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INTRODUCTION

This year's annual report has been expanded into a
combination report and newsletter in an effort to provide
a vehicle for ecommunicating not only a record of Biology
Station. use during the year, but also synopses of research
projects, publieation lists, etc, that should be of interest
and value to those who use the Station., I have made an
initial step in pubting together a complete bibliopraphy
of theses and publications that have emanated from work
done at the Blology Station., TIncluded in this newsletter
are those I know about, largely from Queen's. . I would
appreciate additions to what I realize must be a very in-
complete list. Also, as before, I would like reprints and
copies of theses based on Lake Opinicon area research so
that a colleection of this literature can be maintained in
the Field Station Library.

Two years ago it was suggested a bench fee might be
instituted so that a portion of the maintenancc coste of
the Station might be shared by non-Queen's users. A modest
fee of $20.00 per student or staff per month has been added
to the 197( fee schedule (see Table 5). This fee should be
chargeable to research grants, and should not impose a
hardship on individual student researchers. If current
research budgets do not include sufficient funds to pay this
fee, it may be wailved, but it should be included in future
requests to granting agencies for research to be conducted
at the Field Station, Other changes in fees ineclude an increase
of $10.00/month for board and room, and a 50 cent per night
increase for single night accommodation.

As before, field modules in the Ontaric Universities
Programme in Field Biology made extensive use of the Station
as summarized in Tables 1 and 1l.1. Research use is summarized
in Table 2 and conference use in Table 3, Many of the
resident research students were instrumental in organizing
a seminar seriles this summer, and the list of speakers
and topics appears in Table L.



"NEW LAND"

1000 Acre - Terrestrial Research Tract

During 1975, the "New Land", our recently acquired and
still unnamed research tract at the Southern end of Lake
Opinicon, became an integral part of the Biology Station.
Classes in Plant Ecology, Avian Ecology, and the Ecology
of Small Mammals made extensive use of the land as did
research projects on Redwinged Blackbirds, Cowbirds, Tree
Swallows, Plant Succession, Insect-Goldenrod Interactions,
and Bats. A fund raising campaign with the theme "Buy
an Acre" (for $70.00!) has resulted in contributions of
from 1/2 to 30 acres from a number of Alumni and Friends
of Queen's.

The generous gift from Mrs. G.E. Graham, (Dorothy Dowsley
Graham, Arts '27) and Mrs. R.H. Bissel (Marjory Dowsley
Bissell, Arts '28) was given in commemoration of their
father, William Clinton Dowsley, MA Queen's 1898. An especially
beautiful and interesting pond on the new land has been named
"Dowsley Pond" in honour of Mr. Dowsley. A sketch of part
of Dowsley Pond, by one of our summer student residents,
Kathleen Graham, graces the cover of this newsletter.

Following is a list of donors who made contributions
for the purchase of land during 1975:

Mrs. M.R. Benson W. Fred Hampton

Mrs. R.H. Bissell Charles A. Lewis

Mrs. David H. Brind Mr. R.D. Lisk

Dr. L.H. Colinvaux Mrs. M. Fleanor MacMillen

D.W. East Alan B. McBurney

Miss Mary E. Elliott Mrs. Norman Miller

Mrs. F.J. Fortune D.G. Thacker

Mrs. G.E. Graham Dr. L.K. Weresub

Queen's Alumnae Branch Kinggton Horticultural Society

The staff and students who use the Biology Station are
grateful for all of these contributions which have made
possible the purchase of this land which is so important to
present and future research and teaching in Ecology at
Queen's.



Synopses of 1975 Research Projects at QUBS

Colgan, P,W., Studies in Fish Behaviour. Biology Department,
Queen's University.

Gross, M. Dynamics of aggression in pumpkinseed sunfish
(Lepomis giblosus) over the nesting phase.

This season's work was a continuation and expansion of
that of the previous season on changes in pumpkinseed aggression
during nesting, This project is one of several on-going field
studies into the motivation of fish behaviour. Nests were
marked as they appeared, and the owners were tested daily by
presenting a "Normal" painted-wood model of a pumpkinseed and
one of the "Subordinate", "Aggressive", "Pike", and "Minnow"
models, Data were collected for 49 fish over the entire nesting
phase. Analysis showed that the data were free of confounding
effects from several possible sources (time of day of testing,
individual difference, colony difference, anmual differences).
Sunfish undergo great changes in aggressive responsiveness over
the nesting phase, with aggression being relatively low during
the initial territorial and final vacating periods and very high
during the intermediate spawning and brooding periods. The
test fish treated the models as conspecific or heterospecific.
Positive correlations among the four dominant responses
recorded (Approach, Retreat, Opercular Spread, and Bite) in-
dicated a unitary intraspecific aggression system. External
and internal stimuli combine additively to elicit aggressive
reactions,

K. Brown. Preliminary investigation into the behavioural
ecology of rock bass, Ambloplites rupestris.

Preliminary experiments were run to investigate the
feasibility of studying the behavioural ecology of rock bass,
Ambloplites rupestris, in Lake Opinicon. Fish were seined
garly in the season and held in a large pool and a penned
off section of the lake, This was to facilitate observation
of nesting and reproductive behaviour. As well, nesting
of rock bass in the lake was monitored each day by snorkelling,
The results were disappointing as the rock bass in captivity
failed to nest for no apparent reason, and only minimal data
were obtained from the rock bass nesting in the lake because
they occur in such low numbers, It was concluded that Lake
Opinicon is not a good study site for rock bass but that
perhaps the project would be feasible for a long~term study.

Succession of terrestrial ecosystems. Biology

Harmsen, R,
Department, Queen's University.

A new project was initiated in 1975. It is a long term
project with invelvement from several biology staff. Its
objective is to follow ecosystem structure and dynamics over
a twenty year period, as deserted farmland reverts to forest.
Ms, Haywood was hired to execute the surveys of insect

opulations in several research plots under_S%pervi"ion of
ﬁr. Reid The vegetation analysils was carried outb ﬁy Dr,
Crowder and students., So far only Solidago communities (old
school house site) are being studied, but next year open
ground and grassland communities (cemetery site) will be
included, Mammalian and Avian populabion dynamics will be
included in the surveys. In 1975 the project was coordinated
by Dr. Harmsen. The samples were analysed by Mr. D. Reid and
M.S. Davy in Earl Hall
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Project 2: Population regulation of tent caterpillars

In May and June, Ms, Haywood executed a series of controlled
field experiments, establishing mortality factors of Malacosoma
disstria first instar larvae in various habitats and Tq various
population densities. A site near the field station was used.

The results failed to refute our hypothesis of wetland
refugia: that M, disstria can suffer low mortality in wetlands
and that in dry conditions low population densities suffer more
severe mortality than do high density populations,

Keast, J.A. Studies on the Lake Opinicon Fish Fauna, Emphasizing
Resource Subdivision. Biology Department,
Queen's University.

J. Harker., Prey Selection Relative to Availability and Size:
A Comparison of the Feeding of Four Inshore Fish
Assemblages in Lake Opinicon, Ontario., M.Sc. thesis,

Four inshore sites were sampled for fish and invertebrates
over a 9 month period, May to November. Diet analysis of the 7
major fish species showed that the diet changed both temporally
and spatially, Diets were generally more varied in the weedy
habitats which hosted a greater and more diverse invertebrate fauna.
The seasonal cyecles in feeding could be directly related to the
body sizes of the food organisms for each species of fish,
Fluctuations in Niche Overlap Indices between several fish species
were caused by changing prey availabilitles and varied according
to habitat richness.

The field research for this project was done during the
summers of 1973=197L; the final draft of the thesis was completed
this past summer, 1975, at the field station.

D, Turnbull and J, Harker. Seasonal Patterns in Odonate
Emergence relative to Habitat Type.

Adult Anisoptera and Zygoptera were collected with nets
during May, June, and July at 10 different sites around the lake
and on the New Land, Tetragoneura spinigera was the most common

ob

dragonfly apecies found, oughout the sampling period and
at all sites. FEnallagma boreale was the must abundant damselfly
found, occurring ab 5%? 10 sample sites. Rare species showed

definite habitat preferences. For example, Enallapma hageni
was only found in grassy areas on the New Land wEiEe Lesées
rectangularis occurred only in Cow Island Bay.

These data will later be correlated with the distribution

of (aquatic) Odonata nymphs which have been collected in previous
summers.,

Robertson, R.J. Reproductive Strategies in Birds, Biology
Department, Queen's University.

Three somewhat separate, yet inter—reldted projects on avian
ecology were based at the Blology Station in swmmer 1975, Patrink
Weatherhead completed his M, Se, thesis research on Redwinged
Blackbird mating systems. Karen Clark studied the functional
role of alarm calling for nesting Yellow Warblers and attempted
to determine how nesting density and the response of neighbouring
birds to alarm calls influenced nesting success. Since Cowbird
parasitism is an important factor determining Yellow Warbler
success, this project related closely to the investigation of
Defenases Against Brood Parasitism by Hosts of the Brownheaded
Cowbird that is being carried ont Ly Richard Norman. Our
avian ecology group and a number of oLher students at the Station
were also involved in the Tree Swallow nest box study that was
establighed at Dowsley Pond and Beaver Marsh on the New land.
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This project was greatly aided by Kathleen Graham and Julia Berg,
two students from England, who spent the summer working at QUBS,
Geoff Holroyd kindly provided the nest boxes, and he, Liz

Karen Brown, Frank Phelan, Richard Norman and Pat Weatherhead
set up the boxes in early April before the Swallows arrived.

P.J. Weatherhead. The selective advantage of the polygynous
mating system of the rewinged blackbird
(Agelaiue phoeniceus).

The 1975 field work concluded a study initiated the previous
summer at Lake Opinicon. Over the two years 381 nests' in 97
male territories were observed, Nest success was found to be
directly related to territory quality as determined from
nest-site parameters and inversely related to breeding density.
Harem size was not correlated to either territory quality or
breeding density indicating that females were not always choosing
the territories which offered the best chances of successful
reproduction., For this mating system to be selectively advantageous
it was postulated that females that appeared to have made a poor
choice were influenced to do so by the territorial males.

AMthough lowering their chances for reproductive success in the
1st generation they actually gained an advantage by producing
male offspring that would inherit their father's ability to
procure large harems. Behavioural testing of territorial males
conducted in 1975 verified that major behavioural differences
existed between males and that these differences were strongly
correlated with the males' actual success in recruiting females,

Clark, K. The significance of alarm calling and nesting
density in the Yellow warbler,

A pilot study ko determine the survival value of the
alarm calls given by Passerine birds, with emphasis on the
Yellow Warbler (Dendroica petechia), was performed at several
areas around Lake Opinicon. The study was concentrated at a
15 hectare plot of land along the shoreline of the North-East
Fish Sanctuary. Recordings of the alarm calls of the Yellow Warbler,
Robin and Redwing, and the chatter of a female cowbird were played
at Yellow Warbler nests. The responses of all species to the
tape recordings weregcared togive a value for the intensity of the
response at a nest to an alarm call, or in the case of the female
cowbird chatter, — to the response of a brood parasite. These
scores were then related to nesting success, predation pressure,
and incidence of brood parasitism. Alarm calling was found to be
important in reducing the ineidence of brood parasitism., Further
experimentation will be necessary to draw any relationships
between predation and alarm calling.

Norman, R.F. Behavioural ecology of the Brown-headed Cowbird.

The field experiments conducted in the summer of 1975
completed a 3 year study on the selection relations of host
aggression and incidence of parasitism, Experimentation involved
testing the aggressiveness of various potential cowbird hosts by
placing freeze-dried cowbird mounts beside host nests and scoring
host behavior on a scale of aggressiveness. It was found that
the most heavily parasitized hosts are most aggressive, and
aggression is an effective anti-parasite defense in high density
host populations. The experimental results support the notion
that host aggression is largely innate, however there is suggestive
evidence that a minor learned component is involved, This
intriguing possibility and its relation to general anti-predator
behavior will be studied in 1976, :

The research also included banding and individually marking
50 cowbirds in order to monitor daily activity, home ranges, host
densities, and other aspects of the parasite strategy of the
Brown-headed Cowbird.



Tree Swallow - Hole-nesting Bird Study

In early spring, a grid of 30 nest boxes was set up
through a habitat transition of meadow, wood, marsh at both
Dowsley Pond and Beaver Marsh. Another 17 boxes were
erected on the Station peninsula, Nest box occupancy nest
building, incubation, and brooding were monitored by bi-weekly
visits throughout the nesting season in an effort to
determine habitat selection and other parameters related
to the reproduction of hole-nesting birds. MNest occupancy
for this first year of the study was 4O0% for Beaver Marsh,
including & Tree Swallows, ? Bastern Bluebirds, and 2 Blackcapped
Chicadees; 30% for Dowsley Pond, inecluding 7 tree Swallows
and 3 HNastern Bluebirds; and 41% for Station Grid ineluding
ly Tree Swallows and 3 House Wrens.

Fenton, M,B. Feeding ecology and habitat use ~ studies of
bats and birds. Department of Biology, Carleton
University, Ottawa, Canada.

During the summer of 1975, we continued several projects
relating to feeding ecolopy and habitat use by bats and birds.
This year, several discrete projects were involved: 1 analysis
of prey selected by Myotis lucifupus by examination of feces — B, 3c.
Honours Project, J.J. Belwood; 2 testing of light tags
as a technique for studying habitat use by bats - B.S¢., Honours
Project, M, Harrison;j 3 responses of arctiid moths to the zounds
of bats, and analysis of the sounds of these moths — M. Sc. project,
Jo.H, Fullard; and % feeding ecology of Belted Kingfishers - B, Sc.
Honours Project. e also made some attempt to study the responses
of bats to fireflies - these were not entirely successful.

Belwood, J.J. Some aspects of prey selection by Motis Lucifugus
(Chiroptera Vespertilionidae).

On the basis of quantitative and qualitative comparison
of insect remains in bat feces and populations of nocturnal insects,
it is obvlious that M. lucifugus exhibits great flexibility in
the way it selects Tood. Iafﬁt M. lucifupus of both sexes fed
mainly on small dipterans, particularly mléﬁes, but when
populations of these insects were low, also ate moths and caddis
flies. In any case, the bats appeared to feed on locally abundant
insects, with lactating females apparently selecting large
individual prey items. Juvenlle bats fed on a greater variety
of insects which could reflect a lack of familiarity with good
feeding locations, Populations of M, lucifugus in northern Ontario
(Dorion) behaved more like juveniles a¥f CEaT%eys Locks with
respect to feeding, as they fed on a larger variety of insects
than adults of this species in southern Ontario.

Harrison, M. An evaluation of light tags as a means »f ustudying
bat ecology.

By attaching small glass spheres (10 mm outer diameter)
filled with a chemiluminescent fluid to the ventral surfaces of
bats (using 'Branding Cement' as a glue), it is theoretically
possible to follow the flights of individual bats. This
technique is most valuable in areas of good visibility (over
water, fields, etc.), but is of limited use in forested areas.
The light tags do not -appear to severely hamper the bats in their
activities, and using a bat detector we were able to establish
that tagged bats fed in a 'normal® manner. To effectively use
this technique around Chaffey's requires several people, preferably
in contact by 'walkie~talkie'. The results of this summer's work
will be used as the basis for further research next summer.
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Fullard, J.H. Sounds of the Arctiidae (Lepidoptera).

Using a high speed (30 ips) tape recorder and appropriate
microphones and amplifiers, I was able to record the sounds
of 16 species of arctiid moths, and to determine that another 6
species did not make noise. These data are now being analysed
to examine the relationship of the noises produced with the
structure of the noise makers. The sounds appear to be part
of an aposematic disglay, directed in at least some instances
at bats. Behavioural research of last summer included
experiments designed to determine the responses of moths
to the noises of conspecifics and others, and the responses of
bats and insectivorous rodents to moth sounds,

Allan, J.L. The feeding and breeding ecology of the
Belted Kingfisher,

This research was conducted only in part at the Biology
Station, the other study sites having been located in and around
Ottawa. Ten of 21 nests examined (both active and deserted)
were located in artificial settings such as gravel pits and road-
cuts, and the rest in natural river banks. Wishing efficiencies,
expressed as percentage of successful dives per total dives
madg, were similar for rural and urban sites, and adults of
both sexes had similar performances, with a slight enhancement
of efficiency after the fledging of the young. Juveniles
were si?nificantly less efficient (14%)., Males dive most often
making 62% of the observed dive before and during incubation, 88% of
the observed dives during brooding, and 76 after fledping
of the young. Analysis of perches ured for hunting showed that
adults preferred overhanging structures without obstructions and
are most successful in dives from perches 8 to 10 m above the
water, . Juveniles use lower perches, and their rates of
success decline sharply when roosts greater than 2 m above the
water are used.

Barr, D. Taxonomy and ecology of water mites. Associate Curator,
: Department of Entomology and Invertebrate Zoology, Royal
Ontario Museum, Toronto.

During 1975 a project to study water-mites was begun at
Lake Opinicon. Under the supervision of Dr, Barr, Nancy
Gerrish worked in close conjunction with Pia Pehtla in the
project described below.

Gerrish, N, Parasitic strategies of water mites in the genus
Arrenurus. M.Sc. research, Univ, of Toronto.

Oliver, D.R. and Ian Smith. Water-mite: Chironomid Interactions,

Biosystematics Research Institute, Research Branch,
Agriculture Canada, Ottawa.

Pehtla, P, In an M.Sc., programme at Carleton under the
Adjunct Professor supervision of Drs. Oliver and Smith of
Agriculture Canada, Pia did a study of the host-parasitic
relationship between a water-mite genua (Oxus) and chironomds -
concentrating on host specificity, resource sharing, and
concordance of life-cycles of the two groups.



B.Sc thesis from research done at QUBS

Mlan, L.J. 1975. The feeding and breeding ecology of the
Eastern Belted Kingfisher. B.Sc., thesis, Biology Dept.,
Carleton University. 24 pp.

Bardach, J.H. 1944. The reptiles of the Lake Opinicon district.
Biol. 19 Project report. 21 pp.

Belwood, J.d. 1975. Some aspects of the feeding habits of
%xotis lucifugus (Chiro§tgrg:Vespertilionidae . B.Sc., thesis,
tiology Department, Carleton University. 30 pp.

Dickinson, T.E. 1975, Patterns of resource utilization and
certain ecological aspects of brood parasitism shown by

the Brown-headed Cowbird. (Moluthrus ater). B.Sc. thesis,
Queen's University, Biology Dept. 38 pp. :

Fenton, M.B. 1965. The distribution of small mammals relative
to microclimatic factors, B.Sc, thesis. Queen's University,
Biology Dept. 67 pp.

Forsyth, A, 1974, The ecology of Blaesoxipha fletcheri
(DipterasSarcophagidue). B.Sc, thesis, Eﬁeen s University,
Biology Dept.

Gibson, C.G.M. 1974. Seasonal abundance of Cladocera and
Copepoda in Lake Opinicon., B.Sc. thesis, Queen's University,
Biology Dept.

Glen, J.R. 1971. Temporal and spatial characteristics of
the Zooplankton Community in a small meromictic lake in
southern Ont. B.Sc, thesis. Queen's University, Biology Dept.

Gross, M.R. 1975, Aggressive behaviour of male pumpkinseed
sunfish (Lepomis gibbosus). B.Sc. thesis, Queen's University,
Biology Dept. ’

Haffner, D, 1971. A preliminary report on the relationship
of the forest tent caterpillar Malacosoma disstria Hbn.
with various host plants in Ontario, B.S¢, GLhesis,
Queen's University, Biology Dept. 60 pp.

Harrison, T.M. 1975, Chemiluminescent tags as a means of
observing nocturnal behaviour of Myotis lucifupgus
from two summer colonies. B.Sc. Thesis, Carleton University,
Biology Dept.

Hawley, A.W.L. 1972. A comparison of representative macrofauna
and mesofauna of Island and mainland soil of a freshwater
lake. B.Sc., thesis, Queen's University, Biology Dept. 142 PP.

Horwood, R.H. 1954. Wound infection in sugar maple. B.Sc.
thesis, Queen's University, Biology Dept. 10 pp.

Horwood, R.H. 1954, A study of the microflora of sugar maple
(Acer sacharrum M.) B.Sec, thesis, Queen's University, Biology
Dept. 21 pp.

Lisk, R.D, 1956, Effects of temperature and desiccation
on the eggs and hatchlings of freshwater turtles, B.Sc. thesis,
Queen’s University, Biology Dept. A4l pp.

Martin, B. 1973. A study of some aspects of bat ecology using
an automatic ultrasonic sensing system, B,Sc., thesis,
Queen's University, Biology Dept. 60 pp.

McIntosh, D.C., 1945. Forest regeneration on sub-marginal land
and wood waste utilization. B.Sc. thesis, Queen's University,
Biology Dept. 119.
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Miller, A.G. 1966. Lichen growth and species composition
in relation to duration of thallus wetness. B.Sc¢. thesis,
Queen's University, Biology Dept. 83 pp.

Norman, R.I', 1975, Behavioral ecology of the Brownheaded
Cowbird (Molothrus ater) and its hosts., B.Sc. thesis,
Queen's University, Biology Dept. 63 pp.

Segall, S.L. 1971, An investigation of the mortality factors
of a Malacosoma disstria Abn, population. B.Sc. thesis,
Queen's University, Ezofogy Dept. 32 pp.

Turnbull, D.,A. 1975. The molluscan fauna of Lake Opinicon.
B.Sc. thesis, Queen's University, Biology Detp.

Vittorio, P.U. 1948. Fungi attacking forest trees in the
Opinicon area with particular reference to White Pine
Blister rust. B.Sc. thesis., Queen's University, Biology Dept.
30 pp.

Ward, P.S. 1973. The effects of envirommental disturbance on
species diversity and species—abundance patterns in a
taxocene of phytophagous insects. B.Sc., thesis, Queen's
University, Biology Dept. 8l pp.

Webb, D.E, 1964, The structural and functional features
related to the food and feeding habits of the fishes
of Lake Opinicon, B.Sc. thesis, Queen's University,
Biology Dept. 110 pp.

Weresub, L., 1950, Preliminary work in physiological
and ecological studies of vegetation at Queen's University
Biological Station, Chaffey's Lock, Ontario. B.Sc. thesis,
Queen's University, Biology Dept. 46 pp.

Graduate theses from research done at QUBS.,

Amunrud, J.R. 1970, Ecological interrlationships of the
larvae of Perciform fish in Lake Opinicon, Ontario. M.Sc.
thesis, Queen's University, Biology Dept.

Ballantyne, P,K. 1970, Sound production during agonistic and
reproductive behavior in the Pumpkinseed (Lfngqig g ),
the blueglll (L. macrochirus), and their hybrid sunfish.
M.Sc. thesis, Queen's University, Biology Dept. 230 pp.

Brown, S.R. 1952, Some aspects of Lake Soils in relation
to the productivity of a lake., M,Sc, thesis, Queen's
University, Biology Dept. 61 pp.

Curtis, C. 1946. The soils of the Queen's University Biological
Station. M.Sc. thesis, Biology Dept., Queen's University,

71 pp.

Emborsky, S.J. 1971. Feeding and growth of the Bluegill Sunfish,
Lepomis macrochirus Rafinesque, in Lake Opinicon, Ontario.
M.gc. Thesis, Queen's University, Biology Dept. 84 pp.

Harker, J.M, 1970, Prey selection and availability: A comparison
of the feeding of four inshore fish assemblages, Lake Opinicon,
Ontario. M.Sc. thesis, Queen's University, Biology Dept.

Jorgensen, C.R. 1966, The annual reproductive cycle in six
Lake Opinicon fishes$ Lepomis machrochirus x gibbosus (hybrid
population), Ambloplites rupestris, Pomoxis nigro-maculactus,
Percina caprodes, lerca flavescens, and ihisox lueius, B.5c.
Chiesis, Queen's University, Biology Dept. 71 pp.




10,

Lewis, C, 1965, The Largemouth Bass Fishery, Lake Opinicon,
gntario. M,Sc., thesis, Biology Dept., Queen's University.
9 PP.

Thacker, D.G. 1951, Investigations of heart rots of Sugar
Maple. M,A, thesis Queen's University, Biology Dept.

81 pp.
*> Thompson, W.K, 1948. Scale reading of Sunfish scale.
B.Sc., thesis, Queen's University, Biology Dept.

Toppett, R, 1963, An investigation into the nature of the
layering of deep water sediments in Two Eastern Ontario
Lakes, M.Sc, thesis, Queen's University, Biology Dept.

87 pp.

>Vvender. Kloet , S.P., 1972. The North American Blueberries
Revisited: A taxonomic study of Vaceinium section Cyanococcus
Gray. Ph.D. thesis, Queen's University, Biology Dept. 1G5 pp.

Weatherhead, P.W., 1976, Polygyny in Redwinged Blackbirds (Agelaius

hoeniceus)s The Selective Advanta%e of a Polygynous
ﬁating System, .Sc. thesis, Queen's University, Biology
Dept. 99 pp.

Webber, P.J. 1963, JNVegetation gradients in swamp forests of
Eastern Ontario., M.Sc. thesis, Queen's University, Biology Dept.

230 pp.

Wong, P.Y, 1969. Lichen growth in Eastern Ontario, M.Sc. thesis,
Queen's University, Biology Dept. 193 pp.



0°'1 0°¢ g1 0°6 g ¢ G R

quaTeAnby 3Tpaa)

§*m9

9sanoy—JTeH

= 621 & 9 € 8T (] 154 S3esp JUOPNLG ON TEPT
°qdeg 9 (s,usend)

€ 9 - T - - 4 £ /1T -3y T¢ 1589}y £30T100F YSTJ
. °qdeg g (uoqoTae))

g 0T - = = £ i £ /1 -3y T¢ ytwg  AJoTooq Temmey TTRES

*qdeg 9 (s,usend)) squUBTJ TBTJIISSIIS] UT

G 6 = - - T 4 5 /1T —*3ny T¢ JJog £3T1sJIeAT@ B 9OUBUTWO(Q

*qdsg 9 (3o0ag) swe3sfsooy JI93BMUSSI]

€ 9 - z = 2 0 4 /1 ~*3ny T¢ UBWNOT(Q Jo £3Tat3omnpoad
(3:10%)

*adseg g ysesy sjueTd

g€ L - B = € £ T /1 =30y T¢ ¥ y3esy Jutmiog pue]

*qdeg ¢ (s,usend) squeTd

7 8 - - = = 1 ki /1 -*3ny ¢ MOQSTIg IeTnose) oTqenby
(uogeTJae))

¢ ) = - 1 b ¢ T /1 *3ny 0f—42 uojusq £30TOTg 8a®)
(uoqaTae))

G ¢ 2 - - - - 4 4 /1 *3ny of—1e fpomrey eytydosoaq Jo 4301003
(3seg °aTU(N)

$*¢ L - - - - € 7 /1 *Iny 0€-12 JI0UUO0Y B3BUODPQ JO 430T00F
(s,usemd))

g oT - 4 = T S T /1 *Fuy o€~ 3tea) £3oToUmT
YOTH °N ) (MT0D)

6 6 T - - - - B 2/1 A1op 912 JEMBUTY £30T103TV
(s,usond)

9 2T - - b4 4 € ¢ /T Lew 1€-92 uosaIeqoy £3oTo0q ueTAY
(s,usend)

9 AN = i - 7 € ki /1 £e TE-G2 I8PMOI) suotaeTndod Jueld
‘ae T (uogeTae))

(4 0T - - - = 9 4 /1 -qad €2 uoquaqg £30T00q JoqUTM
mwwwwa aTnpom Jad juspnag UOTAETTTIIV

JI9U30Q  °fl 004§ °{} BMB3QQ SIOX UOISTIB) S,Us8Nd /3TPOJD S®1®J 2 Jo0sssJoad o1do] STnPOR

JTEH TB30] Sjuepnag Tejo]

"GL6T = UOT3BIS TROTIOTOTH S,UdsNY 3' pauteqy (LO%T/LOE AF0TOTA) S3TPOI) osIno) JOo Aremumg T STQel



12.

ﬁ Lo%/L0OE
| 80T T 0T g°T L2 062 G*6¢ *TOTg UT SausTeATnbgm
asanon JTEH Te3°0L
91 (4 0 € i 89 6L LOE °0T€ UT
S3esM USPNAS TBIOL
$°9 6T [ 9 € 8T L €5 (T ®Tqel wouxy) Sand 3e s3esm
quepnas T30l
S L8 = 1 B 13 1T g2 Sgnd 10U S3esM
Juspnis Telol
(3110%)
STMET
OT 0T - - . 0T - - 2/t epeASN Ley ST1-T ¥ UoJISWe) SowoTg 11989
(TnH ) .
S 9 2 P2 A ¢ ¢ 9 /T UBWS JUNH Te 28 S®'BUOY] A30T00H SUTJIBN
("0 2oag)
Loea],
‘uem{o T
. fSTIION
8T 8T - L - q z i /1 ezTTed  LeW LT-¢€ ‘sureq £30T00q TeoTdod]
g 0T - - = € 7 € /T o] Sy £2-€Z (N BMEB13Q0)
USTIOITUM peay £307100q 95804
(3110X) Ax109sTH
/T M 6 = - - ¢ € ¢ /1 utnbuof Ty YO T TeanjeN TETJ3SaJdIs]
SQTPoI) snpoum
asJanoy Jad .
JTBH sijuspnig juspnag UOTIBTTTIIV
T®230] TB20], J9UqQ >00Jd °N BME33Q IOL UO3STJIE) S,UsdNd)  /4TPaJ)  UOTIBI07] seae(Q % J0SSeJoJdd otdo] STNPOW

§,usend) UBYJ JIOYA) SUOTAIBOOT 28 pautey AF0ToTd PTOTJ UT oSwmeISoad SOTITSJISATU[] OTJIBIUQ SYF UT SITPeL) 9SJanoj Jo Aremumg

*GL6T J0] £30T0Tg PIeTd UT ouweadold SoTITSJISATU( OTJIRIUQ 8Yy3 Jo Areumumg TTBJISAQ SNTd "UOTIBIAS Teo180TOTq

*T°T °T9BL



.
o
—

cadeg ~ Ley
*adeg ~ Ley
*qdeg -~ ABR
*adeg - Le

*3ny - sunp
*3ny - sunp

(uo3etaed
- q09foad o8 °KW)

pJaBTTNA WLL

uoqaeTJB) - SISO °95°d)
UOSTJAJIBH OYIW

uaqlsTJIe) ~ STSaYL °°S°d)
poomTeg oTNOoBL

(I Jo n)
ystadaen Aouep

weyed) STYIBY
Basg BIINP

saeg Jo
Spunog sys 09 SYAOR PITAOJIE JO sasuodsay

*sqeg £gq 9sn aBaTqRY
Futdpnas JoJ enbrtuydoes B Se sIed UITI

sngnjron] ST304W £q UOTADaTeS 4Aaxd

(¢
AN

(T

SUOTQBIOOSSY AUETd —~ 938JQ93JI9AUT 2T3enby

{(*n uc3eTIRD)
uoqusd ‘g°W ‘JI{J

Mo3sTIg ‘WL *Id

*3ny - Ley JJIBT) UsJIEBy SMOTTEBMS 8a1] Jo A30T09s 3JutassN (%
(STS8YL *98°9) saeTqJaem MOTTOX JuTassN 0%
*3ny - Aey NIeT) usJaey 20UBOTJTUSTS S4T pue SUTTTe) WIBTY (¢
SQSOH JTaYL
*3ny - Aep UemLIoN PJIBYOITY % SpJTQMO) JO A3o0Tooy TeJuoTavysg (Z
(STSaYL °9S°K)
*3ny - ady pEsyJIsyIBaM MOoTJI3Bed spITqQioeTd poduTmpey ul AudIhfod (T uos4Ja9qoy LY *JId
sufjueTed ®BIOTJIERJ]
TEBUOTSEBO2( TToMON TTTH YSTJUNS UT UOoT30npogd punog (¢
YysTJuns
3y - Lep Ssoan JIel SuT4SaU UT UOoISsasa33e JO suas1ied (2
(STS8U3 *9S°H)
sqdeg - ady umoIg USJIey sseg ooy UT JnoTaeysd JUTIEW (T uesTo) °d *Id
Tnquany gqeq %
J93JIeH J8JTUUSP S9TPNYS UOTINQTJIASTP BIBUOPY (9)
(sTSaya *OG°HW) uootutdp
cadeg - Len J9¥Jey JsJTUULp a3e] uT ysTtd Jo £JFoTood Surpesd (q)
3y - Lew TTnquany qed snsus) dTJIY§ - UOTANQTIASTQ USTI (®8)
YSTJ Jo3emysad Fuowy UOTSTAT(J 90JN0SdY aseay V'L *aQd
pajes3s
(sseTun s,usend) uotqdIaossg JosTtagadng
Aousprsasy squspnag a08foag qo09loag

¢L6T — UoT1BAS PISTd TeoTSoTOoTg s,usend Jo esf Yodesssy Jo Agemmg °Z 9T9BL



11}-

uotqeTndaa uotrerndod aeTrtdasied jusy (s, usend)
radeg ~ Ley poomiey sufep pue Swe1S£S009 TBIJIISSIISY JO UOTSS020NG UssSm=IeH °*Y¥ °*ag
3uTq09TTO) (s,usend)
TBUOTS®I0Q TTex0d Jae3ed SPTJIQLH YSTJUng Jo SaTpnag JesuEycyr *H°d g
UOTANQTJIISTO SUTd YO3ITd (BIP®BOY)
sunp - PUEB SUOTIJBIDOSSY 3B3ITIqeH LJIIaqsnig 100 TYISPUE WEeS °*JIJ
(yd1end) (ydTemnd)
TEBUOTS®I9Q JISTTTIN PJIOH uodTuTdg o3e] ur saanjegsdws] o93BJIISANS aTed °H°Q
(uoqeTae) .
~ q09foad °o5°K) SPTWOUCJITY) PUB (STX() Snus)) S94TW J9IBM (epeus; sIN3TNOTJIZY)
cadeg -~ Ley BTIYSd ®Id ussMiaq sdTYsUoTLETSI 24TSEIEd-3SOH JISATTIO °¥U°Q °*IQ
(*L FJo °n 309foad °*28°W) (wnesty oTJIB3U) TRAOY)
°qdeg -~ Aey YSTJaasn ALouel uooTuTdp 8¥BT UT S81TH JIo3epM JO AFoTood Ixsg °M°Q °Jag
. (mnesny otIeiu) TeBLoY)
*Sny - ady Lixsd zT7] eaoqdoptdeT JO UOTI0STTO) PUR AWLOUOXE] S220TYH *d°D°r
(uogeTae))
*qdeg - Ley seydny uedel sqeg ® SOTTF oJITd (G
(uogeTae) - sIsey] °0S°d)
TBUOTSE®D0(Q ueTTy Tuop soysTJButy pesTed Jo £JoToos Furpead (W
pa3EaS :
. S

Loueprsay Ammmmmwmwﬁmmws@v nowwmw%mwmn homww.ohmm

“P.3UO3  C STQBL



15,

J2qUWSAON £2-TC
JI89qQUSAON GT
1940390 6T-LT

JI8q0300 ¢ pue %
pue gsqusideg g2
Jeqmeqdsg 82-G2
Jequeydag TZ-6T
Lne €1
sunp 6-g
Lo 77 ~ TTIdY 9
yoIe 2-T
Lrenaqed 6~/

Arenaqeg 2
- Lfrenuep T¢

Lrenuep gg-4z

qc

oY
oY

0ST

qe

94

0s

0¢-€2

Le

T4

oY

4

dral pretTd ‘2oz £3ot1o1g
dueg - JFUTUTBIL BTITTIN
dral preTd ‘g2h ASoTo1d

sdTal pTeTd ‘202 4JoTo1g

dtal prerd

98an0) JUBT4 JBTNOSBA O0TaEnby
SSBT) UOTANTOAT °ATU[] UOQDTIB)

OTUSTd TEjusursedoq
- 9snof uadp uootutdQ

uodoTutdy JI0F UOTIEIS
TeoT30TOI0998 $od SUTLTNSUCH

uotsJeuwmy s3ensueT
Jo o8 °adeg urmisn

80T30BId 93ensue]
Jo pusiospm °a1dsg urmILY
dray preTd 202 LJoToTd

(6¢_cotg) dra] PToTd
sseT) AJoTooy uoTgeTndod

dTa], pTeTd ‘431saeatup
uojeTIe) ‘£30T007 o3BIQLIIS)

uosaasqoy °rey *Jag
1Tequen *33s
1seey °V°f *Jag

JIOPMOJID °Y
pUB UO0S3JIeqOY ‘LYH °*SIJ

MO3STIg W °Iq

(uoszeTae))

uojusg °‘d°W °Id
uotTaeas L3oToTg

puEB uUOsS3JI8qoy ‘P Y °JJ

:(ydreny) oTdseTTId
pue ‘oyuzeatp ‘sTeq °sag

(*3deq uewmwrsn)
aAseYy *ag

(*3deq uemIan)
eav9Y °ag

J9ATRD ¥V °Q
DUB UOS3J5q0Y °fL°Y °*SI]

USSmWIey °Y
pue uosqJIeqoy °fLY °sJagd

(uoqeTae))
uojusd °g°W g

uo TYRINJ

squedToTtaged °ON

uoTAOUNT

J9zTURSIQ

SLE6T ~ uoTaelg LFoToTd A3TSJI8ATUf

s,ueend) Jo es) dral pTeTd pue ‘Jurqesl ‘eousgsJuo) Jo AJemumg ‘¢ oTqB]



soyouTd so3edeTen

(TTT9oW)
quean Jg213d *JId

*390 81

/.m“ (uogedutay)
‘390 8T £3TsaeaTq £3TUNWMIO) JUBT] JO MSTA JUSISIITQ ¥ ysaoqae] uyop °Jag
(s,userl))

cqdag 1 uozewy 8yl uo 3JUTI08TT0H USTJ Jo3JIey JeJTuuap
(SJeqepM PUBTUI JOJ 9J3U8) BPBUB))
Amp 62 Se¥e] 3eeJdH) 38Ul UT So3BJQa3JI9AUI PUEB sumed30Jd MIDD SYJ uoSqBM UOSTON °JId
(s.,usend)
Anp €2 ss900ng SuTqsSoN J9TqJIBM MOTTSX Pue STTE) WIBTY JIeT) usJaey
(s,usend)

Ammp 22 ysTg uooTurdp o3 JUOUWy UOTSTAT(J 22Jn0sey J83JBH J8JTUUSP
(s,usend)
£ap 12 SqUeAq TeJnOoTABYsg JUTTEOS sudqueTTed ®©IOTJIIEd
(uojzeTIe))

Lmap 4 BUOZTJIY UT JuTaoeTT0D Ing ¥ aed uoqusd °*g°W °Jd
. (®3e38 0TU0)
aunp AT spueTsT so3edeTes syl pue BISBTY — SISATeRUy UsTIod Xneaution Tued °Jd
4 (@3®38 0o1YD)
aunp AT (°e3Te) ®BpewWITed JO 4£30TO083ny XNRAUTTO) UATTSMOT *J(Q
(s.ussn))
aunp 2T qeT °*T.,3eN usaeysooag 2e A30T00H PUEB S9TPNIS AnOTTRd uosqJasqoy °L yITeTey
. (s, usend)
sunp ¢ (3utpead UYSIJd JI0J) TOPOW B JO UOTANTOAF J81SeT TOJIN
STeuwe [TBUS (s.usand)

Le 62 pue sJoidey usemiag SUOTIOBISQUT Ladd J03EPaId ueTeyd Muedd
(oquoao] Jo °N)

Ley 82 smoTTeMg oTaqeduig Jo se18sqea3g Surleaog pAoaToy °JJosH
Aw.ﬁomdcv
Aoyl o2 Sq4SOY JTayJ PU®B SPJITOMO) JO SUOTAOBJILSRUI TeJINOTLABYSY UBILION PJIBYOTH
eqeq stdog, (UCTAIBTTITIIV) Jo¥eeds

GL6T - sdnd 3e saeutwas ‘Y STqER]



17.

*JJeas
J0 quepnas s, usenp-uou Jod - yauow - °0Z ¢

994 yousg °III

*SJ0Q0W PUE S3EOQ JO °8Sn
SATSNTOXO~UOU IO TEUOTSEOD0 JOJ 83JIEyD Of

Joem oT3UTS - G2 ¢

yquom STIULS = °G9 ¢
JOUNMS OJTAUD — °0G2¢

*‘doe)ydn pue SOUBUSUTEW SOPNTOUL
- J0Q0W PUB 3B0Qq JO 9SN SATSNTOX® J0J 994

syeog  °II

POOJ OU = UOTFEPOWIODOE JYSTUJIDAO

PooF umo aroyq ogedsad pue
aptaoad oym sdnoas £q osn pusieoM J0F

ATuo Teow SJoUUTP
ATuo Tesm ‘youny JO 4SBIFNESIq

WOOJ PU®B PJIeOq JNOoY g
UOTABSTITQO SJ0YD SOATOAUT — oM 9T3UTS

*(o9F qeT ® SSpPNTOUT OSTB) S8J0Yd ou
- dwey preTd °3°o ‘pusxoem SUTPNTOUT

“Saqoyd JO0J UOT3ESTTQO Ou

*oTnpayos SUTJB4O0I B UO SOJIOUD JIYIO JI0
SuTysem ysTp J0J UOTABITTQO SOATOAUT

uosaed /00 ° T$

uosaad /00 °T$
Team/00°2$
Teom/00 *T$

£ep/00°5%
H09M/0€$

oom/q ¢}
yauow /O€T$

yauouw/06$

(mooy pue pJIEOE) UOTFPPOWmOOdY °T

OL6T I0F 8Tnpayds 994 G 9Tqe]



RS Rl FESREEEES e R S btttk b il Dy bl iabbidlbt bt - = R Ry g e A el e s bt el




