993, Flesch et al. 1994). Flesch et al. (1994) used population 

survey techniques and anghg creel data to examine yellow perch distribution patterns. 

In both cases, gravid females and new recmits were associated with vegetated littoral 

zones (Flesch et al. 1994). Kubecka and Svatora (1993) examined the efficiencies of 

mark-recapture techniques for yellow perch populations. AU subsets of the population 

aggregated in dense patches of macrophytes during spawning (Kubecka and Svatora 

1993). Wdcox and Meeker (1992) investigated the effects of macrophyte loss on fish 

abundance in a Minnesota lake regulated for water level. The loss of stnicturaliy diverse 

macrophyte beds led to decreased yeiIow perch reproduction (Wilcox and Meeker 1992). 

Yellow percn depend on macrophytes to acquire prey items (Fisher Wfis 1997, 

Cobb and Watzui 1998). Fisher and Wdlis (1 997) studied the early Life history of yellow 

perch in two Iakes in South Dakota. Cladocerans and macro-invertebrates associated with 

aquatic vegetation dominated yeiiow perch diet in these two lakes (Fisher and W a s  



1997). Cobb and Watzin (2998) studied yellow perch growth rates and abundance in 

Northern Lake Champlain, Quebec. The yeUow perch population in Lake Champtain 

was stunted (consisting of many small and slow-growing fish) due to resource limitations 

(Cobb and Watnn 1998). The population was divided and placed into vegetated and non- 

vegetated fish enclosures. Growth rates were calculated for each set of enclosures (Cobb 

and Watzin 1998). The non-vegetated group was slow growing relative to the vegetated 

group. The lack of suitable vegetative habitat for prey items was the proposed mechanism 

limiting the tub-population (Cobb and Watzin 1998). 

Pumpkinseed use aquatic macrophytes to capture prey and avoid predators 

(Dionne and Folt 1991, Osenberg 1994). Dionne and Folt (199 1) examined the 

importance of macrophyte growth form, plant density, and prey abundance on 

pumpkinseed foraging rates. Foraging rates increased by two orders of magnitude when 

a sufficient quantity and composition of vegetation was present @ionne and Folt 1991). 

Osenberg et al. (1 994) investigated differences in population structure of two members of 

the Lepomis genus, bluegill (Lepomzs macrochirus) and pumpkinseed. Pumpkinseed 

were characterised as littoral zone fish that depended on aquatic vegetation to acquire 

prey (Osenberg et al. 2994). 

2.3 Population Interactions Between Northern Pike, YeUow Perch, and 
Pumpkinseed Sunfish 

The majority of research on northern pike, yenow perch, and pumpkinseed 

population interactions has focused on the examination of predator-prey relationships 



(WoIfert and Miller 1978, Snow and Kendall 1978). Prey species usually rnoriifi, their 

behaviour to avoid predation (ffe 1990, Weaver et al. 1997, Jacobsen and Perrow 1998). 

YeUow perch prefer rnacrophytic habitat when predators are present (Weaver et al. 1997, 

Jacobsen and Pemow (1998). Weaver et al. (1997) studied the importance of 

macrophytes as habitat for yellow perch populations in Wisconsin. YeUow perch were 

more abundant where vegetation was species rich and structurdy complex (Weaver et al. 

1997). Jacobsen and Perrow (1998) studied the effects of predator presence on the die1 

migration patterns of yeiiow perch. Yellow perch spent the majorïty of daylight hours 

hiding in macrophytes. This was interpreted as evîdence of predator avoidance behaviour. 

Migration from macrophytes changed from 13% during the day to 90% at night 

(Jacobsen and Perrow 1998). 

Pumpkinseed displayed similar patterns of behaviour to yeilow perch (Coleman 

and Wilson 1996). Specifkaily, pumpkinseed in a northern New York lake increased 

d i d  use of macrophytes in the presence of northem pike. AdditionaIIy, pumpkinseed 

migrated ftorn the vegetation in low light conditions later in the day (Coleman and 

Wilson 1996). Further studies of predator avoidance behaviour on members of the 

Lepomis genus include Savino and Stein (1989) and He (1990). Savino and Stein (1989) 

examined anti-predator behaviour under different degrees of macrophyte structural 

complexity. Four Herent densities of macrophytes were examined: 0, 50, 250, and 

1000 stems.m-'. Prey fish that modified their behaviour in the presence of northem pike 

were compared to those that did not change their behaviour. In areas of high rnacrophyte 

density, ninfish (Lepomis sp.) were less likely to be consumed by northem pike (Savino 

and Stein 1989). He (1990) examined whole lake predation effects of norihem pike on a 



prey fish assemblage. After a year of pre-manipulation study, northem pike were 

introduced into a small predator-fiee lake inhabiteci by bluegill sunfish. He (1 990) 

estimated the direct and indirect predation effects of the northem pike introduction on 

sunfish populations. Observable indirect effects included increased use of aquatic 

vegetation in the presence of northern pike (He 1990). 

Predator dynamics include prey acquisition and the regulation of preyfish 

abundance (Wolfert and Miller 1978, Savitz et al. 1983, Hanson and Leggett 1986, He 

1990, Wahl and Stein 199 1). Wolfert and Miller (2 978) sampled northern pike fiom 

eastern Lake Ontario for two years to detennine diet composition. While they concluded 

that the principal forage species was dependent on prey availability rather than prey type, 

yellow perch was the most common species in the northem pike diet (Wolfert and Miller 

1978). Similady, Wahl and Stein (1991) found that northem pike diets were dominated 

by pumplanseed in late autumn and spring in areas where the two species overlapped. In 

areas where a i i  three species oc-, northem pike preferentially preyed on yellow perch 

rather than pumpkinseed (Wolfert and Miller 1978, Diana 1979). 

Northern pike predation is an important mechanism for the regulation of forage 

fish abundance (Kempinger et al. 1978, Snow and Kendall 1978, Diehl and Ekloev 1995, 

Findlay et al. submitted 2000). Kempinger et ai. (1978) investigated the effects of 

northern pike management on a yellow perch population. Yellow perch abundance 

declined when a minimum size b i t  was placed on northern pike anglhg (Kempinger et 

ai. 1978). Kempinger concluded that an increase in predation by northem pike, due to 

less angiing pressure, was the mechanism responsible for decreased yellow perch 

abundance (Kempinger et al. 1978). 



Findlay et ai. (submitted 2000) exarnined the lower level trophic effects of 

introducing northem pike to a yeilow perch domïnated lake in the ELA Two years 

following the introduction of northem pike, the yeliow perch abundance was greatly 

reduced. The decreases in yellow perch abundance and biomass were attributed directly 

to predation by northern pike (Findlay et al. Submitted 2000). Snow and Kendaii (1978) 

found a similar relationship between northem pike and pumpkinseed. Northem pike 

reguiated pumpkinseed populations when pumpkinseed abundance was iaitially low 

(Snow and Kendail 1978). 

Population interactions between yellow perch and pumpkùiseed, while 

historically less researched than northem pike and yellow perch, are fairly weU 

understood (Hanson and Leggett 1986, Savitz et al. 1983). Hanson and Leggett (1986) 

concluded that yellow perch and pumpkinseed do not exhibit sdicient dietary overlap to 

stimulate cornpetition. Additiondy, Savitz et al. (1983) found that in areas of habitat 

overlap, yellow perch and pumpkinseed exhibit daerential habitat utilkation (Le. tirne 

spent in individual habitat types). These two species also u&ed Merent habitat for 

reproductive purposes (Kubecka and Svatora 1993, Flesch et al. 1994, Danylchuck and 

Fox 1994). Pumphseed are nest builders that spawn in sand a d o r  grave1 substrate, 

and yellow perch are non-guarding spawners that broadcast eggs ont0 aquatic vegetation 

(Moyle and Cech 1996). 

2.4 The Feeding Ecology of Northem Pike, Yellow Perch, And Pumpkinseed 
Sunfuh 

The species composition of northem pike diets has been researched extensiveIy 

molfert and Miller 1978, Mann 1982, Savitz et al. 1983, Hanson and Leggett 1986, 



Chapman and MacKay 1990, He 1990, Wahl and Stein 199 1, Gres 1994, Morrow et al. 

1997). Morrow et al. (1997) examined l a r d  northem pike diets to determine preferred 

prey species. The commonly consumed taxa in larval diets after yok absorption were 

copepods (Momow et ai. 1997). In a sùnilar study by Gres (1 994), larval northem pike 

diets were found to include Chaoboridae, Chironamidae, Diptera, and zooplankton. The 

shift to vertebrate prey items usuaily coincided w3h the onset of cannibalism, and varied 

Eom a total length of 60 mm to 100 mm. Furtherr, canni'balism occurred in up to 66% of 

individuals > 60 mm (Bry et al. 1992). 

Northern pike shift to an exclusively pisci-vorous diet starting at age one (Diam 

1979, Mann 1982). Adult northern pike are euryphagous carnivores whose diet usually 

depends on the planktivorous fish species that are associated with their habitat (Moyle 

and Cech 1996). Mann (1 982) investigated northtem pike dietary preferences fiom the 

onset of larval exogenous feeding to individuals of age two. Northern pike older than age 

O were predominantly piscivorous. Cannibalism accounted for the majority of young 

northern pike mortality (Mann 1982). 

Yellow perch populations experience size-dependant ontogenetic shifts in 

prefemed prey items (Post and McQueen 1987, Paszkowski and TOM 1994, Lott et al. 

1996, Fisher and Wfis 1997). Larval yellow perch start feeding exogenously at total 

lengths < IOmrn. At this t h e  the larval yellow perch diet is made up mostly of copepod 

nauplü. Yellow perch 10 - 50mm shift their diets to larger prey (Le. adult copepods, 

small cladocerans, and daphnia) (Post and McQueen 1987, Fisher and Willis 1997). 

Juvenile yellow perch (TL > 50mm) and adults (TZ > 150mm) feed on macro- 

invertebrates, large zooplankton, and amphipods CLott et al. 1996, Paszkowski and TOM 



2994). Additiondy, adult yellow perch canni'balize larval yellow perch and feed on other 

s d  fishes (Paszkowski and Tom 1994). 

Pumpkiaseed sunfïsh exhibit an ontogenetic shift in diet sirnilar to that of yellow 

perch (Keast 1978, Hanson and Qadri 1984, Godhioo and Ferreira 1994). Exogenously 

feeding juvenile pumpkinseed select a mked diet of zooplankton, cladocerans, copepods, 

chironomid larvae, and daphnids (Hanson and Qadri 1984, Gocihino and Ferreira 1994). 

Adult fish are specialized gastropod carnivores. Pumpkïnseed jaw morphology has 

evolved a speciaiized characteristic to crush gastropod shells. This characteristic does 

not become fMy functional until pumpkinseed reach age 1 (Keast 1978). 

2.5 The Management Implications of Macrophyte Removal 

A comprehensive Iiterature search was used to detennine curent management 

practices that relate to aquatic macro p hytes. Most studies of rnacrophyte management 

focus on the control of eutrophication and invasion by nuisance exotic species of 

macrophytes. Macrophyte rernoval is used as a management tool to reduce the effects of 

nuisance macrophyte species. These eEects include displacement of native macrophyte 

communities, fish stunting, reductions in water clarity, and reduced angler access (K. 

McClosky, pers. cornm-, Kansas Department of Wddlife and Parks, Wichita, Kansas 

1997, Olsen et al. 1998, Wynne 1992). 

Olson et al. (1 998) examined the effectiveness of macrophyte removal to reverse 

population stunting of largemouth bass (Miçropterus sahoides) and sunfish (Lepomis 

sp.) in four lakes that had extensive Eurasian watennilfoil (MflophyIium spicatum). The 



removal of up to 50% of littoral zone macrophytes resulted in increased growth rates for 

age-3 bluegill (Lepomis macrochirus). However, the effects of macrophyte removal on 

totd fish biomass and recruitment were not assessed. Therefore, it is unclear whether 

fish abundances were affected in a marner sirnilar to that obsenred by Mills (in Jansen 

2000). Perturbations such as this are considered short-term, and are assumed not to have 

an e E i  on fish production (Olson 2998). 

Macrophyte rernoval is used to increase both water clarity and angler access in the 

United States (Wynne 1992). The stocking of triploid (sterile) g r a s  carp 

(Ctmopharyngodon idella) is a popular and effective method to decrease aquatic 

vegetation (Wynne 1992, Bonar et al. 1993, K. McClosSl, pers. commY Kansas 

Department of WiIdiife and Parks, Wichita, Kansas 1997). Grass carp are voracious 

herbivores that consume up to 1 50% of their total body weights in aquatic macrophytes 

per day (Singh 1995). Further, the introduction of grass carp has resulted in reductions of 

aquatic vegetation by up to 30% in reservoirs in Oregon (Bonar et al. 1993). Whether 

macrophyte reductions by grass carp have effects on native fish populations sùnilar to 

those observed by Mills (in Jansen 2000) has not been well researched. 

Aquatic systems can be negatively impacted by the introduction of grass carp 

(Thiery 1991, Rabasco unpub. data 1997, Hiney 1998). Thiev (1991), Rabasco (unpub. 

data 1997), and Hiney (1998) observed changes in native fish abundances similar to MiUs 

(in Jansen 2000). Thiery (199 1) observed ecosystem level effects of grass carp 

introduction to the Coachella Canal, California. These effects included the total 

elimination of all aquatic macrophytes, a reduction in the invertebrate population in the 

canai, and a reduction in largemouth b a s  abundance. Evidence fiom a s m d  (15 ha) pond 



in Kansas indicates that largemouth b a s  recruitment declined for ten years &er the 

introduction of gras carp (Rabasco unpub. data 1997). Fathead minnow (Pimephales 

promelas) abundance decreased firom "plentifùl" to "near zero" during the ten year span. 

The decrease in this prey species was attributed to the removal of reproductive substrate 

by grass carp (Rabasco unpub. data 1997). Hiney (1998) observed cornpetitive 

displacement of native fish by grass carp in the Armand Bayou, Texas. The rnechanisrn 

for displacement was the loss of reproductive habitat due to consumption of aquatic 

macrophytes by grass carp (Hiney 1 998). 

Many authors have addressed the efEects of macrophyte removai on £ish 

populations. These include Kendall and Nelson (19781, Swales (1982), Engel (1990), 

Maceina et al. (199 l), Bettoli et al. (1 992), Bryan and Scarnecchia (19921, Wilcox and 

Meeker (1992). Kendall and Nelson (1978) examined the effects of water level 

management on fish populations in Lake Oahe, Missouri- They observed changes similar 

to those observed by Mills (in Jansen 2000). Water level fluctuation and wave action 

reduced the arnount of aquatic vegetation in the reservoir. The avaiiability of northern 

pike and yellow perch spawning substrate deched and the abundance of both species 

was reduced- 

Wilcox and Meeker (1992) also fomd similar results to Mills (in Jansen 2000) in 

regulated lakes in northern Minnesota. There was a positive correlation between the 

year-cIass strength and abundance of northern pike and the amount of near-shore 

vegetation (Wilcox and Meeker 1992). Drawdown of the lake led to reduced structural 

complexiw in near-shore aquatic vegetation. Subsequently, there was a reduction in 



available spawning habitat for northern pike and yeilow perch populations (Wilcox and 

Meeker 1 992). 

Swaies (1982) investigated the effects of rnacrophyte removal on the River Peny 

in Shropshire, England. Again, the results of this study were s S a r  to  Miils (in Jansen 

2000). Yeilow perch, northern pike, and dace (ZeucÏscus Ieuciscus) domulated the fish 

community in this river. A 400 m length of the river was sub-divideci into four LOO m 

sections. Each section differed according to macrophyte cutting regime: complete 

removal, partial removal, and two sections lefl undisturbed. Fish sampling by 

electrofishing was conducted in each section before and after macrophytes were removed. 

Removal methods (DeLury and Leslie methods) were used to detennine fish densities in 

each experimental section. Northern pike densities (no. m2) in the fùliy denuded 

section dropped by a factor of four after macrophytes were removed. 

Engel (1990) investigated the ecologicai impacts of mechanical macrophyte 

harvesting on Halverson Lake, Wisconsin. Of particular interest to this study was the 

direct effects of harvesting on young-of-the-year yeliow perch and suntish (Lepomis sp.). 

The surface area of the Halverson Lake was 70% covered by montai1 (CermophyIlum 

demersum), and pondweed (Potmogeton sp .) . Fish sampling and abundance estimates 

(via electrofishing gear) were penormed before and after macrophytes were harvested. In 

June and Juiy of 1980 mechanical harvesters removed 70% of submersed macrophytes in 

1.4 m swaths. Harvesting removed approrrimately 52,000 fish fry during 1980 and 198 1 

(Engel 1990). Engel (1990) estimated that this nurnber constituted approrrimately 25% of 

alI the fish fry in the lake. 



Bettoli et ai. (1992) examined the effects of macrophyte removal on Lake Conroe 

(8,100 ha), southeast Texas. Stocked grass carp reduced littoral zone macrophytes fiom 

44% to 0% in seven years. A seven-year monitoring program was initiated after the grass 

carp were stocked. Fust, water clarîty decreased as a resuit of increased dgae biomass. 

Second, two years after total macrophyte removal, zooplankton abundance decreased by 

50%. Third, they observed changes in fish abundance similar to the Lake 291 

experirnent. Abundance of forage fishes (Le. threadri shad, Dorosomapetenense, 

buihead minnow, Pimephales vzgrgrIax7 and blacktail shiner, Notropfi vemsfus, uicreased 

by four orders of magnitude (E3ettoli et al. 1992). However, after all macrophytes were 

removed centrarchid (Lepomis sp.) abundance decreased. 

In a separate but related study of Lake Conroe, Maceina et ai. (1 99 1 )  studied the 

effects of macrophyte removal by grass carp on black and white crappie (Poxomis 

nigromaculatus and P. anmtlmis). Iridividuals were collected annuaüy for seven years 

after littoral zone macrophyte cover was reduced to 0%. Both populations experienced 

decreases in abundance similar to the changes in northern pike abundance observed by 

Mills (in Jansen 2000). From 1980 to 1986 the number of fisidhectare of age one white 

and black crappie dropped firom a mean value of 1 19 to a mean value of 0.4. 

Additionaily, mean catch-per-unit-effort (CPUE) decreased fkom 1.4 pnor to macrophyte 

removal to 0.6 afler macrophyte density was reduced to 0%. 

Bryan and Scarnecchia (1992) conducted a study to determine the merences in 

young-of-the-year fish abundance and species richness between disturbed and 

undisturbed sites in Spirit Lake, northwestern Iowa. The disturbed sites were developed 

shorelines that had littoral zone macrophytes removed. The study involved sarnpling 



thirty-four species of fish (mcluding northem pike, yellow perch, and sunfish sp.). 

Young-of-the-year fish were sampled for two years fiom nine 100 m blocks fkom either a 

disturbed (Le. residential development of shoreline) or natural site (Le. no development). 

Catch-per-uniteffort (CPUE) was used to describe the relative abundance of fish species 

at different sampling sites. The researchers quantifid the total nurnbers of different 

species caught at each site to determine species richness. Diffierences in fish abundance 

between developed and undeveloped sites were similar to the changes Mills (in Jansen 

2000) observed after macrophytes were harvested f b m  Lake 19 1. Natural sites 

contained both higher species richness and abundance of individual species than 

disturbed sites (Bryan and Scamecchia 1992). 

2.6 Summary 

It is well established that aquatic macrophytes are important components of fish 

habitats. Northern pike Eequently associate with macrophytes (Franklin and Smith 1963, 

Diana 1977 and 1979, Dube and Gravel1980, Chapman and MacKay 1984, Osterberg 

1985, Cook and Bergersen 1988, Savino and Stein 1989, Headrick and CarLine 1993, 

Moyle and Cech 1996, Farrell and Werner 1996). Northern pike spawning success is 

dependent on a high proportion of vegetated Littoral zone habitat (Dube and Gravel 1980, 

Moyle and Cech 1996). Further, northem pike associate with macrophytes for the 

acquisition of prey P iana  1979, Savino and Stein 1989, Moyle and Cech 1996). 

Yellow perch and pumpkinseed also utilize littoral zone macrophytes (He 1990, 

Dionne and Folt 1991, Wicox and Meeker 1992, Kubecka and Svatora 1993, Flesch et 



ai. 1994, Osenberg et ai. 1994, Coleman and Wdson 1996, Fisher and  Willis 1997, Cobb 

and Watzin 1998). Yeliow perch use littoral zone macrophytes f o r  reproduction, refuge 

f?om predation, and acqWring prey (He 1990, D i o ~ e  and Folt 1 9 9  1). Pumpkinseed 

ut&e macrophytes for predator avoidance and prey acquisition (Dionne and Folt 1 99 1, 

Osenberg et al. 1994, Coleman and Wilson 1996) 

In areas where northern pike occur with yeUow perch aod/or pumpkinseed, the 

interactions between these species are characterized as predator-prey relationships 

(Wolfert and Miller 1978, Snow and Kendd 1978). Northern pike predation is an 

important mechanism for the regulation of yellow perch and pumpkinseed populations 

(Kempinger et ai. 1978, Snow and Kendall 1978, DiehI and Ekloev 1995, Findlay et al. 

submitted 2000). Additionaüy, yeliow perch and pumpbseed increase theû use of 

macrophytes in the presence of northern pike (Coleman and Wilson 1996, Weaver et al. 

2997, Jacobsen and Perrow 1998). 

Northern pike, yeiiow perch, and pumpkinseed ali exhibit ske-dependent 

ontogenetic shifts in diet (Keast 1978, WoEert and Miller 1978, Mann 1982, Savitz et al. 

1983, Hanson and Qadri 1984, Hanson and Leggett 1986, Post and McQueen 1987, 

Chapman and MacKay 1990, He 1990, Wahl and Stein 199 1, G o d b o  and Ferreira 1994, 

Gres 1994, Paszkowski and Tom 1994, Lott et ai, 1996, Fisher and  W i s  1997, Morrow 

et al. 1997). LmaI  northem pike consume mostly benthic invertebxates and zooplankton 

(Gres 1994). The first vertebrate prey items that northem pike eat are usually other small 

northem pike (Gres 1994). Further, northern pike cannïbalism conhnues throughout 

adult stages (WoIfert and Miller 1 978). 

Larval yellow perch consume srnail zooplankton and benthic invertebrates (Post 



and McQueen 1987). Juvenile and aduit yellow perch eat zooplankton, benthic 

Uivertebrates and small fish including yeliow perch (Fisher and Willis 1997). The diet of 

larval and juvede pumpkinseed is similar to yellow perch (Hanson and Qadri 1984). 

Aduit purnpkinseed are specialized gastropod carnivores (Keast 1978). 

Macrophyte removal is used as a management tool to reduce the effects of 

eutrophication and nuisance macrophyte species (Newman et ai. L 996). Additiondy, 

macrophytes are removed to increase water clarity and angler access (Wyme 1992)- 

Removing littoral zone macrophytes has a variety of effects on resident fish populations. 

These effects include reduced recmitment, reduced population density, removal of fish 

fiy by harvesting equipment, and reductïons in fish abundance similar to those observed 

by Mills (m Jansen 2000, Kendall and Nelson 1978, Swales 1982, Engel 1990, Maceina 

et al. 1991, Bettoli et al. 1992, Bryan and Scarnecchia 1992, Wilcox and Meeker 1992). 

Understanding the results of other shidies on the importance of macrophytes to 

fish populations and the effects of macrophyte removal on fish populations was essentiai 

to this study for both the formation of hypotheses and the interpretation of results. 

Additionally, it was important to understand the reasons that resource agencies 

implement macrophyte harvesting programs and d o w  hdowners to remove 

macrophytes, 



3. METHODOLOGY 

3.1 Field Sampling of Fish 

The sampling periods were chosen based on what was already known about fish 

growth in Lake 191. Most growth for the fishes in Lake 192 takes place during the 

period fkom late May to early September (K_ MilIs, pers. comm., Freshwater Institute, 

Winnipeg, Manitoba 1999)- Items found in the stomachs of fishes d-g t h i s  period are 

important for overail fish production in Lake 191. Thus, samphg during this period 

provided luiks to the changes in fish abundance observed by Mills (in Jansen 2000). 

Field sampling was conducted during three periods in the summer of 1999: June 1" - 

June 28: Iuly 16& - August 10: and August 29& - September 1 0 ~ .  Yeliow perch and 

pumpkinseed were sampled during ali three periods. Northern pike were sampled only 

during the second period for two reasons. First, macrophyte removal had reduced 

norihem pike abundance by more than 50% of the original pre-manipulation estimates. 

Removhg more individuals couid have confounded interpretation of the experiment due 

to over-exploitation. Second, mid-summer is the period of maximum growth for northem 

pike in Lake 19 1 (K. Mills, pers. comrn., Freshwater hstitute, Winnipeg, Manitoba 

1999). Because yellow perch and pumpkinseed were very abundant in Lake 19 1, the 

total number removed during the sampling periods was likely less than 1% of each 

population. 



3.2 Sampf ng Schedde 

June 1999: The first sampling penod began June 1" at Lake 191 in the ELA Yellow 

perch were sampled from Iune l* to June 16? Purnpkinseed were sampled fiom June 8& 

to June 28? 

July - August 1999: The second sampling period began July 1 6 ~  and concluded August 

1 0 ~ .  Yeliow perch and pumpkkseed were sampled fiom July 16& to Juiy 26? Northem 

pike were sampled fiom Juiy 24* to August 10? 

August - September 1999: The final sampiing penod was conducted tiom August 29" 

to September 10". Yellow perch and pumpkinseed were sampled fiom August 29& to 

September 1 O? 

Three separate sarnples of the Lake 19 1 yellow perch and pumpkinseed 

populations were coliected during the 1999 field season. The fïrst three days of a 

sampiing week were spent capturing targeted species. The next three days were spent 

processing the samples (see below for processing details). 

Samphg consisted of two different methods and gear types. Preyfish and 

juvenile northern pike (< 300mm) were sampled with a 50 m beach seine using methods 

described by Hayes (1983) and angling was conducted using small lures. Adult northern 

pike were sarnpied via angling using spincasting tackle and barbless lures. Seining took 

place in vegetated and denuded areas in the littoral zone. A two-person team using a 

smd motor boat operated the seine. Samphg consisted of a four-step process. First, the 



towline of one of the wings of the seine was anchored to the shore. Second, the opposite 

wing was attached to the stem of a small motor boat and the net was piled in the boat. 

Third, the seine was set in a serni-circle as the boat moved around and through the target 

area and the wùig attached to the boat was brought to shore. Finally, the wings and bag 

were pulled ont0 shore and the catch was rernoved. The catch was sorted according to 

species, and species were pooled according to the day of capture. Individuai fish were 

measued using a stuidard rneasuring board (FL + lm), and this information was used 

to generate length-fiequency distributions. Fish were fkozen directly after capture to slow 

digestion of stomach contents, and brought to the lab for processing (Murphy and Wfis 

1996). 

3.3 Fish Stomach Content Andysis 

Frozen fish were thawed and dissected to analyze stomach contents. Stomachs 

were first removed starting f?om the juncture of the stomach and esophagus to the 

jmcture of the stomach and the duodenum. After rernoval, stomachs were siit 

IongitudinalIy and the contents flushed with 70% ethyl alcohol ont0 a glass petri dish. 

Stomach contents were sorted, cciunted, and identified to species lem1 using a dissecting 

microscope (500X). For items that were in the advanced stages of digestion, primarily 

fishes, identification was achieved through the use of reference fish species and body 

parts (Le. otoliths and preopercles) (Ogle et al. 1996). Invertehate prey items were 

identified to famiiy and/or species when possible. 

Stomach contents were weighed using a standard electronic laboratory scde (+ Z 

mg). Stomach content weight was determined as the merence between the weight of full 



and ernpty stomachs (l3agenal1978). Diet composition for each fish was determined by 

calcdathg the percent composition by number of each prey category. Diet composition 

was then pooled for each species of fisfi. 

Northem pike scales found in fish stomachs were used to estimate the fork lengths 

of the fish that were consumed. Analyses were performed according to the method 

established by Frost and Kipling (1959). This method uses a body - scale relationship to 

estimate the total lengths of fish. The body - scale relationship is: 

Log L = 0.836 i-0.749 log S in which: L = total length ofthe fish, 

S = length of the scale. 

For northem pike stomachs that contained several scales an average scale length was 

used in the body - scale equation. Total length estimates were converted to fork Iength 

estimates using the method estabfished by Carlander (1969). The conversion equation is: 

in which: FL = fork length, and 

TL = total length- 

These fork lengths were then used to generate a length Eequency distribution for the 

northem pike that were eaten. This length frequency distribution was then compared to 

the gut content analysis (GCA) and whole lake (WL) length eequency distributions of 

sarnpled fish. 



3.4 Analyses of Stomach Content Data 

Three methods were used to summarize the stomach content data. First, the 

percent composition by number of dietary items in aii of the stomachs combined for a 

species for each sample was determined (BagenaI 1978). Second, the relative importance 

of prey taxa was determined for ail of the stomachs of a species combined for each 

sample period. Third, the percent composition by number of diet items in ail of the 

stomachs combined for size classes of a species for each sampling period was 

determined- 

The percent composition by number of dietary items was conducted in three steps. 

First, the prey items in each individual fish stomach were identifïed. Second, the 

individual prey items were grouped into 'gut content categories7 (Le. Benthic 

Invertebrates, Fish Items, and Zoo plankt on). Third, the percent composition b y number 

of each content category was calculated for each species for each sample period. 

The relative importance of prey taxa was estimated using the Relative Importance 

Index (RI) established by George and Hadley (1979). This index is a mean of percent 

fiequency of occurrence, percent cornpo sition by number, and percent composition by 

mas,  for all prey taxa. The RI Index is used to reduce bias that occurs ftom using any 

one of the three aforementioned measures individually (Wallace 1981). For a given fish 

species the RIi of a prey taxon is calculated as foiiows: 

RIi= 100 AT; /Zn; = I  AIi 

in which: 



n 

% fiequericy of occurrence 

% total numbers 

% total rnass 

= percent fiequency of occurrence of prey taxon i + 
percent total numbers of prey taxon i + 

percent total mass of the prey taxon ï, 

= number of different prey types, 

= percentage of ail stomachs containhg food in which prey 
taxon i occuned, 

= percentage that items of prey taxon i conûibuted to the 
total number of food items in all stomachs, and 

= percentage that the mass of prey taxon i contributed to 
the total mass of food in all stomachs. 

The RI values for individual prey taxa were cornbined to form amalgamate RI values for 

the gut content categories. Additionally, EU values were calculated for individual 

zooplankton species that occiirred in yeilow perch and pumpkinseed diet. Partiaily 

digested fish items that were identified by hard structures (Le. vertebral columns, scales, 

etc.) were omitted fkom the RI calculations, because they underestimate the mass 

component ofthe calculation (Littie et. al. 1998). The rnajority of food found in northem 

pike stomachs was partialiy digested fish items. Therefore, the RI was not applied to the 

northern pike sarnples. These data were then organised accordiig to sample period. This 

information provides insight h to  the relative importance of diet items over tirne. 

The diet composition of yeilow perch, pumpkinseed, and northern pike is often a 

fiuiction of the size class of the individual fish (Keast 1978, Post and McQueen 1987). 

Therefore, analyzing the diet composition of the fishes sampled fiom Lake 191 as a 

h c t i o n  of their size class rnay reveal important causation for changes observed by h4ills 

(in Jansen 2000) occurred. The diet composition information was broken down by 

predator size class using two steps. First, the percent composition by number of diet 



items in individual fish stomachs was detennined for each species in each sarnple period. 

Second, the average percent composition by number of a diet item was calculated for 

lOmm size classes ofeach fish species for each sarnple period. This analysis highlights 

the importance of the size selectivity of fish feeding behaviour. 



4.1 Length Frequency Distributions of Fish Populations and the Subset Used for 
Gut Content Analysis 

Length fiequency distributions of the fish populations in Lake 191 have been 

generated fkom complete population censusing in fd 1999 and these were compared to 

the subset for each species used for stomach analysis (Figs. 6 - 8). These complete 

census distibutions have been used to monitor the eEects of macrophyte removd on the 

fish populations in Lake 19 1 (Jansen 2000). Data resulting fiom the gut content analysis 

samples in 1999 were also used to generate le@ fkequency distributions ( K A ,  N = 90 

for yeliow perch and pumpkùiseed, and N = 20 for northern pike) (Figs. 6 - 8). These 

distributions were used to determine the representativeness of the GCA samples (Figs. 6 

- 8)- 

The northern pike GCA samples covered most of the rniddle range of the 

fiequency distributions generated previousiy by Miils (in Jansen 2000). Fish missing 

fiom the northern pike GCA samples included YOY northem pike and fish fiom the 

largea size classes (Fig. 6) .  The size classes of northem pike in the 'GCA' length- 

fiequency distributions ranged fiom 23 1 mm to > 420 mm (Fig. 6). The size classes in 

the GCA northern pike samples had nearly equal numbers of fish in each. The majonty of 

aorthern pike in the WL distributions were in the 301 mm to > 420 mm size classes 

(Jansen 2000) (Fig. 6).  

The yeilow perch and pumpkinseed GCA samples spanned almom the entire 

range of the WL samples, although the largest yellow perch and pumpkinseed were not 

sampled for put content analysis (Figs. 6 & 7). The size classes in the GCA yeilow perch 

39 



1999 
GCA 

1999 
WL 

C.P.U.E. 

Fork length (cm) 

Figure 6: Length fiequency distributions for northern pike sampled for gut content analysis (GCA) 
and whole Iake analysis (WL) in ELA Lake 191 in 1999. Mean Catch-Per-Unit-Effort (C.P.U.E) 
and 95% confidence intervals are included for WL. 
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Figure 7 : Length fiequency distributions for yellow perch sampled for gut content anatysis (GCA) 
and whole Iake analysis (WL) in ELA Lake 19 1 in 1999. Mean Catch-Per-Unit-Effort (C.P.U.E) 
and 95% confidence intervals are included for WL. 
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Figure 8: Length fiequency distributions for pumpkinseed sampled for gut content analysis (GCA) 
and whole M e  analysis (WL) in ELA Lake 19 1 in 1999. Mean Catch-Per-Unit-Effort (C.P.U.E) 
and 95% confidence intervals are included for WL. 



Eequency distribution ranged fkom 5 1 - 230 mm while the WL distribution ranged fiom 

3 1 to 380 mm (Fig. 7). Few individuds in the population were > 300mm. The size 

classes in the GCA pumpkinseed fkequency distribution ranged from 20 - 140 mm while 

the WL distribution ranged Erom 10 - 200 mm- Few individuals in the population were > 

150 mm. 

4.2 Gut Content Analysis 

Results fiom the gut content analysis are presented in three formats for each 

species: percent composition by number of diet items in stomachs, the relative 

importance of diet items in stomachs using the Relative Importance Index (George and 

Hadley 1979), and percent composition by number of diet items in each size class of fish 

for each species. 

4.2.1 Percent Composition by Nurnber of Diet Items in Fish Stomachs 

Zooplankton and benthic invertebrates were the primary cornponents of yellow 

perch diet. Zoo plankton species included Bosmzna lungrrostiris, Chaobonrs sp., 

Leptodora kindifii, Dophnia plex,  and D. gazeuta menduta. Copepod naupli were also 

present. Benthic invertebrates found in yellow perch stomachs incIuded chironomid 

Iarvae, trichopteran Iarvae, Ephemerellidae nymphs, Lestidae nymphs, Macromiidae and 

Gomphidae nymphs, Hyalellla azteca, clams of the family Sphaeridae, aquatic mites, and 

crayfish. The average percent composition by number of zooplankton and benthic 

invertebrates for ali sampling periods was 45% and 5 1 %, respectively (Fig. 9). 
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Diet of yeUow perch (expressed as percent total numbers of items found in 

yellow perch stomachs) @J = 90, wïth 30 a h  sampled in each period) in ELA Lake 19 1 : 1999, 



Consumption of zooplankton by yeliow perch changed dramatically fiom one 

penod to another. YeiIow perch ate mostly zooplankton in the fist (74%) and third 

(59%) periods (Fig. 9). Further, D. p i e x  made up 7 1% of yellow perch diet in the first 

sampiing period, and L. h-nditii made up 55% of yellow perch diet in the third sampling 

period (Fig. 10). Yellow perch consumed few zooplankton (1%) in the second sampling 

period (Fig. 9). 

Yellow perch consumption of benthic invertebrates and fish also dif5ered 

according to samphg penod (Fig. 9). Benthic invertebrates did not account for a 

majority ofyeilow perch diet in the fïrst (26%) and third (39%) sarnpliog penods. 

However, the majonty of yellow perch diet in the second sampling period was benthic 

invertebrates (95%). No fish were found in yeiiow perch stomachs in the £ïrst sampling 

period. Fish made up 4% and 2% of yellow perch diet in the second and third sample 

periods, respectively. Yeilow perch consumed northern pike, pumpkinseed and other 

yellow perch. The total percentage of empty yellow perch stomachs for al1 three 

samphg penods was 9%. There were no yellow perch in sample period one with empty 

stornachs. Sample periods two and three had an almost equal number of yellow perch 

with empty stomachs (four and six respectively). 

Benthic invertebrates and zooplankton were the most Grequent components of 

pumpkinseed diet (Fig. 1 1). Benthic invertebrates included larvae of the groups 

Chironomidae, Trichoptera, Coleoptera; nymphs of the families Ephemerellidae, 

Lestidae, Gomphidae, Macrorniidae, Liellullidae andlor Corduilidae; and Sisyridae; 

clams of the famiy Sphaerïidae; aquatic mites; gastropods; and H. azteca. The species 

composition of zooplankton food items eaten by pumpkinseed were similar to those eaten 



Daphnia pulex Leptodora Bosmina COpepod Chaobcms s p .  
kinditii iongirostiris natrplii 

b.) July 

Daphnie puiex Leplodore Bosmina copepod Cheoborus $p.  
kinditii Io n g uo s tiris neuplii 

Daphnia pulex Leplodora Bosmina copepod Chaoborus sp. 
kin ditii ionairostiris na uplii 

Figure 10 a - c: YeUpw wrch qqsumption afypja.q&on (N = 90, "th 30 fish in each period) 
in ELA Lake 191: 1999- 
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Figure 11 a - c: Pumpkhseed diet (expressed as a Hcent of total numbers of items found in 
pumpidmed stomachs @T = 90' with 30 fîsh in each -)> ELA Lake L91: 1999. 



by yeUow perch, but differed in the exclusion of D. galeda mendota and the inclusion of 

both AcanthocycZops vernalis and Diaptomzts minutus. B. longri-ostins and Choaboms 

sp. were the most fkequent zooplankton species (Fig. 12). 

Benthic invertebrates always cornprised the overwhelming rnajority of food items 

found in the stomachs of pumphseed, although this importance seemed to decrease 

somewhat over the course of the summer. The percent composition by number of benthic 

invertebrates in punipkinseed stomachs was 98%, 88%, and 73% in sample perïods one, 

two, and three respectively (Fig. 1 1). Zooplankton comprised a smaller percentage of 

pumpkinseed diet than benthic invertebrates, although this percentage seemed to increase 

over the course of the surnmer. The percent composition by number of zooplankton in 

pumpkinseed stornachs was 1%- 6%, and 25% in sarnple periods one, two, and three, 

respectively (Fig 11). The most commonly consumed zooplankton species a d o r  

species associated with plankton were B. longr?ostiis and Choahorus sp. (Fig. 12). 

Fish items did not comprise a large percentage of pumpkinseed diet. The percent 

composition by number of fish items in pumpkinseed stomachs was 1%, 6%, and 3% in 

sample periods one, two, and three respectively (Fig. 11). Pumpkuiseed consumed 

northern pike, yellow perch, and other pumpkinseed. The to td  percentage of empty 

pumpkinseed stomachs for alI three sampling penods was 18%. There were no 

pumpkinseed in sample penod one with empty stomachs. Sample penod three had the 

highest percentage of empty stornachs (43 %). 

The diet of northern pike differed considerably fiorn the diets of yellow perch and 

pumpkinseed sampled tiom Lake 191 (Fig. 13). Of the stornachs that contained food, 

67% (six of nine) contained northern pike morphological structures. These included 
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Figure 12 a - c: Pumpkinseed consumption of zooplankton (N = 90, with 30 fish in each 
 riod dl in ELA Lake 19 1: 1999, 



Figure 13: Northem pike diet (expresseci as percent totd numbers of items found in northern 
pike stomachs) (N = 20, with 9 empty stomachs) in ELA Lake 191: 1999. 



scales, fish vertebral columns accompanied by scales, and fùlly intact northern pike 

kgeriings. The size classes of northem pike that were eaten by fish ranged fiom 3 0 mm 

to 210 mm. The majorïty of northern pike eaten by fish were less than 110 mm (Fig- 14). 

The second most common item found in northem pike stornachs was zoopfankton (25%). 

Yeliow perch constituted 12% of the total diet of northem pike (Fig. 13). Nearly half of 

ail northem pike sampled (45%) had empty stornachs. 

4.2.2 Relative Importance of Diet Items in YeUow Perch Stomachs 

Seasod variation in yellow perch and pumpkinseed diet was assessed ushg the 

Relative Importance Index 0 (Figs. 25 & 16). In the fist sample period, zooplankton 

and benthic invertebrates were equally important in yeilow perch diet (RI = 47% and 

53%, respectively). In the second sample period, benthic invertebrates made up the 

rnajority of yeUow perch diet (RI = 98%). In the fhal sample period, benthic 

invertebrates were more than twice as important as zooplankton in yellow perch diet (RI 

= 7 1 % and 29%, respectively. The two zooplankton species with the greatest RI were D. 

p l e x  and L. kinditii (Fig. 16). In the £irst sample penod, benthic invertebrates accounted 

for the majority of pumpkinseed diet (RI = 94%). In the second s a q l e  period, benthic 

invertebrates were nearly seven times more important than zoopIankton in pumpkinseed 

diets (RI = 87 and i3%, respectively). In the bal sample period, benthic invertebrates 

were three tirnes more important than zooplankton in pumpkinseed diet (RI = 765 and 

24%, respectively) (Fig. 15). The two zooplankton species with the greatest RI were B. 

Zongirostiis and Choaboms sp. (Fig. 1 6). 



Figure 14: Estimated sizes of northem pike consumed by northern pike, yeilow perch, 
and pumpkùiseed (N = 9) in ELA Lake 191: 1999 [Numbers on the X m i s  indicate the 
upper Limit of size classes (e-g. 10 indicates the O to lOcm size class)]. 
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b .) pumpkinseed 
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Seasonal RI Measurement 

Figure 15: Seasonal variation in the diet of a.) yeiiow perch and b.) pumpkinseed based on the 
Relative Importance (RI) index of two categories ofprey (For all sampiing periods N = 30) in 
ELA Lake 191: 1999. 
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Figure 16: Seasonai variation in the diet of a.) yeiiow perch and b.) pumpkinseed baseci 
on the Relative importance (RI) index of zooplankton (For al1 sampiing periods N = 30) in 
ELALake 191: 1999. 



4.2.3 Diet as a Function of Predator Size Class 

The sizes of yellow perch clearly influenced their diets. Smder yellow perch (< 

130 mm) ate a combination of zooplankton and benthic invertebrates, while Iarger 

individuals ate benthic invertebrates (Figs. 17 & 18). Fishes àid not occur in yeilow 

perch diet untii the second and third sampling periods (Fig. 19). Smaller yeuow perch 

consumed fish during the second sampiing period, while Iarger iiidividuals consumed fish 

in the third sample period. ûther yellow perch were the most fiequent fish found in 

yellow perch stomachs, although small northern pike also occurred. 

Benthic invertebrates were the most important component ofdiets of 

pumpkinseed in Lake 19 1. Unlike yeIlow perch, small pumpkimeed in sampling period 

three consumed a combination of zooplankton and benthic invertebrates. Larger 

pumpkuiseed (> 60 mm) ate benthic invertebrates almost exclusively in sampling periods 

one and two, and a combination of zooplankton and benthic invertebrates in sampling 

period three (Figs. 20 & 21). Fish items were found occasionally in pumpkinseed 

stomachs, and these occurred only in larger individuals (Fig. 22). The fish were 

prharily smaller yelIow perch and pumpkinseed but pumpkinseed eggs and northem 

pike (n = 1) also occurred. 

There were surprishg results for northem pike when their diets were analysed by 

size groups (Fig. 23). Zooplankton and benthic invertebrates occurred in the stornachs of 

large as well as small northem pike. Northem pike preyed on smaller northem pike, 

indicated directly by occurrence of individuals, and indirectly by infemed Iengths of 

scales. Age O northem pike were consumed by al l  sizes of larger northem pike. 
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Figure 17 a) - c): Consumption of zooplankton as a fiinction of yellow perch size (N = 90, with 
30 Esh sampled in each period): in ELA Lake 19 1: 1999. Numbers above columns lndicate the 
n&r of fish sampled in each size class. 



Size Class (mm) 

Figure 18 a,) - c.): Consumption of benthic invertebrates as a function of yellow 
perch sÏze (N = 90, with 30 fish sampled in each period): in ELA Lake 19 1: 1999. 
Numbers above colurnns indicate the nurnber of fish sampled in each size class. 



a.) Juiy 

b.) August/Septemkr 

Size Class (mm) 

Figure 19 a.) - b.): Consumption of fish items as a fiinction of yellow perch size (N = 
90, with 30 fish sampled in each penod) in ELA Lake 19 1 : 1999. Numbers above 
columns indicate the number of fish sampled in each size class. 
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Fi- 20 a) - c.): Coqsumption of zooplankton as a function of pumpkinseed size @i = 90, 
with 30 fish sampled in each pend) in ELA Lake 19 1 : 1999. Numbers above columns incficate 
the number of fish sampled in each size class. 
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b.) Jdy 
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-22 a.) - c): CoL1SUn(Ption of fish as a function of pumpkinseed size (N = 90, with 30 
fish sarnpIed in each period) in ELA Lake L9 1: L999, Numbers above columns idcate the 
number of fish sampied in each size class. 



b.) Bentnic Invertebrates 

c.) OccuLTence of empty northern pike stomachs 

Size Class (mm) 
Figure 23 rt) - c.): Consumption of prey ta.. as a fùnction of northern pike size (N = 20, with 
nine empty stomachs) in ELA Lake 19 1: 1999. Numbers above mlumns indicate the number 
of northern pike sampted in each size class. 



d.) Northem pike d e s  found in northern 
pike stomachs (as evidence of caaniialism) 

e.) Northern pike 
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9 

Figutv 23 6) - f.) (continued): Consumption of prey taxa as a fiinction of northem pike size (N = 
20, with nine empty stomachs) in ELA Lake 191: 1999. Superscript numbers indicate the number of 
northern pike sampled in each size class. 



Yeilow perch were connimed primarily by larger northern pike and pumpkinseed were 

not present in any northern pike stomachs. 



5. DISCUSSION 

5.1 The Effects of Macrophyte Removal on Lake 191 

Removing rnacrophytes fiom Lake 1 9 1 resulted in several changes in the trophic 

levels of the lake. First, northem pike abundance decreased by over 50% in the five years 

that macrophytes were harvested. Second, there was a marked decrease in age-0 northem 

pike in cut and uncut areas. Thkd, the abundance of smaller size classes (> 60 mm) of 

yeliow perch and pumpkuiseed and recniitment of these two populations has increased 

markedly (Jansen 2000). Fourth, zooplankton abundance in Lake 19 1 has changed as a 

resuit of macrophyte harvesting (Saki Freshwater hstitute, pers. cornm-, Winnipeg, 

Manitoba 1999). The zooplankton community has shifted h m  a normal distribution of 

cladocerans, copepods, and cyclopoids to a population made up monly of copepod 

nauplii, srna11 cyclopoids, and Holopedium g i b b e m  (Sallci in prep. 2000). The feeding 

relationships between fish and zooplankton help explain the changes observed by Mills 

Cui Iansen 2000) and Saki (ii prep. 2000). 

5.2 Feeding Relationships Between Trophic Levels in Lake 191 

The fish sampled in Lake 291 had very dBerent diet compositions. Yellow perch 

at e mostly large zooplankton and benthic invertebrates, switching prey based on seasonal 



availability. Additiondy, a smaii percentage of yelfow perch (2% - 4%) ate either 

yeliow perch or northern pike. Pumpkinseed ate mostly benthic invertebrate. When 

pump kinseed consumed zooplankt on they ate mostly large species. Additionally, a smail 

percentage (3% - 6%) of pumpkinseed ate either pumpkinseed or nùrthern pike. Most 

(67%) of the northern pike sampled exhibited cannibalism. A smaller percentage (25%) 

of northern pike ate yellow perch. 

5.3 The Implications of Fish Diet Compositions 

Macrophyte harvesting in Lake 19 1 led to a decrease in the abundance of northem 

pike, increases in abundance of yellow perch and pumpkinseed, and changes in the 

relative abundance of zooplankton species. The feeding relationships between trophic 

levels in Lake 191 were andysed to help explain some of the underlying reasons for these 

changes. Northern pike diet was analysed in reference to the effects of loss of 

macrophytic refùge on small northern pike. Yeilow perch and pumpkinseed diets were 

analysed in relation to the changes in zooplankton community structure observed by Saki 

(in prep. 2000), and the increases in yeliow perch and pumpkinseed abundance observed 

by Milis (in Jansen 2000). Preyfish preference for large zooplankton is forwarded as one 

of the reasons the abundance of large zooplankton decreased in Lake 19 1 in 1999. 

AdditionaUy, high rates of conmmption of benthic invertebrates by yeilow perch and 

pumpkinseed was partially responsible for the increase in abundance of these fish 

species. 



The occurrence of cannibalism in Lake 191 northem pike was higher than that 

reported by previous studies on northem pike diet (Frost 1954, Lawler 1965, Diana 

1979). In most cases, the occurrence of ~aflfll'balisrn in northern pike is directly related to 

two factors: prey availability and northern pike density (Craig 1996). Canoibalism in 

northem pike is usuaiiy inversely proportional to the density of alternative prey species 

(Craig 1996). However, northern pike cannibalism in Lake 19 1 was high at the sarne 

tirne that the yellow perch and pumpkinseed abundances were ïncreasing. This may be 

partially explained by ciifferences in habitat selection between YOY northern pike and 

YOY yellow perch and pumpkinseed. Yeliow perch and pumpkinseed YOY associate 

with the pelagic zone of lakes @ryan and Scarnecchia 1992). Northern pike YOY are 

often found associated with the macrophytes of lake littoral zones (Bryan and 

Scarnecchia 1992), and adult and juvenile northern pike spend a majority of their time 

searching for prey in these areas (Diana 1979, Savino and Stein 1989, Moyle and Cech 

1996). Further, the differences in fin morphology between srnail northem pike and 

yellow perch and pumpkinseed were forwarded as an explanation for the high rates of 

cannibalism amongst Lake 19 1 northem pike. 

The removal of 50% of the macrophytes in Lake 191 has decreased the arnount of 

refuge area available to YOY northem pike. Savino and Stein (1989) found that the 

physical complexity and density of aquatic macrophytes related inversely to the 

probability that preyfish were caught by predators. A decrease in the amount of refuge 

available to young northem pike may increase the chance that they are eaten by adult 

fish. The removai of vegetation should affect yellow perch and pumpkinseed in much the 



sarne way. However, YOY northem pike were more important in the diets of norithem 

pike in Lake 19 1 than either yeliow perch or pumpkinseed. 

Northem pike in Lake 191 did not consume yellow perch at a rate sirnilar ta other 

populations (Frost 1954, Lawler 1965). The percentage of nonbem pike found in Lake 

19 1 northem pike stomachs was more than four times the percentage of yellow perch, 

while in other stuclies northern pike usually consume more yeIiow perch than northem 

pike (Frost 1954, Lawier 1965). Surprisingly, yellow perch occurrence in northern pike 

stomachs was lower than zooplankton occurrence. Northem pike in Lake 19 1 pre yed on 

YOY northem pike rather than the more abundant YOY yellow perch and pumpkimseed. 

The preyfish (Le. yeiiow perch and pumpkinseed) that inhabit the littoral zane  of 

Lake 191 have spiny-rayed fins, while YOY northern pike have relatively sofi-rayed fins. 

Differences in fin rays between spiny-rayed and sofi-rayed preyfish can affect predator 

preference (Eklov and Hamrin 1989), and may be pariialiy responsible for the high rates 

of cannibalism in Lake 19 1 northern pike. Loss of macrophytic refuge coupled wit& 

differences in fin morphology between YOY northern pike and YOY yellow perch and 

pumpkinseed rnay explain both the decrease in YOY northem pike abundance and trhe 

increase in preyfish abundance observed by Mills (in Jansen 2000) between 1995 amd 

1999 in Lake 19 1. If adult northem pike selected YOY northern pike based on the 

absence of spiny-ray fins, and the loss of macrophytic cover made YOY northern pgke 

more vulnerable to predation, then cannibatism rnay help to explain the decrease in 

northern pike abundance. Additionally, adult northem pike preference for conspecincs 

may have led to a decrease in predation of yeilow perch and purnpkinseed. This de~rease  

may be one of the reasons that yellow perch and pumpkinseed abundance increased, 



Yellow perch diet reflected the changes in zooplankton comunity structure 

observed by Saki (in prep. 2000). Zooplankton abundance usually peaks in the spring 

and again in the fa (A SaIlci, pers- comm., Freshwater Znstitute, Winnipeg, Manitoba 

1999). D h g  times of low zooplankton abundance, yellow perch switch to more 

abundant larvae of aquatic insects. Therefore, it is not surprishg that zooplankton were 

more important in yellow perch diet in the hrst and third sampling periods whiie aquatic 

insects were more important in the second sampling period. This indicates that the 

yellow perch in Lake 19 1 are not obligate planktivores or benthivores. They likely 

switch prey depending on their availability. Although zooplankton made up a majority of 

items in yellow perch stomachs in the first and third sampling periods, the species 

diversity of zooplankton prey was low relative to the species diversity of zoop1anlcton in 

Lake 191 (A. Salki, pers. comrn., Freshwater Institute, Winnipeg, h4b. 2000). The 

prirnary zooplankton ir, yellow perch diet were D. pulex in the f%st sampling period and 

L. kinditii in the third sampling period. These two species were the largest zooplankton 

species in Lake 19 1 in 1999 (Saki in prep. 2000). Although these two species were the 

large* they were much less abundant than other zooplankton species. Fishes normally 

consume the largest food item they are able to swallow (Frost 1954, Lawler 1965). This 

explains the yellow perch preference for D. @ex and L. kinditii that was evident in the 

1999 sarnples. Despite its size, the relatively large zooplankton species Holopedium 

gibberum was not found in any of the yeIlow perch or pumpkinseed stornachs that were 

analyzed. This was not surprising considering that H. gibberum is covered with a 

gelatinous sheath that usually dissuades fish fiom consuming them (Wahlstrom et al. 

2000). 



The increase in yellow perch abundance, coupled with their apparent preference 

for large species of zooplankton may be responsible for the in the zooplankton 

community that was observed by Sallci for Lake 191 (in prep. 2000). Large numbers of 

smaii yellow perch rnay have consumed enough of the larger zooplankton to shift the 

commun .  towards an increased abundance of small zooplankton species. This wouId 

help to explain why D. pula abundance decreased in Z 999 at the same time that the total 

abundance of littoral zone crustaceans increased (Saki, in prep. 2000). If the observed 

increase in yeilow perch abundance is a direct remit of macrophyte harvesting, then it 

could be argued that subsequent changes in the zooplankton community are an indirect 

result of macrophyte harvesting. 

Yellow perch consumed a larger diversity of both species and sizes of benthic 

invertebrates than zooplankton. Yellow perch consumed five species of zoopIankton 

includiig B. Zo~gir~~ti~is, Choabom sp., Leptodora kinditii, D. p l e x ,  and D. gaieara 

mendota. There were ten species of benthic invertebrates in yeliow perch diet including 

chironomid larvae, trichopteran larvae, Ephemerellidae nymphs, Lestidae nymphs, 

Macromiidae and Gomphidae nymphs, Hyalella meca, clams of the family Sphaeridae, 

aquatic mites, and crayfish. Thus, relative to benthic inveriebrates, zooplankton may be 

of secondary importance in yeUow perch diet. 

The ciifference in importance between benthic invertebrates and zoo plankton in 

the diet of Lake 19 1 yellow perch diet may help explain how macrophyte harvesting led 

to an increase in yellow perch abundance. Monohan and C a e y  (1996) found that 

cutting macrophytes in definable lanes allowed planktivorous fish access to benthic 

invertebrates that would otherwise be non-accessible because of high macrophyte 



densities in this lake. Increased access to benthic invertebrates rnight explain why they 

dominated yeliow perch and pumpkinseed diets in Lake 191. Benthic invertebrates are 

normally larger and more calorically dense than zooplankton (Driver 198 1, Karamushko 

1996). Macrophyte cutîing in Lake 19 1 may have dowed the planktivorous fish 

populations increased access to this high quality food source. If this is the case, then hi@ 

levels of benthic iovertebrates in planktivorous fish diets rnay have contributed to the 

increases in these populations that were observed by Mills (in Iansen 2000). The reason 

that increased access to benthic invertebrates did not increase YOY northem pike 

abundance in the sarne marner may be because of cannibalism by adult northern pike. 

The benefits to YOY northem pike fiom greater access to benthic invertebrates may be 

negated by greater cannibalism in these open areas by larger northem pike. 

Yellow perch ate both northern pike and yellow perch. Although feeding on fish 

by yeUow perch did not exceed 5% in any of the three sampling periods, it is still 

important because the abundance of yellow perch of all sizes increased more than 18-fold 

(0.6 to 18.1 CPUE) during the study. Therefore, although fish were a small percentage of 

yellow perch diet, the overali impact on northem pike could have been very great. 

The occurrence of northem pike in the diet of yellow perch is not unusual (Lott et 

al. 1996). However, the size of the yellow perch in the GCA sample that ate northern 

pike I5-y seems smder than normal for piscivory in yellow perch populations (Lon et al. 

1996). When this extrerne example is coupled with the high occurrence of cannibalism in 

the GCA northem pike samples, it indicates that s m d  northern pike are extremely 

Milnerable to predation. Macrophyte removal may not have had as profound an effect on 

small yellow perch and pumpkinseed as it did on young northern pike. This merence 



may be due to the diierences in habitat selection between young northern pike and young 

yeiiow perch and pumpkinseed discussed previously- 

The analysis of pumpkinseed diet also had implications for the effects of 

macrophyte removal on trophic levels in Lake 19 1. Pumpkinseed diet changed according 

to season. Zoopladcton occurrence in pumpkinseed diets increased as the year 

progressed. By the third sarnpling period, zooplankton made up 25% of pumpkinseed 

diet. Analysis of pumpkinseed diet supportecl the conclusions made earlier about both the 

effects of yeilow perch on the size/species composition of the zooplankton community, 

and the indirect effects of macrophyte harvesting on the zooplankton community. As the 

abundance of small pumpkinseed increased, their preference for larger zooplankton 

species may have shifted the zooplankton community in favour of large numbers of smail 

zooplankton species. Again, macrophyte harvesting may be responsible for the increased 

abundance of pumpkinseed observed by Mills (in Jansen 2000). 'ïhus, macrophyte 

harvesting may be indirectly responsible for the changes in the zooplankton cornmunity 

that were observed by Salki (in prep. 2000). 

Benthic invertebrates were the most important components in the diets of 

pumpkinseed throughout the surnmer. High levels of benthic invertebrates are not 

unusual in pumpkinseed diets (Keast 1978). However, the percentage of benthic 

invertebrates observed in pumpkinseed diets in Lake 19 1 is more than 1 5% higher than 

the results of comparable studies (Keast 1978, Hanson and Qadri 1984). The relatively 

high occurrence of benthic invertebrates in pumpkinseed diets (as compared to simiIar 

studies) may be related to the eEects of macrophyte harvesting observed by Mills (m 

Jansen 2000). The reasoning behind this is the same as that which was stated previously 



for yeilow perch in Lake 19 1. Removing macrophytes in definable lanes rnay increase 

pumpkinseed access to benthic invertebrates. This ailows pumpkinseed to exploit a 

caloricdy dense prey item, and thus may have contibuted to the ùicreases in 

purnpkinseed abundance observed by Milis (in Jansen 2000). 

The low occurrence of fish items in pumpkinseed stomachs is consistent with 

other studies (Hanson and Qadri 1984, Godhino and Ferreira 1994), but it is never-the- 

Iess surprising that fish items occurred in pumpkinseed diet. Pumpkinseed are not 

usually viewed as piscivores (Keast 1978, Hanson and Qadri 1984, Godbùio and Ferreira 

1994). Yeilow perch and pumpkinseed scales were found in the stomachs of srnaller- 

sized pumpkinseed (fork lengths between 86 and 105 mm). Included in this group was an 

87 mm pumpkinseed with many northem pike scales in its stomach. The estimated fork 

Iength of this northern pike fky was 40 mm. When the mouth size and morphornetry of 

pumpkinseed in that size class are considered, it seems unusual to find evidence of 

cannibalism and piscivory (Keast 1978). Again, the occurrence of northern pike fiy in 

the stornachs of smail fish may huit at their Milnerability to predation in Lake 19 1 due to 

decreased cover afTorded by macrophytes. 

5.4 Cornparison of Relative Importance and Percent Composition by Number 

Analyses 

The Relative Importance Index OU) was used to reduce bias that may have 

occurred fiom using the percent composition by number analysis (Wallace 198 1). The RI 

analysis takes into consideration the weights of individual prey items. Thus, the RI index 



rnay be a more accurate representation of the importance of prey items to fish diets 

(Wallace 198 1). The results generated from the percent composition by number and the 

RI analysis were generally sirnilar for both yellow perch and pumpkinseed. Seasonal 

changes in the occurrence of diet items were the same for both anaiyses for yeiiow perch 

and pumpkinseed. Thus, the RI index supported most of the conclusions formulated 

when using the percent composition by number analysis. 

However, there were some ciifferences between the results generated fiom the two 

methods. The contribution of benthic invertebrates to yellow perch diet was higher in all 

three sarnpling periods for the Ri andysis. In both the first and third sarnpling periods 

the RI of benthic invertebrates was nearly double that of the percent composition by 

number. The RI index indicates that benthic invertebrates were more important to yellow 

perch diet than the percent composition by numbers method. Benthic invertebrates are 

generally larger, weigh more, and are more calorically dense than zooplankton (Driver 

198 1, Karamushko 1996). 

The results of the RI index for purnpkinseed were very similar to the results of the 

percent composition by number. The RT values did not M e r  f?om the earlier analysis by 

more than 7%. Harvesting macrophytes may have allowed small pumpkinseed to 

penetrate deeper into littoral zone areas. This in tum would ailow pumpkinseed to 

exploit large caloricaüy dense macroinvertebrates. The exploitation of this food source 

may have played a part in the increases in pumpkinseed abundance observed by Mïlis (in 

Jansen 2000). Also, the RI analysis indicated that when pumpkinseed consumed 

zooplankton they selected mostly larger species. This seems to support the conclusions 



made earlier on both the direct effects of pumpkinseed on the zooplankton community, 

and the indirect eEects of macrophyte harvesting on the zooplankton community. 

5.5 Diet as a Function of Predator Size Class 

The percentage of large northern pike stomachs that contained zooplankton (27%) 

and bentfiic invertebrates (1 8%) was surprising for two reasons. First, the northern pike 

that consumed these items were relatively large individu& (25 1 - 260 and > 420 

mm). Northern pike normally consume the largest food item that they enceunter or are 

conditioned to consutnhg, and there is usuaily a direct correlation between predator and 

prey size (Frost 1954, Lawler 1965). Zooplankton and benthic invertebrates are small 

food items relative to  yeliow perch and pumpkinseed. Given the op port uni^, large 

northern pike usually select srnail preyfish rather than zooplankton and/or benthic 

invertebrates (Frost 1954, Lawler 1965). Large northern pike consumed zmoplankton and 

benthic invertebrates during a period when preyfish abundance increased (Jmsen 2000). 

Macrophyte harvesting may have had an impact on northem pike prey se ledon.  Savino 

and Stein (1989) found that northem pike capture rates of smdl prey, relative to Iarger 

prey, increased when stem densities of associated vegetation decreased fkom high to 

moderate levels. At lower stem densities of macrophytes, larger prey items (Le. L. 

macrochirus) exhibited more effective predator avoidance behaviours (Le. shoaling) than 

smaller prey items (Le. P. promelas). Removing macrophytes fiom the littara1 zone may 

give larger prey items an advantage in terms of avoidance of capture (Savino and Stein 

1989). This may heIp to expIain the incidence of s m d  prey items (Le. zoopLankton and 



benthic invertebrates) in the stomachs of large northern pike in Lake 191. Macrophyte 

harvesting may have given yellow perch and pumpbseed an opportunity for increased 

use of predator avoidance behaviours. Thus, northern pike may be selecting smaller prey 

based on increased probabiiity of capture. 

The incidence of cannibalism in smail size classes of northem pike (25 1 - 300 

mm) in Lake l 9  1 was higher than documented in previous studies on northem pike diet 

(Frost 1954, Lawler 1965)- There is normally a positive correlation between northern 

pike size and age (Craig 1996). Thus, the northern pike that exhibited high incidences of 

cannibalism were younger than the less piscivorous larger northern pike (> 400 mm). 

There is no diet data for any of the fish populations in Lake 19 1 prior to 1999. However, 

the food preferences of fish that inhabited the lake prior to macrophyte removal may give 

some indication of northern pike diet before the habitat was modified. Previous studies 

on predator feeding preferences indicated that selecbvity is infiuenced by previous 

feeding expenences (Bryan and Larkin 1972). It is possible that the more cannibalïstic 

size classes of northem pike have been conditioned to this feeding preference. Larger 

northern pike (Le. older northern pike) consurned more yellow perch than the srnalier 

northern pike. Again, the larger northem pike may be conditioned to pursuing and 

attacking yellow perch. The merences in prey selection between the small and large 

adult northem pike may be the result of differences in dietary conditioning between these 

groups. Larger northern pike were present in Lake 19 1 prior to macrophyte harvesting, 

and their prey preferences could have continued fiom this penod into the years of 

macrophyte harvesting. Srnalier northern pike did not have similar pre-harvesting 

preferences because few were present prior to macrophyte harvesting. 



Juvenile yeilow perch (FL > 100 mm) consumed a larger variety of prey types 

than adult yellow perch, and this Merence rnay partialiy explain the increases in 

abundance of small yeliow perch observed by Mills (in Jansen 2000). Additioraally, 

smaller yeiiow perch exhibited greater seasonal flexibility in diet than larger yeliow 

perch. This is most evident in the fluctuations of zooplankton and benthic invertebrates 

exhbited by smaii yeilow perch between June and September, and the hi& consumption 

of fish by srnail yeilow perch in August. The ability to exploit resources when they are 

relatively abundant Ieads to a competitive advantage in tems of nutrient procurement 

(M i l l s  et al. 1987). The Merences in diet breadth between s m d  and large yellow perch 

rnay have given the smder yellow perch an advantage. This advantage rnay be one of 

the reasons that the abundance of smaii yellow perch increased so rapidly. ff smd 

yeilow perch took advantage of this change more so than large yeUow perch, then 

macrophyte haivesting rnay be responsible for the changes in yellow perch abundance 

observed by Mills (in Jansen 2000). 

Distinct size classes of pumpkinseed in Lake 191 consumed different food items. 

Adult pumpkinseed diet did not vary as much as juvenile pumpkinseed diet. Similar to 

yellow perch, small pumpkinseed rnay hold a competitive advantage over large 

individuais in feeding. This advantage rnay be the resdt of increased access to a greater 

diversity of prey resulting fiom macrophyte harvesting. nius, greater prey availability 

may be responsible for the increase in pumpkinseed abundance observed by Mills (in 

Jansen 2000). 



5.6 Limitations to the Condusions 

There were several ciifferences between the GCA and WL length-fiequency 

distributions for fish populations in Lake 19 1. The smaller size classes absent in the 

GCA sarnples were the smaliest young-of-the-year (YOY) yellow perch in Lake 19 1. 

The larger size classes were the largest adult yellow perch in Lake 19 1. Therefore, 

conclusions regarding the diet composition of these unsarnpled size classes of the Lake 

191 yeilow perch population c a ~ o t  be drawn fiom the GCA samples. However, enough 

YOY (10) and larger adults (6) were sampled to draw conclusion regarding the overd 

diet composition of these groups of yellow perch. 

A striking feature of the length fiequency distributions of pumpkinseed was the 

absence of smail individuals in the f is t  and second sampling penods. A wide range of 

pumpkinseed size ranges occurred only in the third sampluig period. This is not 

surprising because there is a large over-winte~g mortality of age O pumpkinseed in Lake 

1% each year (K Mills, pers. comm., Freshwater Institute, Winnipeg, Mb. 1998). It is 

unusual to capture many small pumpkinseed (< 50 mm) in May and June of each year. 

Conclusions regarding the diet composition of YOY northem pike cannot be 

drawn fiom the GCA samples. However, the two factors that are important to this study 

are the contribution to overail northem pike diet by piscivory and cannibalism Because 

the juveniles and adults captured for the GCA samples are weU within the size ranges for 

these two factors, then conclusions about overall northem pike diet c m  be drawn fiom 

these samples. 



5.7 Summary 

iMacrophyte harvesting in Lake 1 9 1 has had a number of trophic level effects. 

Mïlls (in Jansen 2000) and Saki (in prep. 2000) observed changes in resident fish and 

zooplankton communities resulting nom macrophyte harvesting. Between 1995 and 

1999 Mills (in Jansen 2000) observed a decrease in northem pike abundance, coupled 

with an increase in abundance of both yeilow perch and purnpkinseed. Saki (ii prep. 

2000) observed both an increase in overail zooplankton abundance and a decrease in the 

abundance large zooplankton speties and size classes. Examining the feeding 

relationships between trophic levels of Lake 191 has implications on the effects of 

macrophyte harvesting observed by MUS (in Jansen 2000) and Saki (in prep. 2000). 

Most of the northem pike sarnpled in 1999 ate northem pike. This was 

unexpected because yeilow perch and pumpkinseed abundance increased since the 

beginning of harvesting in 1996. Northern pike preference for conspecifics may be 

partidly responsible for the decrease in northern pike abundance and associated increases 

in yellow perch and pumpkinseed abundance observed by Mills (in Jansen 2000). The 

decrease in northem pike abundance coupled with their apparent preference for 

conspecifics may be partially responsible for the increases in yellow perch and 

pumpkinseed in Lake 19 1. The factors that have been proposed as responsible for 

northem pike preference for cannibalism are dserences in habitat seIection, predator 

avoidance behaviour, and fin morphology between YOY northern pike and yeliow perch 

and pumpkinseed. 

Yellow perch and pumpkinseed ate mostiy benthic invertebrates and zooplankton. 



Further, RI analysis indicated that benthic invertebrates are a slightly more important 

component of preyfish diet in Lake 191. Macrophyte harvesting rnay have uicreased 

prefish access to benthic invertebrates, and thus may be partially responsible for the 

increases in preyfish abundance in Lake 19 1. The fish sampled exhibited a preference for 

large species of zooplankton. This preference coupled with the increase in preyfish 

abundance rnay be responsible for the changes in zooplankton community structure in 

Lake 19 1. The changes in preyfish abundance have been attributed to macrophyte 

harvesting- Thus macrophyte harvesting rnay have indirectly led to the changes in 

zoo plankton community structure. 



6.1 Introduction 

The purpose ofthis chapter is to review the policies of severai provinces and 

States for the control ancilor removai of aquatic macrophytes. The issues that led to 

widespread macrophyte control programs in the United States will be presented £ïrst. 

Next, the intent of macrophyte control regulations and their relevance to habitat 

protection wiU be examined. F d I y ,  a critique of the existing regulations will be 

conducted including their advantages and disadvantages. 

6.2 Macrophyte Control Issues in the United States and Southern Ontario 

Macrophyte populations in North American lakes have changed considerably in 

recent decades (Nicholson 198 1). These changes include loss of species richness, 

changes in species due to eutrophication, and increased macrophyte biomass in littoral 

zones (NichoIson 198 1). Habitat managers and research scientists have ascribed these 

alterations partially to the invasion of aquatic systems by exotic macrophyte species 

(Nicholson 198 1). The primary exotic invader is Eurasian watennifoil (MfiophyIZum 

qicafum) (Newman et al. 1996). Eurasian watermilfoil was fkst observed in North 

American lakes in the 194OYs, and has shce spread in distribution fiom California to 

British Columbia in the West, and fiom Florida to Southem Ontario in the East (Madsen 

et al. 1991, McKee et al, 1986)- 



AU of the states reviewed in this paper have extensive nuisance control programs to 

stop the spread of Eurasian waterrmlfoil- The current estimates for the nlumber of lakes in 

each state that are infested are: 100 for Minnesota, 75 for Wisconsin, and more than 75 

for Michigan (Minnesota Department of Naturai Resources 2000, Wisconsin Department 

of Natural Resources 2000, Michigan Depar8ment of Naturd Resources 2000). 

Additionaily, McKee et al. (1986) indicated ithat eutrophication and aquatic weed 

proliferation, including exotics, were a problem in over 80% of southern Ontario 

reservoirs. Eurasian watermilfoil has not yet been reported in Manitoba, but due to the 

amount of boat t r a c  between the province and adjacent states with infestations, the 

problem remains a concern of local habitat nnanagers (Manitoba Department of 

Conservation 2000). 

Changes in the macrophyte communities. of lakes caused by exotics can lead to 

changes in fish populations (Olsen et al. 199g). These effects include shifts in length- 

fiequency distributions towards large populations of smail gamefish and reduced foraging 

efficiency of piscivores (Olsen et al. 2 998). Many of the macrophyte control programs in 

the United States and Canada have been formuiated to control the spread of andor 

mitigate the effects of invasion by exotic species (Newman et al. 1996). Thus, the 

primary goal of regdations governing macrophytes in the United States and Canada has 

been macrophyte contrul. 

6.3 Aquatic Macrophyte Regulations 

This section is organised into three subsections according to macrophyte control 

method (Le. physical, chernical, and biologicd). Each sub-section examines the 



sirnilarities and merences between the systems of regulations employed by Ontario, 

Manitoba, Minnesota, Wisconsin, and Michigan. The regulations are summarised in 

Table 2. 

The Canada Federal Fisheries Act, sections 35(1) and (2) addresses all activities 

that relate to the destruction andlor loss of fish habitat (Table 2). Section 3 5(l) of the 

Federal Fisheries Act prohibits the "harmfiil alteration, disruption, and/or destruction 

(HADD) of fisheries habitat". Section 3 S(2) provides the minister of DFO with the 

ability to authorise HADD @FO 1986). The Department of Fisheries and Oceans 

Canada (DFO) is responsible for the administration of the Fisheries Act @FO 1986). 

Thus, the Federal Fisheries Act is the operational regulation that governs macrophyte 

control in Canada. 

The DFO adopted the No Net Loss Policy (NNLP) for the management of fish 

habitat in 1986. The NNLP guides DFO in the administration of the Federal Fisheries 

Act (DFO 1986). The overall objective of the NNLP is to ensure that the productive 

capacity of fish habitat is sustained or enhanced in the provinces and territories of Canada 

@FO 1986). This is accomplished through the dual mechanisrns of mitigation and 

compensation. The operational definition of mitigation that is used by DFO in the 

administration of the NNLP is "actions taken during the planning, design, construction 

and operation of works and undertakings to alleviate potential adverse effectsy' (DFO 

1 986). DFO defines compensation as "replacement of natural habitat, or an increase in 

the productivity of natural habitat where mitigation techniques and other measures are not 

adequatey' (DFO 2 986). 



The United States Federal govenunent does not take a regulatory role in the 

modi£ïcation of fish habitat. Instead, regdations that relate to the modification of fisb 

habitat are formulated and enforced by individual state agencies (Minnesota Departrnent 

of Natural Resources 2000, Wisconsin Departrnent of Natural Resources 2000, Michigan 

Department of Natural Resources 2000)- 

6.3.1 Physical Control Regulations 

There are a number of similarities and dserences between the states and 

provinces in the way physical control of macrophytes is regdated. Ontario, Manitoba, 

Wisconsin, and Michigan do not directly regulate non-mechanical harvest of aquatic 

macrophytes (i-e. hand cutting, hand pulling, a d o r  raking) (K. Fisher, pers- corn.,  

Freshwater Institute, Winnipeg, Mb. 1999, Wisconsin Department of Natural Resources 

2000, L. Esman, pers. comm., Department of Environmentaf Quality, Lansing, Michigan 

1 999). Ontario and Manitoba indirectly regulate non-mechanical harvest of macrophytes 

through the use of Sections 35 (1) and (2) of the HADD provisions of the Federal 

Fishenes Act @FO 1986). Wisconsin and Michigan do not indirectly regulate non- 

mechanicd harvest of macrophytes (L. Esman, pers comm., Department of 

Environment al Quality , Lansing, Michigan 1 999, Wisconsin Departrnent of Natural 

Resources 2000). Instead, non-mechanical removal of macrophytes is performed at the 

discretion of the landowner- 



Table 2. Aquatic Macrophyte Regdations in Canada and the United States by jurisdiction 

MICHIGAN 

- 

ONTARIO 
CONTROL 
METHODI 
JURISDICTION 

MINNESOTA WISCONSIN 

- 

Not 
Reguiated 

Canada 
Federal 
Fisherïes Act 
(HmD 
Provisions) 

Canada 
Federal 
Fisherïes Act 
Section 35 (1) 
a d  (2) 
(HADD 
Provisions) 
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The States and provinces differ in how they govern the mechanical harvest of 

macrophytes. As summarised in Table 2, Ontario, Manitoba, and Michigan do not 

directly regulate the mechanical harvest of macrophytes, while Minnesota and Wisconsin 

have specific mechanical harvest regulations @FO 1986, L- Esman, pers. comrn-, 

Department of Environmental Quality, Lansing, Michigan 1999, Minnesota Department 

of Natural Resources 2000, Wisconsin Department of Natural Resources 2000). Ontario 

and Manitoba indirectly regulate mechanical harvest of macrophytes through the use of 

Sections 35 (1) and (2) of the HADD provisions of the Federal Fisheries Act @FO 

1986). Michigan does not indirectly regulate mechanical harvest of macrophytes. 

Ontario, Manitoba, and Wisconsin do not have operational guidelines for the 

administration of mechanical harvest regdations @FO 1986, Department of 

Natural Resources 2000). Further, Ontario and Manitoba do not have operationd 

guidelines for non-mechanical harvest of macrophytes @FO 1986). Individual habitat 

managers interpret and apply these provisions on a case-by-case basis (K. Fisher, pers. 

comm., Freshwater Institute, W ~ p e g ,  Mb, 1999). 

The Minnesota Department of Natural Resources (MDNR) m e r s  fiom the other 

agencies in that habitat managers are provided with operationai guidelines that govern 

both mechanical and non-mechanical harvest of aquatic macrophytes (Minnesota 

Department of Natural Resources 2000). These guidelines are separated into three 

categories: activities requiring a permit, activities that do not require a permit7 and 

activities prohibited by the MDNR, Activities that require a permit include: the removal 

of eee-floating rnacrophytes andlor floating bogs, the destruction of aquatic macrophytes 

in public waters not assotiated wiui the riparian areas of a landowner, the installation 



andlor operation of an untended automated aquatic plant control device, and the creation 

of a channel that exceeds 4.3 metres in width (Minnesota Department of N a m  

Resources 2000). 

Physical control of rnacrophytes without a permit is allowed by the MDM2 under 

the foliowing conditions: cutting or pulling aquatic macrophytes for the purpose of 

constnicting shooting andior observation blinds, and cutting or pulling subrnerged aquatic 

macrophytes to maintain a site for swimming or boat docking- Swimming a d o r  boat 

dockhg areas may not extend dong more than one halfthe length of the landowners total 

shoreline to a maximum of 14 metres. Additionally, these areas may not exceed 210 

square metres in area. Boat channels extending to open water may be maùitained, but 

may not exceed 4.3 metres in width. The rules goveming macrophyte removal spe* 

that dl cut macrophytes must be removed f?om the water body at the t h e  of cutting. 

There are six macrophyte control methods prohibited by the MDNR. First, the 

placement of plastic mats, plastic sheets, Hter fabnc, or similar materials (collectively 

hown as bonom weed barriers, or BWB7s) on the macrophyte beds of public waters to 

destroy or prevent their growth is prohibited. Second, the removal of macrophytes to 

improve the appearance of undeveloped shoreline only for aesthetic purposes is 

forbidden. Third, the control of aquatic macrophytes in areas posted or designated by the 

commissioner as scientific and/or natural areas is unlawful. Fourth, pesticide control of 

aquatic macrophytes in natural environment lakes (established pursuant to chapter 

6120.3000 of the Minnesota Rdes) and pesticide control of aquatic macrophytes in 

watercourses or portions of watercourses classified as wiid (as defined under either the 

Minnesota or fiera1 Wild and Scenic Rivers Acts, section 1 O3F.325 and sections 127 1 to 



2287 respectively) is prohibited. Fifth, it is unlawfùl to remove or destroy aquatic 

macrophytes within a posted fish spawning area Sixth, organiseci lakewide cutting and 

removd programs are restricted to a maximum area not to exceed 50% of the total littord 

area as detennined by the commissioner (Mhesota Department of Natural Resources 

2000). 

6.3.2 Chemical Control Regulations 

The regulations used by ali five jurisdictions to regulate the chemicai control of 

macrophytes are similar (Tables 2 and 3). First, the jurisdictions rely on a system that 

implies a high level of agreement between local (Le. provincial and state) and federal 

govemment. Chernical application is regdated through both local and federal regulations 

(Table 3, from DFO 1986, Manitoba Departrnent of Conservation 2000, Michigan 

Department of Natural Resources 2000, Wisconsin Departrnent of Natural Resources 

2000). Second, the regulations employ a formai permitting process (Table 3) (DFO 1986, 

Manitoba Department of Conservation 2000, Michigan Department of Natural Resources 

2000, Wisconsin Depart ment of Natural Resources 2000). However, there are 

ciifferences in the permit requirements of each jurisdiction (Table 3). 



Table 3: Administrative Agencies in the U n i d  States and Canada responsïble for the Chernid 
Control of Aquatic Macrophytes. 
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6-3.3 Biological Control Regulations 

AU of the jurisdictions rely on indirect means to regdate the biological control of 

macrophytes (Table 2) @FO 1986, Manitoba Departmenst of Conservation 2000, 

Michigan Department of Natural Resources 2000, Wisconsin Department of Natural 

Resources 2000). Further, there are Werences between rthe methods that Ontario and the 

remaining jurisdictions use to regulate biological control agents. Manitoba, Michigan, 

Minnesota, and Wxsconsin can partially prevent the use ofbiological agents to control 

macrophytes based on state regulations that prohibit the possession a d o r  transportation 

of exotic species (Le. Ctenopharyngodon idella) (Manitoba Department of Conservation 

2000, Michigan Department of Natural Resources 2000, Wisconsin Department of 



Naturd Resources 2000). Ontario is the ody jurisdiction that does not outlaw the 

possession, transportation, or translocation of non-native species into local waterbodies 

(Ontario W s t r y  of Natural Resources 2000). Instead, habitat managers in Ontario 

detennine on a case-by-case basis whether or not the use of bioiogicd control agents 

Ieads to a compromise of the HADD provisions of the Federal Fisheries Act @FO 1986). 

6.4 Critique of Aquatic Macrophyte Regdations 

This critique is organised according to the method of macrophyte control (Le. 

physicaI, chemicai, biological). Within each method the regulations will be critiqued 

accordig to juiïsdiction. The regulations are critiqued in relation to the results of both 

the Lake 191 experiment and studies reviewed in chapter two. 

6.4.1 Physical Control of ReguIations 

The physical control regulations reviewed in section 6.3- 1 may not be 

comprehensive enough to protect fish habitat. There are no guidelines associated with 

the physical control regdations in Ontario, Manitoba, and Wisconsin. Additionally, there 

are no regulations in Michigan that address the physical control of macrophytes. The 

manner in which the regdations are applied is not explicitly outlined (DFO 1986, 

Wisconsin Department of Natural Resources 2000, L. Esman, pers. comm., Michigan 

Department of Environmental Quaiity, Lansing, Michigan 1999). The application of such 

generalized regulations may not take into account the differences between Iakes that have 



macrophyte exotics and lakes that have a natural species commURity. Macrophyte 

comrnunities in the lakes in these jurïsdiaions Vary (Minnesota Department of Natural 

Resources 2000, Departrnent of Naturai Resources 2000, Michigan 

Departrnent of Natural Resources 2000). Some of these lakes have eutrophication and 

exotic macrophyte species problems while other lakes do not. Having to apply the same 

general regulations for ail bodies of water, whether they have macrophyte nuisance issues 

or not, may prove to be deleterious to fish populations. 

Guidelines for the physical removal of rnacrophyîes should be based on the make- 

up of individual macrophyte communities in each lake. Different guidelines are 

necessary for lakes where the community is dominated by exotic macrophytes or 

iduenced heavily by eutrophication than for pristine lakes with natural macrophyte 

coIILrnUNties. Clearly, applying harvesting as advocated by Olsen et al. (1998) to 

pristine, nutrient poor lakes, like ELA lake 19 1, would have consequences habitat 

managers want to avoid: fewer large predators and rnany forage fishes. Aiternatively, not 

harvesting in Iakes dominated by exotic macrophytes, like MyraiuphyIIum ~picatum, 

perpetuates fish communities with few large fishes that sport-fisherman prefer. It is 

essential that habitat managers recognise the merences in macrophyte policy that are 

necessary for each comrnunity. 

6.4.2 Chernical Controi Regulations 

There are two main problems with the chernical control regulations in all 

jurisdictions reviewed in this paper. First, the operational guidelines that resource 

agencies use to apply the chemical regulations do not take into consideration the 



ciifFerences between lakes based on macrophyte communities. Lakes that do not have 

macrophyte nuisance problems are regdated in the same rnanner as lakes that have 

problems (DFO 2986, Manitoba Department of Conservation, Michigan Department of 

Natural resources 2000, Minnesota Department a£ Natural Resources 2000, Ontario 

Ministry of Naturd Resources 2000, Department of Natural Resources 2000). 

Second, these jurisdictions do not have comprehensive permitting processes for 

the application of aquatic herbicides (Table 3) @FO 1986, Manitoba Department of 

Conservation 2000, Michigan Department of Naturai Resources 2000, Mïnnesota 

Department of Natural Resources 2000, Ontario Ministry of Natural Resources 2000, 

Wisconsin Department of  Natural Resources 2000). Four of the five jurisdictions do not 

require landowners that are applying for chernical use permits to attend training programs 

(Table 3). This may allow some landowners to receive permits to apply herbicides 

without a complete understanding of how to avoid negative impacts on fish populations 

and avoid hazards to thek own health. Not all of the jurisdictions require applicants to 

submit detailed information about both the area intended for treatment and theù intended 

methods of treatment. This may lead resource agencies to issue application permits with 

incamplete information on the areas that are going to be treated and the amounts of 

herbicide used in each treatment (Table 3). 

6.4.3 Biological Control Regulations 

The selected jwisdictions do not duectly regulate the biological control of 

macrophytes (Table 2). Methods that are used to biologically control macrophytes are 



relatively new, and their effects on native ecosystems are poorly understood (Newman 

1996). Thus, the possibility that these control methods could adversely effect native fish 

populations has not been adequately examined. One met hod curently being researched 

involves stocking native weevils (Euhychiopsis lecontei) that consume and destroy 

Eurasian watermilfoil (Newman 1996). Because E. lecontei is not an exotic species, state 

regulations do not prohibit the use of this organism to control macrophytes- Additionally, 

this control method is not directly addressed in the KADD provisions of the Federal 

Fishenes of Canada (Table 2). 



7. SUMMARY. CONCLUSIONS, AND RECOMMENDATIONS 

7.1 Summary 

In this study 1 examined the effects of macrophyte harvesting on the feeding 

relationships of northem pike, yeiiow perch, and pumpkinseed in a boreal lake in the 

ELA, summarised regulations that relate to habitat modification, and recommended 

management measures based on the kdings of the investigation. This project was 

undertaken to assist habitat managers and research scientists in understanding the effects 

of habitat loss on native fish populations in Canada, and to examine the current 

regulations that relate to habitat modification and management- 

There were three methods used to deterrnine the implications of feeding 

relationships on the effect s of macrophyte removal on trop hic IeveIs in Lake 1 9 1. Fish 

diets were analysed using the percent composition by number method, the Relative 

Importance Index established by George and Hadley (1979), and a cornparison of the 

relationship between predator size class and prey me. The most common food of 

northern pike was YOY northern pike. Northem pike did not consume preyfish at IeveIs 

that have been reported in simiIar studies of diet composition (Frost 1954, LawIer 1965). 

The results of diet andysis for yellow perch indicated seasonal variation in the 

occurrence of prey items. YeiIow perch consumed benthic invertebrates and zooplankton 

accordii  to their seasonal availability. Pumpkinseed consumed high percentages of 

benthic invertebrates throughout the season. Both yeilow perch and pumpkinseed 

consumed conspecifics and YOY northern pike. 



The regulations of two provinces (Ontario and Manitoba) and three states 

(Michigan, Minnesota, and Wisconsin) that relate to the control of aquatic macrophytes 

were examined. This information is sunmarised in Tables 2 and 3. The sidarities and 

differences between regulatory systems in these states and provinces were also reviewed 

in this study. Fhdy ,  the regulations that relate to the controI andor removal of 

macrophytes were critiqued in reference to both the results of the Lake 19 1 experiment, 

and similar studies on fish habitat modification. 

7.2 Conclusions 

The feeding relationships between northern pike, yellow perch, and pumpkinseed 

provide information to interpret population changes of these species and lower trophic 

levels in Lake 191. Stomach content analysis of northern pike in Lake 19 1 indicated that 

northern pike were not utilising alternative prey species that had increased in abundance 

d e r  macrophyte harvesting. hstead, northem pike preferentiafly consumed juvenile 

northem pike. DifEerences between YOY northern pike, yellow perch, and pumpkinseed 

habitat selection, predator avoidance behaviows, and fin morphology have led to 

northern pike preference for cannibalisn The dserences in vulnerability to predation 

by northem pike between YOY northem pike and preyfish may have been due in part to 

loss of refùge via macrophyte removd. 

DifEerent size classes of northern pike selected different prey items. Smdl size 

classes, and thus young age classes, of northem pike preferred cannibalism to 

consumption of preyfish. Large size classes of northern pike did not consume a high 



percentage of aorthem pike. The small size classes of northern pike may have been 

cunditioned to select conspecifics based on their =se of capture relative to preyfkh 

Seasonal variation in the diets of yellow perch and pumpkùiseed indicated that 

these fish were neither obligate planktivores nor  obligate benthivores. They likely 

switched prey depending on availability. Previaus studies have shown that fl exibility in 

prey sekction lads  to a cornpetitive advantage in te- of nutrient procurement @%Us et 

ai. 1987). The merences in diet breadth berneen preyfïsh and northern pike may help to 

explain both yeliow perch abundance inmeases, and decreases in northern pike 

abundance. 

When yellow perch and pumpkinseed cconsumeed zooplankton they selected 

mostly large species. The increase in preyfish abundance, coupled with their preference 

for large zooplankton, may be respomible for tihe shift in the zooplankton commURity 

observed by Saki (Zn prep. 2000). Large numbers of srnall pIanktivorous fish may have 

consumed enough large zooplankton to shift th8.e community composition fiom larger 

bodied to s d e r  bodied rooplankton- This may explain how zooplankton abundance 

increased at the same time that biomass decreased. Because macrophyte harvesting is 

responsible for the changes in yeliow perch abmdance, it is indirectly responsible for the 

changes in the zoopiankton community. 

Benthic invertebrates were a more impertant component of preyfish diet than 

zooplankton. The merence between the importance of these two food types may have 

implications on the effects of macrophyte remowal on preyfish abundance. Monohan and 

C&ey (1996) found that removing littoral zone rnacrophytes allowed planktivorous fish 

access to benthic invertebrates that would otherwise be inaccessible. Benthic 



kvertebrates are larger and more calorically dense than zooplankton @river 198 1, 

Karamushko 1996)- Macrophyte removal may have allowed preyfish access to a high 

quaiity food source that was previously less available. Abundance of yeilow perch and 

pumpkinseed increased by low levels of predation by northem pike and increased access 

to bentbic inverîebrates. 

Evidence of northem pike consumption of northem pike was found in smder 

than expected sizes of both yellow perch and pumpkinseed. This provides M e r  

evidence for increased predation of YOY northern pike. Yeilow perch and pumpkinseed 

consumption of northern pike, high Ievels of northern pike cannibalism during a period 

when preyfish abundance were increasing, and the removal of littoral zone vegetation 

combine to emphasise the role of cover for juvede northern pike s u ~ v a l .  

The regulations that govern macrophyte control in the selected jurisdictions 

seemed ïndEcient to protect fish habitat. Outside of Minnesota, the States and 

provinces reviewed in this study have not adopted specific guidelines for the 

administration of their macrophyte control regulations. Additiody, the regulations used 

by the selected jurisdictions do not adequately cover the differences between aquatic 

plant cornmunities and other factors, such as eutrophication. The permitting processes 

utilised by the jurisdictions to regulate chernical control of macrophytes may not be 

comprehensive enough to ensure the protection of fish habitat. 



7.3 Recommendations 

Suggestions for macrophyte control regulations and relateci future research 

include: 

More research needs to be done on the fish populations of Lake 191. SpdcaIly,  

the feeding relationships between trophic levels, and the abundances of fish and 

zooplankton should continue to be monitored; 

The regulations that relate to the physical control of aquatic macrophytes shodd be 

revised to reflect a more adaptive management approach, in order to facilitate this; 

Multiple experiments, sirnilar to the Lake i 9 1 removal experiment, 

shodd be conducted on dzerent types of waterbodies, using Herent 

methods of macrophyte removal (Le. hand cutting, and mechanicd 

harvesting machinery), and with different percentages of litîoral zone 

macrophyte removal; 

0 Government agencies should publicize the potential impacts of 

macrophyte removal to relevant stakeholders (i-e. riparian 

landowners); 

The resdts fiom the adaptive management experiments, and the input 

of relevant stakeholders shouid be utilised to drafl a set of regdatory 

guidelines that address the control of macrophytes and can be applied 

to lakes with different macrophyte communities and trophic levels. 



The govement agencies listeci above should augment their curent chemical control 

regulations in the foliowing manner: 

A provision that makes chemical application training compulsory 

should be added to ali chernical control regulations. This wili ensure 

that landowners are aware of the safest and least biologically 

dangerous methods of chemicd application; 

Application guidelines should be designed and implemented by all 

relevant govement agencies. There is an abundance of literature on 

the effects of chemical herbicides on trophic levels ofaquatic systems. 

Application guidelines should be based on the most consewative (in 

terms of habitat protection) control regimes, as indicated by the 

iiterature; 

Landowners applying for chemical use perrnits should be required to 

include the following idonnation: a map of the a r a  to be treated, both 

the rates and total amounts of chemicais intendeci for use, a surnmary 

of the plant community, and a list of alternative control methods; 

At the current time none of the government agencies listed above has a regdation 

conceniing biological control of aquatic macrophytes. The agencies should employ 

the set of steps suggested above for physical control regulations, but modify them 

such that they examine the effects of biological control of aquatic rnacrophytes. 



+ Biomass: the combined (total) weight of a given group of organisms (Murphy and 
Wfis 1996)- 

+ Ecosystem: the basic unit in ecology, including both the organisms and the non- 
living environment (Standard College DictÎonary 1963). 

+ Euryphagous: eating various kinds of food (Standard College Dictionary 1963). 

+ Eutrophication: trophic state of a water body characterised by high inputs of 
nutrients and high biological production (Murphy and Wfis 2 996). 

+ EPA: the United States Environmental Protection Agency. 

+ PLFRA: the United States Federal Insecticide, Fungicide, and Rodenticide Act. 

+ Frequency distributions: an arrangement of statistical data that exhibits the 
fiequency of the occurrence of the values of a variable (Murphy and Wfis 1996). 

+ Littoral zone: the aquatic zone extending f?om the shoreline of lakes and oceans to 
depths where light is insufficient for growth of rooted macrophytes (Murphy and 
W i s  1996). 

+ Macmphytes: vascdar plants and maci%scopic dgae that are rooted in the sedirnents 
below open water, and may be completely submerged, partiy floating, or emergent 
(Murphy and Wfis 1996). 

+ Mesotrophic: trophic state of a water body characterised by intermediate nutrients 
and intermediate biological production (Murphy and Willis 1996). 

+ MDEQ: the Michigan Department of Environrnentd Quality. 

+ MDA: the Minnesota Department of Agriculture. 

+ NNLP: the No Net Loss Policy of DFO Canada. 

+ Oligotrophic: trophic state of a water body characterised by Iow nutrients and low 
biological production (Murphy and Wfis 1996). 

4 OMNR: the Ontario Ministry of Naturd Resources. 



+ Phytoplankton: photosynthetic organisrns in the plankton (Mqhy  and Wfis 
1996). 

+ Population stunting: low average growth in a population oforganisms (Carlander 
1969). 

+ Recruits: the number of fish Surviving f?om the egg stage to a certain age or sue 
when they are M y  d e r a b l e  to catch gear (Murphy and Wfis 1996). 

+ Size selection hypothesis: relative over- or under-representations of specifïc sizes of 
forage fish in a population that is taken by a top-level predator (Murphy and Wfis 
1996). 

+ Trophic status: a relative descriptor of nutrient and organic content of a water body 
(Murphy and Willis 1996). 

4 Zmax: the metnc that is used to express the maximum rneasured depth of a water 
body (Carlander 1969). 

+ Zooplankton: animals in the planktoq usually dominated by rotifers, copepods, and 
cladocerans (Murphy and W' ïs  1996). 
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