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- ABSTRACT

Forty-five small lakes were surveyed &F central Alberta,
from May~Aug%§t(1986 and 1987, to determine 4f diécrete,
repeatable fish assemblages exist and‘to identify the main
environmental and biotic processes likely responéible for any
aséemblage~ievel patterns. Overalf% 71 species of fish were
cayght in 36 lakes; nine lakes were fishiess. Hierarchical
classification and detrended corresgondence analysis of fish
species presence/absence identified two main assehblage tfpes«

£

characterized by northern pike (Esox lucius) /yellow perch

-3

(Perca flavescens) and brook stickleback (Cuaaea

inconstans)/fathead minnow (Pimephales promelas).

Environmentally, pike/perch lakes were significantly deeper

and larger in surface area than lakes of the stickleback

/fatheéd assemblage type. Pigcivory appears to be the
dominant process in maintaining nearly complete negative
associations between members of the two assemblage types. The
importance of piscivory waé further sﬁpportedxby examining,

in the laboratory, the survival rates of all possible

combinations of bBrook stickleback, fathead minnow, fgnescale

dace (Phoxinus neogaeus), .and yellow perch in the presence of
ﬁorthern pikeﬁ'Overall, results of this study afe éomparable
to those from environmental*y different and species rich
regiohs of southern Ontario and northerﬁfwisconsin. For small
lakes, piscivogy and few abiotic factore (maximum depth,

surface area, and isolation), appear most important in

structuring fish assemblages.

iv
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1. FACTORS STRUCTq&ING FISH ASSEMBLAGES: AN OVERVIEW

A

1.1 INTRODUCTION

-

Glaciated regions of North America presently contain a
large numbeg of small lakes that are poten?ially available
for fish to inhabit. -Results of community studies from
north-central districts of the continent (Harvey 1978, 1981;
Tonn and Magnuson 1982; Rahel 1984; Eadie and Keast 1984),
suggest that these lakes do not contain random mixtures of
fish species that are influenced merely by chance or

: \

regional-historical events but rather a small .number of

repeatable species assemblages that are influenced by:

—

1. factors related to colonization (e.g., lake isolationi.

2. factors.related to either maintenance of a species
population after it has colonized a lake, or to the
population's local extinction following colonization

!

(e.g., lake size, habitat diversity, habitat severity).

3. biotic interactions (€évg., competition, predation).



1.2 COLONIZATION EVENTS

/ Colonization by ﬁiéh of lakes within a new boredl
/éatershed may--he considered analogous to species colonization
of oceanic islands (Magnuson 1976). Geographical ecologists
have identifieé several characteristics of islands that
influence the number and kinds of species that cag colonize
them (MacArthur and Wilson 1967). A number of these
characteristics have been examined relative to post-glacial
‘dispersal (Crossman and McAllister 1986) and subsequent
development of fish assemblages in boreal lakes (Stewart and
Lindsey 1983). °

The theory cf 3sland biogeography, suggests that lakes
more isolateé from a source of species (e.g., a large lake or
river) will have lower assembiage diversity than ‘lakes closer
to a sourcd< After moving into a new watershed, a species’
dispersal may be 1imi§ed by physical barriers (e;g..
waterfails) and/or the,filtering nature and potential
seasonal 1nstability of_connecting waterways (Barbour and‘
Brown 1974; Browne 1981). 7

NKVarioué mé;sures of lake isolation (e.g., presence or
abse&ce of an odilet, size of the outlet's watershed,
distance and éradieﬁt from a source of colonists). are

significantly related to fish assemblage richness and

composition (Tonn and»MaQnuson 1982; Rahgl_1984).
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1.3 EXTINCTION EVENTS

As colorization of bereal lakes proceeds, events related
v
0 local extinction of fish species within a lake 1nfluence
assemblage structure. Three important extinction-related

variables discussed in the literature are lake size (and/or

habitat heterogeneity), habitat severity, and biotic factors



(predation and competataon) o Ultaimately, one expectsoan
Iitetaction between colontsation amd extincs1en such that an

equilibrium numbe:r of Species s marntarned (Mac ATt aind

Wilson 1967 Magnuson P96

1.3.1 Lake size and habitat heterogeneity
Latger lakes should contarn o greatetr vartety o

Habitats than smalletr lakes. Theretore larger lakes should

’

- :
Have an ncteased number ol sates tor reproduction, o areaten

.

>

daiversity of vegertat:ion ltor cover, eto ., and thus hound be
able o suppoert more fish species. Badie and Reaot 7004

tound that 1 boreal lakes of Cotario tish species diveraaty
was siygnitilcantly and positively related to Dbeth surla e area

I

and several measures of habitat complexity (plant species
diversity, substrate diversity). Simllariy, Tonn and Magnusoen
(19872) determined that species ri1chness 1n Wisconsin lakeso
was correlated with lake area and vegetation diversity, which
in turn, were correlated with each other. 1t has not been
established that species richness in boreal lakes 1s related
to area independent of habitat diversity, as predicted

(MacArthur and Wilson 1967) and found elsewhere (Simberloft

1976) .

1.3.2 Environmental severity
Studies of adaptations of fishes to chemical conditions
of small boreal lakes have focussed on responses to low pH

and low dissolved oxygen concentrations, two common featurec
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Combinations of speciles but o tather are simply reduced torms

Shenmbiages found at higher pH levels. The cloese

i
correspondence amond rtankings of o specles cccurrence with
maaanun phoan o naturally n<i&1€ lakes (northern Wisconsin),
- urtence n lakes atfected by acid precipitation (Ontario),
ard rankinas based on survival during laboratory exposure to
low pH, support Henderson's conclusion that low pH 1s
directly responsible for reductlions in specles richness and
composition (see also Rahel and Magnuson 1983).

Another factor complicating an evaluation of the eftfects
of pH 1s the fact that many other environmental
characteristics covary with pH. Boreal lakes with naturally
low pH tend to be small, isolated, and have low alkalinities

and limited habitat diversity, all of which may reduce

species richness in a selective manner. Indeed, Rahel (1986)



observed that low alkalinity lakes (pH - 5.0) had fewe:
species than high alkalinity, lakes and added species at a
slower rate as lake size increased. Rahel (1984) also
concluded that a sequential loss of fish specles occurs 1n
isolated dystrophic lakes as bog mat development decreases
loake size and eliminates the littoral cone, as well as
acidifying the water. Sti1ll, Rago and Wiener (19801}, using
analysis of covariance and a blocked comparison t‘e‘u to
remove effects of lake area, found that Ontario and Wisconsin
lakes with low pH (< 6.0) contained significantly tewe:
species than lakes with pH - ©0.0.

From these studies 1t appears that: (1) naturally low
pH, common to many boreal lakes, can prevent estat‘Jlxshment
and maintenance of fish populations dug prifnarily to reduced
reproduct ion and 1ncreased mortqlity/of eqggs and larvae (e.g.

§
Rask 1984a, b), and (2) eQVironmental covariates of low pH
" also effect fish Specieskrichness and composition. Thus,
although pH 1s not the oA}y factor 1influencing the structure
of fish assemblages, it 1s usually an excellent empirical
predictor of species fﬁchness and presence or absence of
iﬁdividual species,

Another chemical condition that 1s thought to be
important in structuring fish assemblages 1s the extreme
depletion of dissolved oxygen which occurs frequently in
small boreal lakes during winter. Because of the high

sediment surface:water volume ratio of shallow lakes, the

amount of dissolved oxygen consumed by processes of



decomposition can approach the tgtal amount of oxygen
dissolved in the water. During the long boreal winter, a

LY
cont inuous cover of ice and snow can severely reduce the
amount of light entering a lake, preventing the generation of
fresh oxygens trom photosynthesis. As the ice thickens from
trnng}fuve downward, an anaerobic layer develops along the
bottom and expands upwards (Magnuson and Kaflan 1970). As
living space decreaées, the lake may experience a fish kill.
Kehavioral adaptations of some fishes in response to
increasing anoxia may include redistribution to aerobic
refuges within the lake or emigration from the lake (Magnuson

et al. 1985). Physiological adaptations associated with small

body size and "alr-breathing” may also allow certain fishes

~ -

to survive winter hypoxia (Casselman and Harvey 1975; Klinger
et al. 1982; Megnﬁson et al. 1983). As a vtesult, winterkill \
1S a selective‘mortality factor that can alter the
composition of fish assemblages in small boreal lakes.

Tonn and Magnuson (1982) were able to separate fish
assemblage types in northern Wisconsin lakes based on a
combination of winter oxygen concentration and lake 4
isolation. in more isoghted lakes experiencing hypoxia,
assemblages dominated by central mudminnows (Umbra ligl) and
minnows (Cyprinidae). occurred whereas in lakes with outlets,

or in deeper lakes having sufficient oxygen supplies, ¢

assemblages were characterized by northern pike (Esox

lucius),  largemouth bass (Micropterus salmoides), and other

centrarchids. Tonn and Magnuson concluded that mudminnows and



cyprinids could persist in shallow isolated lakes because of

physiological and behavioral adaptations allowing survival

A

under low oxygen conditions. Thege‘physically harsh habitats
in turn offered refuges froJG%iscivorous predators. @
different refuge was available to pike; as winter Cghditions
proceeded they apparently gmi@}aped from the lakes and
survived in outlet stream refugla, returning to the lake in
the spring. By exploiting this refuge, pike were able to

avoid the harsh abiotic-lake environment and exclude the

predation-intolerant mudminnow and cyprinids.

1.3.3 Lake Productivity

Relations between specles composigion and. some correlate
of lake productivity (alkalinity, phosphorus concentration,
totél dissolved solids, etc.) have been useful predictors of
boreal fish assemblages.‘Theoretically, more producti?e
habitats should maintain more fish species as a result of
increases 1n planktoniéland,benthic prey abundance/diversity.
For example, Gascon and Leggett (1977) found that diversity
of the littorai fish community within Lake Memphremagog
(Quebec-Vermont) was poSitively correlated with a ﬁutrient
production gradient.

Correlatioﬁs,bgtween brey abundance/diversity and fish
species diversity may bé a result of fish andﬁbrey responding
independently to physital environmental paradeters. Harvey:

(1975) found a strong correlation between tbe number of

zooplankton species and fish species in'a group of Ontario
e



lakes, but concluded that this correlation was due to
independent correlations with physical/chemical features of
the environment rather than cascading actions between trophic
levels.

Differences 1n éssemblage diversity betwifn lakes of
northern and southern Ontario also support the
divyr511y/productivity theory. Less productive lakes 1in
dorthern Ontario tend to have lo;ér vegetation and
invertebrate prey abundance/diversity than southern lakes and
a corresponding reduction in fish species number (Eadie and
Keast 1984). However, as with pH, assigning cause-and-effect
in productivity/fish assemblage relations s difficult,

¢
because several alternative factors, e.g., habitat diversity,

covary with productivity gradients.

1.4 BIOTIC INTERACTIONS “

'

Prediction of fish assemblage composition would be
relatively straightforward and accurate 1if oniy abiotic
variables operated as determinant factors. Although abiotic
condgtions clearly limit their distribution and occurf%nce,
fish species are often absent from seemingly suitable and
accessible habitats. Biotic interactions, in the form of
competition orApredagion, may be of equal or greater .

importance than abiotic factors in structuring assemblages.

5



1.4.1 thpetition

Patterns of resource partitioning among sympatric
species are frequently interpreted as evidence of th;
importance of interspecific compétition in communities
(Schoenzr 1974; Ross 1986). Keast (1978; p. 7) found that
fishes in Ontario lakes "differ in body size, morphology,
abundances, habitats, diurnal and seasonal habitat
utilization patterns, diets, dietary changes with age,

reproductive strategies, and population turnover rates...

3
N

that, by channeling their owners towards alternative
resources, permit species to co-occur."” Similar segregation
was found among coexisting minnows in a northern Minnesota
lake (Moyle 1973) and Lake Memphremegog (Gascon and Leggett
1977). Although suggestive, resource partitioning studies by
themselves cannot provide strong support for the competition
hypothesis.if alternative processes have not been ruled ‘out.
Stronger evidence is available when resource use
patterns of species are observed to differ in the presencéaor
absence of a poﬁential competitor. Althbugh still indirect,
the interpretation-of sgch 'niche shifts' can be relatively
straightforward in the simplified fish assemblages of boreal
lakes (Svardson 1976). Several lakes in a region may contain
only two fish speciés whereas other lakes contain just one of
the pair. In these systems, the species often have similar
patterns of habitat use, food habits, and/or growth when

allopatric, but distinct patterns when they coexist (Nilsson

1965; Nilsson and*Northcote 1981; Magnan and FitzGeréld 1982;<

et
L
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Tonn et al. 1986: Tonn and Paszkowski 1987). In addition,
ditferences 1n foraging behavior .between specles have been
confirmed in labqratory experiments (Nilsson 1963; Schutz and

Northcecote 1972; Paszkowski 1985; Magnan and FitzGerald 1984;

~

Tonn et al. 1986).

) Manipulative field experiments, in which a potential
competitor 1s added or removed and responses (niche shifti/’~
changes 1n growth rates, density compensation) are
qﬁnntified, also suggest thap competition is 1mportant 1n
structuring fish assemblages. For example, Fraser (1978)

*
examined angler return, food habits, and growth rates of
three salmonids stocked into a small lake 1n Algonquin Park,

Ontario both before and after introduction of yellow perch-

(Perca flavescens). Yields of salmonids declined to 13% of

~

pre-perch values, growth rates of the three species were
significantly reduced, and the proportion of large food items
(fish, leeches, Odonata nymphs) also declined following perch
introduction. Fraser also noted that these significant
cohpetitive effects contrasted with the situation in nearby
larger lakes, in which yellow perch coexisted at equilibrium

with lake and brook charr (Salvelinus namaycush and §;

fontinalis), squesting that simplified habitat features
and/or fish assemblages in small boreal lakes intensifies the

effects of competition.
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1.4.2 Predation

Selective predation can maintain relatively Mgh local
species diveksity if it prevents dominant competitors from
monopolizing resources (Paine 1974). However, within the
boreal fish community literature little evidence exists for
this phenomenon. Rather, predators usually alter species

composition directly through complete exclusion of
{

predation—intolerant species. Tonn and Magnuson (1985)
suggested that large piscivorous species (largemouth bass
'

and/or northern pike) excluded most small-bodied species
(e.qg., minngws) from small lakes of mnorthern Wisconsin.

Tolerance of pfedation by populations of small fishes 1s
aided by combinations of behavioral, physiological, and
morphclogical adaptations. One strategy is complete
avoidance, i.es, residency in an environment unavailable or N
unsuitable to th% predator. For example, Svardson (1976)
suggested that a fish species;that is easily preyed ﬁpon may"
develop tolerance for a severe abiotic environment where
predation is low. As discusseélabove, mény cyprinids and
other small fishes are able to survive in lakes under severe
conditions of winter hypoxia (e.g., Klinger et al. 1982;
Magnuson ét al. 1983, 1985; Holopainen and Hyvarinen 1985),
and in the absence of‘ihtolerant'piscivores, populations of
these species thrive (Holopaihen and Pitkanen 1985; Tonn and
Paszkowski 1986).

Morphological anti-predator straiegie% include general

>

characteristics, such as body size, and specific



characteristics like spines. Individual prey hawing a body
size larger than the average predator gape will likely escape
attack and thus maintain the population (Tonn and Paszkowskl
1986) . For example’ golden shiners (Notemigonus chrysoleucas)

3

appear to be better able to coexist with largemouth bass 1in

* ~

Wisconsin lakes than other minnows because of their larger
adult size (Rahel 1984). Likewisé, many species of
centrarchids have %arge adult body size; in addition, they
possess well develobeq dorsal spines. These characteristics
in combination may ultimately allow centrarchid Lopulations
to remain abundant within lakes :ontain{ng pike and
largemouth bass (Tonn and Magnuson 1982).

N

1.5 CONCLUSION

It is clear from the above discussion that for fish
assemblages in small boreal lakes, both biotic and abiotic
factors can contribute to fish assemblage composition.
Furthermore, consistent interactions occur among biotic and
abiotic factors which may resulF in repeatable and

predictable patterns of fish assemblage structure.

e
o



2. FISH ASSEMBLAGES OF CENTRAL ALBERTA

-

2.1 INTRODUCTION R

For fishery ecologists, the occurrence of repeatable
local fish assémblages and their correlation with abiotic and
bioticiconditions af the lake in which they occur provide a
vehicle forbunderstanding and predicting how internal and -
external elements (e.g. eutrophication, species additions)
influence and structure a lake's fish assemblage (Kerr 1982,
Rigler 1982). waever, studies that have successfully
identified patterns in fish assemblage structure and related
them to abiotic and biotic structuring mechanisms havé been
primarily restricted to regians (e.g., southern Ontario or
northern Wisconsin) that are relatfvely §imilar, both
ehvironﬁentally @end in terms of the richness and composition

! :
of their fish faunas. Can similar assemblage-level patterns
be found and do similar assemblage-environment relationships
exist in lessospecies rich and environmentally different
regions of northwestern North America?

Alberta's Athabasca River drainage basin has a
rélatively low éotal fish species diversity (35 species;
Paetz and Nelson 1970) when compared to many areas of
north-central North Amer{ca (e.g., > 75 species in northern
Wisconsin; Becker 1983). This low_speéies djversity is

thought to be due to a combination of large distances from

N 14
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major historical glacigl refugia (e.g., Mississippi Drainage;
Lindsey and Mc?hail 1986) and climatic limitations (Shuter et
al. 1980). Most of the central Athabasca drainage flows
through woodland plains over muskeg-covered luvisolic,
alkaline soils underlain by upper Cretaceous sandstone,
shales and coal (Hardy 1967). As a result, most small lakes
within this region éiffer from areas of north-ceﬁtral North
America with respect to many limnological characteristics,
such as nutrient levels, water coior, and skidity (Chamber§
and Prepaé 1988). It seems unlikely that some environmental
factors i1dentified as {mportant in north-central North
America (e.g., low pH il shield areas) are equally important
in gtructuring assemblages in small Alberta lakes, whereas
other factors (e.g., surface area) may have similar effects

-

on Alberta assemblagés because of a seemingly ubiquitous
affect on vertebrate species composition (e.g., MacArthur and
Wilson 1967).

To evafuate the general importance of previously
identified influences on assemblages in small north-temperate
lakes, I have déteimined the fish species composition and

a

richness within small lakes of the central Athabasca River
. . » . ,
drainage and examined their relationships with environmental
!
conditions of the lakes. Specifically, I addressed the

following guestiodns:

1. Are there discrete, repeatable assemblages of fish in

"these small lakes?



2. To what extent is the pattern of fish assemblage
structure related to abiotic factors of the lakes'’
gpvironment? Can these be linked with specific
deterministic structuring mechanisms?

3. To what extent does piscivory contribute to assemblage ~
structure?

4. How do the st ucturing mechanisms for fish assemblages in-
small lakes of central Alberta comp;re with those

identified for lakes of north-central North America?

\
R of

2.2 METHODS AND MATERIALS

2.2.1 Lake selection and sampling

Forty-five lakes under 100 ha in surface area were
selected from accessible areas 6f the south-central portion
_of the Athabasca Rivér'basin (Figufé 2.1-2.3). From May

through August, *$86 and 1987, 1 determined fish species
composition in each lake by using a combination of gear
prpendix I) set overnight. Fishes were identified to species
(using Paetz and Nelson 1970), counted, ana returned to the
lake. A saMpié‘collection‘of each minnow species was retained
"to verify identifiCatioq‘in the laboratory. Similar protocol

hag been shown to be efféctive in sampling'ﬁish assemblages
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1 small lakes of other rtegilons (Harvey 1981; Tonn and
Magnuson 198.2; Rahel 1984). However, to measure the
repeatability of fish sampling tor this set ot lakes, a
subset of six lakes was resampled, at various levels of

' 7/

intensity with the above gear, during May and August ot 1986
and 1987,

For each lake, Information was collected on several
chemical and physical parﬁmeters (Appendix 11). Conductivity
and pH were measured 1n situ from vertical transects ot at
least six mid-water stations using a Hydrolab Surveyér I1
Water Quality Monitor. Depth and secchil depth were also
determined at each station and depth at the deepest station
was used as maximum depth. Water samples, collected from a
depth of 0.5 meters at the center of a lake, were analyzed
for apparent water color and total dissolved phosphorus using
standard technigues of Alberta Environment and the Limnology

>4

Lab, University of Alberta (E.E. Prepas, unpublished guide,

3

Dept. of Zoology, University of Alberta).) Water samples and

in situ measurements were collected once for each lake- -

between 1100 and 1300 during July or August. For a subset of
ten lakes I was able to compare my limnological measurements
with results of an independent survey (E.E. Prepas, )
unpublished data). Surface area, shoreline length, and
elevation were obtained from topogfaphical maps (scale
1:50,000). | .
Macrophyte diversity and relative abundance L&ggg}ation

complexity) was estimated visually from grab samples at three
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Sstations along each of six randomly placed transects running
perpendicular to the shoreline. Isolation of a lake was
quantified as follows: absence of an inlet/outlet (score: 0),
) i
presence of an intermittent inlet/outlet (score: 0.5), and
presence of a permanent inlet /outlet (score: number of
outlets X 2). 1 considered the presence of a permanent
inlet “outlet to be much more i1mportant than an 1ntermittent
connection because of the increased potential for changes 1n
assemblage structure due to i1mmigration_and emigration of
tish specles. Outlet information was obtalined from 1:50,000

topographic maps (1974- 70) and 1:100,000 county maps

(1985-8t) and, where possible, verified in the field.

2.2.2 General Approach to Pattern Analysis

’

_Fisheries biologists have long been aware of the fact
that certain fish species occur together 1n certain types of
lakes. Until recently, i1t has been difficult to translate
this knowledge, developed through experience, 1nto a
quantitative and o?jective framework. However, with the
development of multivariate analysis, "effective, efficient,
and appropriatg" methods are available to summarize complex
community-level data sets and reveal structural patterns
(Gauch 1982). Multivariate community analyses mathematically
measure similarities and differences among assemblages or
lakes, based on their species composition or environmental

characteristics. This provides an objective way for the s:}
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biologist to examine whether or not groups of similar
assemblages exist that are distinct from other groups.
Multivariate analyses can also assist in ecological
interpretation of revealed patterns by determining which
species are important contributors to assemblage-level
patterns or which environmental factors are most closely
associated with different assemblage types. Conducting
controlled manipulative experiments is often not feasible at
the assemblage level. However, cdomparative studies, together
with multivariate analyses, are frequently able to detect
patterns, to generate and test hypotheses that assess the
importance of different processei‘ and ultimately to produce
acceptable explanations for community;level problems (Tonn et
al. 1983; Diamond 1986). *
. To ana}yze for patterns of fish assemblage-composigion
among small lakes of central Alberta, I subjec;ed the
lakes-by-species (presence/absence) data matrix to two
methods of multivariate community analysis, hierarchical
classification using agglomerative, unweighted group
averaging and Jaccard's coefficient of similarity (Gauch
1982; Pielou 1984), and detrended gorrespondence analysis
(DCA; Higelr and Gauch 1980). ,
Environmental variables with fewer than three
significant intercorrelations were retained for further
analyses. This ensured that retained variables provided some

independent description of an aspect of the lake environment.
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Sequences of occurrence (Schoener and Schoener }983) of
the five most frequently occuring'species were determined for
each selected enviponmental variable. Lakes were o;dered from
lowest to highest value for each variable. The presence oOr
absence of each species was recorded along this environmental
‘gradient and the resulting pattern of presences of absenaés
was tested for independence of distribution using the
Mann ‘Whitney U test (Solkal and Rohlf 1981).

Canonical analyéis (e.g., Berenson et al. 1983) whs used
to evaluate the extent. to which groups of lakes (as described
from classificatibn and occurrence sequence analyses) are
environmentally different. All environmental variables used
in the analysis, e;cept pH, were normalized by using a log 10
transformation. Canohical variates represent mathematical
combinations of the environmental variables that maximize
differences among groups of lakes relative to those within. 1
conservatively estimated the éignificance of group separation
by visual inspection (after Green and Vascotto 1978). I also

N
estimated the degree of grdup separation by analyzing the
percentage of lakes correctly classified into an assemblage
group according to the environmental classification
functions; Scores of 100 percent indicate complete
classification of lakes imto a particular assemblage group
(Berenson et al. 1983){'Finally, the means of each lake group
for each environmental variable were tested for‘siénificant
differences using analysis of variance. Throughout this

chapter, statistical significance will refer to P < 0.05,

A ~ .



24

unless otherwise stated.

2.3 RESULTS

-

2.3.1 Species Composition and Sampling Efficiency
Overall, 11 fish species were reccrded in 36 lakes

L]

(Table 2.1): nine lakes were fishless. Brook\stickleback

kY

(Culaea inconstans) was the most ubiquitous species caught.

Because one lake contained only relatively rare coldwater
species, burbot (Lota lota) and rainbow trout (Salmo
gairdneri), it was considered to be ecologically distinct and
excluded from further analyses.

Of the six re-sampled ponds, four showed no change in
the number or composition of species present during 1986 and

1987 (Table 2.2). In Sara Lake, three Iowa darters

(Etheostoma exile) were caught only on the second of four

sampling dates, and were thus considered rare and not
included 2s part of the Sara Lake assemblage. Gods Lake
showed a doubling of species betwgen May and August 1986, but
stabilized in species composition by .the end of the 1987
field season, This increase in species nmeer was most likely
related to unusually high precipitation during July 1986 that

opened up an intermittent stream, allowing northern pike and

white suckers (Catostomus commersoni) to invade. Because they
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Tak e v e te (;)x'vf,(*m eabence) data mattix

Table o0 Thie t

Do othe g6 Takes with taah Lake numbers (1d) refer to those
et o B e O anes Dt Sipecres belong tooo utlrklvh&vk"%;
Pathend angemtlage (G td) a onorthern pake vellow perch N

edibeiage ke ), ot g i e Les asasembilage (mlxmih

spree 1
N id It Lo t hoige W oot o d et Td bt A S e,
Mot 1abhia € 59 S0 G o | ke
Teen 500 54 24 IR AR 1 plrke
Unniamed 0 954 14 114 44 \ 1 prke
Gregqg 04 53 349 117 4 ] 1 prke
Unnamed 42 54 % 114 14 1 ] plke
Unnamed 2O 054 19 114 by 1 1 plke
Jackbish o o2 54 45 113 0 1 1 prke
Banana S 94 44 113 50 1 1 pirke
Lottty 60 54 43 12 oY ! I 1 pike
(1 ooked - 54 H4 HY [ T ] 1 1 pik(:
Ghost b3 54 42 113 4Y | ! 1 pike
Joenkans (O T/ S I A I i I 1 pike
Uniniamed 449 44 38 113 4, ! bs/fm
Unnamed 27854 13 R I i bhe /tm
nonamed 28 4 05 s 4 ] | bs ,/im
Unnamed 249 54 0 114 ¢ ! 1 bs/ftm
Unnamed 31 %4 06 113 47 1 ! bs/fm
Unnamed 43 54 26 113 08 1 ) bs/fm
Unnamed 45 54 39 113 38 ] ] bs/tm
Unnamed 11 53 3t 117 40 ] 1 bs/ftm
Unnamed 33054 17 115 031 bs/tm
Canoe 53 54 37 113 07 1 1 bs/fm
Unnamed 51 %4 36 113 12 1 1 bs/ftm
Unnamed 57 54 12 113 20 1 1 bs/fm
Spear 48 54 44 113 09 v ‘ bs/fm
Unnamed 41 54 41 113 36 1 1 1 bs/fm
Unnamed 44 54 44 113 40 ] ] 1 bs/fm
Sara 35 54 37 114 12 1 T bs/tm
Petite 03 53 40 117 45 1 1 [ bs/fm
Unnamed 07 53 16 117 48 1 1 1 bs/fm
Emerson 1253 44 117 50 7 1 1 1 1 bs/fm
Gods 47 54 24 113 3@ 1 1 1 1 mixed
Unnamed 52 54 32 113 41 1 1 mixed
Marlboro 15 53 33 116 S0 1 1 1 . mixed
Duck 56 54 38 113 57 1 1 ! 1 1 mixed
Beaver ’ 10 53 15 117 26 » 1 ] rare

bs: Brpok stickleback, (Culaea inconstans), fm: Fathead minnow,
(Pimephales promelas), np: Northern pike (Esox lucius), ws: white
sucker (Tatostomus commersoni), yp: Yellow perch, {Perca flavescens),
td: finescale dace (Phoxinus neogaeus), rd: Northern redbelly

dace, (Phoxinus eos), pd: Pearl dace, (Semotilus margarita),

— ‘.—_’_ . —— e ——ee —_— —
Id: lowa darter, (Etheostoma exile), bt: burbot (Lota lota),
rt: Rainbow trout, (Salmo gairdneri).
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Table o0 Siptclen Compesition over time 1n g subnhet

of six lakes where sampling was replicated 1n Mayv and
Auqust, TYHG and 1987 (Blanks: no samplinag done;

Bs: brook stickleback, Fm: tathead minnow, Np: northern
prke, Wo: whate sucker Yp: vellow perch, Id: lowa darter

D: dace spp.).

’ ‘

K
Sampling Date

Lake May "86 Auag "HG May 87 Auag THY

41 B, Fm,Ws Bs,Fm,Ws Bs,bFm,Ws Hs, BFm, W,

44 Bs,Fm,Ws Bs,Fm,Ws Bs,Fm,Ws

Sara Bs,Fm,D Bs,¥m,D,1d Bs,Fm,D Bs,Fm,D

Gods Bs, Fm Bs,Fm,Yp,Ws Bs,Fm,Yp,Ws Bs,Fm,Yp,Ws

Jenkins Yp,Np,Ws,Id Yp,Np,Ws,1d Yp,Np,Ws,Id

43, Bs,Fm Bs,Fm Bs,Fm Bs, Fm

4]

L
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Y

maintained populations for over a full year, both species
were considered part of the Gods Lake assemblage. Based on
the overall results of this resampling program, I concluded
that the sampling protocol was consistent and efficient at
catching Susceptigle species, and thus the results adequately

represented the composition of a lake's assemblage.

2.3.2 Pattern Analysis

Hierarchical clustering of the 35 lakes with fish
distinguished two major assemblage types at the 1% similarity
level (Fig. 2.4). Detrended correspondence analysis of éhe
lakes using species presence/absence (Fig. 2.5) also I
identified the two main assemblage types but, in addition,
identified three lakes that had a mixed species composition.
Each major assemblége type can be described by 1ts more
common and characteristic members: brook stickleback and

\

fathead minnow (Pimephales promelas) versus northern pike and

yellow perch. White suckers occurred twice as freguently 1in
pike/perch lakes than in stickleback/fathead lakes whereas
the three additional cyprinid species were restricted to the
latter assemblage type (Table 2.1).

Occurrence sequence analysis of the five most common
- species indicated that Qellow perch were found significantly
more often in lakes that were deeper, larger in surface area,

and lower in water color than lakes without perch (Table

2.3). Based on this result, I divided the previously
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Figure 2.5. Detrended correspondence analysis of 35 lakes
with fish. (Numbers around a symbol correspond to lakes in
Table 2.1; Lake 10 is excluded and 11S refers to Lakes
11,28, 29,31,33,43,45,48,51,53, and 57). P: pike/perch
assemblage, S: stickleback/fathead assemblage, M:
assemblage consists of specieg from both § and P).
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Occurrence sequences for the tive

30

L4

)

most common

fish species along gradients of each of eight environmental

varilables.

Species are classified as being concentrated

at the low or high end of a gradient, or distributed

throughout a gradient,

their patterns of presence and absence.

\
N

based on Mann-Whitney U-tests of

Environmental
varlable

Distribution of occurrence

o o low ‘ throughout i high
conductivity all 5 species x
inlet/outlet 5 specles
maximum depth 4 species perch
pH 5 species
phosphorus 5 species
surface area bs & fm 2 species perch
vegetation 5 species
water color perch 4 species
.o
x bs: brook stickleback, fm: fathead minnow,
yellow perxh, northern pike, white sucker.
B r'
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et 1t o ke anoembnage 1nto two sub o assemblages, namely,

poake conly Gt and pake perch o (n B0 Broeok stickleback and
Chthead rannows were found scanitbaicantly more often an lakes
Coma !l st tac e areal Al five Comnel Specles were

et o tased andependent ly acioss gradients of lake 1sdlatiron,

L, s phorus chcentrations, vegetation diversity, and
SRR R PVt
. ) A\ 4 . .
LoAvaLuate envitonmental didtaingtness of oeach
.
danentoiaae tvpe and farshiless lakes I appliled canonloaid
\ .

anaayvos s too the matoax of the er1aht selected envitonmental
Cartataes (Appendix D). The thiee dlakes with mixed
ancemliades, one lake with rtare speciles, and three @dkeﬁ with
s naing enviionmental data were excliuded (n- ). The first

£

Woaccounted for Jor oand 7% of

W canonloal variates, whic!
Chie amopgrdioup variance, respectively, separated perch lakes
/ [

omopake, stickleback fathead, and fishiess Iakeg}(Fiqure
S0 Classaitication of assemilage groups indicated that plke
and st ickleback fathead lakes had the lowest (40% and 60%
respectively), fishless lakes intermediate (75%), and perch
the highegt (88%) total percent correct classification. None
of the misclassified stickleback/fathead, pike, and fishless
lakes were misclassifiled as perch lakeé. The misclassified
perch lake was classified as a plke lakeg Pike,

stickleback.fathead, and fishless lakes did not differ

“.significantly from each other with respect to any

envirconmental variable ccdénsidered individually (Table 2.4).

All three did differ significantly from perch lakes with

"
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Figure 2.6. A graphic representation of a canonical
analysis of 38 study lakes using eilght environmental

variables. Lakes were groupcd into assemblage types f(and
fishless lakes) based on the results of classafication,
ordination, and occurrence sequence analyses. The three

mixed assemblage lakes, one lake with rare species, and
three lakes lacking complete environmental data were
excluded from the canonical analysis. (S: Stickleback/
fathead, Y: vyeilow perch, P: northern pike, F:

fishless lakes).
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respect to surface area and maximum depth. Overall, the
results of the canonical analysis indicated that pike,
stickleback/fathead, and fishless lakes show environmental
simidarity, whereas perch lakes ;’ne environmentally distinct.
1f stickleback/tathead, pike, and/or ftishless lakes could
occur at equal frequencies among the 30 environmentally
similar small, shallow lakes (excluding the ei1ght larger,
deeper perch/plke lakes; refer to Table 2.4), then there arve
significantly more stickleback fathead lakes, significantly
fewer pike lakes and an expected number of tishless rakes

(G=7.5%6, 2 d.f., P < 0.05).

[

2.4 DISCUSSION

Average fish species richness in small lakes of central

A}

Alberta was relatively low (2.4 species) compared with small
lakes of Ontarioc (e.g., 10.5‘, species, Harvey 1981) and
Wisconsin (e.g., 5.3 species, Tonn et al. 1983; 11 spegies,
Rahel 1986). This result was not unexpected because of the
great distance from major glacial refugia; (e.g., Mississippi
River Basin, Lindsey and McPhail 1986) and an 1ncrease 1n
climatic sevefity as one moves north. Despite low species
richness, I was still able to identify two distinct fish
assemblage types (brook stickleback/fathead minnow and
northern pike/yellow perch).

The most readily apparent difference between the two

main assemblages is the hearly perfect negative association
t
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between pike ‘perch members and most members of the
stickleback/tathead assemblage. Plscivores have been noted to
alter assemblage composition in small boreal lakes through
exclusion of predation i1ntolerant speciles (Harvey 1981; Tonn
and Magnuson 1982). As 1n north~ve?tral North America,
exclusion was limited to small-bodied species, e.g., brook
Stickleback, tathead minnows, and dace specles. The
intolerance of these specieg to predation has largely been
attributed to morphological traits (small maximum body size,
and or lack of spines), behavior, and physiology.

Species with relatively large adult body size can often
¢oexist with piscivore populations whereas species lacking
this size refuge do not (Tenn and Magnugon 1982). Rahel
(1984)'Suggested that golden shiners are exceptions among
small- lake cyprinids 1in Wisconsin; they are abl€ to coexist
with largemouth bass because ‘ot their capacity to attain a
large body size. The large adult body size of white suckers
may also contribute to their coexistence with pike in my
study lakes and elsewhere.

Another morphological adaptation that can reduce
predator effectiveness and thus aid in the coexistence with
predators is the presence of spines (Hoogland et al. 1957;
Reist 1980; Tonn and‘Magnuson 1982). Of the species caught in
the study lakes yellow perch and brook sticklebacks possess

¢
dorsal spines that may act as protection against piscivory.

Yellow perch may ultimately rely upon a combination of large

adult body size and dorsal spines as mechanisms to increase
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survival in the presence of northern pike. Even though
sticklebacks coexisted with pitke to a greater extent than
similarly-sized but spineless cyprinids, 1t 1is unclear 1f
stickleback spines alone provide protection from piscivory.
This is particularly dubious in light of the small spines of
Alberta sticklebacks (Nelson 1969) and the strong interaction

\wbetween predator/prey size ratios and spine effectiveness
(Reist 1980). Overall, increased coexistence with pilke

displayed by sticklebacks 1n the study lakes 1s mest likely a

result of combined effects of habitat uée, behavioral

responses to presence of pike (Reist 1980), and dorsal
splnes.
Fugitive species (Hutchinson 1951), lacking

morphological adaptations and thus easily preyed upon, may
develop adaptations allowing them to occupy marginal habitats
(e.qg., those haying a severe abilotic envifonment) and use
them as refuges’if predators (or Competiﬁors)‘are
physiologically excluded from these habitats (Svardson 19767.
For example, sticklebacks and fatheads occurred most ‘
frequently and pike least frequently in small, shallow lakes
that have the potential of freqguently undergoing winter-kill
(see also Tonn and Magnuson 1982; Henderson 1984).

Mixed assemblages may be exceptions in small Albertq
lakes, but their species composi%ion ma{ reflect té€mporary
conditions of the lake due to dynamic historic events. For
example, Duck Lake contained a large populLtion of pike but
relatively few ;tickleback and fatheads. Perhaps predation Byﬂ

. \

A
'
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recently immigrated pike had reduced but not yet eliminated
these species populations or the‘presence of a permanent pike
population has not allowed for the successtul establishment
of immigrant populations of sticklebacks and/or tatheads. The
former event may be more plausible because” local resiaents )
indicate that pike cannot overwinter in this shallow lake and
historically pike have undergone a spring immigration from
and a fall emigration to the nearby Ath;basca River.

Another mixed assemblage lake (Marlboro) had an abundant
population ot both brook stickleback and pike, suggesting
that some degree of coexistence is possible. In this lake
stickleback were found to occupy areas under floating mats of
vegetation. The ability to use vegetation and/or occﬁpy a
different micrchabitat than that of the predator may allow
small bodied species to coexist with pyedators, even jn
otherwise structurally simple habitats' (Clady 1974; Tonn and
Paszkowski 1987):. However, continued coexistencp in Marlboro
Lake may also require periodic disturbance; local residents
indicate that winterkill is historically freguent in-this
lake.

The effect of predation by pike on smaller bodied
species in small laKes can be reasonably explained by
dQ@blnlng knowledge of the environment with ecological and
moﬁb{glog1cal characteristics of the prey. &pe absence of
stick ebacks:uuifatheads from larger and more heterogenous

study lakes, which are less 1solated, contain abundant

reproductive habitat and are abiotically more benign than
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smaller lakes, may Similarlx be attributed to the combined
predatory effects of perch and pike. Certain pelagic

cyprinids (e.g., spottaill shiner, Notropis hudsdnius)

co-occur with perch and pike in some larger lakes of the
Athabasca drainage. As with brook §tickleback in Mdriboro
L?ke, this coexistence is likely due to reduced habitat
overlap with piscivores. Overall, the results of this study
suggeS@ that small species common to %pall, shallow Alberta
lakes are generally unaSﬂe to exploit within-lake habitat
refuges and are thus unable to coexist with pilscivores.

The ordered sequence of occurrence of yellow perch along
gradients of surface area and deptﬁ and the occurrente of
pike in small, shallow lakes that are environmentally similar
to stickleback/fathead lakes suggests that these latter three
species are more tolerant of loYer oxygen concentrations than
yellow perch. Northen pike have been found to be bétter
adapted than yellow perch for survivalwunder simulated
winterkill conditions (Petrosky and Magnuson 1972). Under
naturgl conditions, pike can avoid conditions of winter
hypoxia by emigration (Tonn and Magnuson 1982), altered
under—ice‘distributfons (Magnuson and Karlan 1970), and by
increased ventilation rate and reduced movement (Petrosky and
Magnuson 1972). Small bodied individuals and species have
also been shown to be more tolerant of hypoxic conditions
than larger fish because of reduced activity under the ice,
head shape, and emigration (Casselman and Harvey 1975;

Klinger et al. 1982; Magnuson et al. 1985).
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Even though the component species in pike (without
perch) and stickleback/fathead assemblages appear to have a
similar tolerance for severe conditions associated with
small, shallow lakes, significant differences 1in relative
frequencies of each assemblage type were observed. The low
frequency of pike and high freguency of sticklebacks/fatheads
in small, shallow Jlakes may be related tc the reproductive 
requirements of individual species (Scott and Crossman 1973;
Rahel 1984). For example, the absence of vegetated, bays oé
marshes and the frequent absence of juvenile pike from the
small, shallow lakes compared to large perch/pike lakes
suggests reduced pike reproduction. However, I found an
abundance of appropriate reproductive habitat in the small,
shallow lakes that could allow sticklebackénand fatheads to

Al

Maintain large populations. \

The greater than expegted occurrence of
stickleback/fathead assemblages 1in small, shall@w lakes may
also be associated with the life-long possession of small
Apdies by stickleback/fathead members compéred to northern
ptke, which are restricted to a similar body size (5—7cm) for
only the first few months after hatchiné (Scott and Crossman
1973). Thus, small sized stickleback/fathead members may usé
dispersal avenues that remain available throughout the year
(e.g., low surface run-off; Becker 1983), whereas pike mdy be
restricted to dispersing during periods of high stfeam flow

(e.g., spring spawning; Snow 1974). Overall, the combined

effects of these and other factors suggest that small,



40

shallow Alberta lakes are more suitable for and available to
sticklebacks/flatheads than northern pike.

Yellow perch, as a member of the pike asseleage, were
limited to deeper, larger lakes in the study set. Lakes of
this type may have a lower probability of winterkill
(Magnuson et al. 1985) and have been associated with a
greater abundance of prey and usable habiltat (Eadi1e and Keast
1984). Elsewhere however, perch are frequently found 1n
small, shallow lakes as well as larger, deeper lakes (Tonn
and Magnuson 1982; Rahel 1984). Why are perch largely
restricted to larger, deeper lakes in central Alberta?

Infrequent occurrence of perch in small, shallow Alberta
lakes may ultimately be related to differences in combined
effects of relative density, connectedness, and productivity
of these lakes. The Nortﬁern Highlands district of Wisconsin
contains a relatively high density of lakes, many of which
have inieﬁs/outlets, compared to Alberta. Alberta lakes are
also considered to be far more productive thaﬁ similagiy
sized Wisconsin lakes because c¢f major differences }n
phosphorus source and retention (Riley and Prepas 1984}.§ﬂ
Because oxygen depletion and subsequent f&sh'kills are
positidbly linked with increased productivity (Barica 1975;
Babin and Prepas 1985), shallow Alberta lakes may be
subjected to more freguent and severe winterkill events than
small lakes 1in norép-central North America. High productivity

coupled with greater relative isolation of small Alberta

lakes may result in higher extinction rates, lower
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colonization rates and reduced Oceurrence frequencies of
perch. In Wisconsin, winterkill of perch 1s frequently
incomplete; remnant perch popylations (primarily juveniles)
can survive and repopulate winterkill lakes (Tonn and
Paszkowski 1986) . Rapid re*coloﬁization from nearby lakes 1s
also more likely to occur.

The results of this study, combined with those from
Wisconsin and Ontério, indicate that despite significant
dit(gneqﬁﬁs among regions, relatively few environmental
vSW?ggggs éppear to be important in structuring fish
assemblages 3n small north-temperate lakes. In north-central
North America, combinations of pH, surface area (and 1ts
correlate habitat diversity), depth (or winter oxygen
concentrations), and lake isolation have frequently been
noted as being most ihportant in identifying or predicting

\\\ Jbkes containing different types of fish assemblages and/or

different levels of species richness (Johnson et al. 1976;
Harvey 1975, 1978, 1981; Tonn and Magnuson 1982; Rahel 1984;
Eadie and Keast 1984; Eadie et al. 1986). In -Alberta, I
similarily identified depth and surface area as important
environmental factors related to assemblage composition.

Some studies have also identified productivity, or
related factors, as being important in structuring fish
assemblages in north-central North American lakes (e.g.,
Gascon and Leggett 1977), but 1 found no evidence that
productivity, per se, influencéd assemblage composition. Most

of the species in the depauperate small-lake Alberta fauna

r
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are quite generalized in their diets (Paetz and Nelson 1970),
thus the limited effect of productivity-related factors may
reflect the lack of more specialized species that are able to
exploit additional resources available in more productive
lakes. -
In Lﬂé lakes studied, pH ranged from 7.0-10.0, well
ab:;e levels in most shield lakes (but comparable to
of f-shield lakes in Ontario; Harvey 1978, 1981). For most
fish species, pH at this level is not physidlogically
stressful and thus should not play a major role in directly
influencing assemblage structure. Somewhat more suprising 1is
ghe relatively low importénce in Alberta of factors
associated with lake isolation (the presence and type of an
inlet/outlet). An important difference between central
Alberta and other regions where isolation plays a key role in
structuring fish.assemblages is the fact that a large
pgopprtion (70%) of my study lakes had intermittent
inlets/outlets. The absence of historical data on flow
regimes in these streambeds ﬁ;de it impossible for me to
quantify the degree of stream intermittency. As a result,
equal treatment of intermittent streams may have masked the
true gontribution made by lake isolation in structuring
Alberta fish assemblages. Based on my observations, e.g, the
appearance of pike and suckers iﬁ‘Gods Lake following a
-period of heavy rainfall, it seems likely that colonization

or periodic recolonization of species can have important

consequ;hces to assemblage structure in small Alberta lakes.
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In contrast to these environmental factors, piscivory
appeared to be at least as important in structuring fish
assemblages in Alberta s ?n north-central North America. The
mutually exclusive or nearly exclusive co-occurrence patterns
of northern pike.and several smaller species was consistent
with patterns in other regions and points to a widespread
influence of the impact of predation on small-lake assemblage

compoesition. )

o o



3. SURVIVAL OF SMALL-BODIED FISH SPECIES IN THE PRESENCE OF

PIKE

3.1 INTRODUCTION

¥

Many studies have identified major groups of
environmental variables including lake severity,
heterogeneity, isolation, and productivity (Harvey 1978,
1981; Tonn and Magnuson 1982; Tonn et al. 1983, Eadie and
Keast 1984, Rahel 1986), that influence the species richness
and composition of fish assemblages in small lakes of
northern North America. The results of these.studies indicate
that fish assemblage composition and richness would be
accurately predicted if environmental variables were solely
responsible for their structure. In many regions howevgr,
some species are absent from accessible and environmehtally‘
suitable lakes (Harvey 1981, TOnn}and~Mégnuson 1982). One
explanation for such absences is the action of biotic
protesses} such as competition and predation. )

The rolerf‘interspecific competition in structuring
fi'sh assemblages in small northern lakés has been
;nvestigatea by e*amining populatioﬁ size and structﬁre
(Moyle 1973; Gascon andJLeggett 1977; Tonn 1983), resource

use patterns (Nilsson and Northcote 1981; wonn and Pazkowski

-

YR : :
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1
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»
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Howeve; , Specles that have a latge adult body size,
whih car serve as oo tetuge from prscivery (e.g., golden
shine: : Kahel 1984 mus: pass thirough smaller body sizes
dre potentially susceptible to predation (Becker 1983).
A}-sm, the presence. of spines on small tish may be a very
limited deterent to predaticon trom large plscivores (Reist
1980) . Reist suggested that for large (-18 cm) northern pike,

3
the morphology of brook sticklebacks is irrelevant and escape
behavior, initiated before contact, will be favored.
Potential similarities in body size and ineffectiveness of
protective morpholoay suggests that other mechanisms may
influence survival ot small bodied fishes. The main
objectives of this study were to experimentally determine

survival rates of similarly sized fishes in the presence of a

piscivore and to determine what species characteristics may
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be responsible for difterential survaval. Specatically, |
analyced survival of yeliow perch, brook stickleback, tathead
minnow, and fi1nescatle dace (Phoxinus nc'ml‘wus), alone and 1n

all possible species combinations, an the presence of

northern pike.

3.2 METHODS AND MATERIALS

All experiments were peirformed at Meaneok Brologioal
Research Station,. Athabasca, Alberta. For all experment o
survival was detined operationally as the ability of
individuals to live through a 48 h encounter with a single
plke.

Northern pike (2535 cm total length), minnows,
sticklebacks, and juvenile perch were collected by beach
seine from local lakes. Predator and prey fishes were held 1n

separate tanks (1.5 in diameter by 0.5 m deep). Plke were fed

northern redbelly dace (Phoxinus eos), and prey specles were

fed Nutrafin flaked fish food and/or frozen brine shrimp.
Seven pike were randomly selected from the holding tank

and placed individually into one of three 1.23 m X 0.5 m X

.
£

0.6 m or one of four 0.92 m X 0.5 m X 0.6 m tanks. Pike were
allowed to acclimate to test tanks for 3 d and were not fed.
In all experiments, I used prey 55-65mm total length to

provide the 25-35cm pike with optimally sized prey (Hart and
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Comne l Tan 1984) .

I conducted predation experiments tor each specles
cingly and for all palr wise, three way, and four way species
combinations. Ten replicates of each experlment were
pettormed. A trial began when 24 individual prey (equally
divided among species 1n a combilnaticon) were 1ntroduced to a

tank containing a restraitned prlke. After about 5 min, the

'S T
~ ~ : Coa
\Plke was released and allowed to teed until all 1ndividuals

(oingle specles experliments) approximately 5S0% (palr w:se),
1§ f ' )

f/ (three wayv), or 2%. (tour-way) of the prey 1individuals
wet e eaten, up to g maximunt of 48 hr. Iadividual prey that
e

: f
died (but not eaten) durina a tilal were removed and

teplaced. Prey were not lfed during experiments.

For each mult: species experliment, | assumed a priori
that there was eqgual survival across all species and tested
for heterogeneity and goodness of tit of prey survival using
G tests (Scolkal and Rohlf 1981). The heterogenelty G tests

) whether or not the results of the individual ttials in an
experiment are uniform whereas the pooled G i1ndicates the
degree of deviation of the combined results of all trials 1n
an experiment from the expected equal survival ratio. I also
tested for differences in mean numbers of individuals
surviving among species within each species combination and
among species combinations within each species using t-tests
and one-way analyses of variance. Statistical significance

will refer to P < 0.05, unless otherwise i1ndicated.

<
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3.3 RESULTS

In single specles trials, perch had a si1gnifircantly
higher mean survival than the other species 1n each ot tive
12 h blocks: all perch individuals were eaten within oU h
from tile start of a trial. Survival ot dace and sticklebacks
did not differ signifi(‘antl.y tor the tirst four 12 h blocks,
but both species. survived significantly bette: than tatheads
and remained up to 48 h. Fathead minnows had the lowest
overall percent mean survival, becoming ext inct within 3o h
(Fig. 3.1). '

G-tests tor heterogeneity indicated that the ten
replicate trials for each series of pair-wise, three way, and
tour way experiments did not differ significantly from each
other (Table 3.1). Thus, I combined trials for a particular
experiment and analyzed the pooled G statistics.

Only one speciles pair~wisé combinat ion
(stickleback/dace) failed to show significant differential
survs‘.'ggal {(Table 3.1 and Fig. 3..%). Inspection of individual
trials of the stickleback/dace experiment (Appendix 1v)
indicate that in five trials sticklebacks'experiegced greé%er
survival than dace, in four trials dace had greater
survivorship, and in one trial speciles survived equally. This
result is consistent with single species trials in that there

was not a significant difference\Petween the mean number -of

dace versus stickleback individuals surviving a 48 hr
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Table 3.1, Results of G tests analysing the
goodness-ot t1t and heterogeneity ot 10 trials of
cach possible species combination. The heterogeneity
G measures the uniformity among the 10 trials

whereas the pooled G measures the degree of deviation
of all trials combined from the expected survival
tat1o (parr wise 1:1, three-way, 1:1:1, four-way
f:1:1:1; Bs: Brook stickleback, Fm: Fathead minnow,

Fd: Fines®ale dace, Yp: Yellow perch).

A

Speciles Pooled Hetero.
Combination G S

Bs /Fm 20.39 x3» 07.5¢0
Bs /Fd 00.01 T1.16
Fm/Yp 43.25 = 03.90
Fm/Fd 10.60 2 04 .73
Bs/Yp 35,517 *» 02.18
Fd/Yp 17.09 =22 12,32
d.f. i i 09 )
Bs/Fd/Yp 17.30 =% 13.89
Fm/Fd/Yp 13,73 %% 03.86
Fm/Fd/Bs 28.02 =% 03.54
Fm/Yp/Bs 25.07 = 04.57
d.f. 2 18
Bs/Fm/Fd/Yp 15.10 *x 04.0Y
d.f. 3 27

*x P<< 0,01
d.f.: degrees of freedom
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Figure 3.2. Mean relative survival (and S.D.) of four prey
species over 48 hr, in the presence of pike, in all possible
pair-wise species combinations. Relative survival for a
species combination is presented in increasing order and as
the number of individuals surviving divided by the total
number presented (n=24). All non over-lapping means are
significantly different; tested using t-tests of original
data, P < 0.05 (F: Fathead minnow, D: Finescale dace, S:
Brook stickleback, P: Juvenile yellow perch).
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encounter with northern pike (Fig. 3.1).

Analysié of species mean survival across each pair-wise
experiment indicated that sticklebacks had significantly
higher survival when combined with a cyprinid than with perch
(Table 3.2 and Fig. 3.2). Likewise, survival ot dace was
significantly higher when paired with fatheads than with
perch, but the former survival rate did not differ from
survival with sticklebacks. Fathead minnows showed low
survival regardless of the species palr-wise combination,
whereas perch showed high survival regardless of the other
species with which they were paired (Table 3.2 and Fig. 3.2).

Survival patterns for each of the three species
combinations differed significantly from an expected survival
ratio of 1:1:1 (Table 3.1 and Fig. 3.3). Perch had
significantly higher mean survival than other prey in each
species combination (Fig. 3.3). Among remaining species, mean
survival was strongly dependent upon the species combination.
Fathead survival was significantly lower when sticklebacks
were present than when the latter were absent and dace
present. Dace éurvival was significantly lower with perch -
than without (Table 3.2). When the number of individuals of
each species surviving versus tpe number eaten is compared
among pair-wise and three-way experiments using a 2 X 2
contingency test, only perch showed a significant increase 1in

the proportion of individuals surviving in three-way

experiments (G= 21.803, P <0.01). B



Tabidle o0, Mean Suirvival (number of tndividuars)

of cach specaes an the presence of ke, aciosy
all posaable poarr wise and three way combinat 1ons.
For cach combirnat ron, ditferences, SUween Mealls, wep e
tested using ANOVAL Means not saanificantly ditterent
ate gJoerned with o bhoaro o (Reter to Fagls S0 and L3 m‘
Pins Pathead mnnow, Bu: Brook  <tackleback,
Fdo Finescale dace, Yoo Yellow jeroh),
Speocres Mcan
('Ulllfr)lll.x( 101 N (# 1nd) Var . (p - 0.09)
Fin Be 10 04.00 ot l

Y 0 04,00 TLss ’

td 10 0% .20 3004 I
B, Yo 1o 83.00 1. 11

bl 10 Ot . 70 VAR l

Fin 1 0910 04
bl Vi 10 0% .00 G .84 ‘

B 10 Ot 8O Jobd

Fin o 08 .60 2.7 l
Yp Fin e 10.20 0762 ‘

td 10 10.30 1. 34

Bs 10 10.40 1. 38 l
Fm ‘Fd Yp 10 02.30 0.23 '

Bs Fd 10 02.40 0.7

Yp Fd 10 04.10 (.98
Bs Fm ¥4 10, 03.50 1.17 !

Yp Fd 10 05.10 2.67 I

Yp Fm 10 05.30 0.23
Fa Bs Yp 10 03.50 4.98 |

Yp Fm 10 04.80 1.56

Fm Bs 10 07.10 0.54
Yp  Fm Fd 10 07.40 0.49 |

Bs Fm 10 07.70 0.23 " |

Bs Fd 10 07.80 0.18

f each species offered

+ 12 1ndividuals o
ls of each speclies oftered

+ 08 1ndividua



Rt LATIVE I ‘

SURVIVAL
05

Figure 3.3. Mean relative survival (and S.D.) of four prey
species over 48 hr 1n the presence of pike, in all possible
three-way species combinations. Relative survival for a
species combination is presented in increasing order and as
the number of individuals surviving divided by the total
number presented (n=24). All non over-lapping means are
significantly different; tested using ANOVA of original
data, P < 0.05 (F: Fathead minnow, D: Finescale dace, S:
Brook stickleback, P: Juvenile yellow perch).
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When all species were available simultaneously, survival
was significantly different from an expected survival ratio
of 1:1:1:1 (Table 3.1). However, only fatheads showed
significantly lower mean survival than the other three

species (F=31.16, 3, 37 d.f., P < 0.01; Fig. 3.4).
3.4 DISCUSSION

The ordering of species survival in pair-wise,
three-way, and four-way experimenﬁs was generally consistent
with diff;rential survival among the four prey species tested
individgally. Generally, perch had the greatest, sticklebacks
and dace intermediate, and fatheads the lowest survival.
Differential survival may have been a result of innate
predator preference and/or behavioral or morphological
characteristics of the prey.

Qualitative observation and comparisons with similar
studies strongly suggest that the most susceptible species,
fathead minnow, was most accessible to northern pike. Loose,
constantly-moving groups of fatheads tended to concentrate
off the tank bottom, in close proximity to a resting pike~
(see also Mauck and Coble 1971). Because northern pike rely
heavily upon vision for prey capture (Hoogland et al. 1957;
Christiansen 1976), low fathead survival was probably due to

the swimming pattern of fatheads (continual changes in

) .
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direction), which may have of fered frequent and strong visual
stimulil that would illicit a predatory response (We%b and

Skadsen 1980).

In contrast, perch survival may have been highest due to
o
a combination of morphology (dorsal spines), reduced
movement , and their location high in the water column along

.

tank sides. Moody et al. (1983) describe very similar
laboratory behavior and distributions for bluegill and
fatheads in the presence of tiger muskellunge (Esox species).
They concluded that low bluegill and high fathead
susceptability was due to avoidance behaviors, escape
tactics, and kank distributions.

Generally, dace and sticklebacks exhibited similar
intermediate survival when compared to fatheads and perch.
However, dace tended to aggregate at tﬁe water surface,
potentially reducing their'fréquency of encounter with pike
which remained on the bottom of the tank. In contrast,

‘sticklebacks which also remaiﬁed on the bottom of the tank,
were obtserved to freqguently remain motionless or move very
little, thus potentially offering few vfsual strike cues for
pike (Webb and Skadsen 1980). These qﬁalitative differences
suggest that these species may use different strategies to
obtain similar survival rates in the presence of pike.
Eurther testing is required to quantitatively determine .the
mechanisms used by dace and sticklebacks to produce similar

intermediate level of survival relative to perch and

 fatheads.

v
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Changes in a species' survival can be dependent upon the
identity of associated species (Mauck and Coble 1971). For
example, when dace were present w{th fatheads, the latter
species tended t@ shoal with the’dpce near the water surface.
This reaction may have increased ;athead survival (though not
significantly) by reducing the frequency of encounter with
pike and because safety from predators increases by
associatina with a rarger shoal (Godin and Morgan 1985;
Morgan and Colgan 1987). Even though the resulting mixed
speciés shoal would potentially be more vulnerable to
p;edation than a single species shoal (Allan and Pitcher
1986), dace survival was also higher when fatheads were
present than when they were absent. In the experiments where
dace were absenf, fatheads continued to aggregaté near the
tahk bottom thus maiﬁtaining a high frequency of encounter
with pike and a low overall survival.

AY

A trend in the species combination experiments is the
overall lower ;urvival of the spineless cyprinids when
combined with species with spines. However, one exception
occurs when sticklebacks are combined with the two cyprinids.
- In this experiment, mean dace survival increases
significantly when fatheads and sticklebacks are both present .
. relative to when only one or the other latter spgpies is
combined with dace and perch. In contrast, the survival of
the both fdtheads and sticklebacks is significantly lower

when combined with dace relative to their survival in at

least one of the other three-way species\combinations with
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tedator has not been determined.

=

these experimental prey species

manipulations compare favourably to survival of the prey
observed in natural eavironments. In many small northern
boreal lakes yellow perch frequently occur with northern pike
(e.a., Harvey '978,1981; Tonn and Magnuson 1982; Rahel 1984).
v . .

In contrast, brook stickleback occur only slightly more
trequent iy than fathead minnows and finescale dace, both of
which rarely occur in the same lakes as northern pike. Even
though the mechanisms responsible for differential survival

were not identified, these experiments give support to the

hypothesis that piscivory 1s responsible for malntalning an

4
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exclusive occurtence of piscavores and spaney tishes versus

predation 1ntolerant small bodied specres. Tt o 1s amportant te
teMember that 1n natural systems, enviconmental complexaty,
Tite history patterns, and habitat use, ameng other tactors,
also play major additirenal roles inointluencina the

coexistence of various species.,
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4. GENERAL CONCLUSIONS

The tesults of this study support and extend results
from other regirons 1n demonstrating that aspects related to
envitonmental severity (maximum depth), habitat heterogeneity
(vurtace atea) and, te a lesser extent, lsolation (presence
and type of inlet outlet) have widespread intluence 1n
Gtietuiing tish assemblages 1n small north temperate lakes.
Pdent s tication of o small number of local environmental

fGaiter s that influence fish assemblages 1n several .

o th temperate regions may be, 1n part, due to inherent
latacteristios associated with the 1nsular nature and
“tiuctural simplicity of small lakes and their conservative

tesponses to common aspects of the north temperate climate.
In contrast, regional tactors such as edaphic 3nfluen€es on
productivity and water chemistry (pH), the relative isolation
ot Alberta trom glacial retugia, and the generalized nature
of the Alberta fish fauna may have minimized the richness of
individual assemblages, the number of distinct assemblages
and ‘or the discriminatory power of the analyses, relative to
other regions of North America.

The influence of piscivory in structuring small Alberta
lake assemblages was also consistent with that observed 1in
north-central North America. The strong, direct,
assemblage-level effects of piscivory on these systems may be
related to small population sizes and/or simple lake habitats

in combination with the presence of small, vulnerable

species. The laboratory experiments performed, strongly
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suppert the hypothesis that piscivory 1s largely respensible

for the assemblage level patterns observed. Overall, this
study, based in a region of northwestern North America
hundreds of kilometers trom where previous studies ot tish

assemblages 1n small lakes have

concentrated, cleatrly 1eveals

that the structure of these assemblages bedr the 1mprints of

both local and regional 1ntluences.
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Appe ity . Tyir o ol samplaing gear o used an o cach of  the
o ) o
a0 dakes ancluded oo this study . Ftaps and nets were lelft an

@ dake for 18 to 28 hours, socluding overnighe

. . ;-

Gear t ype Dimensions Numbe r Locatron 1n pond

Minnow trap 44 .9 cm long 40 unbarted, 1n parcrs.
23 cm diameter on bottom

Fyke nets 4 m x 1 m lead 5 perpendicular to
U.6 cw mesh shore

76 cm hoops

Gill nets 38 m long N parallel to shore in
1.8 m deep 2m ot water »
* panels: 1.3,
. 1.9,2.5,3.1,
8.1 cm meygh
Trammel net 37 m long 1 parallel to shore 1n
1.2 m deep 2m of water #
» 20 cm walls ’
. 2.5 cm mesh
Beac,’!eine 8 m long 1 6 15 minute selnes on
S mm mesh hard bottomed areas #
* if available
5
N
) b
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Appendix 11, Physical and chemical limnological i1information
collected for each ot the 45 study lakes sampled in Alberta.

CHEMICAL MEASUREMENTS : PHYSICAL MEASUREMENTS
*+ Total dissolved phosphorous *+ max1imum depth
* Apparent water color x surface area
* conductlvity shoreline length
* pH altitude
secchi depth * inlet/outlet

* Vegetation:
macrophyte diversity
macrophyte abundance

* Selected for further evaluation in species occurrence
sequences and canonical analyses.
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Appendix I11. Morphometric and limnological characteristics
of the 45 lakes sampled within the Athabasca River Basin.
Refer to Table 2.1 for speciles compostition and lake name.
(Blanks: no data collected).

1d pH Color Cond Max z Surf{ A Veqgx Phos Inlet»s
{wupt /L) (wS/em) - (m) o (he) o lugsL)
003 8.20 002.50 197.00 04.00 011.25 05.00 013.90 0.00
004 7.90 012.50 321.00 04.50 006 .43 07.00 026.00 2.00
007 8.70 010.00 458.00 03.00 010.83 06.00 021.30 0.50
011 8.00 050.00 255.00 01.50 oo%.75 05.00 019.10 0.50
012 7.82 050.00 317.00 07.25 007.50 06.00 016.30 0.50
025 7.30 010.00« 300.00 07.00 051.25 07.00 050.00 0.50
027 7.50 006.00 282.00 02.00 007.50 07.00 058.00 0.50
028 7.65 015.00 484.00 02.75 025.00 08.00 045.00 0.50
029 8.33 030.00 370.00 03.00 030.20 07.00 065.00 0.5Q
030 8.05 015.00 364.004 07.00 028.75 06.00 024.00 0.50
031 8.09 020.00 380.00:1¥03.00 024.17 08.00 030.00 0.50
0332 8.00 010.00 415.00 07.00 043.33 06.00 040.00 0.50
035 8.50 010.00 215.00 J6.00 090.00 08.00 029.30. 0.50
041 8.10 030.00 330.00 09.00 007.50 07.00 036.50 0.50
044 9.10 100.90 080.00 01.50 029.20 06.00 080.00 0.50
050 7.81 025.00 270.00 08.40 036.25 07.00 028.00 0.00
052 8.00 070.00 260.003 04.00 016.25 06.00 088.00 0.50
055 8.10 010.00 212.00°% 16.70 057.50 06.00 016.40 2.00
061 8.97 015.00 261.00 13.00 090.00 06.00 026.00 4.00
062 8.20 020.00 210.00 06,00 085.00 06.00 021.40 0.00
063 8.60 020.00 293.0 13§p0 095.00 06.00 049.00 0.50
054 9.20 050.00 260.00 07.40 080.00 09.00 057.00 6.00
042 .68 050.00 400.00 02.00 012.00 ©08.00 100.00 2.00
043 ig15 020.00 236.00 04.75 018.00 11.00 086.30 0.50
048 9.03 007.50 -174.00 7©2.00 010.00 06.00 043,10 0.50
049 7.50 100.00. 248.00 04.60 003.75 07.00 074.00 0.50
051 8.10 040.09 01.50 014.00 . 070.00 0.50
053 9.30 040.00 417.00 02.40 100.00 08.00 500.00 0.50
057 02.50 062.50 08.00 0.50
060 8.60 03Q.00- 300.00 07.00 070.00 05.00 172.00 0.50
064 6.82 030.00 096.00 04.50 062.50 06.00 060.00 2.00
045 7.70 070.00 190.00 02.70 010.00 06.00 360.00 0.50
100 8.12 235.00 01.75 002.50 05.00 0.50
101 8.30 007.50 254.00 O1.75 100.00 06.00 020.40 0.50
102 7.50 070.00 115.00 01.75 002.50 04.00 015.90 0.00
103 8.00 . 055.00 315.00 02.50 010.00 06.00 119.00 0.00
104 8.18 020.00 289.00 06.75 020.00 06.00 036.00 0.00
105 7.90 100.00 139.00 01.00 042.50 07.00 065.00 0.50
106 6.78 040.00 157.00 02.00 042.50 10.00 .040.00 0.50 *
107 8.10 020.00 453.00 10.00 006.25 06.00 045.00 0.50°
108 9.13 080.00 266.00 01.00 006.25 05.00- 085.00 0,50

+ fishless lake : -

++ data collected from discrete basin within lake. .

* higher number = greater macrophyte divesity/abundance.

** 0: absent, 0.5: intermittent, x/2: number of inlets/outlets.
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