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sites in a small stream to test the effects ﬁfhee tail) environmental fa

tqrs on a diatom community.’ The primary factors werg
o .
\ / > .
/ . N
stream bottom type,” afid seasonal succession
, ] 7E ] .
2

L3

Stream bottom affects apecies pool and,settling r tes. Higher numbers of

diatoms migraﬁe to slides locatéd om beavi)y colonized rodks as compared

to .those located at muddy surfaces. 'Season infldeqces differentjal growth )

- @ ‘ K3 .
! . )

.rates dfjpiatomslﬁbrough settling and reproductibn. ‘Partial competiti&e‘

exclusion by certain dominant diatoms Cocconeis placentula in-partigular,

v e _ —_—

~

takes place in tHe lafe summer, appreciably-lpwering the diversity. The
&

-antagonistic relationship between Cocconeis placentula and AchnantheS'lin-
[ Y

earis and A. minutissima is attributed to different strategies by these two

£ar=s Aoaoersama

]

L

genera to current and- to their.differing growth rates,

<
.

7

Cocconeis placentula dominated the pristine stream; Achnanthes lanceo-
L4 . .

b .
lata dominated the polluted stream. . . Lo s :
A - C
Preference of diatoms for edges” of slides oriented parallel to the
‘ . ! . Y & -
\ . B ) .
turrent is a result of physical factors: current ang light. .
Y ..n . . . 6' . . v . ‘. 4. . .
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INTRODUCTION

. Vk~
The communities which make jup the ecoé(ystem of a fresh /wate‘r habitat con-
sist of complex associations of populations which have evelved through the
ages and ptesenr»co-exist through reéular 1nteracti'ons. These associations

N -
‘are ].i.n!'.ed and interwoven to such an é&xtent that c{xanges i one apecies may

v -

be felt by the whole community. This prOperty of inter—dependence extends

beyond the community; to all~leve'ls of organization within the ecosystem, en-

- N v .
o B . .,

compassing every trophic lewvel in the f‘god web, and enables homeostatic
/ ¢ “ .

nxechanisms to maintain a dynamic equilibrium even in a highly stressed sit-,

- uation. However, this self-regulatory capacity can only be measured at .

~

the compunity level or'higher. Ther'efpre, when wishing to learn what re-

pereussions might'soccur on the envirqnment from various extraneous fdctors,

»

» -

the fieldvecologisﬁ mu&t 1ook at the le%the counnunity.
'This work concerns itself with one algal communityvand follows the

development of periphyton (attached algae) on,(_submerged glass slides placed

in smail cr_eeks. Creeks, like the ones L. study, are often gources, of water

for agricultural purposes and for use by .small towns. These streams are

)

also 9recipients of much of the pollution from non-point sources -- the

most difficult to discover and control

S,

Periphyton was definednﬁy a Russian hydrobiologist (Behning, 1924)

&

as the biocc:eno'sis:l grovwing attached to artiffcial objects :j.nst_alled in

2 *
the water by man. It is now commonly understood to mean all microorgan-

isms which attach themselves to submerged surfaces. The gpilithic, epi-

°
.
»
~ -
.

. Biocqenosis wds described by MBbius (in "Natural Communitie® by L .R.
Dice, University of Michigan Press, 'Ann Arbor, 1952) as.a mdre or less
gelf-regulating unit or community.




ox

4

* food chain. They are impqrtent primary producers in streams and there-

~

2

phytic, epipelic, and epipsammic algad, which make up the floral'comr

ponents of the periphyton inhabiting rocks, macrophytes, mud surfaces, ~

and mud depths réspectively, occupy the lowest trophic level in the
* ‘ a2 .

A <

) .0 . . ’ T !
fo(eT;lay a lerge role*in the maintenance of higher'life fo 8. '

f

ere is a deazthhof 1iterature on periphyton and much less exists

»
*

on periphyton community structure (to be discussed later), gs studies
I4 ‘o .«

have changed from.the general taxonomy of the past to those con- XN
",

cerning growth and production. Periphyton generally comprise a small pro-

[

portion of flora” studies of aquafic systems. A great deal more literature
‘I
is availabBle on the phytoplan%ton. This is in part due to the focus of

sc.:l.entfstslespeciélly on this contiment, on large rivers andd lakes which.‘

“
2 - -

contain a large and prominent phytoplankton community. In Europe, espe- ~

o . L
o .

7

cially England, which contains many small rivers and streams in proximity
to civilizatiom, small waterways have been looked at more closely. These
) . i ' . . .
contain very little true phytoplankton gnd therefore the periphyton com-
. ~

munity is the important primary producer.

Biologists have already used the periphyton as biological.indice;ors

“of poflution (Kolkwitz & Marsson, 1908; Butcher, 1949 Patrick, 1949, 1963;

l

)

i,

Margalef 1955 Backhaus, 19‘6’ Patrick (1974), whose work focuses on
the diatom component of periphyton, states that diatoms can be very useful
in monitoring pollution in lekes, rivers, and estuaries: "Because as a
group they consist of many species that have populations composed of var-
ying numbers d% specimens, they are an excellent group to treat statistic-

ally in analyzing thir reaction to varying ecological conditions.'

Early in the investigation of periphyton difficulties, primarily in-




volved with quantifitive sampling of unéVen_aud,rough %urfaces of nat-

3 »

ural substrata, have led biologists to. use a;tificial sdbstrates. Most\

common among those were wood, slate, clay, concrete,‘sheet metaIs, as-

bestos, eternite, celluloid, prganic“plasticé,/and glass (Sladeckova,_

F g

1962). ' B L R C . .
® ) ' : ) .

Lo, .~ . C . . ‘ .
"The advantages of using glass slides for investigation of periphyton

LY
.

7 are-many. A few are summarized below: : .

«

1). Qualitative and qua&fitative investigation can be done accurately,

production measurements are facilitated.

rd ‘ A . . »
2) When low biomass permits, periphyton can be examined directly un-
. - 4 .

:
. -
.

. . / t L
der the microscope in an unl?maged state and in their natural positionms.
¢ [}

#. 3) 'Primary,successiou can be measured; different stages of Sn l%o; ~

lated organism or community can be studied and ‘seasonal succession using

similarly aged.colonies can be eXamined. AN

-
-

4) Comparison studies are facilitated and in situ experiments are

e
rendered more‘!ﬁgg;tle._/ - B Cou e

« 5) Glags slides are eas%'to obtain, »theap, and easy to remove' and
~ o

caﬁny‘in large quantlties back to the laboratoy where controlled studies

. .- .
. t . .-

.can be domne. - -,

-6) This ;eéhnlque lends itself to uany flexible modffications.
- , . . -

-Since Hentschel first introduced the use of glaSS'slides for ?he(in

.

EEE N )

~J
T ositu qualitative and quantitative study of periphyton in 1917, this,tech~*

- o
nique has gained populirity ambng periphyton ecologlsts: - Geitler (1927)
K
in Germany; Hurte4~kl§&8) in Switzerland Butcher (1931) and Godward
E 4
(1934) in England; Abdin (1950) in Palestine; Wysocka (1252) in Poland;

Smyth kl955) in Scotland; Rodina (1956) and -Sladetek & Sladeckova (1964)




—

-

in the Soviet Union; Patrick (1949, 1949a, 1961, 1967), Welch (1948),

Patrick et al. (1974), and Weber (1974) in the United States; Brown & 3
- b . ] [ 4
Austin (1973) in Canada. - \\\x
N .

A number of review articles discuss the various techniques that have

‘

evolved according to the limnologist s partiCular needs, using artificial

.

substrates to study peripﬁyton (Cooke, 1956; Sladeckova, 1962; Castenholz,

-

196I; Wetzelr 1965). Several of the apparatus used for holding glass

‘ simbly anchored to the bottom of the stream or lake bed with slides laid

flatz A notable version°of the Bissonette samplgr was devisedJG; Patrick

slides in the water resembled slide boxes with %heir‘ends open or modifi-

_ cations of the Bigsonette sampler for invertebrates (1930) with slides

oriented horizontally. Others, like Butcher's "printing frame", were;//A

o

2

for the sampling of diatome (1949). The Catherwood Diatometer used a slide

~ ¢

.chamber, orienting the slides vertically, edgewise to~the.current,: The__

3

_ -methods degcribeq,above are in popular use at the present time. ~Most of

\ A . ” .
the studies using artifiéial substrates were designed to,.elucidate basic

ecological principals though several, notably the work of Patrick focus-

”

P

-

ed omn pollution—applied investigations. .

The present work encompasses both genres of research by carrying out

)

&
.two major experiments: 1) a comparigpn sSudy of two polluted streams to,

.

. - o . . i N 6 .,
a pristine one; and- 2} an ecological study using several sites along the
LI : . s —

-pristine stream. In both cases'periphyton community structure was osed

to. evaluate the effects of -the ‘tested factors.
o © T & T
Generally,fxmmﬁnity structure can be analyzed and defined from tgree

.
.

viewpoiots: f&nctign; location; and. biotic compositjon. I chose to exa-

mine species composition of periphyton communities to obtain a better un-

. >
- Al

-




-
-

’ . *‘ M . o
[ y o~ T . :/ . i 5 .

v ‘ h
derstanding of how environmental contingencies influence'periphyton com-

munities. Aspects connected with species composition are: associafion of
common species; species frequency; species per unit area, gpatial diktri-

bution,,numerical abundance, information content (Hairston, 1959) I have

*

concentrated my attention on the first aspect mentioned, association of *
common species, given by relative abundance of prominent species and the “
: , ;

. s .
specific hierarchy amongxfhem. However, spatial distribution of indivi-
' - /

duals, information theory for diversity, and numerical abundance of species .
I c [ ' .
as well as individuals are usfd to obtain an idea of the dynamics of the
. < 2 3, ¢ P s
. ' .9 ' :
community.

Os
Rl

As one can not assay the‘whqle ecosystem, by focusing at the community

Alevel, the scientist can overcome the limited scope of an autecological

N i 7 1

»

studyz.

Autecological work is invaluable for harvesting information on ’ -

life histories and physiological and‘oehavioral mechanisms of an organism

’

or species, but, by neglecting inter-specific (and in some cases intra-

[ ]

specific) interactions with and contributions of other components of the

~communi;y, studies of this kind. can provide little information about nat- '

4

‘ural, situations. The problems of autecological studies point logically

to synecological studies at all levels, particularly thatﬂg& the community.

€, use of community structure provides an efficacious and, ‘sengitive meth-

od of assessing the effects of environﬂental factors such as pollution
.~ on the biota of the ecos&stem: /' ‘ :

v 0
- . , - , . e/

\‘\*\_ \ e v‘

Autecology is the science of population ecology. 1It.is tﬂe relation
of a single individual or species pOpulationi;:\;ts environment, as opposed

to synecology which 1s the study of compunit r groups of communities. t
\\ . 7,
. ~-~ — N ,‘; "
S . ST ;
. . i . . \\ ‘
° - e 3
- A .
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v ]

. o Two ‘other approaches to measuring effects of pollution on biota

S ~,

have been used. These are: 1) Target species approach; and 2)‘"Saqfo_
' ‘ 7 3 ‘ g) —
bien System" ‘approach”. . \

- e . i \

3 \ LS4
plicit in the target species approach, as pointed out by Cairns
\ »

et al.(1972), is the parochial assumptioﬂ that protecficq of the target
e 4

,species (usually herbivores or carnivores of direct value to man such as

a

N .
trout, salmon, and oysters) extends to°the other components of the aqua-
f *

L=}

. tic'habitgt,occdpying lower trophic levels which are directly or 1ndifect-

!

: ¢ ‘~ giy responsible for the viability of the "target ‘species”. These compo-
¢ . 6‘ . +

»

ents usually exert a greater iﬁgluehcé onnthe community as a wﬁole.
Patrick, Cairms and Scheie;q11963) indicated that fish, invertebrates

3 : t
and diatoms evinced different sensitivities to various constituents of.._

o . 5
‘ industrial wastes. . Lo . . ) ‘
r o .

’ ~ 7

. The use of the "Saprobien System", arising from the work of Kolkwitz
‘and Marsson (1908) and primafily used in Europe, ds based upon the niche

4
concept (Hutchinson, 1957). They argue that the presénce of certain in-

"

- dicator species alludes to a certain set 'of environmental conditions es-

N

\ ’ sential to,_their well being. The saprobic approach has limitednépplica-

o ‘tions. Because Kolkwitz & Marsson's model considened organic pollution

‘ - arising mainly from domestic sewage, use of the model for other forms of
pollution is not tenable. A particular species may show different toler-

ances to varicus toxicancs and pollutants (??trick, 1949; Hynes, 19?9).

_ Pollution tolerant organisms are also not necessarfly confined to areas

) of existing pollution since in mgét gases their niches are broad. Im
prgctice, ﬁeithgr presence nor absence of an iﬁdfcqcor speciéc&gives the

Ve
IS a

3 The "Saprobien System" describes gradations or zones of organic pol-
lution and cldssifies organisms according tg their toleranceq.




. - « R . :
o L P
-

~ \ " . . ¥
investigator much information: The refi;;o "Saprobien Method" recti- ' ’

) ¢ - fies some of the weaknesses associated with the'original model (Gaufin,

’

. st
« 1958; Fjerdinstad, 1962) though it remains limited by its autecological
.. . ' nature, oo R
- The "Saprobien System" is investigated in this study and rejected.

' . . [

' 1‘_ I consider it far too-simple and controversial to be useful to ecologists

. at the present time. ‘Ihe use of copmpﬁity structure to test the effects
; g

o . . . R .
. 'of wariables on the biota was deemed the most useful.

Figute A shows a flow diagram of the two major experiments conducted

on periphyton community structure. One was, an ecological study and the
. \

o other was a pollution study iﬁvolving compafisoﬁ.: ‘
& .
N Most comparative studies (polluted tq unpollutéﬁ) involved assessing
LY
. biomags;)production or community structure. Those concerned with, the >

.c
FERP
5

. L% . .
lash\gaZametef most often used diversity to describg structure (Patrick,
Q . ’

1949, 1961; Patrick, Hohn and Wallace, 1954). In my comparison of pol-
luted to udpolluted streams, the following parameters\of comminity struc-
-

2 . .
shre were uséd to assay the periphyton community: 1) dominance hierarchy

o

(association of common species); 2) fiformation theory for diversity; 3)

i total- biomass (abundance of species and individuals)

L

In the ecological investigation the environmental facto@g influencéing

periphyton were chosen with respect to past work. °The importance of cur- , !

rent, light, temperature, nutrient concentration and certain pollutants

’,f ] to periphyton community structure is fairly well documented (Patrick, .

\

Hohn-and Wallace, 1954; Patrick 1968," 1969 1971, Backhaus, 1968; Me-
b 13

Intire, 1968). This study concerns itself with three lesser known fac-

tors that Qight affect périphyton community structure: 1) spatial suc-

~ < - 7
+
-
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EIGURE A: Flow :nagram of the ;;B‘Béﬁr* experit

ments on periphtyon' community structure undertake\t; e
in this study. Several sites along one &tream ' » -
were used in the ecological study. The pollution

study involved the comparison ofxm:ee streams, _

one clean and two polluted. . - o ' .
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. o céssion (location along stream lengt 2) substrate differences (natu;e "‘ﬁ” .
s\ ’ - ™ s ° .
" of.’stream bed under and in. proximity to the 3 paratus with slides; 3)
v f L 3 x5

w

. seasoﬁal succession. The last two parameters”ﬁéve alreig& been sqggested
as égssible factors involved with differences in floral composition when

. looking at epipelice and epipsammic algae colonizing glass slides (Smyth,

N ¥

{¥{1 I 1955). The same parameters of community structure were jused, to test dif-

N ) s N o .

/ ferences in periphyton communities as were those‘gsed for the comparison

§ ' o Of polluted to umpolluted streams. See Figure A. N ' . . é}ﬁf_\\‘

-

I chose the first two factors, spatial succession and substrate type,

g

to evaluate community structure in order to test the possibility that sur-

¥
%
% . veys along streams and rivers carried out to illustrate the ghanges in
.4/ 3 ) L. * - .
‘ glass slide periphyton reSulting from some kind of pollution (Butcher, 1947;

Patrick, 1949, 1949a; Hansmann & Phinney, '1973; Weber, 1974) may be over-

i .

i ol estimating or under-estimating the effects of pollution on the slide com-
! . . ' H »

| munity. Spatial succession may be masked by introduced bias. Substrate,
i

L

which may be indirectly related to the pollution source, may coneeivablf

r

¢ ’ . act as much if not more'upon the periphyton community than the pollutant
4 ,' N .‘ '
itself Though most authors defliberately choose similar areas to place

their apparatus, this similarity becomes progressively more difficult to.-

4
- achieve as one moves downstream. The effect of season on periphyton com-

I .
munity structure was chosen because too little information is available

. . L ]
on this' factor inm streams. The information is also conflicting (Blum, 1956).
PR , ;

Points IV through VI of Figure A (Maturity of‘cpmmunity; microdistri-~
butibn{ aﬁd surface preferemce)’ are related directly or indirectly. to the .

previous three factors and help to describe the events taking place. _

. . The pbilosophy behind this work challenges the attitude of some workers
{ . - .
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. . who subjectibely ?ategorize species and assemblages with’refegéhce to
Q ’ ’ : \
¢ . *i : pollutiah and’ simply assign tolerances,.. I feel the need for further 4
N caution in making value judgements about the effegts concerning the effects
. - - . 7

-

of natural variablesvon the structure of periphyfon. Environmental con®

»

ditions other thHan’ pollution affect distribution of organisms (Needham, o

RN

. 1938) Patrick¥pointed out that "further studies are needed... to deter-
‘ mine just Qha; typés of ecelog%cal veriations’are moér‘signif%capt."; Itj
is‘logical to elucidate tge autochrhonbus\variations (origi;atingrfrqm i
." withﬁn the systéﬂ) influencidg organ;s@é before attempcing’So prop;r%y '.‘

1

o 7 gevaluate the alTochthonocus -changes imposed on the receiving system.
) ' quth‘(1955) revealed the limisatidn-of the preéeqt's}ide techhique in

-
. .

graphically how.even in two similar sites Ioeaied 500 yards apart, high
: - ahad 5
L ad \ <. - . *
.variability could exist. Much more work similar to McIntire'!s laboratory

© ’ -‘study (1963), Patrick™s semi-conrrolled studies (;968,1969y, and the

\ L . T
Cattanee gt al. (1975) .in situ study must bé carried out to measure the.
: i : . .

¥

unique slide community reacts to-these before apparatus such as the diat9-~
N 4 .

subtle effects of natﬁrii variables and to properlp-understand how the

. meter can be emploiéd as an accurate gaukg in pollution tesearch ’ o

- PR
»

The major problems I encountered in my study were uniquely associated »

LY . 4 P

Weather 1is an important variable, subjeoﬁ’to change from day to day and ’

it3fpatcern from year to year. Unlike theﬂcontfbli%d environment of the

léboratory, it is next to impossible to find two places which are exactly
. N : . ’

Yoy alike in nature for accurate comparisons. Awd even -1f one,is found today °

. assaying subtle envifoﬁmqptal cbntahinat}on. Patrick (1963) illustrated v

with the field ‘The first and primary one was that' of natural variability., ,

-~ ) 13
- Fl ¢ + Uy
~ there is no aSsurance that it willwbe there to ow. One,of the vari-
. : ‘ ,
s o L) _ . AN . ‘
. 1] ‘
- »”~ / » ’
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//);, o .ables inhérent in a [study of nature) particularly one close .to civili- -
» + zation, is that of Auman Anterference.” Vandalism of more than half of.
Be the diatometers pIEeed in the streams disrupted data“collection upon

. ~'~Ys'?rr 7
°© ? .
occasions. 1In most‘cases tempering was not serious and the apparatus’
L TN -

was recoverable. ‘H#wever, in 1977, both apparatus pla%ed in» the polluted
h I Lj stream‘were lost Be%ore any data vas recovered from them. Makeshift ap-
% A ) paratus were hastily constructen,but these didﬂnot serve ‘their purpose.
| . well. lA; a xe;;lt; the comparison of polluted to unpolluted streams in

»

.’ 1977 yields inconclusive results anﬁ_the limited compafison done in 1976,

3 . ~,initially vieﬁeq as a preliminary stud&t is given mor7 attention.

- I

t
!
: The problems of v riability are related to the cqmplex nature of
! /
.
\ oo of the environment.” By opting to investigate a more realistic situation, -

o . -
S f . II inherited the iomplexities attaéhed 'What the fielﬁ'biologists gain in
‘ realism, dg lose in vagueness en4,generalities Fielé)studies, like mine,
| o ‘ must“fhen rely Heavily lipon circumstantial evidence and-insightful inter-
| * ' ’
!; .ﬁ . pretation. To'make assumptions in.this case would be 1§ngerous and t;is,

“

"1 fear, has been done in the past. ) .,

" u

v Variabillty is not the only problem limiting the glass slide in

sftu method for studying periphyton and the effects' of environmental contin-

: ) P genh&es on this specialized algal community. The question as to J%ether

K : the: slide gommunitfy represents the natural community has arisen reoently;

- Though it would seem reasonable to expect some kind of ¢omparison to

the - representative community occurring on the natural substrata, very few
T studies actually report ‘such comparisons (Douglas, 1958). However, some

° -

workefs have devbted a major portioh ot their work -to this comparison

o )
and to the evaluation of the glass slide method for-studying periphyton

kFoerster.& Schlicheing, 1965;° Smyth, 1955; Tippet, 1970; Cattaneo
. ) . <




| .
k ’ \ - .' f ®
‘ B \ » i < ’ !
i C e : s , Y 13
" ’ et al., 1975). Foerster & Schichqihg'g study indicated that the flora |

f
i which developed on the slides was not representative of the natural /

[} \
'\ flora. Tippet reitqrated similar conclusions in his report, showing that

' ) . ot . L
diatoms colonizing slides differxed in seasonal growth from those on natug -~
. - v v
a . ral subgtqates.’ gowever, Cattiﬁeq gt al. reported significant similarities N

between ngtural and artificial communities.* The two s;udiesvby Tippet and

by Foerster & Schlichting were done in lentic enviromments, while the study
Y X

~ by Cattaneo et al. was carried out in a lotic®one. Clearly, more compdri-,

A} K

sons such as the ones mentioned above must be made if ecoiogists will be ,

,able to éeparate‘responaes to valid(ecological occurrences from artifacts
e . © ’ D

-

.of the method. ' . . l '

When examinirg sliﬂe communities for comparison purposes as in’ the
“studies invol®ing poilution, it has been assumed in the past, howéber

déngerously, that the‘"artifactsr mentioned abovesare ‘reduced in importange

i

since they affect each test co@munity in the comparison the same way. 'This

-
-~ )
a - —

assumption is yet to bei‘goven. On the gther hand, the studies by Tippet , -

] -
and others have not 'shown conclusively that such artifacts do exist.’ The

- .

issue is yet to be resolved. I attempt in my workK to shed some light upon
L _-‘ e !

-

this matter.

‘

It is hoped that this research will contribute to.the general en}ight-

| ’

enment: of thosé invélved in basic and applied periphyton ecology and to the - %, ;

eventual realization of the potential of the diatometer.
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STUDY SITES -

Three streams were examinea between Spring 1976/pnd Fall 1978
These were Jmall stpmz qreeks located- within pro;}mity of one anoth‘k
in _the Eastern Townships region of Québec near Lennoxville, a emall
town (Figure-°l). Two of the streams flow through the town while the

- 4§,
other bypESSeg it completelyu -The "two streams which run through the

(=]

-

toun réceive various. extraneous material, (runoff, sewage, and other

S

miscellareous effiuent), aﬂd'were theref?re considered mildly polluted.

The third brook is consideréd pristine / ' ' -~

£

Since no names are given "to these brooks, I have tentatively named *

.D

them fo avoid confusion: the two Lennoxville streams are simply L-1' «

and L-2; the third stream, which’;:;;:\past ‘Bishop's University‘is

called Bishop's Stream. Bishop's Stream is'longer Lhan the others.

°

4 o, ' N ~ ! -

¢ . [£3 , ~a

4
v

° . +ai Bighop's Stream g e

0!

In ité,paseage'from source to mouth, Bishop's Stream flows 5.2

kilometers, originatrng 725 feet above sea level, before emptying~into
the ‘Saint Francis River at 500 feet above sea level. The profile of

o
Bishop s Streamvcan be interpreted from Figure 2, Arising from ? nat-

ural spring, this turbulent creek averéges a width of three meters and

]

a depth of twenty centimeters, (not counting deep poole;//in the summer.

It is considetebly more shallow in the winter. Bishop's’ Stream froze

\

over coggi;tely the endl of October of the year 1976 and melted in May of
4

1977; t froze in November of that year and melted in May, 1978, The

brook commonly floods fts banks in the spring, rising to more than three

times its normal depth. During violent storms floods often occur;
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FIGURE 1: Map of the study region. Triangles

.

mark positions of sampling stations.

’ -
4 R o
M .
¢
o e M . f:
-
l “
a
. .
(3]
N -
. .
. : o
. . v
. %
. -~
. 'l -
\c
_ 4
Al
-, @
H
(
N 7 v R
~ ~
"
. ’ !
i -
, \
! .
& or .
’, ~
sy s
ad * - . ‘
s ’ .
Ny
1]

.




et g Ve T T T e TRV et A S L TR, e T




p of the ‘drainage basin
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.’ﬁwﬁ? The rise in water level‘after heavy rainfall depends not only upon'the
- . . . ¢ ‘

-amount of rain that falls but upon the frequency,of nain. If a dry spell i
occurs pFior to a storm much of the. water is absorbed by the soil and -
. ,virtually no difference iq water level'may be observed.~ Changes 1n
. weter level ;nysmalle%treams_pan oecur with rapidity so that in the ' ’

course of a few hours it 14 pdssible that a stream may increase then de~

. , ° - i

crease its flow. The importance of such changes in water level and cur-

—_ o

. o )

rent will be diecussﬁdAiater. - ) ’ ) -

LA

T ~ The drainage area of Bishop's Stream and its tributaries is about
t .\\\‘\~ p e . ‘
six;j—fourqsguere kilometers. Its surficial gedlogy consists of a . '
t .  variety of matettals\z?Igure\Qi. Bishop's Stream originates on a sand ’ .
A ' - \

and gravel surface, passing &xer glaciaI\til;,xsilt and clay, bedrock, -

“
v

.and .£inally emptying over alldvium. The glacial till;\EIIt\and clay, and
\\ . . ) R i T
oo ) ..gand and gravel were all dep ed in the late Pleistocene epoch &;;IEE‘\\~e\\\\\\\\
. . "\*\ ’ . ) IS a
the lasE\fWO\g;acial'phases in the Wisconsin age. The surface till

RO

found throughout southeastern Québec is callig‘asﬁhoxville Till, the |

4 - ) R - '
youngest deposit and formed by the Léiinoxville Glacier d ring the *
¢ \\ r
.'late Wisconsin. General properties of Lennoxyille Tillxig the Saint . ;

\"\
! . Francis River basin are discussed in detail in the paper by McDonald -and

Shilts (1970): The silt and clay, sand and gravei\deposits are part of .

. the Gayhurst %ormetion, glacial—lake sediments oeposited in Glacial Lake

Gayhurét, occlipying the upper parts\of the Cheudiére and 'St. Francis

Rivers, during the time intevval between the Chaudi®re and Lennoxville
]

- -glacial phases. 41t represents older deposits of more than 20,000 clé -

years B.P. The’alluvt&m, connected with the St. Francis River, 'is a ,

¢ \
\ »

. -~ post:glacial d%gelopment. It is the youngest of the surficial geology s
N . “r . O - B : .
ot s (McDonald & Shiles, 1970; J.D. Booth, personal communication). ‘ £
- 4 “- h . -
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The Bishop's Stream watershed, "as well as those of the ‘other two

stregﬁs, is located in a .large région of podzolic soil type ({.D..Booth,
;. personal communication). Podzolization is the principal éoil process in
: ' climates cold eﬁough &o inhibit bacterial actioq;and h;ving sufficient
ﬁoistﬁr; for plantg to live easily (§cfahler, 1969). Such a climate

r N exists in the whole:of eastern Canada. Associated with the growth of
conifers wﬂich do pot make use of calcium, magnesium or potassium ioms,

Y podzols are glightly acidic becaugg‘gfxtheﬂledéhed out fons. The clay

micelles of the podzol have a preponderance of exchangeable H™ ionsj;d- .

sorbed tg their surfaces'as well as cations Ca, Mg, Na, K. The bodhd
[§) . .
, cations are released into the underground water and into streams. Cal-
. v

tium (or magnesium) binds with cdrbcmnate from dissociation of carbonic

’

acid to form complexes like CaCO3,‘increasing the pH accordingly (Reid,'

f’ 1961; Devlim, 1975). - -

Figure 4 illustrates land use of the Bishop's Stream watershed from

IR AT TR T T g T SR e
.
.
.

~
!

a survey done by J.D. Booth of the geology department at the University !
a .

.

of Bishop's .din 1973. Drigureé 2 and 3 are also taken from that survey.

Much of the area 1s not fh use and left as forest or scrubland. The
stream passés through a considerable amount of forest, represdnting more
than 60Z of the area through which Bishop's Stream flows. According to

H
the 1973 survey, the hgobk's tributaries originate in land used for field

crops and forest; they join about a kilometer upstream of Station 1 and
pass through.#astureland, a great deal of forest, and some scrub and
-~ marshy areaé; a little downstream of Station 2 the stream enters an area
‘ used for field crops. Only minor changes in land dée&(row cropé, field

crops and, pasture are cycled) occurs from year “to -year.

Three major sampling stations were selected along'the courge of Ehe

v
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brook.. Each sampling site ‘consisted of two  minor omes, a and b: (a)
being a spot in the stream with.sfony/gravel bottom; and (b)_ consisting

. > »
of a clay/silt bed. Subsites a anq b of each major sampling sta;ion vere

placed as close to one anéther as possible. The three major sites were
numbered from 1 ‘to.3. étatioq 1 was closest to the source of the stream;
Station 3 was siéiated nearesé the mouth. The order of the sites down-

stream (ras: la; 1b; ‘Zb’; 2a; 3a; 3b,. , ‘

]

h3

. ' \, ¢
The first site was placed two kilometers downstream from the sburce.

-

Subsite a was just downstream of a railway culvert and a relatively large
pool, located at the bottom of a steep slope on the north side; a flat'

meadow around ten meters wide lies between the stream and the slope. The

A

south side of the stream is flat and consists of a scrubby wooded are%

~

made up of Prunus, Populus tremuloides, and Ulmus which serve to shade

the stream in the late afternoon. On the immediate banks of the brook

s

grgw various herbs and grasses, following a successional pattern as the
season jprogresses. Figure 5 shows the surrounding herbaceous vegetation

of Subéite la and the five other subsites. {

~x‘35;qite 1b was located about twenty meters downstream from éubsite
la. The apparatus holding the glass slid;s rested on a clay stream bed
at Ehe bottom oé a steep bank leading to a road. ~ : ,

. About 1.5 kilometer's further down,. the second station was placed just
above (2b) and below (23)°a‘culvert for the banadian Pacific Railway.
Between Site 1 and 2 the brook pgﬁallels the railway track, fianked by
nixed coniffyous forest, after flowing'ﬁhrough a swampy area just down-

stream onSite 1. The second site was situated at the periphery of‘the

U
*

forest in an area of grass, bushes and Ulmus trees.

The creek at Subsite 2b is flanked on one side by a steep incline,

i

ko s A R

»

»
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» ‘FIGURE 5: Prominent bank vegetation lining the stream sites, during the
growing season of 1977. The dotted lines show the extent ofﬂgrowth for
each individual plant. .
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FIGURE 5: Continued. - .
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thick with grasses and briars. Close by, the entrance tord ground hog‘
. : f
\
burrow opens over the stream. The other side of the stream consists of

forest: Picea; Abies balgsamea; Populus; and Acer. Immediate to<the‘

’

bank grows an Alnus rugosa and some Prunus bushes. This subsite is well
<« —— .

shaded most of the day by the steep bank and overhanging shrubs. Herbs

lining the banks are given in Figure 5.
da L Y

Subsite 2a was situated below the culvert after a deep. pool which

. was created in the fall of 1976 by a large scouridg flood. ' In many re-

< 3

spects this subsite {s very similar to Subsite la. Both banks at Sub-

site 2a are rather steep and made up chiefly of grasses and- herbs. A

few Prunus shrubs and a hawthorn stand on the summit of the northern

&

slope. . f"\ R ~

Just below Subsite 2a a fence is drawn across ‘the stream, formir}g_. the
border- 1ine betwéey the’C.P.R. 'property ‘and farmland. Iiere, just mete.rs
downstrmeam wf the ;’ite,,cows occasionélly graze and drink the water ..

The third station was placed a kilometer further downstream. Bﬁ
tween Site 2 and Site 3, the brpok runs thr'oug‘h grassy fields harvested
for hay- in August by'timé Experimental Farm run by Environment Canada.

A section of this field was used in 1977 for a large crop of corn.
"The banks on either side of the brook are quite steep all along the
strear;x from Site 2 onward: " As in .all the other, sites, with the excep-

tion of ’Sub;‘ite 2b, the third station received direct sunlight until

mid to~'late afternoon yhen the banks themselves shaded the stream.

’ -
Subsite 3a, like.2a and la before 1it, was ldcated downstream from a
‘ . 0] ) -
culvert. Subsite 3a was situated a few meters from the culvert at the

entrance to & large deep pool. On the eastern bank of the stream bolders

' and ground hog homes abound. The fields house many burrows of small ro-
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-
| '

dents: voles; weasels; field mice; chipmunks; grou't'xdr’hogs; and shrews.
v ! A ] )
The west bank of the stréam where -Subsite 3a was located is covered with

brambles and other shrubery. { t

Several meters below Subsite 3a, Subsite 3b was chosen 'for a elay

-~ su;.'face.: The banl;s ;at: the muddy subsite are fnostly mud and grass, but
some herbageous ve;etation grow,s‘ a little further back.

Though ga.;:h site was carefully chosen to appear as similar to the.

other sites as.possible, some disparity was unavoidable.

.b: Lennoxville Streams, L-1 and L-~-2

I began my study in 1976 Pemg only two sites (due to equipment
loss); one site was loci‘te-d near the mouth of L-1 (see Figure 1) and

the other 'site was situated in Bishop's Stream just upstream of 2a
- where now a deep pool about a meter deep has existed since Auglrst 1976.
» , = ‘ .

 Subsequent to that date, the apparatus was placed ‘exac{tly where 2a is
presently located. The'1976—77 study’was strictly a comparison of peri-

piiyton communities between two streams, ome organically enriched (L-1),

Fg
»

and the other pristine (Bishop's Stream).. It was conceived as a prelimi-

nary study‘ to be later augmented by more complex ecological research.

Before a new sewage construction plan changed ;ime course of L-1,
. -~
it origjnated from a spring in mixed coniferous forest and passed through

the outskirts of the city, flowing in backwood areas.behind houses where

:
- ¢ -

it received some sewage from ﬁeighbouring septic- tanks during heavy rain-

. fall and flooding (Mr. Gervals, City Planning, City Hall, Lennoxville).

‘When the stream reached a’' residential street in a densely populated re-

gion, it went underground. It emerged after passing through and receiv-

ing effluent from an electric plating factory, Unio/n, Screen Pl‘te, to

_‘ ' ,\‘\
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run along the C.N.R. and C.P.R. tracks, past the gas station, before en-

o tering a fifty meter ang culvert. Upon emerging, it flowed aloﬁg some -

~

houses then beneath a main road and behind more houses ‘until it finally

\

\emptié% into tﬁe St. Francis Rivef. Occasionally oil, gasoline and tar °

ﬁfom the gas station, Union Screen Plate, and theesrailroad yard“fofmed

iy

an irridescent film on the surface of the water. Tar from the latter
souxce collected at the bottom, covering rocks with a resinous coating
and mixing with the silt and clax to'form;a sticky sludge. Organic load-

.Ing from non-pojnt sources such as leaf fall, runoff from the yoads and

- miscellaneous dumping from the private sector was considerable at times.
; ' Though the main outflow of Union Screen Plate was diverted into the

v

&

% \ primitive sewage systém(ef Lennoxville, which empties into the Massawip-
. /’
% i - _ pi and St. Francis Rivers, some effluent was dumped periodically into the

creek meant only for surface drainage (Mr. Gervais, City Hall) in%the

. form of phosghpric acid (457 by volume) and sulfuric acid (417 by volume),

totalling an annual average of 100 gallons (Mr. Oill,‘Geﬁeral manager/“

Excecutive Vice President of U.S.P., personal communication). This dumpr~

W,
ing accounts for the low pH (6.0) found intermittantly durdng chemical

®

testing. Evidence of further dumping was found and it was assumed that

traces of heavy metal ions, lubricants, and the acids used in the plating

may have entered the stream at that time. '

L]

The site selected for study in early May of 1976 was just downstream
' /

. .

of a culyert under the main road on a gravel/silt bed. Light was greatly

diminished by Ulmus and Acer negundo and other vegetation. In mid July

another site was found upstream ofthe culvert. Though access to it was
greatly hindered, light conditions were closer to these found at the

Bishtb's Stream site. The bottom surface was similar (stony/gravel) to

L - ‘
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the bottom surface of BishOp's Stream, though the L-1 site was littered

1

Y - - with é rbage: rusted cans; broken tools; and similar household and gen-
’se N o o /—j .

%? eral jetsam. ’ .

e '

‘% - . In Spring 1977 the first stage,of the new sewage system of Lennox-

|

1
-ville was implemented, It involved diverting L-1 at the Union Screen

Sy

Plate factory to flow into an underground culverk straight to the Mas-

R R

sawippi River at the site of the old sewage outlet. The old system had

PREBR B

Rl

.been taking surface andﬁécnitary watérs with the same pipes, canalizing

ﬁn' : a these waters to the two rivers passing through the town by the use of

LY . elght main pipes and numerous small creeks whose dubious contents could’
¥ ’ . . . Q

% o be called anything but wholesome. Ultimately, the purpose of all surface

] "+ % and sanitary canalization is to build a water treatmentfplant (Cote,
\2 Lemieux, Carignan‘& Royer, 19Q4i Mr. Gervais, personal communication)
’ .Plans for an extensive comparison study including above and below
the Union Screen Plate outflow were discontinuod and another poiluted
* gtream was found. < -
! "' L-2 1is located at the south side ,of Lennoxville, close to where a. /
‘mew uousing dqyelopmenc has begun. L-2 flows approximately~one kilometer

(Figure 1), It originates in mixed conifé;ous forest and flows a consi-

" derable distance through it before seeing signs‘of civilization. Reach- ..

e

ing the outskirts of Lennoxville, the creek follows a dirt road and is

eventually diverted into the gully along the road. It passes a utility
/ . . S .
and welding shop before re?::ing a culverg/fg the main south-bound high-
A )
rt into a deep ravine .where two pipes for

way, It exits from the cul
r V sanitary and surface runoff were laid. The outf%ts empty some eighty
meters downstream of the highway culvert just upstream of the Quebec

Railway tracks. The first site was located several meters upstream of )
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' of the puflets. The second site was located just downstrgam of the
A - T :

7« _culvert for the ngbecfﬁailway track before the stream empties into the
N : A ’\\ PR
Massawippi. Presumably, some backwash from the river, especially during

( "flooding- in storm éeather, affectedpthe slide community there by diiuting\\

'
A . s v v

' }he effluent from the pipés of “L-2 or by {ntroducing'orgaﬁisms and other -

." materialé-ftom the river. ) ’ .0 . t
[ ! ! )

’ _Z‘,' L2 is.a stony creek, ave;aging'a width of six meters with a highiy . !

- variable degth. Both sites were located in open areas and received close

v -

©, to the maximum sunlight.
. . , .
. - o d q . .
, was situated on a stony
, T

[ - ',
. ° The'site’above the sewage outlets, coded 4a

Y

—~ , . /
bottom. Bank vegetation at the site is given in Figure’5. Site 4b, lo-.

cated below the outlets, was on‘éﬁgravelry surface. Thg:baﬁks of the

-
T

stream at 4b are of stbnedanq mud. Grass ‘grows much[furthef back. The -

&

entiré portipn of the stream below the culvert to the highway is heavily’ '

. - B
. 4 littered with various discarded articles from bricks to parts of cars. -
PR P - R ’ : ’
"o A great deal of garbage from domestic origih settled .on the apparatus at
L] . " . PN - - N , "
. * * ' both sites, particular;z the ‘one located at Site 4b. ' U
. ., ® ° . . : > . . | 4 - *
g. N * [ . . o
- \ - - < , - ¢
“\ o e - ‘. . ' o
o Tl i ' b S . ¢
L e % - — . ’ . °
- ‘e - - » FENN >  J
€ , ] N k » T R
- ., _ o ] .
] - ’ * V. »
v v P ! g
; . ; ) . -
b = - ) . - a.. i .‘ | . - A L + ‘ -
~r ; ' ' a . / )
. w ¢ . \ . /
» T - W -
- . / 1 l‘ :
~ o . o ;
L] " -~
~lf A —
| 4 " -, .




. " . METHODS -

v . -

-

,A\\\ . " a: Sampling Meth&ds - .

* Sampliqg using artificial substrate: A‘plexiglass apparatus was de-

signed to hold, glass slides which served as the artificial substrate
. for. colonizing algae)\kln manyfrespects the device resembles Patriqk's
_ diatometer (Patrick, Hohn and Wallace, 1954). See Figure 6A.

Slides were held in a vertical position, edgewise to the curreant, to

minimize s&;fif?g of various abiotic material brought in by the current.
'] . ] _ : L
¢ _ Horizontal ‘Substrata collect a great deal of "seston such as decaying

©

plankton, detritu®, stirred up mud and other debris (Sladeckova,%§g62)
Newcombe (1949) discovered that the accumulation of organic matter on /

horizontally placed slides was 6.6 times greater than on vertical omes.

Harper and Harper (1967) found that stac;oﬁary dia;oEg adhered more

strongly to vertical slides than to horizontal ones. This'suggssts that,

although a smalier periphyton population will attach to vertical slides,
. the community will not consist of pseudo—periphyton, plankton and excess.

tripton.

[N .

The slin—chamher was‘construéted'of transparent material to reduce
: .

. ¥ o
1light extinctipn. - Each q%paratus also contained a“nylon screening, mesh’
. AY

< i

LY . L
size of 1.5 mm., ten centimeters in front of the slide chamber to deflect

most of the large detrital material amd to 41low the curremt to pass |

A,

freely. ) N ‘ ' - ) ‘

\
- N . 4 °
The apparatus was laid directly on the bottom of the stream and se-
cured 44Lth chains and foot-long ﬂails driven into the muddy or gravel bed.
<>

Piping 1 cm. in diameter -and 1.5 meters long extended frm{ the device and

welghts were placed over or tied to the ends as added ballast.
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Figure 6B shows the device used in 1976; rééembling Bigsonette's

original slide rack (1930). This apparatus was found unsuitable‘for

)

the rapid creeks.

Slides were immersed in 1976 for‘l, 2, 3, and 4 week intervalsg and

in 1977 for 2, 4, and 6 weeks; intervals followed a staggered time se-
»

quence like that of“BrOWn & Austin (1973) and Cattaneo et al. (1975) 7

This procedure was followed for two reasons: to enable one to Jdook at
various stag;s of colonization at any Sne time and to better evaluate
short term effects; and to separatzychanges causrd by envirnmental

~, .
aoﬂiingencies from those eliclted by seasonal succession. Table 1 gives

the schedule of the 1976 and 1977 experiments. Slides werejcoded ac-

cording to Figure 7. l

Winter samples were taken every month vhenever possible,

’

From each major sampling site ( of which there were two in 1976 and

four in 1977) slides were collected, a minimum of 4 each time in 1976

and 6 (3 per_subsite) in 1977, every week (1976) or two weeks (1977),
placed into individual coplin jats to keep grazers of, one slide away from

other slides, and carried in their natural water bdck to the laboratory

et ¥
which was from 15 to 60 minutes away.

In 1977 a separate collection day was designated for each ‘station.

. - Sampling of the four sites, tﬁough not carried out on Fhe same day,|was

made at the same time of daJE The schedule remained consistent; that is,

”

Tuesday would always bg a collection day for Site 3, ngnesday for Sitel
2, and so on.l.As stated before, in 1977 each site consisted of two- sub-.
Aites with three series in progress at any one“time, therefore a total of
6 slides was collected from each station on a sampling day (Table 1).

On several odcasions throughout the 1977 season extra slides were
. . ’ '
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FIGURE 7: In 1977 each slide was coded apq@rdingrto
major sampling station (1, 2, or 3); subsite (;*-J |
rocky, or b -- muddy); series (initiation time); and
length of time submerged (l=2 weeks; 2=4 weeks; 3«6

wéeks). In 1976 slideé were coded according to

Stream; series; and colonization time (1, 2, 3,'and

4 weeks). “\ . '
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transects were looked at individually. Graphs such as the one in Figure

.
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collected from various locations in the slide éhamber (eg. edge of the

chamber vs. mwiddle) and the community composition was assessed to mea- y

sure variability within the same apparatus. Random replication was also

carried out. Partially frosted slides were used in a separate experi-

mént to ascertain any partiality to surface type. . /

El

In the fall of 1978 two experiments were doneodsing apparatus at '
Subsite 2b of Bishop's Stream to assess the affects of current on spatial-,

—
micro-distribution of ghe diatom community settling on the slides. The

.
* °

slides were oriensed edgewise and normal to the current. Using the pre-

pared slides of ﬁishop's Stream from the 1977 and 1978 experiments, '
\ ‘ 1

four transects were chosen systematically (see Figure 8a); each trans-

[y

ect contained nine designated fields from one edge of the slide to the:

kel « . . - ‘
other., The first three transects weére through the width of the slide;\ *
the fourth transect was taken along the length.

Data from Transects 1 to 3 were not pooled due to the high variation !

amonig them, 'tt was found that trends could more easily be seem when the

AR

8b are used to show diatom micro-distribution patterns'acrosqﬁthe width

of the slide. Since, with the exception of the slide facing the cugrent- ' &

in the 1978 experiment, all the slides were oriented edgewise to the cur-

rent, the origin of the abscissa represents the upstream edge of the slide.
The downstream edge is on the far right of the graph. The nine discrete

counts along each transect are joined to show trend.

Sampling of stones and rocks: ,ﬁIEEE/;;:h the slide collection, scrapings

ol i e i bt -

-

from stones were taken for epilithic algae, because the periphyton of these

- ®

watercourses was represented mainly by such algae.

s



O~ o

e T AR TEORNTRECR A

i
. . ,
. g
1 ’ ,
s
&
; P N ——r .
- , I »
. +
. L)
. &
e '
— ° '

o 3

.

FIGURE 8: Illustration of the slide showing A -- how

the four transects are.taken on the 'slide; énd B -~

how the three transects across the width of the slide

are .graphically portrayed.,
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Sampling locations were determ;ned“by throwing 'a shiny object into”

were scraped off usiggia razer blade and put into 4-dram vial
~. 1 .
with the water from the stream. . ‘ o
. ' ) L
Fauna were also collected monthly in 1976 and bi-weekly in 19?7;"’”"g

, Five rocks of-varying gizes (10 to 30 cm. in diameter) were heck%d, .
/ . _ o
organisms notecZ, counted, and representatives cplliected in their nat-

4 " i
ural wvater in 6~dram vials. All samples were brought back to the labo-

. .
ratory unpreserved and-alive. These were preserved in 70% ethanol pen-
.

ding further i&entification.

Information on the fauna representative of different areLs of Bishop's"
Stream was also provided by a report submitted in 1978 by Ben Corey, re-
: , T _ ! \
search assistant to Dr. Hilton, Entomologist at Bishop's University. ’

Q
v

Each timeé the sampling stations wsre visited% a general observation
was made. Clumped blooms of green and blue-green algae were especially

noted and samples were taken back to the laboratory. Any obviq&s changes -

] ~a i

) [y
relevant to the stream site such as dumping, a fallen tree or g change in .
/’ -~ .

the stream bed from a scouring flood, were“recorded.

My

b: Counting and Identification

S§lides from.apparatus: In the 1aboratorp sk¥ides were removed from the

coplin jars and first examined under a dissecting microscope. Large ob-
- e

e

jects such as fauna and large filamentous algae were noted. The slides

were then examined under a Leitz compound microscope and smaller objects
N ' dq

were scanned. Fresh counts of algae were done at 400x magnifichtion

using an ocgular Whipple grid. Identification of the -Chlorophyta, Cyano-

phyta and some of the Chrysophyta was facilitated by a nifmber Jf keys,

<

s

-

\
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the important ones being: 'P;escott (1962); sSmith (195Q); Drouet

(1968) g . . ‘ v .

Because 80 to 992 of the biomaqe of the periphyton on the slides
consisted of the Bacillariophyceae (diatoms) pdditional procedures were

necessary”to prepare for identification and'counting purposes, A com=
: ]

- . ‘

bination of two methods was employed to clean the frustules so they )

k)

<

could be identified to species.’ . S

An improvised version of the acid treatment outlined in Patrick & *
e .

Reimer (1966) was used for the -initial stage of ¢leaning. Frustules yere

v

cleaned without being scraped off the slide.

e .
Water with a few dr s of nitric acid coqcentrate was warméd and

-t A

i

g
the ethanol-treated slides were pladed in the beakers conteining the

. heated solution. Potassium di-chromate which dissolves opganic matter
/

was gdded. The slides were left in the cleaning mixture for several

, * hours until the layer of frustules turned completely .white and most of

. ﬁthe organic residue was gone.. The slides were rinsed'through two changes !
i o i P . . .

. of distilled &ater, then one of absolute alcphol a‘d dried,oﬁ\a pot

. plate.’ S g T !
. The second st involved complete remova

L of organic debris and

@

dries the slide further'. The slide was passed over a hot flame until

the: frustules and debris turned black then white es;tée remainipé or- /-

ganic residue wag burned away, leaving only the silieROUS ftustules.'

Tﬁe'end result ees a slide with sharp and clean diatom cells of high f’

reeolution (H.L. Smith, in Van Heurck, 1896). . '
Onc; the tle;ing as done, the slides were allowed to cool_an& were v

mounted in Hyrax using #1.0 thickness coverslips 55 x 22 mm.
» N .
- Fifty random couhts' at 'x640 on a Zeiss photomt¥roscope were made.
. R " ) N
. , . . ' . o
N o '

\ °
v °

)
!
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* %1600 and compared qualitatizelynto the slide communities.

’The‘freeh counts done earlier revealed that live frustules represented

a

90° to* 1007 of the population on the‘slide. Presumably dead frustules

sloughed ofi‘theuflide in the current. Identification of diatroms was -
< 5

made to ébecies at x1600 magnification. Useful keys were Hustedt (1930);
Patrick & Reimer (vol. I, 1966; vol. 11,51972); Van Cleve-Euler (1951);

and Van Heurck (1896) Some of the identifications were supervised by

-A. Cattaneo, periphyton ecologist at McGill University.

Rock samples: These were analyzed qnalitatively. Collected periphyton“

scraped from the rocks was‘aﬁalyzed;;!mthnalgae and fauna were

o § 3

: recorded. In 1977 a subsample of the miXture which includeg diatoms,

J
larger algae, fauna and much organic debris was taken and ‘treated in

the following way to separate the diatoms from the remaining mixture"‘

The subsample was placed fh a small vial Three or four milliters

{
of distilled water and a few drops of 95Z ethanol were added. The vial

was shaken nigorously then swirled and left standidg, ailowing the heavief

particles to settle. This left a filmy suspension mainly of diatoms.

.The suspension was pipetted out by a dropperaand put’ into another‘vial

»

The diatoms were allowed” to settle oﬁE?Bight, the supernatant decanted

and the almost pure thch of iatams placed on a slide, incinerated and )
.mounted in Hyrax using #0.0 thickness coverslips. This procedure pro-

duced an almost pure collection of diatoms with little extraneous material °
except for those samples taken from mnddy subsites where the smaller sand
particles could not_be filtered out without lbsing a major portion of the
diatom popnlation. Loss of diatoms during the‘coufse'of‘the treatment |

-

vas checked and found to be insignificant. ' 9y

L

Diatoms were identified: ot the Zeiss photomicroscope at magnification

-

i3
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Fauna collected from the rocks as well as the grazers from th‘e'
slides ;vere identified usually to thé genus. Ephemeroptera were iden-
tified using Leonard (1961); Plecoptera with Chu (1949); Trichoptera
with Wiggens (1977); Diptera using Johannsen (1633); and other miscellan-

* eous inver;:'ebratgs with’ Ward & Whipple (1958) and Pennak (1953).

r o - \/ ¢
. . , n

. ’ ﬁK\’L c: Chemical Analysis

b —
. Analysis of the chemistry of the water was performed weekly in 1976 and
Y

' every two weeks, precisely a week between the fauna and flora sampling

v

weeics, in 1977. The same schedule for testing sites was used as that

v

for sampling the biota. Most of the tests were done in situ, using La-

. "Motte chemical kits #AM-22 and AM-23. For other tests, done in the labo- -

Id

;:atory, e:/amples of the water were taken back :Ln‘ small glass jars. Tests

- . were performed from 30 to 60 minutes following &:he removal of the water
4 . . T .
from the stream. The following chemical factors were assessed:
°*” - ’

Dissolved o;;ygeen - using Winkler's titration method.
'Nitr'ate.-- by colorimetric estirpatiqn using diphenylamine in con-
. ‘. centrated sulphuric acid. : .
Sulphide -— by colorimetric e'stimati;n using a reaction of sulphide
in the presence of‘hydrochlorig ag:id,‘ and oxidizing agent, ferric chloride,

with p-aminodimethylaniline hyﬂrochlorick to, prodixcé the dye methylene »

blue.. ‘ ,
L » Sulphate — based on the pi'ta'cipitatic)‘n of benzidrine sulphate fol-
R lowed' by the titration of the washed precipitate with standard sodium

hydroxide using phenolphthalein as the indicator.

Alkalinity (bicarbonate, ,normal carbonate and hydroxide) -— by titra-

“

o Elon with indicators, phenolphthalein and Bromcresol Green-Methyl Red, and
. : Y , '

&

»
»

”
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titrator, 0.02N sulphuriclacid. ~ . C ) . -

S

»
Free carbon dioxide — by titration with standard sodium hydroxide

u

in the presence of phefiophthdlein. -

Chloride — by titrating potassium cHromate indicator with silver, ’
\ - ) . . R
nitrate. :

4 ;

éiuoride — by colorimetric estimation using acid zirconium-—-alizarin

.

and aluminum salt.

Total hardness -- by titration using a standard solution of EDTA in

the preséﬁce of Erioclirome Black T and Borate Buffer. !

Calcium hardness -- by titration with EDTA, using sodium hydroxide:

" as buffer and Murexide indicator. !

0 B i

Ammonia -- by colorimetric determination using Nessler's Reagent (a
solution of potassiﬁm mercuri-fodide in excess of p&;assiqm hydroxide)

and a stabilizer, Rochelle ‘salt (sodium potassium tartrate), which pre-

vents the precipitation of residual calcium and magnesium ions in the

I

alkaline Nessler's Reagent.

Phosphate — by colorimetric determination through a reaction of

ammonium vanadate-molybdate in sulphuric acid solution wifh stannous

chloride,

I3

Silica — by colorimetrie estimation using hydrochloric acid; am-

‘

mqpium mol}bdate,which reacts with botﬁ éilica and phosphate to form
molybdophesphoric acid and molybdosicilic acid; oxalic acid to selec-
tively destroy the-molybdophoaphoric.aqia; and reéucinglagemt stannous
chloride’ ' ' - - .

pH — by colorimetric determination using wide range indicator éql-

“ution: phenolphthalein; bromthymol blue; methyl red; and Af{nitrophenol.

.

A pH meter \vas also used. ’ ;
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. [ 4
Manganese -- by colorimetric determination following a reaction ini-

tiated by phosphoric acid, silver nitrale, mercuric sulphate, nitric-+acid

s

solution and ammonium persulphate.

k-—§§§\\\\\& d: Other Envirommental Factors

During the time that chemical tests were performed a number of phy-
- , S s

[N

sical factors were assessed:

I

Turbidity -- by visual comparison using turbidity tubes and standard

.suspension of Fuller's Earth equal to 500 Jackson Turbidity Units (jtu)

which are arbitrary units fixed-in relation to a standard Jackson candle

turbimeter. '

solution. The color is expressed in terms of the Hazen standard unit

which 1s the color given by o ppm of cobaltous chloride hexahydfate.

1 4

Temperature — with a mercuryAfhermometer.

Stream velocity -- by using a caljbrated line with a float ittached
to one end. Sméll floating objects were placed in tha water at the up-
stream end of the line, held by the author, and allowed to drift dowm
till the end of the calibrated INne was reached, then the time was logged.
A current meter was also used on several occasisns.

(s Stream depth and width — hsing a calibrated line and a meter stick.

Light — Y§§~Pot qualitatively measured. Only subjective observa-
tions were made. The lengﬂ' of direct sunlight received by each site was

assessed.

Weather conditions ~— with the aid of daily summaries made by the me-

. [
teorological department of Environment Canada. The weather assessments

were done at the Experimental Farm located within five kilometers of the
. o - .
‘ . . ¢ {
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farthest site. I'made separate temperature readings during visits to

.

the sites.

e« Statistical Analysis

P

The data from the 1977 and 1978 experiments was subjected to para-

metric and nonparametric statistical tests,

Diversity and total humbers of sampled populations from each slide

were evaluated and analysis of variance was carried out. However, because

the distribution of the populations were negatively binomial with an ave-

~

rage k-value of 2, normalization By log conversion was carried out on the
data to produce a normal distribution so that parametric statistics could

be performed (Elliott, 1971). °

Nonparametric statistics such as the Wilcoxon Signed Ranks Test - -

¢

and the Spearman Correlation Analysis (Comover, 1971) were used on the

* ' twenty prominent diatoms to test similarities of populations on the
' ‘ - ~

slides.
The Wileoxon Eest pairs two sets of observations to see 1if they

have the same median by matching the same speciés from the two sets of

data and by using ranks.

~

The Spearman Correlation coefficient is u;ed here as a test statis-

-

tic for independance. The alternative hypothesis of the one-tailed
' test for positive correlation s that there is a tendancy for the -

larger values of X to be paired with the larger values of Y (in this

case the same species). Whila.the Wilcoxon test provides information on

the differences between each matched pair of the same species, thé Spear-

man Rho examined the.degree of similarity between each species within ome

’

tommunity as contrasted with differences between the two matched communities.

™
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W & Chemical and Physical Characteristics of the Streams .

-

q

/// Seasonal and yearly variation:

/”‘/ Monthly figures for total sunshine, rainfall, and average temperature

we

recorded by Environment Canada for the 1976 and 1977 seasons are given

v

in Appendix I, Table 1. These figures are compared to the standard num- N

bers calculated by Environment Canada for the immediate regiom. -

\\“Hdﬁff’//,/- Comparison of 1976 and 1977 with the normal figures reveals that rain-

?: fall in 1976 exceeded normal rainfall by close to double;‘ 1977 received
‘ . much less than the ave;age rainfall. With the exception of May, 1977.
did not receive more sunshiné than usual. Temperature for both years
. were similar and closely apéroximated the normal values. | 5
Scogring fl9ods were recorded on the following days in 1976: May 18-;_=
ﬁjune by 8; 16; 21%; 25%; 26%; 30;.July 1*; 2; 7%; é; 27%; 31; August l%;
‘2; %P*; 11%; 13; 15%; 16.. Séouring floods were recorded on these days .
in 1977: June 21; July 14; 31; August 10; 14, Between September 1976
and April 1977 no record was keﬁ; of water dynamics. Dates ?arked with //’
an asterisk represent particularly violent storms. The fdoods ;ecorded '
. in 1977 were small agd short lived and did not affect stream bottom to °
a great extgnt. However, their effect on stream biota can not Be ignored.
Tables 2 to 16 (Appendix I) present the results of chemical and phys:

ical tests'perférmed weekly on wateﬁ‘from Bishop's Stream (Site 2a) and

Lennoxville~One Stream (L-1) in 1976 and biweekly on water from Bishop's

o -

Stream and L-2 in 1977. ‘ -
Tables 2 and 3 from Apﬁendix I show the average and standard devia-

tion of each tested parameter for 1976 and 1977. Most of the chemical
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characteristics remain consistent throughout each seaLon. Physical para-

meters varied considerably as did certain chemical fagtors directiy

associated with the physics of the water. ' _
v

JInter-Stream Variation: §

! r

* I. Comparison of Bighop's Stream with L-1 (1976); -~

Tables 4 through 8 of Abpendix I present weekly'dkta on - the chemical -
and physical characteristics of the'water at Site 2a jof Bishop's Stream
' and L-1'for 1976. Of the parameters tested only a few differ markedly

-~ between Bishop's Stream aﬁd L-1. Free carbon dioxide in L-1 exceeds

1 that found in Bishop's Stream, though a high/variatidn exists. ' Total

. hardness is consisteg!ly higher in L-1. 1In both strdams total hardness

.
&
M
P
+

¥

usually exceeds values for total alkalinity, indicating the presence of :

noncarbonate sources of hardness such as chloride or|sulphate ions. I

consider L-1 a hard-water'strémn'and classify BisHop/s Stream as slightly
hard (Klein, 1959;; Both streams are spring runoffs|on a sedimentafyl
'geological region. Calcium cpptent of L-1 approximates that found in a
spring issuing from limestone (Reid, 19§1), though 4he high carbépate
_hardness may be due to organic pollutionm. ’ '
Chloride content is far higher in L-1, varying %gom two to five times’
that found‘in Bishop's Stream. The chloride conten? in L-1 approximates
that for deep well water and that found in weak sew;ge (Klein, 1959).
\ ' Bishop's Stream contains too little phosphate ?o be measurable b& the
method used (sepsiﬁivity of 0.1 mg./1l). The phospﬁate in the waker of
\\\ L-1 reads consistently near the limit and upon a f%w occasions at 1.0
and 1.5 mg./1l. Nitrate also shows readinés close Lo 0.1 mgi/l (the limit
of the measuring kit) thr&ugho;t the season in L—lL while no trace is

\
found in Bishop's Stream at any time. !

'
| s
s
il ~ N
'
¢ +
. . LS .
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. 4
' Weekly records.indicate that L-1 and Bishop's Stream have similar

——————temperatures throughout the year. However, during periodic visits to

' .
t, while Bishop's Stream remained with ice

the streams, I discovere
cover throughout the winter (with the eption of a partiai January melt),
L-1 was often without ice cover, steamy, turbid and oily. Whethér this
condition reflects a thermal change or a chemical change froq\galt run-
off) in the water of L-1, dumping of some kind is evident. el
Turbidity is slightly higher in L-1. Alkélinity, despite the high
variation, shows sl;ghtly higher values in L-1 than Bishop'sIStream.

The pH, which hovers on the alkaline side of neutral, varies mucﬁ more
’ -

C in L-1 (see|Table 2, Appendix I). \\\\\\\
. ‘ - [ ‘

II. Compapison of Stations in Bishop's Stream and L-2 (1977) -

Table 3 and Tables 9 to 16 in Appendix I show that variation from

.
e

station to|station of Biéhop's Stream water is slight, and most parame-~
ters ‘indicate the stream to bg rather uniform glong the reach tested.

Silica declines consi;tently from source to mouth while turbidity and
color increase. The\increase‘of turbidity and color 1s an obvious re=~
sult of sjlt-loading from the banks and accumulation of suspeﬂded par-
ticles along the length of the stream. i

Carbon dioxide is comnsistently higher at muddy (b) subsites. Current
is generally slowér at mu&dy subgsites, though Station 2 evinces identical
velocities for both subsites. o ‘

The variation.fn water chemispiy and physics from station to station
in Bishop's Stream is less than that shown for the same station during
two c&nsecutive years. This may be seen by comparing Site 2a of Tgble 3

from Appendix I to Bishop's Stream (same site) of Table 2 from the same

3 Appendix. Except for alkalinity and hardness figures, the between year

S e DasVoaean dol ET ki T
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variation is significantly greater than within year variation. The dis-

tinction between years can best be explained by the excessive differences |,

in yearly rainfall.

Degpite the high variation from year to year, chloride and calcium

A

hardness show a consistent relationship betwe!‘ Bisﬂop's Stream and the

two Lennoxville streams. The chemical characteristics of L-2 are remark-
, 5 .

ably similar to those of L-1 when compared to Bishop's Stream: relative

amounts of COy, chloride, total hardness and calcium hardness are similar.
/ \-\\ . -

L

'b: Ecological Study

\

A .
In the first of two major experiments, an ecological study of the

periphyton community of Bishop's Stream was carried out in 1977 using

3 sampling stations located along the length of the st;eam. The glas§.

slide community and the natural community of the st;eamAwere looked at
< and the community structure investigated. kn atteﬁpt was made to measure

the reliability of the glass slide method in ecological studies.

»

Glaés'slide‘community: '

The effects of the following factors on communify structure of - h

periphyton which colonize glass slides were tested:

. & .
substrate differences (nature of stredm bed);.seasonal successiony mat-

.

. urity of community; microdistribution on slides; and surface preference.
(See Figure A in the Introduction). The last two factors mentioned will
be considered in SectiogPd as they were incidental to the primary work.

Only the diatom community, comprising from 85 to 9% ¢f the glass

3 siide periphyton, is quantitatively analyzed, though some attention

o~ g

Wt
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is given to the other algae settling on the glass slides. A list of the

LY .
diatom species found on the glass slides and rocks in Bishop's Stream

(all‘ stations) as well as L~l1 and L-2~\is presented in Table 1 of Appen-

' dix II. Other algae inhabiting slides and rocks in the three streams ‘

" are enumerated in Table 2, Appendix IZ. Twenty of the most prominent
fl . kh,l - N . ’ N
diatoms found on the slides immersed in Bishop's Stream wepé chosen to

graphicaliy represent relative abundances and to carry out statistical
ﬁaiy;shfs: " These diatoms aprresentéd along with ecological descriptions

- in Table 3, Appendix II,

Th'e criteria for choosing these bart:t.cular twe.nty out of the 124
species found on the slides are: 1) persistence (seasonal longevity);
’and 2) abdndance at any gi\;in time. If a species was rare but persisted
throughout the season, or i,# a species was very abundant though for only
a short period of time, it was. considered an important member of the com-
m(mity. Most species were both rare and ephemeral. A few (Species.l to
6 in Table 3, Appendix II) were fairly abundant throughout the whole
sampling time. The twenty species .enumerated in Table 3 (Appendix II)
represented in all cases more than 90% and in ma‘ture (6 weeks) cqmmuﬁities
98 to 997 of the total numbers of the sampled community.

Though the following data are based in most part upon non-replicated

1

slides, some random replication was done, showing that the variation
1

v

from slide to slide and from sets of random counts done on the same

v
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factors when: dealihg withreach one separately. The effects of these
on community structure was evaluated according to the following para-
mgteré: i) dominance hierarchy; ii) species number; iii) diversity’,

and iv) total biomass.

I. Spatial Succession (Major Stations) —- ,

; if Dominance h&erarchy: The histograms of Appendix II (Figdres 1 to 48)
compare the relative abundance of the twenty dominant diatorfs on slides

at the three stations at all colonization léngths throughout the sémpling
season of 1977. 1In soﬁe cases a fourth station is included. This station

33 Y

is situated in L-2 (see Figure 1). Slides from early May (A-series) to

+
December (K-series) are compared. For an explanation of the coded slides

see Figure 7 and Table la from the Methods Section. The histograms do

not show ostensible differences between slides of major sampling stations.

Howevgr, slides at Station’'1l (solid.bar) have smaller communities at
early 'and middle ages (2 and 4 weeks respectively). Slides at Station
2 (striped bar) often have the largest numbers of the first six species:
(Table 3,\Appendik I1I), though this 1s not a general rule, °

X Figufes 9a to c present the seasonal changes of five prominent dia-
toms fot each of the ﬁ%ee colonization ages of slide communities at
the three stations for 1977. These figures show that variability from
site to site is very‘high. However, the communities of the 2 week

{ . .
slides from the same station but different subsite tend to resemble ome
. another (see especially Site 3a and 3b of Figure 9a) more than do com-
munities from the same stream bottom type (a or b) of different statioms.

" The reverse is true of 4 week slide communities. Lobkin% at individual

species, Surirella ovata and Eunotia pectinalis V. minor are generally

. £ ~
better represented at Site 1, closest to the source and least represent- -
. ’ 9

> . ’ R -l
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FIGURE 9: Seasonalk changes of five dominast

iatoms: Cocconeis placentula ; Achnanthes

"

anceolata—— ; Achnantﬁes linearig---— ; Eu-

\Y v

notia pectinalis v. minor ~—x 3 and’ Surirella

ovata ----leeeee ¢ in 1977. Figur\?, a corresponds to

2 week old communities, Eigure b to 4 week, and

Figure c to 6 week old commynities.
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ed at Site 3. The remaining species show insignificant differences be-

- % ’ J
e . tween sgites. t

Table 2 of Appendix III tabulates results of the Wilcoxon Signed
R;n%g Test and shows the relationship of the Jslide populations between
' the major stations for Series A to K. This test, as 1 explained pre-
‘. viously, was.used to determine, by matching'paifs of the same species,
v
i whether one slide population was large{”;han the other for the twenty
prominent diatoms. The null hypothesis of the Wiléoxon Test is Fhat two

samples come from identical populatio$s (or that the means are the same).

R

C *
‘ The probability that the differences in 'populations on the slides is a

chance occurrence appears to the right of each sign associated with it.

mopEms e
»

» Slides at Station 2 show a higher number for each diatom species than

. .

e slides at Station 1. This is especially evident in the two week old

LA 0

3 ’ slides. Slides at Station 2 gemerally possess higher numbers of indi-

. viduals for each of the twenty diatoms represented than slides at -Sta-

g e - -

tion 3, though by insignificant amounts. .
. . ) -
3 N ': The Spearman Rho Correlation which tests for independance was car-

-

. R -
ried out on the twenty diatems of variously paired slides. The popu- .

b

% . ' lations of .the slides are not mutually independent; dominance ﬁier—

archy is 'similar for, all sites thr&éghoqt the sampling season. Peru-
4 . ] " ‘

. sal of the slide histograms of,Appendii I1 confirms that a particular
. .

] - - species that is dominant at one site is also dominant to the same degreé

o ‘ at the other sites. 1In 157 of l?SYtests performed, the Rho coefficient
™~ te . . . )
© shows significance at -the 0.05 confidence level. The exceptions are the

following pairs: 1aA1/ZaA1; 1aA1/3aA1; laA2/3aA2; 22A1/3aA le1/2bA

lbDl/ZbDl; 2aD2/3aD2; 2aE1/3aE

1;
ZaFl/

l;

~2bA1/3bAl;‘laB2/2aB 2aE2/3AE

2} 1} 23
U 3aF ; 2bG,/3bG,; laJ,/2al,; 1bd,/3bJ,; 1aK,/2aK,; 2aK,/34K,; 1bK,/2bK,.

‘ These exceptions demoné;rate the high variab;lity and instability

of the younger slide populations. Mutually independant slide populatioqs

. " +
Ll ‘ .
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~ of 'Appendix II). . \

between sites are represented mainly by two week old communities:\(sub-

. p
script-1l) early in the year when grd@th rate is high and by four -week
1

old communities (subscript-w) later in the season (Series G to Kf when

growth rate is low. Stable periphyton communities (4 and 6 weeks de-

A

; : , 0
pending upon the season) which establish themselves on slides show a

]

distinct hierarchy which is very similar for all sites' (see histograms -

' T

o ii) Species number: The total number of counted species ﬁ&r each

-

slide community appears on theﬂtoprright hand cdérner of theée histogfamsf
of Appendix II which graph only the twenty major species. Comparison'of ‘
,Stations revgalg that fewer numbers of .species exist closer to the source
"of the stream (Station 1). Species richness increases downstream,

1i1) Diversitz: The diversity of slide‘communities; calculated by the
formula of Shannon and Weaver (1949),‘18 presented in Talhle 2. Two-

way analysis of variance was perfb;med on ;he aata and confirms' that

diversity does not differ from station to' station with the possible ex- &

céﬁtion of rocky subsites where significantly higher values were recorded

- at Station 2 for older colonies (see Table 3 of -Appendix III).

*
iv) Total biomass: The total numbers of individuals counted on each

slide are shown in Table 3. The data were then subjected to analysis of

¥
.

variance after log-transformation. Table 4 of Appendix III shows that

L]

higher numbers exists on slides at Station 2, though not at significant

levels. Variation between sites of slide populations declines as/rocky
~

subsites and increases at muddy subsites with maturﬁfy of communify.

.

7
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TABLE 2: Diversity (Shannon & Weaver, 1949) of glass slide diatom
communities at the three stations of Bishop's Stream and Station 4
of L-2 4in 1977.

Y

SLIDE STATIONS
la 1b 2a P4:) 3a "3b 4a
A 2.05 2.54 2.24  1.79 2.26 2.19 —
Ay 1.96 1.43' 1,39 o 1.84 2.37 2.13
A3 0.96 0.95 1.11 0.68 0.99 1.26 —
By 2.5 2,43 2.30° 1.35 2,31 2.28  2.23
B, 1.08 1.47 1,73 0.87 1.28  1.37 -
By 1.04 1.06 1.27, 1.32 0.08 0.66 -~ —
C 2.14  3.32 2.78  1.06 2.68 2.37 2.39.
ich 0.55 0.76 1.29 0.84 1.17  0.69~ -
c3 0.16 - 1.11 1.08 0.88 0.57 1.22. -—
B, 1.64 1.33 1.33  2.14 2.48  1.42 -
Dy 0.28 0.56 0.37 0.84 1.03  0.67 _—
D, 0.85 1.01 1.23  1.16 0.43 0.39 -
Ey 0.56 1.49 1.16 1.75 1.62 0.34 - |
E, 0.60  0.51 1.06 1.14 0.16 0.45 -
Ej 0.78° 0.85 1.44  1.36 —  0.42 -
¥ 0 0.32 —  0.82 1.78 ' 0.46 0.56 ,
Fy - 0.5\ 0.44 1.25 . 1.38 0.32 0.10 0.03'
Gy 1,26  1.29 1.59 1.26 1.64 0.21 * 0.34
G, 0.98 1.13 1.93 1.51 —  0.04 0.10
B 2.44 - 2,93 2.07 -— 1.19 0.95
Iz 2.22 \ —— 1‘78 —— 0084 — !
3, 2.89  1.79 \ 2.72 1.86 1.86 2.76 -
. / ‘\
K, 1.59) 2.46 « 2.75 2.19 —\ 288 -
L, 2.20 - - - _— - -

tad
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TABLE 3: 'Total number of diatoms counted in 50 ratﬁom fields at.onOO
magnification of slides at the three gtations of Bishop's Stream and

Station 4 of L-2 inm 1977.

SLIDE STATIONS
7 la 1b 2a 2b 3a 3b ba
, .
A 288 550  -1004 226 680 388 -
A, 254 1005 1339 3663 2179 297 162
A3 2048 1412 1958 1848  _3383 1367 -
‘ B, 235 215 793 1632 857 620 124
; B, 1107 439 520 1224 2456 1548 -
: B3 6977 4597 6143 . 3253 3785 -
Y . '
1 c, 220 150 515\ 340 1795/ 399 256
: c; 1264 2647 6707 4918 4974 . 3153 -
C3 5204 5594 9010 4516 2610 2783 -
; \ »
B D, 170. 143 1772 725 91 152 -
D, 2270° 2714 5496 5381 1819 2180 -
D 2887 - 3135 5853 3740 2604 3455 -
'El 642 365 45k1561 . 569 472 1339 -
Ey. 2742 3097 4496 . 3337 2794 3283 -
E; | . 3297 3968 7127 5770 - 3050 -
R 1303 2336 2602 2040 132 1628 142
F,oo 3034 2748 6574 4484 2632 3221 4225
F; o 2848 3361 4298 10486 - 2731 -
TG 217 1208 1741 1287 645 1817 2271
' G, /1585 2865 2690 2562 - 3668 4992
B 177 455 655 - - 585 . 2141
I, 250 - - - - - -
\
3, 204 82 520 1107 1066 132 -
K, ' 204 67 . 509 126 - 167 -
L, 14 - - - - - -
- ‘\\
. &
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II. Substrate Differences (Subsites) —=

i)_Domidhnce hierarchy: Differences in relative abundance of the domi-

nant diatoms between muddy and rocky subsites is<§hown in the histograms
of Appendix II. Fewer of the dominant species (and fewer species in gen-
eral) are represented on the slides at the muddy (b) subsites. This phe-
nomenon bacomes 1ess,app;rent in olderlcommqnities. Table 5 of Appendix
III shows that numbers of individdals per dominant species is generally ]
higaer on ;lides placed at the rocky subsites than those at muddy sub-
sites (Wilcoxon Signed Ranks Test). This phenomenon is consistent though

not always significant at Station 2, and is clearly evinced by young col-

onization stages early in the season. Similarly, young slide populations

' - n

at St#fion 3 demonstrate a éreference for the rocky subsit ‘ While olderx
slid; populatioﬂs show noj‘uch distinction. £he slide comm ies of
Station 1 are an exception/to this generalization as their numbers are
higher at the muddy subsite. ‘

The Spearman Rho.Correlation Test demonstrates:that the dominance
hi:rarchy is similar for the muddy and rockx slides at the 0.05 signi-

ficance f;;el. )

ii) Species number: Fewer numbers of species colonize slides placed
at muddy subsites (see histograms of Appendix II).

!
iii) Diversity: Table 2 shows that diversity was not significantly

different between slide communities of rocky and muddy subsites.

iv) Total biommss: Table 3 shdws no clear relationship between total

numbers counted on slides and subsite (rocky or muddy). -However, ome
may venture to observe that early in the season diztom numbers on slides
at the rocky subsites are higher than numbers at muddy subsites; as the

o1

season progresses, this relationship reverses.
~ . ‘ r 4 .
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III. Season  (Series) -- )
' I
The data already presented demonsprates qow season intera&ts with

spatial succession and substrate bottom on gﬂéss slide periphyton.

i) Dominance hierarchy: The histograms of Appendix II indicate that

.as the season progresses from May to December of 1977, represented by
Series A to K, Sbecies 1 to 6 (Table 3, Appendik II) undergo hierarchi-
cal changes. Figures 9a to c which present seasonal cﬁanges of Species

1 to 6, excluding Achnanthes minutissima, show that Cocconeis placentula

™ i

" rises from a spring low to a maximum in late July and early August (Series

E and F) and then declines. Surinella ovata and Achnanthes linearis,

which have a spring maximum, become less numerous in mid summer and their

numbers rise again in the fall. The highly erratic seasonility shown by
all the glide populations, even six week old slides which presumably 7
contain stable commgunities, suggests that the algae are growing in a

highly volatilg environment. ]

i11) Sbecies number: Histograms 1 to 48 of A#pendix II show that species

. ' {
number does not change significantly,during the season though there is a

aij'i ;
N LS >
general trend for larger numbers in theispring and fall and fewer numbers

k4

in the late summer (JuIYrAugust).

ii1) Diversity: The histograms of Appendix II show that as the season
progresses from May to December of 1977 (Series A to K), diversity de-
creas;s, as Species 1 to 6 (Table‘3, Appendix II) become more dominant,
alluding té partial competitive exclusion; diversity reaches a minimum
in the late summer (Series E and F).' Diversity increases again in the

fall and winter (Series G to K) as a result of hegterogeneity in numhers

and fewer total numbers in general.

!

|

.




" Results from aﬁ analysis of variance confirm this observation. Sea-
sonal influence on diversity of periphyton is é%erted to a greater de-
gree (or simply seen more clearly) on slides placed at rocky subsites
than on those placed at muddf subsites; seasonal influence diminishes
with maturity of the slide community (Table 3, Appendix III).

iv) Total biomass: Tables 2 and 3 show that the changing diversity values

throughout the season are directly related to the numerical biomass of
the periphyton on the slides and not to the number 'of speéies represented

which does not change overly during the sampling season (Histograms 1 to

48 of Appendix II). Th%‘lowest recorded falues of diversity of the slide

. ’
community in July and early August (Series E and F) correspond to the

highest recor%ed total numbers. Since total species number was not sig-
. R 1

nificantiy different, lower diversity in late summer is attributed to a
shift in the major component of the total numbers into a few species

(1 to 6). Seasonal variation of numerical biomass was higher at muddy

¢
-.Bubsites (Table 4, Appendix III).

IV. Maturity of Community (Subscripts) --

+x

i) Dominance hierhrqﬁy: The hierarthy or ‘relative abundance of3§pecies

1 to 20 of Table 3, Appendix II, changes with maturity of the periphyton

community (Histograms 1 to 48, Appendix II)., Species 1 to 6 become domi+

nant with age of community, often to the near exclusion of'all other or-
. ‘ ] 5 ,

ganisms.

ii) 4pecies number: The trend shown by Species 1 to 20 reflects an over+

all trend by the periphyton community on glass slides: species number

and age of community are inversely related. : '
111) Diveréitz: The diversity decreases with increasing age of the
slide community (Table 2). This decrease is a function of low gpecies '

, . Iy
number and high total number. Analysis of variance of diversity (T;EEE”ﬁ,
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Appendix III) at the three slide community ages suggests that season —

affects colonization rates.

iv) Total biomass: Table 3, which tabulates the total number of counted

individuals per slide, shows that total numbers of diatoms increase
with flaturity of the community, with the greatest increment occurfing

between the two and four week old slide communities of the same series.
It is ve:y likely that optimum, though not necessarily maximum, ﬁumberS'
of diatoms on slidgiﬁ?s reacEgd by four weeks of exposure. B;yond this
point a supra-optimal—;iomass is created by further settling and repro-
duction, and heavy competition for space takes place. Depressed numbers
e;incéd by some six week old slide cgmmunities may be' a result‘of impin-
ging envirbnmental contingencies such as current, light, turbiaiéy, ;nd
grazing which aét upon the unstable and stressed community a; regulators.
.Table 7, Appendix III, present; analysis of variance done on total
numbers at the three community ages during the season. Results of this
test confi:rm t’;se carried out on diversity ‘giata: season affects colqni:

zation rates. Figures 9a to c demonstrate this phenomenon. By chodosing

one of the species, for example Cocconeis placentula, and super-imposing

the figures over one another, colonization rate is graphically shown to

b

increase to a maximum in August (Series E and F) then decline.
‘Mature communities and thoseestablished in late summer evince simi-
lar characteristics: high dominance by Species 1 to 7; low species num-~

¥

- . o
ber; low diversity; high number of individuals.

& N .y
o B .

Rock Community: ' : o AN 2

) C, . .

I. Epilithic algae -- ' N

Fa
3

,
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Every two weeks in 1977 tﬁe algae on rocks were‘ﬁampled and compared
qualifativelv with the élas;'slide community sampled‘at the same time. Inm
a majority of cases the t;o épmmunities were quite similar. Table 1; Aﬁ-
pendix TI, enumerates species of &iatoms°found on the slides and rocks of
Bishop's Stream. 1 was unable to compare relative abundances of the slide

and rock communities except for a few rare occasions when blooms of diatoms

on the rocks at various times of the vear (eg. Cvmbella tumida, Surirella

ovata, Nitzchia linearis, Meridion circulare, Melosira varians) correspond

-to--higher- numbers-on slides ~—The-relative increase—of Surirella ovataon-———

slides at Station 1 in the spring (slides Al’ A2’ Bl) can be diiectly cor-

related to a bloom of this species on.the nearby rocks at the same time.

%

II. Grazers ~-

3

A large and diverse population of fauna Qas found on the glass slides.
These were recorded to investigate the bossibility that grazers could af-
fect periphygon community structure. Tabié 4 of.Appendik.Ii lists the
fauna found on the rock; at the three stations of Bishop's Streaﬁ and the '
other two streams. The'gqetomary diets 9f Fhe animals 1s included; Fauna
that were actually seen on the slides are distinguished with an asterisk.
The remainder can not be excluded from the investigation aé«their;mbbilicy
enabled théh to encounter the submerged glass slides even thouéh they
were never found on fﬁem. '

Fauna did not va}v greatly from station to station of Bi;hop's Stream.
However, some distinciton between the subsites was observed and is given
here: dragonfly nymphs. were on}# encountered in the muddy subsite of -

Station 1; muddy subsites in general contained Fewer large gill breath-

ing animals such as the bigger mavflies, the stoneflies, cravfish and
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fish. Subsite 2b, however, supvorted a fair sized and constant pooula-

tion of shiners as did 2a. Fewer blackflies and caddisflies were seen in

the muddy environments, most probably due to the lower current and the

lack of suitable substrate.

v

~

I was unable to mak® any correlations between grazers and the glass

slide periphyton £or the three stations. Any affect of the grazers was top

subtle to ascertain from the data. Grazers are discussed again in the fol-
¢ .

-~

lowing section. i

¢: - Pollution Study
.
\d In 1976 Bishop's Stream (Site 2a) was compared wiqg L-1 in a preli-
minary studv to ascertain the@r épecific characteristi¢és. This was.done

by testing water chemistry, looking at algae and fauna on rocks, and by

a \

using a diatometer to monitor the community c¢hat settled on g{aba slides.

These three methods were compared for efficienty and ease of experimentation.

In 1977 Bishop's Stream was compared with L-2 using similar methods. /

el . Lo

: ) Factors I to IV of the ecélogical study (Figure A) were taken into
L 4 ? N
account in the comparison.
.Glass Slide Community:

A considerable overlap of diatom species cglonizing submerged glass
slides and rocks exists between Bishoo's Stream and*L-1 and L-2 with only
ao N . .

a few orgalylsms being restricted to one or other of the streams (Table 1,

[}

Appendix II).

i) Dominance hierarchy: Figures 10a to d show the seasonal changes of

’ the fivé most common diatoms of Bishop's Stream and L-T'.'for one to four .

- [

[

week old slides respectivefy.



.
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F_IGURE 10: Seasonal changes of the dominant periphytic
diatoms colonizing¥submerged glass slides in Bishop's
Stream and L-1 in 1976. The five diatoms are: Coc-

coneis placentula-—o—; Achnanthes lanceolata —-@-—;

Achnanthes linearis and A. minutissima-g-~; Navicula

. -
cryptocephala--m-; and Surirella ovata-a.~. Figure

a corresponds to 1 week old slides, b to 2 week old,\
c to 3 week old, and d to 4 week old slides. The dates

marked on the abscissa indicate time of collection.
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-

v A consistent pattern emerges from the figures: Cocconeis placentula
. LN

and Achnanthes lanceolata dominate Bishop's Stream and L-1 respectively.

The two species were found in both streams and it may be assumed that lar-

ger numbers of Achnanthes lanceolata in L-1 is evidence of its facul-

_— ’ -

tative nature and “its successful competition over Cocconeis placentula,

v owe

an oligosaprobe (clean water species) and notorious glass slide coloni-
zef (Kolkwitz & Marsson, 1908; Douglas, 1958; Cattaneo et al., 1975).

In Bishop's Stream Cocconeis held the 'competitive advantage and depress-

ed the Achnanthes population. The competitive advantage of Cocconeis

<
a

over Achnanthes in Bishop's Stream may be due to selective grazing.
Two/othep Achnanthes species, A. linearis and A. minutissima (pool-

ed in 1976 due to identification difficulties) preferred Bishop s Stream.

over L-1. 1In all cases their numbers were inversely related to numbers

of Cocconeis placentula (Figures 10a to. d) R

LI

In the one week old and two week old slides of Bishep's Stream

o

Navicula cryptocephala and Achnanthes‘lancéolﬁta appear to be antagonis—
, , -

ticly related, while these species evipce similar growth patterns on

the corresponding slides of L-1. This‘difference is most likely the\re—

sult of independent factors. ' s .

In most cases slides from Bishop's Stream supported a latger and
richer biomass (see Figure 11) with the exception of the one week old
communities, where L-1 suppotted\a sligh%l?fhigher ?iéﬁabs thap Bishop's
Stream. Figure 10a shows thié‘anomaly to Bé pgimaéily céused by -the

L
early colonization of the glides by Navicula cryptocephala and Surirella

ovata in L-1 an& the comparatively low number§ of Cocconeis placentula

’
IS

on the slides in Bishop's Stream.

Apparently a new surface must be exposed for close to two weeks be—

.
i) . .

- .

Doy \

wt
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XbFl;\zféz; Xan; Xan. Only one sample is available from the site bengf
‘ ~
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fore being substantially coldnized by Cocconeis placentula. This delay

may be due to a requirement By Cocconeis placentula for a bacterial film

7

to form on the glass slides and to serve as a kind of substrate. Indeed, an

unidentified organism thought to be an iron bacterium was the ploneer col-

onizer of the glass slides in Bishop s Stream, forming a ubiquitous film of

s
¢

tawny donut—shaped colonies, .upon which Cocconeis readily grew.

ii) Diversit : Diversity was not Investigated in 1976.

v

11ii) Total bioqass: Total numbers throughout the season did not change os-

tensibly in L-1 (Figure 11) but a definite summer peak is seen on the slides-
4 i
in q;shop's Stream for colonies of every age. This is mainly due to the

upresence of Coccoﬁeiefplacentula which is described by Butcher (1931) as a

"gummer encrusting" species.
The following 1977 comparison of the glass slide communities of Bishop's"

Stream with those of L-2 is supported by little data.

1) Dominance hierarchy: Station 4(L 2) is represented in the following

histograms of Appendix II for Species 1 to 20: \XaB XaC XaF.; XaG

l; 1’ l’

\

the sewage outlet (4b): XbEl. All the other graphs give relative abuo-

dance of the diatoms on glides located above the outlets (4a). In the

case of the two week old slides, the variation between stations in Bishop s

’
©

Stream masked any difference that may have existed between communititg

»

there and those in L-2. A major difference existed between the three

stationé'pf Bisﬁop's Stream and L-2 #n presumably more stable four week
) . C \ - - .
old communities. During the éptimum growth period for Cocconeis

. , '}
placentula (see histog;e:e, Xan, Xan) it dominated the slide community

of L-2 entirely while sharing dominance with four or five other diatoms

on slides of Bishop's Stream.
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d: PFurther Analysis of Periphyton Community

N i
\\\ Structure on Glass Slides

!

V. Microdistribution (Orientation of slides to c?rrent) -

‘During the course of the experiments in 1977 it was discovered that
the distribution of diatoms on the glass slides was not randgm but con-
‘tagious. Prefereﬁce for upstream edge, downstr%am edge, or both of
slides oriented parallei to the current was witnessed. Figures 12A to

‘ﬁi which are macro-photographas of some representative slides, show micro-

distribution at various stages of colonizationm. ' , v

Figures 13 and 14 compare total diatom numbers across, the width of
¢

slides of two series, B and E, whose dates of initiation are seﬁarated

&

by six weeks, the former in mid-May and the latter in late June. (See
Figure 8 f;r explanﬁtion of transects and graphs). Two colonization
lengths, 2 and 4 weeks, were used for each series (the 6 week slides
were similar to the 4 week slides). .Concomitant comparison of rocky (a)
.to muddy (b):subsites was made. ° " 5

The most ostensible‘difference:between the twd, series was in the

growth rate of the settling community.. The earlierlseries; initiated

. ; *
in mid May, manifested a much slower growth rate than the series begun
ﬂ i

in late June. This phenomenon an plainly be seen in both 2 and 4 week
old slide colonies of Station 2. The 4 week slides initiated in.spripg

(Bz) apprbach the 2 week slides of mid summer (El) in total biomass (see

Figures 13 and 14). ]

Concentratiﬁg our attention for the moment on E; and Bz‘alides, par-
ticular distributions are appareniiS\ .
1) 1In general, a decided preference for vme or both edges over the YA

i . ~ N

. - A\ i
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FIGURE 12: Ma'cro-photographs of prepared slides

showing white frustules against a black background.

' ' A, random spotting of diatoms at an early cbloniza-
!

.

tion stage; B, preference for upstream]and downstream

-
i

‘edge only; D, homogeneous cover

| " -
— diatoms for upstry
' 6 week old slide communities.

edge bf slide with random patches; C, preference of

representative of
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FIGURE 13: Spatial distribution of 2 week old

' - \
diatompopulations from three transects drawn

across the width of slides taken from the three

JP—

‘“stations of Bistiop’s Stream.’ Populations .on slides
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. middle of tl;gslide during ear\ly colonization stages 1is seen. A

' 2) Slides at Station 1 show diatom preference for hoth_upstream and

\\\ downstream edges over middle regardless of subsite. : :
3) Preference of diatoms for both edges over middle of slide at

. :StatiOn 2 occurs onl; at the .rocky subeite, whereas at the muddy subsite
s B : preferen‘c; for only the upstream edge exists. 'I'he anomaldus peakl‘ shovn‘

N\

by transect 2 on slide 21:]32 is- an example of the high degree of c]_.mnping

<% -
which consiete‘ntly hinders statistical analysis in this experiment. The

PPN

diatom, Achnanthes linearis, is the chief componment of mo'stvof these e

™~ random patches tﬂrouéfmut the slide. (Figure 12B, Figure 14). Lo
N ' . S

4) Diatoms prefer only-upstream edge of the slide at both subsiteso " ™~

' N 8 . R ‘ .
- of Station'3. The erratic pattern seen in 3a52 of transect 1 is also-due

to patchy growths and may reflect a vertical trend of diatom distributiom. .

< . o o Figure 15 compares 2 week to 4 :re k old diatom populati;ons on slides
B . ofa,th‘e.' E series. Transects taken aeross the width of ‘the slide; show

. that by the fourth week the diatoms are distributed ‘evenly across the
y . ~slide and that total numbers correspond closely to ,the numbers shown by
~\\ . ZK‘;eek slide populations at the edges. Th: negligible increase in dia- )

tom numbers on. the edges of slides from 2 week to 4 week exposure times

in the E-series may be because the diatoms have hlready reached the car- X
. \ “ Al

™ ’ rying capacity of tﬁat area/\i the siide and heavy\ competition for space

\mits growth to a large degree; however, at the center of the slide,
.settling, reproduction and migration from edges can still take place,

. P . ,
corresponding to the large increase in numbers from"2 week to 4 week

! old slide populations (Figure 15). R ' -, te

\ Préference shown’by diatons for edges of slides was witnessed through- '

out the entire sampling season. . . .

. . o o .
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Cocconeis placentula, already described ag dominating the 'slide com-

munity of Bishop's Stream, determined‘much of ,the "edge effect” by its

4

preference for edges ‘Two other species Achnanthes linearis and- Ach- -
H ’ ' N /

1) -

- nanthes minutiigima, ‘cohorted wifh Cocconeis. However, as I mentioned

Ad [X]

previously, Achnanthes 1inearis tegded to colonize anywhere. All other

"

"’..&PFC“S which 'made up the ccaunity were too rare - agfl scattéred to ex- ' ~

- 3 . . .
® - hibit significant preferent ‘distribution.

. S i . :
" |

o . To investigate community diggerences between edges and middle of’ .

t ’ \

¢

Q

-}

iy

hd .

L4

3 categorie%: a zone congisting of the first 3 fields counted from the - ~~3;Th 1
" ’ 1

- upstream 4nd downstre margins of the slide was considered the upstream .
' )
. ' and downistream edge respectively, the remaining 3 fiélds at the center of\

A n
L . each transect were defined as the middle.” Transécts 1to '3 were pooled,' : {
3 - ' . N )

for statistical tests and diversity analysis. ) v . . '

Table 8, Appendix I1I1, shows the significant preference of di;toms<?**“‘\\\

1

both edges at §tation 1 on 2 and 4 week old slides;.diatoms at Station 2
* . N ) )
show preference at only upstream edﬁe over middle on 2 week old slideﬂ

and no‘significant preference i1s shown on 4 week slides (Wilcoxon Test}.

ny . The different. preference patterns of diatoms at these two dtations ) .

may be a result of differing growth rates (see Figures 13, 14,°15).
~ ¥ B a N * o

. ' ‘ slide populations at Station 2 had a higher biomags throughout the sam- Tl

pling season (see page 55). Qualitative differences in community struc-

\ "+ ture of"diatoms along the width of slides between the two stations may o

'~ account for some of the disparity in edge preference. " S,

i\\\\\\\\ - Diversity of upstream edge, downstream edge, and central cdhmuhites N

~ + ' . S o ’ *

- = - . . was.,calculated by the formula of Shgnnon &‘geaver for slides A to F of
Station\g. - . ‘. : - P ’

slides, the nine designated fields of Transects 1 to 3 were divided into , s n'\ .




e Nl
L N S N - X o :
,' ! . B Early and"middle series sh&h relatively lower diversities at muddy
. *,. @ubsites than rpcﬁ§ ones, while later seriesﬁshow the xeverse (Table 4) -
7 gowever ﬁthis difference is not highly significant. \ .
. v. 3 |
R . ‘,. Sixty;pegcent of the slides at Station 2 show highest diversity iﬁ the

. middle of the slide, twice that expected it by chance. Thirty-two per-

cent’ show highest diversity at the downstream edge. Only. 82 of the slides

» .

N ) have highest diversity at the upstreqm edge. The higher diversity ‘of ™

¢

. . . the central community 1s dype to a(greater number of species qaresumably\ A

$ 7 AT e T v sy o
. v
v

- because of less competition for space as well ag to the lower total nun-

N
-

ber of'iédividuals compared to the edges,. Both factors will inéredase diver-

. \ '

o sity. Evidence for a qualitative difference between edge and central, com-

~ & @
_munity is glven by 4 week old slides of -the E series. Figure 14 (slides

2aE2 and 2bE,) and Table 4 show th;t changes in divefsitv from edges to

middle of slides is not due to differences in total number. I explain

.. it as fdllows: Cocconeis placehtula colonized the edges first {ud “invad-

P

ed the siddle portion of the slide later; in the meantime, other species

t v

-

ﬂ 0

- "

had a chancé to settle on the central part of the slide due to less °

. i i
]

-erowding.
g G?”J. §

Data from the fourth transect, taken along the vertical length df the

slide,. suggests‘xhat diatoms generally first settled at the toﬁ of the

i - w0

4 slide. Sometimes, however, the bottom was preferred alone or with the top

» of the slide, leaving a small scargely inhabited portion in the middle of
the slide. . ' . . co. -
k ‘ '. . ' \ t [ ° i ’ » ﬁ‘\
’ ) Table 9, Appendix III, gives vertical trends of diatom microdistri;.

v

/
bution on slides at Stations 1 and 2 for series Atp F (Cox & Stuart

Test for Trend and Wilcoxon Signed Ranks Analysis)

' /; . Communities on 2 week 0ld sliqes ghow a negative trend (increas}ng

A ' ”

’ ' o, ‘ .
- . . .
\ .
,
N .
. . . ’
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’ A . T . S 9%
. . N v ' * .
s ' numbers toward the bottom of the slide) early in the season, progressing
. to a positive trend (increasing niumbers toward the top of the sglide), ro
N . "t oo . v . "y . .
~' '~ later onm, : - : Co e, Lo
4. - Four week and six week old comuni.:ies “consis ently exhibit more ° )

. l
) significantly positive trends at rocky (a) subsites than at muddy (b)

y

. >
~ ones. Diatoms may have been establishing themselves qQn the bottom'of-

. . . the slides situat/ed at umddy subsites because they were gett?,ng something .

-from the’ stirred up clay substrate such as nutrients. Seeding fréom epi-

- . §* pelie and epipsammic diétome may al:so have affected the diatom distribu- .,

s . - 'x ! VT
. ' ’ . ° - . - . - P -
ti e - -
on. . '
. ° . M F) - . . ‘

+, - In Fall of 1978 an exl;eriment was eonducted at Subsite 2b to eval-

. . p . , ‘
" uate the effects of glass /slide orientation to the current on microdis- ' .

s . " .
. tributipn of diatoms. $lides were arranged normal and edge-wise to the
/ » v . B ’ I - N ' . N
_current. Figure 16 presents graphs depicting spatial distribution along

. o . & . ., i

the width of th:/slides for normal and edge-wise orientation using similar

. ' methods as those used for the prev‘ious microdistribution studies. S \
ﬁ . ¢ - /r‘ ) 4

: The-tr: unﬂrers, represented mainly by Coc- o
“ ' SN . . ! , .
~’\ - -— - ---— - coneig placentula, "~ are evenly distributed over the slide f‘acing the N

current . Z/iatoms éettling on replicates of slides parallel to the: cur-

. v

1Y
- rent, however, show _significant preference for ups):réam edge of slides. .
. : N - o\ »

- Total numbers at the upgtream edge of slides orien‘ed edge~wise to the

current approach numbers found‘throughout the width) of the sl'ide“oriented

'i’ a, . , .
\\-normal to .the current. The donut-shaped iron bacteria is seen in higher
Lo . numbers on the slide normal to the current. . o \ )

L]

) ¢ “ X . - - ’J
- .- . Varlability within apparatus: . » ﬁi :
N -

. e Analysis of variance was carried out on slide replic&s located on ‘

"
- s 7 .




’ ' . ‘ -
, J - N . -
° . o 2/ ' . ,
* ' v B ) ;. . // i vt
. S .o A o W o \ e ;
I/ v . 3
' P [ ¢ ' .
* v - hd ,r/’ LN “ ' . R
, . N s / , , N R o % ¢ -
. a . PO - *
’ ‘ v / < - “
” ‘ 1 iy ¢
- - - / . - - . 4 ~ . A
N ‘e £ . . A . 1
| - - { . . \ . ” . . . ‘
‘ , - . ) . * ! . . )
* ) * / ‘3 .« A y . . ! \
» . > A N N LY ¢ * .
- . . . ’ . ° ' ., . . ) \ ,
-3 . - . . . / T
- . . ’ . ’ " ’ e, ' . i .t
» . t
I3 . v . ' . 4 . N
. . P e . ) o0 - . - v b ' B - i i /:
y 4 : ' . - - . B . ~
4 Y . s . . -
s - FIGURE'16: Spatial distribution of the ‘diatom « o
. . ~ ! B . -
s . . N . ! - . . | . K - R . . i
' . . A , S N
e pg[/pulation from three transects drawd across the re 1o
A - - A . 1] [ %
o . . width of the slide.- Populations on‘'slides oriented A ‘
* . R v R - . , . . - « Ve .
N . R " - . . ~ . . - . - - .u‘.".d'x v
.t ‘ edge~wise and normal to the current 'are comp@Qred. .
. . . Y , . * . . . - .
L, i « ‘. ‘. . - , . [ R
v © ‘ ~ - s B . T
’ \ . ) ~ -
. , [ , » . B A . ; - . [
» . . v P
- , . ' ‘. , / . . . . ) . N .
.. = C Yy
. . - - . \ . .
» i . 4 . ’ e . -~
. ' =, ' - . ‘ ' . | i - N \ N |
N - ! ' '
. » -, - N » X
’ . . . . . . . . \ RO .
' [ ¢ M - * . -
a . ° - ' » A ~
. « - - . "
- ¥, @, . ]
’ * hd ' R - v e
' . L. A o ! . o ’
C e s - . . - . ) L *
i ‘. ) g . " f . {
\ o oo ‘ . " N D -
» ' o . —~——— boreres
) . '\\ N - N ) ! ‘. A l .‘ .\——\. L) ! - 1
- M » N * . .. ¢ . f
. , " { . @ ' . -
L L ’ : ) . : |
IR - - ! ' > ’
o v Y ‘.
» - * - A
» R [ 4 - M . B ° , . »
Q . - o
. - . . . °
. - 1 R 4 :r . ]
. , ' - - . @ N
” ' ’ ‘ - - . ' S
. . . B -
' e . . . . ' “ )
* - ! . 3 kY . - !
, N ) " ‘ . . ;)
" e » Cl ! - .
. r N
o - - .
- . . N .\ \' . s i ? . .
L] v v ' ‘s .. .
-, - N ' » .
- - , . .‘ v :
' » 3 ] 3 .
-, . B - 1] il
vt 4 . - .
. - A\l R4 N
’ L) L Y ! *
L]
. ; . - ,
S




.
)
\
[
’
!
4
'

St ’
'
' i
.
»
'
[
A Y
€t .
1\ -‘,
\ .
—
.
f .
"
[
N ~
/
' v
e 0w -
£
q -
®e
t
a
N . [
- )
[ .
.
.
°
1
. -
N

o

. . a4 . . .. - .
il
. [ . ‘ ° .
g, ! N o ‘ . \ N
| '
V] . - .
' . d
¥ {
M i)
, R .
i - vt
] - :
.
} . i 4 ’
- A e
-~ 'S ‘

C ot . EDGE-WISE, °

)

'cr .. . " i .. —
Width of Slide (Curient)

Lac

"Field (1.4 x10°4")

. 1 . - Fs

1

‘Total cells

)

-
- M ’
. .
[ °
| . ———
| * ' '
| ' . :
, ) [ @ A Y N ~
i - )
\ e I
. '
. ! ’
. ] & ‘ I 1
\ . \ | ,
. “
B |
- . \ L4
- v
. ' \
~ |
. -
. . *
. . [
. .
T . ~ 1
i
)
" ¢
. B
[ ‘ -
.
N
. L}
. . . -
.
.
‘o -
) -
L] -
-
’

80 . -
, -
. 0y
+60 ’
- .
~ . »
40 .
. .
° .
20 ’
- . }
- €
lo . “~ i
" ’.(
: ¢
LI ¢ : ~ |
. b
’ !\
- Y
- kY
5
“ i
.
. L
5w
. )
.
a B
. « !
. s
.
- 0
- ' ¢ :
. .,
1 o ‘l
,
A
© L)
.
. s
.
— L3
.
4 -
'
»
“’ . '
] '.)

Tréhectg: - 8 ‘

1




’ ‘ " ' LA N
»

the extreme edge of tﬁe. slide chamber\bf ‘t:he appar s"and' at the center

- ¢

4 of the chamber to see if ypothetical differenc in tii}:rqfcurrents were
a’f:fectinf\g\ -periphytori, 'communitty) structure. Table’ 10,‘A1')pendix.III; shows

that differences between slides of differént locations on the slide nﬁam-,-
: . SNt

' ber-are as insignificant ag those between replicates from \the same loca-

- ) . v, T .
tion. . Lo Q . ' -

-

vi. Surface Preference (FrosLed/Smooth glass slides) . O T . .
- ’ ' Y . . ‘ : ) © .
An experiment was designed in the fall of 1977, using partially -, \
. > ,

. ' 4%

' a . LIS
frosted slides, to asckrtain the existence of substrate selectivity by . \;: 1

diafoms. Table 11, Appendix III, establishes t;hat:vin some cases signi-

. b . NG
ficant difference in community structure between frodted'and smﬁta'h . .

- glass surfaces exists. However, thi’s phenom%non is not consistent and

=3 - . . ;

no conclusion, can be, made, , ~ .

> - .
- . ; . n 9
¢ - . “

' g "Generallly, fewer numbers of Cocconeis placentula and greater numbers

<«
N ot
v A 1

’ of Achnanthes linearis and A. minutissima were found. o‘n‘.the frosted -sur-

~ 3

} T faces than on ihe' smooth surfaces.
) . . . - - ‘ Vo *
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The results of the- survey on Bishop ] Stream suggest that factors

t R rg

such as substrate bottom, spatial sqccession, and-sea_sonal success:[op' P

o

’

do act upon the periphyton connnupity of gless slides. Water from the

.

vy

s ‘ ‘ . stations of B op's Stream exhibited only smal']; chemical differences -
. A ! - 2 N v - N . .

. " . . . . .
P with the exception of C02 and silica. ‘Apart from these, the differ- - -

ences between stations were physical: turbidity; color; current. .
+ ’ .

<

Spatial succession: , ’ .
. . N . : P . . \
- The similarity in dominance hierarchy but difference in relative C

v
.

abundance for diatoms at the three stations and their subsites suggests
” ) , - N

that a discreée agsociation from the c:;a%?ool of the stream is suit- .

. ] ‘ 2
.ed ‘to settle on vertically placed gla' slides as a unique environment, ) T '
|

4

-

<. ~ and cha;: differe?tces in’ relative abundance from station to station are
Uy " due to local factors. The afore—mentioned‘factors, excludj.ng seagonal
| T euccession may be responsible. - )-\ ‘r‘
. It has been éugéested that along a hypothetically uniform stretch
of stream, the population of algae will increase downstre;m due to ;h )
increase in nutrients and/transpontation of periphyton downstream re- a

} ’ . ’ sulting in an increase in the species pool (Eddy, 1934 Douglas, 1958)

[y

% Although an increase in diatom numbers was observed from Station 1 to

‘/ : Stat‘ion 2, total nur?bers were lower in Statipn 3 geuerally. This pat- )
| tern is not, too,surprising .yhen ohe considers the stream Icharactetistics )
S - . between each successive station. Much .of the strear; :l;s- uqd.erlain by

b | . . bedrock between Station 1 and 2 (Figure 3). Between Station 2 and 3

‘7, the streambed is mostly “silt and clay, underlain by gravel af" silt,

- The banks aloné tHe stream between Stati,oni 1 and 2 are encroached by

N . * k]

-
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‘

forest .and are o/f‘ten rocky; the banks aléng the stream between Station

2 and 3 are flanked by éield and are mudd‘}/',, ‘i)eing much more susc,eptibie
s "o * /

to erosion and the stream, thereforé, to more silting:! ' Because of this

phenomenon Statién 3 has the ‘highest': turbidity'(Talyle 3, Appendix I)

espé@y at times of rainfall. In the spring andcsuminer, of 1977 very

" 1little rainfall and no scouring floods ,occurred and populationé at Sta-
. . N - ® . . - : .
tion 3 were higher in number than at the other two stations. In the "
o 4 ' . .
fall,/when it rained.more frequently, slides at Station 3 had lower pop- °*

i ® ”

ulations‘than Station 2. ,The increased de}lsity of suspended particles ",)
; P - L i p

- .

in the lower reaches of Bishop's Stream may dimi‘hish.light'and ‘act as
. R p )

scouring a}ents on the slides being populated by the diatoms. The

higher diversity of 2 week slide populations at Subsite 3a (Table 2)

r
can be explained by the larger species poot (Patrick, 1967).

Su_b‘sites: © ‘ - .

-

The’egfect.:s of turbidity and silting afe fprt'her seen in th'é compar_-'
g isons of rocky (a) with muddy (b) subsi‘teé. As the hi’stogr’é;ns‘ of Ap-
pendi:i‘ II show, fewer s;é&ie.s- and numbers of individuals per speciles
(Table 5, Appendix III) inhabited slides *'a;t muddy subsites while the
di\(ers{ties of these two c;ammtxnities remained comparab}e (Tab.le 2).

’ Curréqt tends to be slower at muddy'areas of a stréam, allowipg,;depo— ’
sition to take‘place. Though bthis was the case genere‘q\ly for Bishop's
Stx:eam, Joth subsites of Station 2 exhibited the same cu.rrem:' speed.
éince community dispe’u:itiesa were observed at St’ai:ion 2 bei:"veen the two‘
subsited, a factor related directly to thev stream bottom type an‘d.not to
current, such as invation rate, was deéemed the important' co.n\t‘ribut:or in

F-) . . ¥
- determining differences in population sizes and diversity of diatom com-

A\

2 S
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munities gettling on slides located at muddy and rocky subsites. -,
The possible role of turbidity -on periphyton community struc;ure

has already been,discussed. However, because of its association with

v

A . «
stream bottom type, the influeénce of turbidity alone on the .biota is
¢ " : . .

2

difficult to elucidate. It geems more likely that the streaq bottom"
itself as an integral part of thelﬂtream environment, rather than.tur-
. .' . .v * . - ( N — .
bidity per se, is responsible for the difference in the glass slide

communites between roeky gnd d?ddy subsiggs.
Cedergren (Blum, 1956) stated that sandy‘bottoms tend to be unfav-

orable for algal attachments and that these areas are inclined to be

t 1

poor’in benthic algae. Though Cedergren was probably thirking mainly of
. > : ; .

larger, filiyentous algae, this statement holds true for.diatoms as well,

<

Though rud sup@orts a population of epipsammic and epipelic diatoﬁs, a

uch sgicher and diverse diatom population thrived on surrounding rocks

Ny . " .
sitiaeé;iZEEi?b. Seeding from the clay bed, especially of epip-

éammic g ecies, would apppe?‘erbe ‘dot nearly as great as seeding from

\
rocks either. Slides located ‘t the éuddy subsites received pioneer

4 .

A

o

soei;:s‘brdugﬂt in by the current,‘whereaQ'sLides at' the rocky subsites

received inpuf from an established community on the rocks just upstream

as well as the no#mal loading from ,the current.

A
It is interesting to note that the location of 2a,. downstream of a

-\Bbol,mdoes not seem to affect results. ngsipe la was also-located,ggwn-

gtream of a pool, yet‘slid&s at lb-possessed higher numbers of diatoms
\ I

,Qsﬁ species and total biowmass ( ee/b. 59 and Table 3). Subsite 3a was
N : -

notslocated downstrearm of a pool and ;till evinced higher total numbers

than Qt. '; . (' ‘ s
+ The richer biomass exhibited by slide communities at the muddy sub-

.
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site of Station 1 may be explaiged b}; the l'uz'turious growth of 'macro- - Ct e
phytes able to.sgppor‘t e{:iph'ytic_ aigée in the proximity of the diatome-

- . ter, Regres:‘t\ably these were qnot~sample‘d~,f0t algae. Clumps of grass

that had sli{d down from the overha‘ngég b§n£ were occ'asionally foux;d.‘

. - ) ' : %
- near the ‘apparatus of -Subsite.3b., But this growth was not permanent and

' probably did not provide a constant source of allgae—.: g
- Season: ' ' ) § .
"1 showed on page 62 and 63 that diversity afd relative abundance of

diatoms on slides changed with season. Besides thie obvious spring and - - ‘ N

/-

fall puldes <‘>f species such as’ Surirella ovata, Meridion circulare, and

. Nitzchia linééris, ubiquitous diatoms showed definite seasonality. Pop-

ulations of Achnanthes linearis and A. minutisgima were highest in, the

épring and early summer (Figure 9a to c); Cocconeis pia}:entula showed
T, " a maximum-in late summer. The seasonality shown by these partieular ‘ K

) "spec{es’corres'ponds closely wii-:h the seasonal succession‘exhibited by

. . the same species in Butcher's 1931 study on the River Tees in Britain,

\ - ' The géneral decrease in ;:liversity ip th'e. sumertis due mainly to one ,
. \‘,n N . - * . (" N N ,
1T U species, Cocconeis placentula, and its dominance over all the othér com=
. , »> 1 . ‘ ‘ IS ,
: v ponents of the slide community, It wouyld seem that, once the optimum ‘ : P

¢ > .o .
co ions are met for Cocconeis, its prolifetation goes unchecked to .

L : ~Eﬁ@'near\wm

I3

. - . ‘
etitive exclusion gf other interacting species.

.

éf slides increased sig- .

L)

On page 78 I showed that colonfzation rate

* ,v° -nificantly in the late s r. This phenomenon is also due in most .
\ i :
. . LN ~

- part. to Cocconeis placentula. - . o

\

| Le s . .Much as season per se 'iﬁfluenqes the pexiphyton cm;munit'j} stfucture
on glides, other s”hort-livedw factors may account\fbr\n;xi‘y of the changes

i ‘Yo commu&ty structure. As Figures 9a to ¢ and 1l0a to Whei’e is
r -, . f:n . T ‘."‘ . N : o ‘

. . , .
« . A - 2 . . ~

3 < . . . ~
. . « . .
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T o certain diatomq én slides sampled on the same date but representing

~varying‘ageé (from 1 to 4 weeks) revealed the same proportion of num—

" crease of Cocconeis in 1976 took place shortly after -a heavy scouring

‘ [.",* S ’ 102 0
a- great deal of local fluctuation. Some of the "nqiggﬂ/is»ébnsistent
<3 - N
for all slides sampled at the same time, Figure 10a to d shows that

b *

bers coﬁpared with previous or subsequent sampling dates. Comparg, for

instance, numbers of Cocconeis with Achnanthes linearis and A. miputis-

sima from June 8 to July 6 in Bishop's Stream. The saﬁe‘pattern s evi-

B

deqsrwhether the slide is»f?or 4 weeks old. ' In all cases Cocconeis

| :
was depressed June 22 while- Achnanthes spp. ﬁéaked; July 6 Cecconeis ‘ .
ey .9 A —_— oy

‘rdée tbla peak and Achnanthes spp. plunged. These fluctuations suggest

that short-lived local environmental conEingencies like current, 1light,
or temperatﬁrg play an important role in glags.slide periphyton dynamics.

The inverse relationship of Achnanthes linearis and A. minutigssima

v

with Cocconeis placentula was also observed by Brown & Austin (1973) onm
glass slides exposedrin Elk Lake, British Columbia, and the authors sug- "
gest that this relationship resulted from competition for space.

I believe this relationship is current mediated. The dramatic in-

flood, with a concomitant deq;eaae in numbers of the two-Achnanthes

species. It is known thdt current can selectively remove algae (Hynes,
1 9 ) !

1972). Though these genera belong t7 the true periphyton (Brown & Austin,
1973), Coccgneis is especially adépted to smooth surfaces. -It secures
itself to the substrate by lying flat on its h*potheca and secreting a

o

mucilagenous £ilm.- Achnanthes iinearié and A. minutissima,. though

usually lying flat on the substrate, may orient themselves differeatly

and attach to a substrate by means of a gelatinous stalk., Their sur-
» ' =

faces, too, are not as well adapted to smooth glass as is the surface "

L 2

, -
. - . -
-
[
- v

’ ‘e
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of Cocconeis; the epifheca and hypotheca of Achnanthes is irregularly

' .

\
shaped. Furgger evidence of substrate selectivityﬁpifferences between ——
i
these two genera‘}s*given by the paper of -Cattaneo é&\gl. (1975) which
reported that Cotconeis was more conspicyous on slideé\?nd Achnbnthes

2

minutissima was more noticeable on the rocks. In expenimenﬁs on sub-

‘strate selectivity, presented on page 95, I observed higher numbers of

T

Cocconeis,placentula on smooth surffces and higher numbers of Achnantheg

&

linearis and A. minutissima on the frosted surfaces, indicating a high .|

: g%daptability of Coccoﬁeis to smooth glass slides as a substrate. How-

. \
ever, my paired analysis (Table 11, Appendix IIT) show that the differ-

ence between populations on frosted and smooth glass was not significant.

These results are similar to .those of Castenholz (1961),

o

It would seem, then, that the success of Cgcconmeis fplacentula on

.

glass slides.over its close cSﬁbeti:ors, Achnanthes linearis and A. ,

‘‘‘‘‘

minutissima, is regulated by current,

Current does. not, explain all theqvariaﬁion shown 5§"Ehesq~two and

other genera. For instance, in 1977, a dry year, Achnanthes linearis

and A. miﬁﬁtissima, though existing in much higher numberg than the
- . = .

AN

previous year, were still antagonisticly related to Cocconeis-giécentula“\
// -
-

(Figure 9a to c). Other factors, independant or dependant of season,

.

such as differing strategies by the genera involving nutrient uptake,

. reactions to light, or susceptibilities to selective graziwg may act’

either singly or 1n thjugction with one another to change community

~.

structure of glass slide peripﬁiton\thtoughout.the season. Butcher (1946)

correlated some of the local fluctuation he-gaw in his algal populations

d S

in a 1937 experiment to differences in amount of éunshine. However, a

°

great deal mofe of the observed variation was unexplainabla
¢ o, K |

[
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. 19463 Round, 1965) -and was shown above to competitively favor high velo-

’

"

'

cribed Cocconeis placentula as a "summer encrusting" $pecies on glass

.

v

a
L]
\ . . . ..
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R : .
Notwithstanding the influence of curremt on the slide community,

factors cgnnected with season determine much how current will influence

diatom numbers. Although Gocconeis is a swift water organism (Butcher,

rd

cities, maximum populations did not coincide generally with tfges of the
yea? when the current was.highest:. spring and fallg This was becau;é ‘
two other environmental factors were not favorab}e_for Cocconeis: lighE
andvtemp;rature. In a }aberatory stream st&dy McIntire (1968) showed ‘

that current only enhanced Cocconeis growth in the presence of the right N

light conditions (700 ft-c.). Preference\o€ Cocconeis placentula for \

higher temperatures was alluded to in the Jtudysby Hansmann & Phinney.

o

(1973). Dependance of Cocconeis on light intensity was suggest®d by

.

*

microdistribution stuqies carried out by Godward (1934, 1937), Cattaneo te [
~ .

@

(1978), and-myself (gee page 114). .
- T S

It is interes:ing'to note here that the seasonality shown by Cocconeis
placentula settling on exposed slides does not concur‘;&th that shown by )

this speciesgon natural substrates. Douglas reported Cocconeis as occur-

rir?g on natural vegetation mainly in winter (1958) f‘. Butcher (1931) des-~

slides. Tippett (1970) showed that Cocconeis formed an irrégularl& vary-

ing population on Elodea while peaking in ‘summer on glass slides. He

.
+

ascribed the growth of Cocconeis in summer to.a feature of populations
on diatometer slides and suggested that species which‘gre normally bfed

sent in populatioms on natural substrates may be stimulated to grow at

' ™~
different times of the year-on artificial surfaces,

v

Howéver, virtual}y q}l studies of glass slide communities, 1ncludiﬁg

the one by Tippett, involved exposging slides fo:harbitrarx time periods,
o -~ Q ~
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< .
not valid.‘ In the former case seaaonal'differences
sented by new growth and settling. I:Dthe latter case‘ seasonal differences

\ I
would be expected to te more subtle as growth b\m{ or another species

would be impeded by com%eting for space with the already established’ com~

munity. The similarity in seasonal growth of artificial and natinral sub-
2

strates 1s given by the results from a slide which I exposed over the win- - _ ok

. A
_ter and sampled early in the spring. A dense community of Cocconeis was \1
_ found thrf:},ing on the glass slide while being\absent on 2 and 4 week' .

-~ B /

slides sampled at about the same @}mu

Maturity of community: - S ) {

The few significant differences shown by older slide communities

among stzﬂtions, stream bottoms and even season to a degree suggests to ' ) .
. ‘. w;-’

me that the‘established periphyton community of glass slides is indepen-
dant from the natural community, which helps to seed the slide commundty.’

. , . 2 Iy ¢ .
When diatom blooms occurred on nearbye rocks, 6 week slide communities 4 .

¥ . ' o prewm

showed little correlation while 2 week slide communities clearly did. ' ‘

The erratic patterns and high variability of the immature colonies

Y

are ascribed to variable seeding. The 2 week and to a.lesser extent 4
<R

week slide eomunites’—e;e_;;e closely associated twith the rock cdmmun-
ities as succession is st:lll\taking place and the sliqde populations are
still unstable. It is this characteristic which makes 2 and 4 week old
slide communites more sensitive to short term extraneous changes imfosed
uptn the system such as intermittant pollution though rendering thém a®

the same time difficult to interpret. ¢

’




* |- The decrease in diversity with maturity.of the periphyton commun-

" on exposed glass slides. ‘\\“~\

"> the Lennoxville stresms to be mildly polluted and Bishop's Stream to be

—

.
A

: ~ . A
ity was also observed by Brown & Austin (1973) and Cattaneo et al. (1975)

Presumably, this phenomenon is a resudlt of unique stresses associat-

lass slide: substrates. Brown & Austin (1973) suggested that ¥

with increasing exposure duration and periphyton total cell standing
: ¢ T~ . ) :
. crops, species interaction is intensified, as space becomes more limit-

ing, and diversity decreases as a resnlt of competition for space. Par- . ;
1] ' . . ‘ %_
tial competitive exclusiom by Cocconeis placentula and the Achnanthes . b
R

°

spp. evidently takes place in Bishop 8 Stream.
A - S

- Comparison ‘of Bishop's Stream with L=l and L-2 :

¢

The comparative investigation of the three streams using chemical

analyaic, rock communities, and tﬁosqlsettling on‘exposed slides showed
. . a

quite pristine. These conclusions are drawn from all the; analyses; no
S o 9
single analysis yielded. conclusive resuylts. AN »
) .
Chemistty of water —- The results. from the chemical tegts are limited to

‘ ’ o
.

the time of analysis (a few minutes of "a day every week or two weeks) and

to the chpmical tests performed. The analysis of water temperature (see

page 50) demonstrates low erroneous conclusions can be-drawn frogm limited

wg Lennox- Tt
D .

éaid on

tests. . e .

v
. - »

Despite these limitations, chemical data suggest .that the

-

ville streams, L-1 particularly, were organically polluted.

' creased solubilify of CaCO2 in the preg{fgzdof proteins, hymus, and weak
4




a acids produced by the oxidation of organic matter.{\
[ ' - w ! - °®
" Chloride, present as sqdiim chloride in urine to the extent of 120\ .

! o .7 ‘ , . /
(Kleim, 1959), implies the possibility of sewage in the water. <

By

»
¥
PR

L N:L:trate and p&osphate, present excluisively in L-1 and L-2, ov;e“
théir major Aourcés in proximity to civi%izakion to man's activities;

Z o Phosphate in streams comes mainly from detergénts 1n”£;n ciﬁal w;s::

~ "

; " and fertilizers (monocalcium phosphate and calcium suifate} usuall¥ as

runoff from agriculturai land. Similarly, nitrogen ds commercial fer- N
i / . "

- . tilizer in the form 'of synthetic ammonia or one.of its derivatives, am-

.
o Al BN
1

monium nitrate or ammonium sulfate, can enter the stream through runoff

(Hodges, 1973). In the case of both streams in Lennoxvyille, any of the

. t
£
,// , above point or non-point -sources may haye contributed to the modicum of

"4 these two inorganic nutrients in the water. It 1s interésting to note - {

. “that both streams are lacated in proximity to fertilizer factories'and

warehouses.
\ The generally higher free CO2 content of L-1 over Bishop's Stream }n.
- ' ’
§ - 1976 may be ascribed to pollution though not exclusively since organic

‘l“ ’ . - .
carbonaceous matter arising from a gamut of sources such as dead and - ,

living,kanimals and piants, sewage and- induettial wastes, and soll ero-

P 4

sion is oxidised by aerobic bacteria to 002,(Klein, 1961). The large g

A £ . .
bt increase of carbon dioxide in Bishop's Stream the following year can be

*

. , .
explained by the change in water dynamics. Blum (1956) stated that in
. ’ . L}
‘a small creek rapids tend to be higher in pH due to 002 removal, The
/ ' '
higher than average rainfall in 1976 appears to haye depressed the amount

of free carbon dioxide in both streams for that year. . .

Fauna - I believe that the distinct fauna shown by LQl and Bishop's

.° [N { AN
. * Stream in 1976 is indirectly relaged to the subtle chemical and physi-

N - . \
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cal differences between the.water of the two-streams and directly re-
8 ¢ P s e R - -
lated td substrate. [ - . —— . -

Robaek (1974) repotted that although all mayflies are restricted

-~

“to water éith.high ox&gen, many,are widely diStributed in watersﬂof '
moderate orgéﬁic loaging.' They were found in L-2 but 'not in L-1, Most‘
ma;flies and the Simulideg.are indifferent to hardness‘Zf water (Hynes,
1972) whichvis the most outstandidg chemical difference, pesides chloride,

(R

between the two Bennoxville .streams and Bishop ‘s Stream. A

'y ¢ The zccurrence of mayfliks and_other organisms intﬁisﬁop'é Stream’qnd

L-2 but-not in L-l ig best explained by substrate and silting.

Although I chqse the sites of L-l/and Bishop s Stream in 1976 to be
similar in bottom type, ‘the fact that certain sludge-like materiels were
Lbei7g d&mped into L-1 crecluded their being perfectly siﬁilar..:lhough
the site in L-T was gravelly and rocky, thé stones”and rubBle»tended'to
be covered Qith a fi;e silt and gummy coating at times. Their sourcel”
also raised the tufbidity and hense the light extinction. Turbidity it- ‘

self can act in a deleterious way.on certain clean*water organisms. How-

ever, since it is usually closely linked to substratum-type, it is hard
t - o e A

)

" to judge its affect on fauna. B o

A ]
i

Most dpthorities agree :pon‘the importance of substrate to Bcttom
dwelling animals in general (Behning, 1924 Schrﬂder, 1932; Berg et al..
1948; Einsele 1960; Winkler, 1963). 1In a study by Sprulee (1947)
Ephemeroptera, Plecoptera, and Trichoptera were fc?nd to prefer rubble
surface, ;hile Simulidae preferred*gravel; and Chironomidae sand and
mdci. Moreover,‘he:otserved that in an area Qriginhlly'inhatited by a
di;;rse‘grouﬁﬂof iﬁsectq, silting from a dam wm&duced greatly the numbers
of'emergihg Trichoperans, Plecoeteracp, and Ephemeropterans, while in-

¥
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i /;a creasing the proportion of -Chitonohidae. The Annelids, Nematodes, | .
:‘ / 4 . Ay ' 0 .
, P . Gastrotrichs, Cilliophota and Harpabticoida, all of which inhabited

‘ L-l are associated with organipally rich debris—filled substrates
EuF

> (Reid 1961; Wetzel, 1975) Nematodes, certain Oligochaetes, ‘and many

A Protozoans belong to a group of specialized micro-organisms inhabiting
h . . soft sand (Hynes, 1972). &%he Glossosoma, testricted to Bishop's Stream,

pccurs only where its straping mechanism is not impeded by fine sand
4 . (Hynes, 1972). . é;” 2
; Ag, I showed on'page 76,, much of the s&batratf ﬁ%eference shown by

these'&eimale is intimetely linked :6 diets and it may be supposed that

'
- L
iRl

each kingdom (plant and animai;/ijerts an influence upon the other.

. Algae ~- On page 72 I suggest that depressed numbers _of *‘Achnanthes

n

lanceplata in Bishop 8 Stream during 1976 experiments’ was a result of

~ - . ¢ .

o _ seleetive grazing. Dpuglas (1958) showed convincingly how the Trichop-

teran, Agapetus fiscipes, grazed selectively upon species/of Achnanthés,

includipg A. lanceolata. Although Agapetug was not fx&nd,in Bishop s

Stream, two other genera,of the same family existed in large numbers. e

.\

éggg;getus and Glogsosoma. It is reasonable to assume that the’diet

. COntrol exhibited by, Agapetus fuscipes is not unique. Its cold-water
' 8

relatives may share its specific appetite for Achnanthes spp.

« I also mentioned on page 72 that-éocconeis placentula may reqeire

- 8 . e
a bacterial film settl - on, and that, iron bacteria formed ubiquitous

’ " N

masses on slides in Bishop's Stream, while a paucity were found on slides
[ TN . -~

in L-1, Thoughfthe length of time for these bacteria to colonize the

& “ . . ©
glagp slides (from 1 to 2 weeks) seems rather long, the premise for'the
‘ ’ ' _ ) v P .

) e -requirement of- a bacterial film before Cocconeis cén settle is founded
"upon previous studies which {ndicated that .the first colonizers of
, i . . o
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. : slides are generally bacteria and that -bacteria films influence ﬁiatom >
colonization (Smyth, 1955). ZoBell and Allen (1935) noticed larger num-

bers of micro-organisms on film-coated slides than on sterilized ones, .
‘ ‘ ) . ; ]
and regarded this as due to§$he provision of a mucilagenous surface and

) . a richer nutz}enc supply. dBéhgeéglen (1937) and Sheer (1945) also ob~ .

eerved that more diatoms settled on glides with a bacteriqi film.

Light 1s a third possible factor involved in differential growth of

Cocconels ‘placentula and Achganfhes lanceolata. McIntire (1968) found °

® N 4

‘that Achnanthes growth rate was correlated (P=.01) negatively with light

N

and positively correlated with cufrent. The positive correlatfon of -,
A z, N it
. Cocconeis to light has already been discussed on page 102. Another
- y ) ) ‘ ~ P A S . - /
species which préferred L-1, Navicula cryptbcephala, was shown to be

- . . .. . [ 2 .

negatively correlated with light and positiively correlgted with current

i .

(McIntirp, 1968). . ' . A

1 v
-

N . .. . ™ -
The slide data and rpck data given in Tables 1 and 2 of Appendix II

N ( - , R
is consistent with several studies J‘?éuésing "{ndicator species':
LS ! ° - .. \
Amphora ovalis v. pediculus, exclusive to Bishop's Stream, favors
- 3, - .

¢ high aeration and is an oligohalobe and an alkal%phyl. .Cymbella amphi-

phala, an oxygen-loving species, 1s also resfricted to Bishop's Stream,
o . s &

‘ as are Cymbella cymbiformis and Cymbeila tumida, which are oligolalobes.

. Cymbella tumida especially disfavors organip’pollution (Patrick & Reimer,

1972). Species found 1%’h1§3?; numbers in L-1, though not exclusive to

this stream, favor or‘nnically enriche&awatgrs. Gonphonema‘parvulum, and

" Navicula atomus (Rice 1938) The latter species 1s tolerant of chromium,

—_

a possible toxicant in L-1 (Palmer 1959).

V7 Nitzchia linearis and Synedra ulna, diatoms which are considered by

.

Kolkwitz and Marsson as oligosaprobic gpecies (restricted to clean water)
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were both found ‘in large numb j:'s in L-1l. Nitzchia lipearis and Suri-

>

Lo .
gella ovata, also found in large numbers in’'L-1l, favor a high percentage

of nitrates over phosphates *(Hustedt, 19391.\ High leveéls of nitrates ‘in'

'
LL-1 compared with Bishop 8 Stream may be responsible for higher numbers

: _ . ) of these two species in /the former stream. Synedra,ulna, Gonphonema par- -

- wulum, Nitzchia paiea, Cymbella ventricosa, Fragellaris virescens, and ‘a
- ' 5
‘Navicula viridula ‘can tolerate copper concentrations of 1.5 mg./l. (Schroe= , \

der, 1939) The first three diatoms inhabit L-1, which may receive ‘ .
. Al

My, traces of copper from a plating factory. 'I'he presence of § edra ulna, ~
pee of Smedra

. ar.therwvise clean water species may be explained l#y its competitive ad- i

/
s

vantage over other 'species when copper is present. Synedra also favors
. s
large amounts of calcium in the water , like that found im L-1, whii:h may R
explain medra s tolerance to copp‘e_:/ Calcium antagonizes toxic effecgs
of various heavy metals by precipitating them (Patrick, 1977) . .

, Stige o;:.lonium tenue, not found in Bishop's Stream, is an alpha-meso-

saprobe (colerant of high pollution) according to Kolkwitz & Marsson (1908)

" and is considered to be tolerant of chromium and copper (Palmer, 1959) .

S The higher numbers of the Chlorophyceae in Bishop's Stream may be a

o

result of hardness. Pearsall (1924) states that in calctum-poor waters

. carbohydrate-producing organisms dominate, while in calcium—rich waters

'

fat-producing organisms dominate. Tpis could partially explain the larg-

13

er biomass of Chlorophyceae, which produce starch for storage, in Bishop's -
_ Stream while a large and diverse diatom population flourishes in both~
streams. Calcium hardness in L-1 is about a third higher than in Bishop s

" Stream. \s‘“

There is, I thinﬁ, a certain danger in drawing too many conclusions

from information such as.just outlined above.” Apart from 'providing. some




R R

i3
PR el

.h.

o

" the three streamivis quite cbdsistenf?‘ It would seem that the principal

_ mpderate biomass such as the community of L-1 aﬁd'L—2 as indicative of ™' ;

// I ascribe the preference for upstream and downstream edges of slides to . !

¢
BE . -’
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missing pieces ;f a"ﬁhzzle, such information can be highly misléhding,

o

and can, in fact, hamper more than help a descriptivg taxanomic study,,

In this case the general information from the Iiteratuee as applied to

-

s;ies%ing factor in L-1 is orgadic load with possible &omplicatiohs aris-
\\‘

ing from trace toxicants and low light.

¢

Patrick (1974) describes a floral community with low diversity but’

’ *

~
a lga,level of toxicity, or light organic load, or adverse temperature , a

effects. She further asserts Eh;t this kind of condition (low diversity;

v - R @

moderate biomass) is difficult to diagnose except to say that pollution \
£ -
fs présent. Irdeed, any or all of the above mentioned sources of pertur-

batiéﬁ may be responsible for creatibé the community structure witnesse;‘r A
he rocks and slides of L-1 and, to é lesser extent, L-2,

b
Orientation of slides to current: .

)
. IF L4
Preference of diatoms for edges of slides orien edge~wise to the"
- \ , 8 /&‘ A
current can be observed wigy the naked eye, This non-random distribution
), ' s
ias in large part caused by the presence of Cocconeis placentula, described .

¥

L e . '
by Backhaus (1968) as being current indifferent. I disagree with him. .

.
Iy
-

« . . ' 4
current: Figure 17A, taken from theoretical fluid mechanics, shows the- )

movement of a viscous liﬁuid around a cylinder. Fluid piles up at the

face of the obstructive swrface, rendering the velocity here to zero. v

~~ This is ¢alled the stggnadion point. A layer of molecules, the boundary

h
k]

layer, ‘extends from the forward stagnation point to the two edges of theg,

-

wake where the separation point exists. Due to viscosity and frictiomal

‘drag (no-slip conditi®n) the momentum of the fluid is appreciably less iQ

N\

.
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the boundary layer «£han it is a little further away from the object.

e
5

% -
There is a &g}ocity gradient that eventually reaches zero immediately -

, adjecent to the boundary surfape.' In the current shadow, the wake ex-

.
e £ SR

ists due to the low momentum of the boundary'layer fluid. The flow of

7

Y

N the‘waké is irregular and unsteady and often turbulent (Evans, 1968).

Cocconels. placentula was shown to grow on experimental spheres sus-

\

Ly

4

pended in a stream, on the side exposed to the curremt and in the cug~ v

1952). . . o

|

B - b !
rent shadow, but not on the sides where the water shears past (Gessner,

L] ‘ (\
+ R . .
Figure 17B shows how I apply the theory of flu

’ ' L
iQ\:echanicé’to a rec- ‘ N
M 3
tancular object meant to represent the glass slide. Note the stagnation
' -
4

, point, wake, and Backflow ag in the theoretical godel. The boundary layer

| : o o . o N

’ . most certainly exists as well but does not: enter into our discussion as -
N

and" the velocity gradient would be,too

1

it is only a gfw mo%écules thick

minute to effect largi‘diatomé in the neighbourhood of 25 microms. I

. postulate the existence of micrOfeddies at the front and back of the

| lide resulting from the stagnhtion point and wake respéctively., It must

. . _

/ \ N kept in mind\fhat the theoretical model (Figure 174) agsumes laminar
low or low Reynold's number. This is an assumption I can not make in

. . 4 . . ‘
the case of the¢'stream nor in the case of Gessner's suspended spheres.,
1Y

y

. ( ¢ ’
Two reasons have been poétulated to explain preference of Cocconeis,

R D — Ll
: glacentygg 6f edges of the slide that is oriented edge-wise to {the cur-

.. rnet7T Distances of area A aﬁd B of Figure 17B being equal:

1} At an area’of turbulence' the drift\%elocity 1s less than at an
by :

! P o . ’
area of laminar flow. Therefore there/is more :time for the diatom to

r

. settle on area A(turbulent flow) tﬁan area B(laminar).

- .
1

! .‘
- ’ . X - L

. 2) Turbulence in itself increases'the number of chance hits upon a

[ !
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FIGURE 17: A, movement of a 'viscous liquid ‘around

a cylinder from Evans, 'fLaminar—Bout}dgry-Layer Theory",

- 8

1968; B, movement of water around a glass slide ori-

ented edge-wise .to the current.
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~ . turbulence associated with the stagnation point so that diatoms will

116
4

.« ' bluff sg;face over 1 flow which is parallel to the object's sur-
PR “ ‘ £
£ace.’? '

-

'Thpse two reasons also exp¥ain the results of Gessner (1952).

} case of'availabilitf. Thé first surface encountered would be assume

rd

to heve higher numbers.

The high-biomass found homogeneously throughout the current-exposed

1 N {

surface of the slide oriented normal to the current and compatable to the

diatom biomass on the edges of the slides oriented parallel to the cur- o

rent (see Figure 16) is explained by the stdgnation point and resultant ™
- turbulence. A high Reynold's number found in Bishop's Stream ensures .

G

neadily settle anywhere on the current-éxposed- slide. -

. ° . ¢ @

I suggested on page 92 that preference for bottom of slideés by dia- -

(P

toms at muddy subsites may be due to seeding from the muj~:£Jfb higher
{ - A 0

nutrient renewal from sediment - stirring:Three reasons why more diatoms

{-

were found at‘the'tops of the slides at rocky subsites are:

°

1) The higher velocity at -the top, near the surface, may increase

\ ~ . '
- the number of ehance hits or invasion rate. ) ' .

M

2) Light conditions are supetior at the top of the slide.

[N

3) Higher aeration-exists at the top. ) .
g encountered several slides which showed preference by diatoms for

- all edges, leaving a small central unoccupied area. ) ‘ - .

\

The effect of season on the §jadient and. intensity of preferential

°

S~ disttibution 1s explained by its influence on Cocconeia placentula, the :
" '""Cb
! main ‘colonizer of the slides. Species pool, reprodifction and settling -
> ’ ! t - -
- 0(

-
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rates are all affected by season. P § "y
- : £ ’ \S
' Preferedce of diatoms for top or bottom of slides was never as marked
_ - as the hdrizontal zoning, demonstrating that current is more B.mportant

thdn light or nutrient renewal in preferential microdiStribution of dia-

toms on slides. o’
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- SUMMARY AND CONCLUSION

¥

-~ Field experiments dsing diatometers show that spatial succession,

sib?tréte, and seasonal succession all significantly affect the diatom
community séttling on slides.

Communities were not independant from station to station.. Diversity

and total numbers were highest at Station 2. The slide community down- -
¢ stream of Station 2 were precluded from growing due to the increased clay
and sand particles which acted as scm}ring agents on ;k's];ide periphyton .

) numbers and species richness‘by affecting species, pool and settling effi- o { /

L3

ciency. ) . ; .

— Though communities were not independant between subsites, and diver-

AN sf%? differed insignificantly, higher numbers of diatoms were found on

Y
O e e

slides situated at rocky areas. This appears to be a'result of higher (
s?eding from heavily colonized rocks as compared Fo that experig ed by { ;
slides situated near muddy subétrates. |

' Seas;nal changes of slide communities maéched the patterns given in - |
the literature for periphyton growing on slides in rivers and streads. _
;;e dominant qgmmunity shifts from a more diverse, less populated, group |

.dn spring to a larger populated and less diverse group in late summer.

This is a result of partial eompetitive exclusion by Achnanthes lanceolata,

" Achanthes lanceolata v. dubia, Achnanthes linearis, Achnanthes minutissima,

-

£ Eunotia pectinalis‘v. minor, and Cocconeis placentula. This phenomenon is

a function of differential growth rates in terms of settling and reproduction.

Seasonal fluctuations of the ‘slide coﬁmuﬂity can be explained by differ-

-ential growth rates: Cocconeis placentula grows faster in late summer.
r : . !

Current changes play a fundgmental role in seasonality of diatoms. The
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antagonistic relationship of Cocconeds placentula and two Achanthes species,

Achnanthes linearis and A. minutissima is explained by differing strategies

of these two gemera to current, adhesion to surfaces, and to their differing

érowth rates. Therefore, seasonality of diatoms may be a result of com-

petitive factors as well as strict environmental eoqtinggncieé.

, Comparison results of Bishop's Stream with L-1 suggest that no ome
'Y 7 ” : . ! -
method of testing ( chemical analysis, measurements of flora and fauna

s community on rocks, and diatometer) is conclusive. Pooled, the results

. |

. rare consistent with the conclusioﬁ’;g;;\i>i is organically polluted.

r

. 1\
Flora populations on’ slides and rocks differed between L-1 and Bishop's L

, Stream., Achnanthes lanceolata dominated slides in L-1 and Cocconeis pla-

+ centula dominated sliaes in Bishop's Stream. ?he different chemistries ‘ :y
of the two\strea;s may have gaused this inverse.relationship through di- \ )
Tect mean Qr ind;reét‘means,,By acting upon other biota: selective éraz- . |
'iﬁg ;r reéuitement by Cocconeis for & bacterial film as a ‘substrate - 4
may havé'?een responsible. Different light requirements.by Achnanthes
and Coccbneié may also have infiuenced their distribution. '

Non-random distribution of diatoms on sl;des sémpled in 1977 was

‘observed. Data f;om trangects drawn across slide surfaces showed that

\ /
individuals first settled on the edges of the slide, particularly the

upstream and dowpstream edges,  and, to a lesser extent, the edge closest
. h £

‘to the surface, Generally‘by six weeks diatoms were homogeneously dis=-

- g »

tributed on the slide. The non-random distribution was most pronounced

on slides containing Cocconeis placentula. Micro-eddies due to a stagna-

! tion point and wake at the upstream and downstream edges of the slide res- |

pectively are postulated as the cause for this preferential distribution.

i

et
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At .the areas of higher turbulence the drift velo]i}y is less than at the

" areas of laminar flow. Also, turbulence in iise increases the num-

i

ber of chance hits upon a'bluff surface over laminar flow which is K

parallel to the object's surface. Both these factors would serve to

increage diatom numbers at the upstream and downstream edges of 'glid L

parallel to the current. Experiments done in 1978 compared microdis-
tribution of diatoms on slides oriegted parall?i to the currént and \
fac¢ing the current. Results Eoncurred with théipypothesis:: ;urrent
is mainly responsible for preferential distribution:of diatoms on ¢

Y

glides.

. . , »
No significant substrate prefetrence by diatoms, using frosted and

<
smooth glass slides, was observed. However, Cocconeis placentula ap-

peared to prefer the smooth 'surface and Achnanthes linearis preferred the

frosted surface.
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iy - g * FINAL CONCLUSION |
Be
i ' ) It is the opinion of thig author that careful consideration
,' should be given to all aspects of the environment when doing field
//%/\ ' studies, epsecially for- the purpose of studying man made changes in
the environment.. )
. ” N - * v L4
| ' Divefsity,rused in pollutiom studies to measure stress and in-
N . [ 4
stability of communities caused by various thicants and pollutants, is
E - ** ' geen here to be affected’by natural variables (especially season):
. ]
\ ‘. )
low diversity does not show instability of a community; rather, it al-
{
Judes to stability.
¥
' Year to year variation (as seen by comparing seasonal growth of
Cocconeis in 1976 with 1977) is so drastic so as to preclude accurate
v\ \ . . ,
. . before and after comparisons unless all the relevant environmental fac-
o tors are known and taken into cpnsideratiom.
e * /
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DIATOMETERS AND POLLUTION

-

vy e

» There has been of late, since Tippett 8 study in 1570 doubt as\ .

to the ecological significance of using glass slides in periphyton in~

vestigations. This is largely unfounded.” One’ must simply keep in mind
: ]

-,/ precisely what one is testing: colonization of a.bare surface by in-
/

\; @
To reiterate, I believe that exposing slides in
, ) . ,
water systems—is a highly sensitive technique in periphyton research ' \

vaﬂ!ﬁg microorganisjﬁ -- not to be confused with what already exists on 7 e

the natural surfaced.

whose advantages far outweigh the disadvantaées. So long as one acknpw- , |
ledges the existence of a communiFy prejudiced toward‘glass glide sur-
faces and poeitiops, one can make sound ecological judgments. Fhe dia- ?‘
meter is an efficient way of bringing the laboratory to che‘field,'so to I
séeak and in many cases, the field to the laboratory.
However, Qy cesults indicate that too much inherent variability

' exists in the environment for the diatometer to be used at the present® . ‘ N
time as an accurate gauge in ‘pollution studies, particularly in the case

y cf mild pollution. »The potential of the diatometer regarding'predict-

Y ability is goed. However, it is presently hampered by the paucity of

' reliable and consistent situ informacion on natural en;ironmental‘
factors aad how :hef’:;;if:‘;he giass slide community. As I said earlier,.

L]

these must be understood before predictions regarding extraneous changes
i

impoged on the community tan beqaccurately weighed.
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Mean (x)
Site 4a
9.53 8.0
+ 13,6 133 * 24.8
16.02 11
8.
1

Site 3b
5.5%1.,1
72+ 13.6 118 + 22
7.4*1.8
94 £ 17.8 106 = 39.3 18
73 * 27.7
0.4% 0,2

2
0
52 * 5.3 114

11.4*0
31 = 8.9

4,9 2.7
7.5%1.7
12.3
28.8
0.6* 0.5

Site 3a
75 * 14.7

o 6.0*9.5
69 ¥ 14.3
11.4%0

57 * 8.5

3

69 * 13.3

4

Comparison of water chemistry and physics for all stations at -Bishop's-Stream in 1977.
0-3 T 0-"1

Site 2b
8.8%¥5.6
7.8*2.3
81 * 10.2
52 * 10.5

0
69 * 13.3

11.4 0

11.4

Site 2a

7.0£3.0

7.8*2.4

83 = 11.4
*

0.
71 *13.1

71 * 13.1
11.4%0

50

22.8
70 * 22.8

Site 1b

7.4*3.0
8.6+0.8
7.7 0.3
11.4* 0

8.9*2.0
89 = 21.7
0.320.1

0
0
59 * 15.5

7

-2
2
3

= 20
61
7t 0

11,420
0.5t0.2

Site 1la
6.5* 1.4
0

8.,9+2.3
94 ¥ 17,4
59 * 17,2

72 * 20,5
2
8
7

7

0y

il

»

ygen (mg./1.)

-

|
Chloride (mg./1.)

results are given with standard deviation (s).
Silica (mg./1l.)

Surface velocity (M/sec.)

Calcium hard: (mg./1l.)
Color (Hazen units)

Total hardness (mg./1l.)
Turbidity (jtu)

Total alkalinity (mg./1.)
Carbonate alk. (mg./1)
Bicarbonate alk. (mg./1.)

TABLE 3
VARIABLE (UNIT)
co, (mg./1.)
Dissolwed ox
pH '
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APPENDIX II:
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Biota of Bishop!s Stream, L-1
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TABLE 1: List of diatoms that colonize glass slides (x), and rocks (%)

of Bishop's Stream in 1976 (Site 2a), 1977 (all sites); L-1 (1976) and .
L-2 (1977). »

J ¥

. SPEC':[ES ' BISHOP'S STREAM L-1 L2
. - 1977 1976 1976 1977
Achnanthes lanceolata Bréb. x* x X , x* .
Achnanthes lanceolats v. d_&ig Grun x* x x x
Achnantheg linearis W. Sm. x* x* x x*
. Achnanthes minutisgima Kutz. xx . . ox% X x*-
Amphipleura pellucids Kutz. x* X
Amphiprora serans : b 4 ,
hora delicatissima Kraske x*, - . )
Amphora ovalis v. pediculus Kutz x* ‘X L
Anomoensis serians v, brachxsira '
(Bréb) Hust. x 7
Caloneis ventricosa v. subundulata L
(Grun,)Patr. , x
Cocconeis pediculus Ehr. x* = *
Cocconeis placentula Ehr. T oxk x* x* x*
Cxclgtella catanata Grun. x* o
Cyclotella glomerata Bachm. Tk x .
Cymatopleurg solea (Bréb). W. Sm. x* B *
Cymbella affinis Kutz. C xk 3 *
C. Mg:_eﬂ_\g_g Naegelli x* xk %
C. bremi Hust. x* * - 3
C. mbiformis (Kutz.) V. Heurck x* x* ‘ .-
C. lanceolata (Ehr.) V. Heurck x ‘ y :
C. naviculiformis Auersward x
C. obtusiuscula (Kutz) Grun. I
C. parva (W Sm.) Cleve - x .
C. sinuata Greg. . x* x* X *
C. tumida Bréb. x* * b N .
C. turgida (Greg.) Cleve x* - C, xk
C. ventricosa Kutz, , x* * x* x*
Diatoma elongatum Agardh. X o
Diatoms vulgaris Bory, X _ .
Diatoma sp. - x - LN
Diploneis ellipticg (Kutz.) Cleve x* x
Diploneis puella(Shumann) Cleve x '
Epithemia .turgida . *
Eunotia curvata (Kutz.)Lagerst. - x* | -
Funotia pegti nalis v. minor (Kutz.) I . )
Rabh, x* x x -
Eunotia suecica Cleve *
Eunotia incida (W. Sm.) Greg. x*,
Eunotia tene;l_a_ (Grun.) Hust. x
Eunotia valida Hust. , , X% .
Eunotia sp. . 4 Txk * -

f.l
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TABLE 1: Continued. i
) t, - 7
SRECIES | BISHOP'S STREAM L-1 + L=2
. 1977 1976 1976 1977
. Fra 1ay£1 capucina Desm x* Tox x* *
F.”/capucina v. mesolepta(Rabh)Grun., x* . .
F. construens (Ehr.) Grunm. x* X * -
F. construens v. gsubsalins Hust. pd
. F. construens v. veanter (Ehr.)Grun. x ' s
’ F. crotonmensis Kitton . . % ' . X
F. pinnata Ehr. x* X ' he
F. virescens Ralfs. x* x
Frustula rhomboides (Ehr.)de Toni x* .
Frustula vulgaris Thwaites * *
F. vulga v. capitata Kraske x* . -
. _wz%oldii Hust. ) x* .k
Gonphonema acuminatum Ehr. . . ox* x ‘ L
. G. acumipatum v. brebissonii * . ,
G. acuminatum v. coronata(Ehr)W. Sm.x* x*
G. augur Ehr. ' x . -
" G. constrictum Ehr. x* . x* - .
. G. intricatum Kutz x*
G. longiceps v. sybsalina fo
s gracilis Hust, x*
G. olivagceum (Lyngb.) Kutz, x* x* x* k
G.olivaceum v. calcarea Cleve . x* * X *
G. paryulum (Kutz.) Grum. x* * x* x*
G, sphearophorum Ehr. x* x* S -
G_;&_Qs_im obtysgatuyp (Sull.&Wor.)Boy. x ) X
Gyrosigma sp. x* x *
Hantzschia amphioxys(Ehr.)Grun. * ‘
Melosira variang C.A. Ag. x* x* * x*
Meridion circulare Agardh, x* x x %
Me gig_iog 1;culare v. congtricta » P
(Ralfs) V. Heurck x* ) x -
Navicula atomus (Naegeli) Grunm. x* x Cox DR .
N. sryptocephala Kutz. Xk x* x* . x ’
N, cryptocephala v. veneta (Kutz.)
Grun. xk *
N. gothlandica Grunm. x*
N. graciloides A. Mayor x
+ N, festiva.Krasske - x* :
N. 'hungarica v. cagitata(Ehr)Gleve x* x N
\ N. minima Grum. x - oo
N. odigsa A.G.C. . /[ xk x . *
N. pupula v. rectangl_xlari (Grag.)
Grun. x* . ' * ,
N. platystroma Fhr. xt - *
N. radiosa Kutz . x* x X%
N. radiosa v. parva Wallace X, ’
{
/
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TABLE 1: Continued.
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» robusta v. splendida(Ehr.)V.H.
\

SPECIES ‘BISHOP'S STREAM L-1 L-2
1977 1976 1976 1977
Naviculd radiosa v. tenellg(Bréb) -
Grun. , P x x*
N. rhyncocephala Kutz x* x *
N. rhyncocephala v. germainii x* X *
N. tripunctata v. schizonemojdes
"tv. H.)Patr. " xk . *
N. viridula Kutz. - x* * *
N. seminulum Grun. . X .
Nitzchia acicularig W. Sm. x* x* * - *
N. acuta Hantzch X ‘
N. amphibia Grun. x
N. capitellata Hust. x
N. closterium (Ehr.)Q. Sm. x
N. clausii Hant, xk .
N. comminis Rabh. x* x
N. commutata Grun, x
N. digsipata (Kutz.) Grun. x* x X
N. gracilis Hant. ‘ x* *
N. ignorata Krasske - x* *
N. holstatica Hust. x* X *
N. kutzingiana Hilse x X x x*
N. linearis W. Sm. x* x* x* x* .
N. palea (Kutz.) W. Sm. x* x x* *
N. paleaceae Grum. x* X - X *
. N. recta Hant. x* X x *
N. romana Grun. - X,
N. sigmoidea (Ehr.) W. Sm. *
N. subtilis (Kutz.) Grum. x* X %
N. sublinearis Hust. x* x x* *
N. thermalis v. intermedia .Grun. x* x
N. thermalis v. minor Hilse x*
N. vermicularis (Kutz.) Grun. x* x
Pinnularia biceps x *
P. major (Kutz.)Rabh. x ‘
P. mesolepta (Ehr.) W. Sm. x ® .
P. nodosa (Ehr.)W. Sm. x
Pinnularia sp. . x x
Rhapolodia gibba (Ehr.) 0. Mull x* ,
Rlﬁo;cosghenia curvata (Kutz.)Grun., x *
oicosphenia Van Heurki . X x
Stauroneis anceps Ehr. . xX X
Stauroneis Smithii Grunm, x*- *
Surirella angustata Kutz. : x* . X *
S. ovata Kutz. x* x* x* *
§. gvata v. pinnata W. Sm. x* x *
x*
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TABLE 1: Continued. - . .

1

SPECIES BISHOP'S STREAM L-1 L-2
' 1977 1976 1976 1977
Synedra actinastroidesg Lemm. * ; x
S. rumpans v, familiare (Kutz.)Grun.x
S. socia Wallace x* x *
S. ulna (Nitzch.) Ehr, T ox% . X* x* * .
S. ulna v. danica ) x x* *
Tabellaria fenestrata(Lyng.) Kutz. x* . , . .
T. flocculosa (Roth) Kutz. x* . \
[ r ‘ )
{ \
< ' | \- i
! 8 — - <
\ - -
v ~ > L
, P
. 4 L. 2
- v
LY - . ,
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TABLE 2: List of algal taxa other than the Bacillariophyceae which
.colonize glass slides (x) and rocks (*) of Bishop's Stream (1976, 1977),
L-1 (¥976), and L-2 (1977). (

TAXON BIS 'S - L-1 L=-2
A srxn
’ +
CYANOPHYTA ’ :
Botridiopsis sp. S x* x* x*
Eucapsis sp. ' ’ xk x*
Lyngbya Duguetii Gomont * *
Oscillatoria Agardhii Haegeli . x*
. Oscillatoria limosa (Roth) C.A. Ag.  x* ' \
Oscillatoria sp. x* o Txk ik,
Spirulina sp. - . *
Stichosyphon sp. * - -
Synechoccocus aerugingsus Naegeli * L% '
Phormidium sp. ‘ , x ) .
~ Nostoc sp. x ) *
CHRYSOPHYTA ‘ X
' Goniochloris sculpta Geitler x* . x
CHLOROPHYTA , : o ‘
Ankistrodesggg falcatus (Corda)Ralfs. p 4 . £ * .
Chlamydomonas sp. x*
Chlorosarcina optsis T gk ’ -
Chaetophora sp. x :
Cladophora sp.. | . . o '
Closteriopsis sp. ’ . vk . : o,
€losteriup moniliforme x* C x* '
Coleochate orbicularis Pring. ' x L
Coleochate scutata de Bréb. A x* . - %
Coleochate soluta de Bréb, x* ‘
Cosmarium sp. *. * x*
Microspora loefgrenii Notdsc. . x*.
Mougeotia sp. . ' * . ‘
Oedogonium sp. -ox* : - -
Palmella sp. * - - '
Pediastrum boryanum (Turp-. ) Meneg. ' 4 o % .
Rhizoclonium sp. x* ' /
Spirogira sp. // ' x* C ox .
Scenedesmus incrassulatus Bohlin * : x*
Scenedegmus obliquus (Turp.) Kutz. % . ‘
Stigeoclonium lubricum (Dill.) Kutz. x¥* x* *
, Stigeoclonium tenue (C.A.Ag. ) Kutz. vx* *
Tetraspora sp. x* ‘ '
Ulothrix aequalis Kutz, * . *
Ulothrix zonata (Weber & Mohr) Kutz. x* - *

\La_usiemap-“ : . K
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TABLE 3: List of prominent diatoms "found in the streams with ecologi-
cal descriptions (as in Patrick & Reimer, 1966; and Hustedt, 1930).

11:

12:

13:

14:

"15w

16

17:

Cocconeis placentula Ehr, Wideépread; eurytopous; epiphytic on
" aquatic.plants and other objects; commonly found in circum-
neutral to alkaline waters; salt indifferent; rheophil.

Achnanthes lanceolata (Bréb.)Grun. Common speciles occurring under,
a q&de range of ecological conditions; rheophil; indifferent
to pH or alkaliphil; appears in low numbers under conditions
of heavy organic enrichment. t

- , ; ,
Achnanthes lanceolata v. dubia Grun. As nominate variety.

Achnanthes linearis (W. Sm.)Grun. Apparently pH indifferent 'and
halophobic; little reliable data.

Achnantheg minutissima Kutz. Very widespread taxon; eurytopic;

found at very widerange of pH but prefers pH from 6.5 to 9.0;
oligohalobe. .

Eunotia pectinalis v.ﬁgg_g; (Kutz.)Rabh. Found in acid to circum-
T neutral water; t8lerates more calcium than other Eunotia species.

Surirella ovata Kutz. Widespread; common in fresh water.
Surirella angustata Kutz, As S. ovata.

Cymbella sinuata Greg. * pH indifferent; oligohalobe.

: Cymbella ventricosa Kutz. Very widespread; eurytopic; pH indifferent;

* oligohalobe. \

Cymbella amphicephala Naegeli Insufficiently known; frequently found
under conditions of high oxygen and pH of above 7.0,

Navicula cryptocephala Kutz. Widely distributed in bogs, lakes, and
rivers; fregh to slightly brackish waters.

Navicula rhyncocephala Kutz. Widely distributed in fresh water; pre-
fers water of high mineral content; halophilous to indifferent
to small amounts of chloride.

Navicula odiogsa Wallace Seems to prefer water of hf;h conductivity.

Nitzchia linearis W. Sm. Widespread; common.

Nitzchia paleaceae Grun. Widespread; prefers slow moving to still
water,

Nitzchia kutzingiana Hilse Widespread in fresh water; common.

>y ol L T T LA 1% ) hM’
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TABLE 3: Confinued.. '

-18: Fi’agellagia: construensg (Ehr.)Grun. Prefers slightly alkaline water;
‘ often indifferent to chlorides; both planktor and benthic,
19: Gonphonema olivaceum (Lyngb.)Kutz. Prefers cool, flowing water that
is fairly hard; found in water with great variation in calcium
contént; does not thrive in calcium poor water.

20: Meridion circulare (Greg.)lgardh. Prefers flowing, fresh water. ,

~ ~

©

- @
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TABLE 4: Fauna found on rocks and slides (*) from surveys taken in
in 1975, 1976, 1977 for Bishop's Stream, 1975, 1976 for L-1; 1977 for
L-2. Diets are included. . v

¥

5

BISHOP'S STREAM

ROTIFERA: WResticula sp.*(algae, detritus). .0
AR’I'HROPO Diptera - Simulium sp.*; Tanytarsus exiguus*; Tanytarsus
tenuis* Pentaneura flavifrons*; Tripula sp.* (algae and detritus),
sub. f@m. Chirongminae (algae, detritus, animals).
Decapoda - Procambrus sp. (algae other plants, dead animals),
Hydrocarina - Limmesia sp.(crustaceans, worms and other animals).
Coleoptera - Ectoporia sp.; Optioservus sp. (predaceous), fam, Hydro- -~
philidae (algae and plants). \ :
Hemiptera - Notomecta sp.; Gerris sp. (predators and scavengers).
Plecoptera - fam., Perlidae; Perlesta sp. (prey on smaller animals);
fam. Nemourdae (herbivourous). )
Ephemeroptera -~ Stenonema fuscum; Stenonema canadense, Paraleptophle-~
bia sp.; Epeoris vitreus~ Litobranchia recurvata (periphyton); Baetis
levitans* (algae, detritus); Ephemeralla invhria; Ephemera sp. (detri-
tus, smaller fauna. A
Trichoptera - Glossosoma sp.*; Anagapetus sp.*; Goera sp.*; Ochrotriche
sp.; Dolophilodes sp.; Cheumatopsyche sp.; Ryoco phyla sp. (epilithic
algae, diatoms, detritus); Hydropsyche sp.* (algae, 3etritus, animals).
Odonata - ( voraclous predators). ~—~———- <
MOLLUSCA: fam. Neritidae (algae, other plant mat:erial) Ancylastrum flu-

viatile (algae).
CHORDATA: fam., Salmonidae; fam. Cyprinidae (small invertebrates, algae,\

other plant material); fam. Percidae: Boleosoma sp. (insects, esp. midge).
PROTOZ0A: Cilliophora*(algae, detritus).

L-1

ROTIFERA: Resticula sp¥; Legadé‘lla sp¥; Philodina sp.*(algae, detritus)

ARTHROPODA: Diptera - fam. Chironomidae*(algae, detritus, animals).

" Copepoda - 8., order Harpacticoida* (detritus, algae). ’
Trichoptera - Hydropsyche sp. (algae, detritus, animals).

PROTOZOA: Paramecium sp%; Vorticella sp.*and other cilliates* (algae’ and
detritus) ; Amoeba sp.*(algae, bacteria,grotozoa, detritus).

GASTROTRICHA: Chaetonotus sp.* (bacteria, algae, protozoans).

ANNELIDA: Oligochaeta (several species)* (bacteria, other microorganisms,

* detritus). . :

COELENTERATA: Hydra americana* (detritus, small animals).

NEMATODA: ~several species* (detritus, algae, animals).

4
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TABL‘E' 4: Continued. y

( L L2 - |
ROTIFERA:* (algae, detritus) ' \ :

' ARTHROPODA: Diptera - Simulium sp. (algae,,detritus) Chitonomidae
(algae, detritus, animals). Copepoda - Harpacticoida*(algae detritus)
Ephemeroptera - Baetis spp. (algae, detritus).

PROTOZOA: Cilliophora*; Vorticella sp.*(algae, detritus, animals).
ANNELIDA :#™ (bacteria, microorganisms, algae). \

COELENTERATA: Hydra sp. (detritus, small animals) ’
J
Compiled from DS glas (1958) Reid (1961), Hynes (1972), Wetzel (1975),.
- and Wiggens (1977)% o o .
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"FIGURES 1 to 48: Histograms showing mean abundance. .
4 taken from 50 random counts, of Species 1 to 20 from
- ~ Table 3, Appendix II, o;:sZi'des from Series A to K. -
. . & I b
“ Each histogram' represents slide communites from the.
PN ' 2 - O’E.- . - N
same series, colonization -age and subsite-for the
. .o ’ & . - o
o ] three stations of Bishop's Stream. Station &4 of

’

L-2 is also rel;resented when slides are available.

/

Station 1 maa; Station 2 /IIIIII.IIIII; Station 3. S%uuy;

“Statton 4 [—J. Refer to Figure 7 for Eexplaﬁationﬂ

. ©  of coded, slides.
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TABLE 1: Paired comparisons'of slide‘rep}icaées and replicate\éounts of
the same slide from randomly chosen samples usingd® the Wilcoxon Signed
%éﬂgs Test. Species 1'to 20 from Table 3, Appendix II were used.

/o -
. .
-

.

SLIDE "SOURCE OF TWO-TAILED :wDECISION AT 952
VARTATION P CONFIDENCE LEVEL

- v,
slide - H, accepted
replicates '

, slide ; ‘ ‘ H, accepted
replicates )

16D, -« ¥slide = ‘ H,.3Rcepted
replicates ,

+3aD5, comparison with 12 . I:IO rejected

3 month slide . . -
sampled same date . v

3bF,’ - replicate ' 10 0.10 ~  Hy accepted

counts - S

.1aG, feﬁlicate‘ l 4 . 0.01. H, rejected
counts .~ / o
3G, slide )0.5 | H_ accepted
@ 0
replicates \ .

-




L S T Py " \. - M 7
. © ¢ \ ~
Q \\ 9
. & , ' ! 207 .
\ \ Voo / |
~——— TABLE 2: Abundance differdwces of, the 20 dominant diatoms samong the 3
major stations Pgobability that observed .differences aie due to chance
alone appears directly to-\the righti of each sign associated with it, P
is calculated by the Wilcoxen.Signed Ranks Test; n vdr\}ed from 9 to 20.
. . [ ) . . . ) \ v
) , . ROCKY" Y DY . S
SLIDE Site 1 site 2 7gire 3, ‘fite 1 S\te 2 Ssite 3 Sitel .
: ; : ) I (3 i i '
T - . -
- ' | ‘
A7 <0 >0 - < .01
A, < .05 | .. .30 210 Py
A, ) < .20 \ <.05 <.10 _
. ! \- .
By . .. <.05 \ <.10 '<.,05 «I.30
-32 « «30 < .20 T <.10, <.,001* .: .20
Bq “*.30 > .005° <.001 <.05°, .+.30 > .05
¢y <.025 <.,10 .20) | <.05  >.01
02 . < .0'051 = .30 > .005\ «.30 "< ,05 .
c3. <,300 > .005 e\ >.025 \ *  1<.05
\ \ N
Dy <.001 <.005 U¥.20 \ < .10 025 +2.30
Dy - g o |7, 20 2 _
D; - =720 >.10 . 7,30  \=,20 °:-:-'\\.2q, .20
- A .
| < .025 >.0 b.05 =30 <.20
RN 2 (e B “1 .20
. . 300 >, <.005
P » \\\ v ) ”I
.t wm.200 3,10 ->.10 | 2,30
< 4 20 P o .20
) <.10 . \ \\ To200 0\ .025
. , \ \
. ‘ '
<.005 >.05 >.005 ' <\ >.05 .025
<.005 : S\ .005 ~
<.005 .. A\ :
R o.o \
. . . 1,005
<.05 1,30 '\(i\.o‘s <.005 . .30 .05
- 3 .
< .025 i <,10 N >.05
@, ‘ \
%
|
— b ¢
* F ’ \\
. - \
_ \
/ .
_A,A N R el ¥ 3 ey r"“L




-
-

. -

" TABLE 3: Two-wayeanalysis of -variance for diversity data using series
and stations as independant variables done for the three colonization
- ages at rocky and muddy .subsites. '
° '

=

¢
PROBABILITY

SOURCE OF SUMS OF DECREES OF . MEAN  F-value ASSOCIATED  SUBSIIE
VARIATION  SQUARES -  FREEDOM SQUARES ' WITH F=value ' (AGE)
- ’ N N / .

. - i »

" ' Series 7.321 - 1,220  4.265. _ 0.0006 ; ROCKY
Sites . , 1.363 0.682  5.174 ~ §.02 _ , 2 wk.
Residual - 1.581- 0.132
Total 10.265
Sertes °  2.165 , 0.433 . 0.064

Sites 0.755 . 0.377 0,120
"Residual 1.431 0.143 »

. Total 4.351 ¥

Series 0.024 0.008 0908
Sites” 0.702 0.351 %.092
Regidual . 0.595 0.099

Total 1.320 '

. 3
4

ries 6,422 . 1.284  2.902 0.0713
tes 0.732 0.366  0.827 , 0.465
cReg 4,626 0.443 )
Total _11.579 -

Series. 1,837 ‘ 0.367 0.363
Sites 0.022 0.011 0.963
Residual 2.981 ©'0.298 .
Total . 841 )

" Series 1.792 0.448

.'Sites . 0,102 0.051
Residual 3.279 0.409
Total 5,174




*TABLE 4: Two—way analysis of varjance for total number of individuals
on slides using deriés and stations as 1ndependdnt variables done for
the three coLonization ages at rocky and muddy subsites :

o

—

, . ) " PROBABILITY .
SOURCE OF SUMS OF DEGREES OF - MEAN  F-value ASSOCIATED  SUBSITE

VARIATION  SQUARES FREEDOM SQUARES WITH F-value (AGE)
. -

L3

Series 1.808 . 0.301 . 0.889 ~  ROCKY
, Statiofs  6.822 3.411 N 0.044 - 2 wk.
Residual 9.083 : 0.832 ' o
Total 18.614 B
;”;“; Series’ - 5.819 1.163
~Stations 2,135 \ 1.068
g_f:>Residual 4.493 - - 0.449
Total 12,448 ,

Seriesf 1.593 - 0.319
Statiom® 0.647 . 0.323

Residual 2.449 0.245
- Total #.688 -

¢ v

Serie$ 11.385
Stations 1.239
Residualy 4.488
Total 17.113

Series 6.202
Stations *1.392
. Residual 3.473 .
Total 11.067 °

Series 2,976

Stations 0.681
" Residual 0.939
* Togal . 4.596




L R .
TABLE 5! Comparison’®of numbers for each ofc;ﬁe,.ZO dominant diatoms of
rocky and muddy subsites at the three stations of Bishop's Stream. A One-
tailed P (probability that difference is due to chance) was calculated
using the Wilcoxon Signed Ranks Test. Asterisks indicate significant
di_.ffer.épc‘eg; n=20. } ’

v

x STATIONS

1 o

L]

R > M (P=10%)"
M (P=207) R M (P=20%)
M (P=102) R M (P=20%) ..

> R (P=107) > M (Pe.57)%%x
"R (P=57)%

M (P=30%)

(P=107) (P=402) M R (P=.5%)%%% ¢
(P=5%)* (P-302)ﬁ ' M. R (P=,5Z)%*%%

R
R
R
M (P=30%) R (P=307) - R M.(P=,5%)*%*
R
R

(Pa5T)* “M (Ba302) R M (P=ST)
(P-.57) %% (P=102) R« M (P=52)%
(P=10%) (P=207) M R (P=30%)

(P=30%) (P=107) M R (P=40%)
(P=57)* (P=207) R M (P=10%)
(P=30Z) . . R (P=202) R \_M (P=1Z)%*

(P=5%)* R (P=20Z) . R M (P=2.5%)%

(P=20%) R (P=202) M R (P~2.5)%
R [
R

M
M
M
R
R
M
R
M
R
R
R

(P=1T) &% . (P=30%)
(P 'ZOZ) ;f &
(P=20%) - -

(P=30%) M R (P-10%)

X
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' TABLE 6: F-values from analysis of yariarce berformed ‘on diversity
of slide communites aged from 2 weeks to 6 weeks for series A to G.
Probabilities associated with the F-values are given as P. A kigh
F-value indicates significant variatiqn between the diversity of. the
three aged communities. Statlons are pooled: in the analysis.

F-values (d.f. 2,4) ;
SERIES,  ,.ROCKY SUBSITE © MUDDY SUBSITE

?
-~ .

-20.80669 (P-.007) - - 10.51411 (P>.025)

- cor PPUTENETS W g
AR R AR N ey

12.86666 (P=.018) 4.31893 ' (P=.100)

T !.: 3

. . A,
244.89760 (P=.001) -4 ;44640 (P~.100)

4.80187 (P=.087) - *11.07240 (P=.023)-
0.81965 (B=.503) 2.35510 (P~.210),
' 0.18375 (P=.839)

0.09404 (P=.788) ’ .0.03588 (P=.123)

s




TABEE 7: F-values from analys{s of: variance petformed on log-transformed
data for total numbers of diatoms on slides aged from 2 qgéks o 6 weeks
for series A to F. Probabilities and F-values as in Table 6 of this
?ppgndix. Stations are pooled. C

; F-values (d £. 2,4)
ROCKY SUBSITE MUDDY SUBSITE

’

5.16429 (P=.078F .  2.46133 (P=.261)

8.29923 (P=.038) < ' 9.46059 (P=.030)
5.65148 (P-.068) .  “36.64105 (P=,003)
 16.06851 (P-.012) . 35.59655 (P-.003)

"38.86226 (P+.002) '29.86410,(P=.004) .

4.66923 (P-.090) ... . 2.98871 (p-.181)
X

e ey e BT

-

[P~




TABLE 8¢

Comparison of total diatom population of edges with middle
of slide usif§ Wilcoxon Signed Ranks Test. The probability that the
differencel are chance occurrefices is given by P. "

STATION

-

-AGE OF COLONY.

. (1n weeks)

-

AREAS
' COMPAREDR

\

- »

DIFFERENCE
( a plus sign indi-

_ cates higher numbers

in first area; a nega-
tive sign®mo difference)

Upstream/Middle

. Downstream/Middle
_ Upstream/Downstream

Upstream/Middle -
Downstream/Middle

Upstream/Middle
Downstream/Middle

Upstream/Middle .

Downstream/Middle -

-

(Pr17)
(P=5%)
(P=52)

+.
+
4.
&

+ (P=5%)
+ v

+ (P-lok)‘
4+ (P=5Z)
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TABLE 9: Distribution of diatops from top to bottom of"slide. The
probability that the phenomendn dbserved occurred Ry chance is given E
by P, calculated using the Wilcoxon Signed Ranks Test after pairs were: ey

arranged according to the Cox & Stuart Test for Trend;' n=5. ®
0 - ' ,

' TWO WEEK OLD FOUR WEEK SIX WEEK

" DATE OF COLONIES COLONIES COLONLES
COLLECTION i T ; -7
slide trend slide trend® $lide trend .
18/05/77 | 2aA, + (P 107) ‘ , : |
©2/06/77 2ak, + (P=1%) S _
2/06/77 2ba; + (P=10%) o
15/06/77 -~ 2aBj + (P<107) 2aA, +(p=1% n
merm e e m
- (P=40Z) 2aC’ + (P=10%) 2aB_ = (P=40Z) ,
29/06/77 2D7 £ mCh . 3
13/07/77 2aE] = (P=307) 2aD, + (P=5I) ~2aC, # 4
TRt
' 14/07/77 1bEi + (P=102)
» . 27/07/77 2aF, % 2aE, * 2aD; +(P=12)
_.27/07/77 2bF) * (P=5%)  2bE; - (P=52)  2bD3 - (P=20%)
28/07/77 laF; = (P-40%) -<laE, *. (P=1%) ,
10/08/77 2aF; * 2aEq +(P=1%)
. 10/08/77 . - * 2bF, * (P=57)  2bE; *(P=207) ’
. L, u‘ 28F3 +(P=5%2)
' ' '2bF, % ‘

~1

-
k! 3 '
-8

+: Preference of diatoms for top of slide ‘ to "

oY t: No preference

—- =: Preference for bottom of slide ,

-
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TABLE 10: Paired comparisons of slide replicates taken from the edge
and the middle of the slide chamber using Wilcoxon Signed Ranks Test.
Species 1 to 20 of Table 3, Appendix II, were used. Incubation time
of all slides was 4 weeks. Slides were sampled August 9 and 10.

STATION SOURCE OF n TEST TWO-TAILED DECISION AT 95Z
. VARIATION STATISTIC P CONFIDENCE LEVEL.

edge vs. accepted
middle

middle vs. accepted
middle
edge vs. T : < accepted
middle

" middle 'vs, ' . accepted
- middle . . .o

edge vs. .0 L accepted
" middle

middle vs. s accepted
middle '
’
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TABLE 1ls., Paired comparisons of communities on frosted and:clear surfaceé/

of slides. Mean numbers of Species 1 to 20 are used. Probabilities are

* p calculated by the Wilcoxon Signed Ranks Test. Slides were sampled August

10 and represent 4 week" exposures.

N » ‘
SITE ~SOURCE OF n  TEST TWO-TAILED DEGISION AT 957
* VARIATION . STATISTIC P CONFIDENCE LEVEL .
. 2b  glear/frosted 10 26 >.5 H, accepted

. s top/bottom ’
. same slide

4 2b clear/frosted 8 1 .6
. top/top . .Abﬁ_~4A\\‘J//’§ .
different slides . T

2b clear/frosted 11 11 .05
‘ bottom/bottom
. diff. slides &
. 2b  clear/frosted 11 7 .02
bottom/top ‘ :

same slide

H, accépted

k4
HO rejected

H 'rejected
o

>

2a’  clearffrosted 13  42.5 ] >.5 . Ho_accebted
¢ bottoh/top
* samé slide
‘ . 4 [

\ t

\ |
\
At ! ‘\
* 4
’ ‘ . s
AN ) \ 9 -
' w

oy



