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DESCRIPTICN CF THE STUDY AREA

The topography of the plateau consists mainly of low,
rolling hills with gentle slopes. The landform is a ground’
morraine left by the melting glacier ice of the Fleistocene
Age. When the glacliers receded, a blanket of boulder clay
over the bedrock of the plateau was left behind. The region
has & continental climate with warm, dry summers and cold,
snowy winters (Chapman, 1952). Average temperatures at a

nearby weather station (FcCullcch) are -6°C in winter and

129C in summer; precipitation is about 720 mm per year.
The vegetation of the drainage basin is composed chiefly

of dense stands of Pinus contorta. In a few areas, such as

along part of the south and west shores of Nicklen lake and

in some of the gullies between Nicklen and Curtis lake, the

i

atohes

climax Picea englemanii - Ables lasioccarpa is found..
Y

£ of open Populus iremulcides - 7. contorta stands, especially

between Nicklen and Herb Lakes, a2lso occur. Alrnus - Salix

comnmunities grow in the wetland areas.

The Highland region ie dotted with lakes of varying sizes

and depths, mostly small and shallow, and with depressions

3
g

containing marshes, meadows and bogs. Xuch of the snow melt-

water infiltrates the coarse textured soil or is held in the
marshy depressions and in small hollows containing temporary
pools. Streams in the area are not large and they generally
flow slowly due to the gentle slopes. In summer; “the low

rainfall and warm weather result in a lowering of the stream

. water, or in a complete drying up of some streams.
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CRIPTICN AWD CRICIN OF THE LAKES

The lakes, located about 15 miles southeast of Tumby, B.C.
{ see FlBure 2.)

On1 W)tare Situated in the

(latitude 30°2%20"N, longitude 118%38"¢
southern Interior Highland limnological region of Eritish

Columbia (Northcote and larkin, 1963).

LILY PAD LAKE

Lily Pad lzke is a small ®eid bog lake with slightly brown
stained water, characteristic of lakes in the southern Interior
Highland (Northcote ard Larkin, 1943). The lake (Figures 3 =€)
lies at an elevation of about 1364 meters in the Interior Plateau,
near the boundary of the Thompson Platezu and the Ckanagan
Highland (Xolland, 1964). Like most of the lakes in the region,
it is glacial in origin. It possesses a small, shallow basin
which suggests that it may be a kettle lake. The rock outecreppings
found at a few places along the shore, especially the mid-eastern
and the north-west shores, suggest that ice scouring may have alse
contributed to the formation of the basin. The large island may
represent a piece of bedrock which resisted glacial scouring.

Beaver have played an important role in determining the
size and shape of the lake. Criginally, there were two small
lakes, separated by a vegetated isthmus, in Lily Pad's basin.

The subsequent building of 2 dam at the outlet stream raised the
water level abouﬁ L feet and created a single, larger lake. The
construction of the dam resulted in extensive marginal tree kill
and in the formation (or extension) of the bog areas found at

the south end of the lake. It also probably created the floating

Sphasnum-Carex mats from vegetation and sod that line

[

5
the ghores
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Lily Fad Iake receives most of its water from seepage and
the ocutlet flow drains to the west and north into Nicklen Creek.
Conductivity measurements, taken in 19£9, recorded a specific
conductivity of 112.7 imhos/em (18°C) and a totzl dissolved solid
content of about 102 mg/l, placing it at the upper end of the
range of lakes in the Interior Platezu (Northcote and Iarkin,
1963). TFigure 7 is a conitour map of the lake, and Table 1 lists

some morphometric parameters.

CURTIS LAKE

Curtis Ieke (Figures 8 and 9} lies at an elevation of about
1345 meters in the Interior Flateau. It is a relatively small,
shallow 1lake with highly stained water and a beaver dam at its
outlet. Although ground water seepage occurs, it receives most
of its water from Heart Creek, which flows through an extensive
marshy area. Heart Creek also flows out of Curtis lake southwest
into Aberdeen lake, and from here drainege is northeast into
Harris Creek. As a result of the raising of the water level by
the beaver, there are boggy areas at the south end, east of the
cutlet, and at the north end of the lake. There is no marginal
tree kill, though, reflecting the relatively steep sloping sides
of the basin.

Curtis Iake (Figure 10) has a maximum depth of about 6.1
meters, a maximum length of 475 meters and a maximum widih of
340 meters. Its surface area is about 12.7 ha and there are nc

islands.

NICKLEN LAKE

ot

72 1~ 1 {g—q,'
Hicklen Iake (F1

[

sures 11 and 12}, lyving at an elevation of

about 1308 meters, is a relatively large, deep lake formed &s



TABLE 1: Some morphometric parameters for

Lily rFad lake.

Area
Volume
Maximum depth

Mean depth

Shoreline length .
(including large island)

3
H
B

118,478 m.
156,297 mi
L.88 m,
1.32 m,

2.87 km.
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Figure 89 Curtis Lake .
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an ice~scoured itrough in the bedrock. It iz fe
which drains Goat Uountain Iake, about 1.5 miles upstreanm to the
east (Figure 13). Although MNicklen Iake is too large to be affected
by beaver, there ls an abandoned dam at the ezst end. This hes
created a "beaver pond" of about .9 ha, with & marshy area up-
stream (Figure 13). There is a man-made dam, bduilt in 1946 %o
store water to feed Harris Creek during the dry summer months
when irrigation is needed on Iumby and Coldstream farms, at the

(Nickten Creek)
outlet. The water level has been raised about six feet by this
dam, and the dead trees along the shoreline reflect this.

Nicklen lLake (Figure 13} has a surface area of about £7.3 ha.
Its maximum length is 2000 meters and its maximum length is 640
meters. Its maximum depth has not been determined; it is at
least 13.7 meters at Station 1 and depths up to 23 meters have

been found (C*'Neill, pers. comm.). The Beaver Pond has 2 maximum

depth of 1.2 meters.
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Figures [1-12 ¢ Nicklen Lake
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DESCRIFPTION OF SAMPLING STATICHS

LILY PAD IAXKE

e

o

Pive stations, 3 littoral and 2 pelagic, were established

iniély Pad lzke (Pigure7). Station 1, bounded by a Sphasnum mat,

supported & moderately dense growth {in mid-summer) of Fotamozeton

natans, some F. gramineus, P. obtusifolius and Ceratenhvlilium

demersum. A&t Station 2, P. natans, P. gramineus, Ceratovphvllum

and Nuphar were present. Station 3, an exposed littoral station,

was located alongside a Sphagnum mat in the large open water area

of the lake. Scattered P. gramineus grew here., Station 4, located

[ L A

near the middle of the small open water areaz, had . natans as

the sole macrophyte. Station 5, located in the larger open water

area, was &4.9m in depth. No plants grew on the bottom here.

CURTES TAXE

Three stations were set up in Curtis Iake {(Figuretd. Station 1,
located alongside the inlet marsh, was about 1.5m in depth.
Aguatic plants growing here were [Nuphar and some F. gramineus.
Station 2, located in the channel between the floating Carex mats

which extended from both shores of the outlet bay, was about 1.2 m

deep. MNuphar was scattered in the channel. Station 3, an open

water station, had a depth of £€.1 m.

NICKLEN TAKE

Four sampling stations were established in Nicklen lLake
(Figure 13). tation 1, located at the west end of the lake in
the bay leading to the dam, had some P. gramineus and was fairly

deen. Station 2, 2 nrotected littoral station located on the

i

3 g 3 M “+ 7 3 3 e
aouth side of the lzke, was

leso fairly deep. Station 3 was

3
L

located in the Eeaver Fond amongst CGlvceria elata, Ranunculius
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flabelleris and Salix spp. aAn additional mid-lake

&}

tat

P
0
3
-
i
it

least 15 meters deep, was established for the DUrDo

1
4]

g of recording

4

temperature profiles and water transparencies,
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WATERIALS AND VETHCDS

Field work tock place from the beginning of June until the

middle of August. At Lily Pad Iake, sampling tegan on June 10,
£ 2 £

B

after 2 voat was found and hauled to the lzke, = mile off a
rough, dirt road. Sampling d4id not commence at Curtis Ilake
until July 1€ dus to difficulties, first of all in finding the
lake and then in obtaining a beat for it. Since the lake was
over an hour's hike away from camp, through woods rarely
travelled, except by game and cattle, it was impossible to

carry a rowboat in. An attempt was made to build a guitably
buoyant log raft, but this was unsuccessful, and finally, a
small rubber raft was packed inte the lake. Sampling on Nicklen
Lake began on June 9 and was conducted from a canoe.

The routine field work consisted of regular plankiton and
periphyton sampling, temperature and light penetration measure-~
ments and general cbservations of insects and other lake inhab~
itants. TFor plankton, each lake was sampled at 3-day intervals
on a rotating tasis among the three lakes, although during late
July and August, Nicklen and Curtis Iakes were visited weekly:
the extra time was spent mapping plants at Lily Pad lake.
Plankton samples were taken using a standardVNe2s mesh net. Cnly
surface tow net samples were taken of the littoral plankton. at
open water stations, vertical and horizontal tows were taken.

Each horizontal tow was about 46 meters in length. All samples

were preserved in 5% formelin immediately upon collection. Times

of plankton sampling were fairly constant from day to day: 12:00
to 2:0C pem. for Lily Fad, 10:30 senm. %o 12:30 p.m. for Curtis

and 8:30 to 11:30 for Nicklen lake. TFeriphyton was sampled



concurrently, using standard slide boxes, each containins six

3 x 1" glass slides, which were suspended at a denth of one meter

from floating, but stationary, loss. Siides were immersed for
approximately monthly and overlapping intervals, ranging in
duration from 20 to 69 52§2ﬁ51§gon collection, the slides were
placed in jars containing lake water and were also preserved in
5 % formalin.

Weekly light and temperature measurements were taken 2t the
deep station in each lake. Temperature readings were done by
submerging a small pool thermometer in water samples taken at
various depths with a 1-liter van Dorn bottle. Transparency
readings were made using a standard 2¢ cm Secchi disk. Both
temperature and Secchi depth measurements were taken at a
similar ti&e on each lake: 23300 p.m. for Lily Pad, 12:00 ‘pam,
for Curtis and 11:00 a.m. for Nicklen. Due to difficulties with
equipment, temperature readings did not begin until July.

Since a field Hach Xit could not be obtained, no water
chemistry was done on the lakes. prever, dissolved oxygen was
determined for Lily Pad ILake on iégﬁ;é;&a Wlater samples were
taken at the deep station at depths of 0, 1.5, 3, and 4.5m, angd
were analyzed according to the methods described for use of a
Hach laboratory kit.

Ad@itional field work, for Lily Pad lake only, included
depth measurements and mapping and collecting of aquatic plants.
Depth measurements were taken at approximately equal intervals
of 5 oar strokes along several transects across the lake {sse

I N
- })Fcllu ey

T
e

A calibrated rope, weighted on the end, was
used for measuring. Cbservations on the development of aguatic

plants was made throughout the study period, and these plants

i)

17
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TARLE2 A synopsis of the periphyten experiments in Lily Pad lake, 1976.

Expt. Starting Date Collection Date Days Exposure Slides Collected

1 June 10 July b 25 6
2 July & July 22 19 6
3 June 10 July 22 - L3 6
b June 10 August 16 68 &
g* July 22 August 13 2L €
6% July 22 Auvgust 16 | 27 6

Total Collected 26
¥Due to unfo@%een circumstances, field sampling had to be abruptly
terminated. This prevented the longer exposure of one of these

series, Although they were analyzed separately, they are com=-

bined in this report since the exposure durations are comparable.
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TAELE3 A synopsie of the periphyion experiments in Nicklen ILake, 1976,

Zxpt. BStarting Date Collection Date Days Exposure Slides Collected

1 June @ July &5 27 12
2 July 5 August § 32 £
3 June ‘9 Avgust 16 69 &
4 July 5 August 12 ’ 39 6

Total Collected 30

g
T
!




TABLE 4+ A synopsis of the periphyton experiments in Curtis Lake, 197€.

Expt. Starting Date Collection Date Days Exposure Slides Collected

1 July 16 August 4 20 2
2 July 16 August 11 27 2
3 July 16 August 16 32 2

Total Collected 6
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were collected at appropriate times. During late July and early

August, a thorough survey was made of the lake and its shore in

bde

order to determine distribution paiterns of the wvaricus plants.
A grappling hook was used in the deeper sections of the lake
where the plants could not be seen from the boat.

Finally, epescial plankton samples were taken for detecting
vertical migrations of zooplankion in Lily rad Iake on July 23
and August 3. Sampling times were at four hour intervals, com-
mencing 2t 8:00 p.m. and ending at L:00 p.m. the following daye.
Samples were taken from depths of 0, 1.5, 3 and 4.%m at the deep
station, using the van Dorn bottle. At each depth, three i1-liter
samples were passed through the plankton net.

During the period from September, 1976 until March, 1977,
the collected insects, plants, plankton and periphyton organisms
were identified., TLittle quantitative work was done on the plankton,
since it was not felt that the tows were repeatable enough to
yield meaningful absolute number comparisons.

Each sample for phytoplankton analysis was examined over €00
random microscope fields at 400x. From these observations, the
relative abundances of each identified species in every sample
was estimated. Speciés defying taxonemic identification were
given a descriptive name and/or number. However, this quickly
became 2 prohivitive task for the desmids and it was soon aban-
doned. Conseguently, many of the-smaller forms were not identi-
fied., Even if it had been possidble, the multitude of specles,
particularly desmids, present in some samples, made counting

them impractical. Noreover, estimation of freguency and abun-

i

P o oy
dance sufli

he pur

[& N
ot

S Ymaad & - £ o 3
e fed Tor oses of the present siudy,

In the laboratory, periphyton sliides were scraped using
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a sharp razor bvlode. Ficroscoplc examination of these scraped

glide were examined and the relative abundances of the specles

. was again expressed by synmbols (dominent, aburndant, etc.). This

P ie by neo means 2 satisfactory method, since ecologisis in other
fields (Ecpe-Simpson, 19403 Smith, 19445 have shown that different

cbgervers vary widely irn their

e}

oncents of eg. "common" as distinct

from "abundant” and that a given observer's estimates vary daily

o

However, this error may have been reduced ir this study since

only one persocon analyzed the phytoplankton and periphyton data,

i

a scale of values was used 1n estimating the degrees of abundance

of a2 species, and & large number of fieldcs Were cxamined,

R For Lily rad iske crustacean zooplankton, however, counts
were made and changes in the populations were described using
relative abundance. Aliguots were taken from each sample and the

numbers of each specles were recorcded until a total of at least

100 individuals {(cladocerans and copepcds, was reached (sppendixl).
Since juvenile Zadhnis below 8 certain size were difficult to

identify as either . rogea or . gghoddleri, a1l juveniles were
lumpad tegether for counis. Then, itwenty, cr sometimes more, of
the larrcer individuals were identified to determine 2 ratio.

This ratio was assumed to indicate the proportions of the total
juveniles taken up by each of the twe species. (This assumption
may have resulted in some error in relative abundance determinations).

Copepod nauplil were also lumped together due to difficulties in

{0
[
fﬂ?

. >
v Y m

especlally
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RESULTS AND DISCUSSION

LILY PAD LAKE
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FHYSTICAL AND CHELICAL CHARACUTZIRISTIC

%% : 1ily 7ad lake's temperature profiles show no definite epli-
limnion ard hypolimnion (Figuresite-f. Such diminutive atratification

ig commonr in shzllow lakes (Wetzel, 1975, p. 7%). Light reaches

the bottom of most parts of the lake, and even at the deep station,

the compensation point (=ee belpw} is on1§ a meter from the bottom.

Thus some solar heating of the lower waters occurs, discouraging

the fermation of a hypeolimnion. Since the lake is so shallow, and

there was invariably some wind action on it, it seems likely that

complete circulation might occur,but Lily Fad's small surface
5

area, plus the presence of the vegetation mats, restricts wind

action, and the open water was never uniformly warm. The nearly

linear profile for July 23 (Figure B} reflects the calm state of
. the lake and the high alr temperatures which prevailed at this
time.
in generzl, water temperature followed air temperature patterns

Appendm 3
(Appendix—33}. There was a general warming of the surface waters

until late July, after which some cooling took place during cool,

rainy weather in August. Temperatures at the protected littoral

cstations were often warmer than those of the open water, especially
on windy days (Table 5).

Secch1 depth measurements for Lily Fad were fairly constant
at about 3.4 m5?¢¥%i)small decrease in late July and early august
was probably a result of the increased plankton populations near

the surface (eg. Diaptomus)
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izure {4 Temperature profiles for Lily Fad lake, 1976.
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TABLE £ Surface water temperatures (OC) at the three littoral
stationg in Lily Fad lake, 197&.

July 10 July 14 July 18 July 22 Aug 2 Aug € Aug 10 Aug 13
Station 1 18,73 18.9 17.8 22,2 18.9 21.9 18.9 18.9
Station 2 18. 18.9 17.8 22,8 18.9 21.7 18.9 18,9
Station 3 16.1 17.8.. 17.2 22.8 19.4 20.0 21.9 19.7

29
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TABLE 4

DATE

June
July
July
July

Aug

29
11
14
22
13

Se

cchi Depth measurements for Lily Fad lake,

HI OEVERAL WEATHER

H DESCRIFTION

m sunny

m partially cloudy
m partially cloudy
m cloudy

m cloudy

1976,

50



-

The results for dissolved oxveen for ILily Pad Iake on July 23

were as follows:

depth (m} .. {me/1)
Q. 9.2

1.5 2.0

3,0 3.5

L.z 1.2

)

although the surface water had 2 h

o
i

oxygen concentration, probably
due to photosynthetic activity, oxvgen conditions were appreciably
unsaturated throughout much of the water column, even though light
penetrated nearly to the bottom. In general, this is characteristic
of lakes high in dissclved organic matter (Wetzel, 1975; p. 136).
Chemical oxidation assumes a significant role in consuming oxyegen

in such lekes (Gjlessing and Gjlerdahl, 1970)(in Wetzel, 1975; p. 127).
However, benthic decomposition is also important, especially in
shallow lakes; in Lily Pad Iake, the water near the sediments was
guite low in oxygen. This may have éffecte@ the activities of some
of the zooplankton.

Cne would expect the oxygen content to vary among the different
bays, and areas confined by vegetation mats, due to variations in
depth and densities of aguatic macrophytes. The oxygen conditions
of the open water may be affected by those of the littoral areas
to some extent, especially later in the year when the macrophytes

are decomposing.

rd
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NACRUPHYTES

Since Lily Pad lake is shallow {most areas being 1.2m or
less in depth), it had abundan®t aguetic vegetation. The following
ig 2 list of the aguatic and shoreline plants found. The notes
on the distributicn of each refer to the conditions in early
Auvgust, when the plants were most prominent.

ROCT=D SUBNEROED COMVIUNITY

U LalN YL AN U

Potamareton npitang L.

This was the most abundant rooted submergent and was found
in water from .& to 3m in depth. Its best growth was in water
less than 1m deep, and it was especially abundant in the Station
2 bay {see Figure 7}, where its stems were tangled and its floating
leaves covered most of the water surface. No other plants grew
in such areas. TFigure Kshows the distribution of E. patans,
along with the three other major plants in the lake.

The floating leaves of 2, natang first reached the surface,'
at the shallowest areas, bnldte June and floweredinearyfuly, In the
deeper waiter, floating leaves reached the surface much later,
if at all, and no flowering had occurred by August 15,

FPotamoseton gramineus L.

This plant was generally found in water .6m or less, but
apparently was capable of growing in deeper water, since
scattered planté were found in the large open water area, in depths
up to about 2.4m. Perhaps its near absence {rom most waters be-
tween .6 and 1.2m was due to the superior competitive abilities
of P. natans at these depths. 2. gramineus was often found in

a zone bhetween F. natang and shore emersents, such

-
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distribution is also shown in Figurels5, Its floating leaves ap-

vering was earlier.
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(In 2. granineus, flowerins splkes reached the surface before

This plant was found in shallow water, less than .6m deev
I D

ften scattered among 2. gramineus, Ceratophvllum demersun and

Cherz, but it also formed reletively dense SuwChES by iteelf.
This plant was fairly common, especially along éke west shores

of the lake., No flowers vere seen.

)—13

Potamoreton berchtoldii Fieb,

This plant was also fairly common in shallow water and was

found in small patches, or scattered among Z. gramineus, Ceraio-

phyllum, and Chara. It was not abundant where Z. folicosus was

9

moat abundant. Z. berchtcldiil was also found with F. cbiusifolius

34

on the bottom alongside the floating Sphacnum~Carex mats.

Yotamorzeton obiusifoelius Zart. & Koch

This plant was found mainly alongside the Sphasnum-Carex mats

»

in water about 1~1.5m in depth, but, sometimes, it also grew in
shallower water, scattered among E. gramineus.

'l

Ceratophyllun demersum L.

This plant was present in many areas of the lake, in water

up to about 2.4m in depth, In the shallower areas, it was often

’

found with Chara, if the latter was not too dense. It was invariably

found alongside or on the sides of the floating vegetation mats.

Vallisneria americanz NMichx.

This plant was most often found alongside the vegetation mats,
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Chara covered much of the lake bottom at depths of .4

or
less, sometimes forming dense submerged hummocks and mounds. These
nounds were most prominent near Siation 1 (see Figure 7) and
along. the west shore north of the beaver dam. It was also found
in deeper water {(up to about 1.2m) at the south end of the small
cpen water area, near the vegetation mats (see Figure i5).

MNitella s

o]

Hitella was found only in an area at the west end of the
large open water section of the lake at depths from about 1.4 to

2.54'1'&-

ROOTED FLOATING

Nuphar polysepalun Engelm.

This plant was abundant in ILily Pad Iake, and in many places,

sl its leaves covered most of the water surface. It was found mainly

i..}l

in water .fm or less, bui in one arsa, it grew entirely across

the lake (see Figure 5). Nuphar was often associated with standing

dead trees, and formed a zone beitween the Corex band next o

ghore and the submerged plants farther out. Usually no other

plants grew beneath Nuphar. The leaves first appeared above the

water surface in late ¥Fay, and flowering beganinlée e and had almost

ended by mid-August. The maintenance of a constant water level

by the beaver dam probably favoured prolonged growth and flowering. .

ENERGENTS

Eleocharis nalustris (1.) R. & S.

Eleocharis was found in scattered patches or bands, usually

: ks “ Ia] Tt y . 1 | B g R
in water 15«30 cm deep., It was prasent along all parts of the

shore, especially at the eastern end of the lake.
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T‘ynha 1atif{)lia L-

One emall. group of Iypha was fourid on the south shore op-
posite the largest Sphasnum mat, and a smaller group was present
on & nearby mat. Only one or two flowering spikes were seen.

rolveonum amnhibhium L.

This plent was found near the shore, generally in water less
than 20 cm deep, and in scattered patches, often where the (arex
band was broken. Flowers were first noted

sparganium eurycarpun Engelm.

Sparganium was alse found in scattered patches in shallow
water, and was often found with, or near, Polygonum. Flowers
were first noted in mid~July.

Hiopuris vulgaris L.

This was a rare plant, which was found in patches along the
south shore in water 15 cm deep or less and was usually associated

with Polygonum and Snarszanium.

Carex roatrata Stokes

Carex lasioczroa Enrh.

Carex zouatilis Wahl.

Carex kellozii (Carex lenticularis Fichx.)
Carex diandrz Shrank

Carex vesicaria L.

These six plants grew in water about 4-15 cm in depth and
formed a band of varying width (usually about 2-4 m) along almost
21l of the lake's shore. Narrow bands (2bout .5 m) were found along
the steeper parts of the shore, such as the island shore, whereas
the seepage areas had broad bands {(Figure 5). All of the above
species appeared to grow intermixed, although in a few places the
band consisted of only (. diandra. C. kellozii seemed to be the
most common, and ofter grew in clumps in the shallow water portions

~

of the lake, such as the northwest bav. Carex spp. also formed

i

clumps at the east end of the lake, where the sedge meadow graded

into a bog.
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Olvceriz elata (Mash) Jones

This zrass formed narrow bands zlong parts of the far west

shore, and in water to a depth of about 15 cm,.

Caresx canescens L.

This Carex was common on damp soil, or in very shallow water,
inshore from the emergent Carex band. I1 also occurred on de-
caying wood.

Alonecurus aegualis Sobol.

This was fairly common along the north shore of the eastern
half of the lake, sometimes in 2-3 cm of water. It was found with

farey canescens.

Potentilla palugtris {(L.) Scop.

This plant was common along most of the lake shore and up to
depths of 2 cm in the water.

Arrostis secabra Willd.

This grass was common on the shore, with Carex canescens, or,

mo&¥ often, on glightly drier ground.

Calamarrostis canadensis (¥ichx.) Reauv,

These plants were found as scattered individuals with Agrostis

gcabra and Carex canescens along most of the shore.

Other plants found near the water's edge include: Veronica americana

Galium frifidum, Zpilobium zlandulosum, Deschamnsia caesn

ol

tosa,

and a small Carex that was often found with Carex canescens. (This

Carex was collected too young and could not be identified). Lesas

common were Carex pachvstachya, found with C, canescens at the

end of a bay in the scuthwest corner of the lake, Puccinellia

.
rouriflnrs e e he) b R b QOB o0 bS] be)
cih..,é_f_‘.f}ﬁ,a, found 21 the north gecplage ares, and
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&lnugs incana sometimes grew almost to the water's edge at the

seepage areas.
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Fost of the plants on the floating Sphasnum mete were also
found along the shore. The main plant on the mats, besides
Sphaenum, was a member (or members) of the group of emergent

shoreline Carex species, possibly C. kellogii. Carex canescens

L

was also common on the mats, and, mostly along the edges, Larex

diandra, the unidentified small Carex and fotentilla palustris

—

were found. FPotentilla often exitended off the mat into the

water. Scattered Calamasrostis canadensis were found on most

mats; these individuals were smaller than these of %the same species
on shore, and flowered earlier. On one mat bordering the small

open water area, small groups of Scirpus hudsonianus were found.

Unfortunately, Sphasnum samples were not taken; there may have
been several species making up the mats. There were at least two
other mosses present, one was submerged along the mat edges and

-

the other was found on tov of the mats. In places, Utriculari

W

was found submersed among the mosses alons the edges.
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PHYTOPIANKTON®

vaggnr

The waters of Lily Fad lake @p- rt a oredominantly Chlorophyte-
Cyanophyte phytoplankton assemblage, characteristic of acid bog
lakes (Prescott, 1939 Ruttner, 1952; Woelkeriins, 1974). Of the
Chlorophyta, desmids, often numbering several hundred species,
are, by far, the most conspicuous element In euplanktonic collections
from Sphagnum bogs (De Graaf, 1957; Brook, 1959; Wetzel, 1975).
Table  contains a complete species list of the plankton organisms

recorded from Lily Pad Lake.

DESKIDTIALES

As recorded by Gough and Woelkerling (1976) from acid bog

lakes, Staurastirum was the most prevalent genus in Lily Pad Lake.

Only 23 taxa, though, were distinguished or given a descriptive
e name. VYany desmid species were neither identified nor described
| (see below for a discussion). This was particularly true for the
genus Cogmarium, very common in acid bog lakes (De Graaf, 1957;
Woelkerling and Gough, 1976). Only 20 species of Cosmarium were
identified from the plankton. This is nct at all representative

of the myriad of forms, particularly very small taxa, encountered.

Station 1 and, to a lesser extent, Station 2 were, almost
consistently, astonishingly rich in members of this genus. Since

Cosmarium spp. are largely resiricted to non-planktonic habitats

(Brook, 1959), their relati?ely high occurrence in the plankton

here 1is probably only incidental. Ten Closterium species were

distinguished. (losterium also occurs commonly in acid bog

lakes, but to a2 lesser extent than Cosmarium or Staurastrum

s
e HER A & g - RS A
e L AR ,ﬂ; of

forms showed a seasonal pattern of domiﬂance, it 15 nop felt that
a tabular presentation of the species to be discussed is required.
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TABLE 7 A list by taxonomic category of the plankton net organisms

recorded from Lily Pad Lake ?cologlcal Reserve (June, 1976
to August, 1976).

BACILIARIOFHYTA

Achnanthes spp.

Amphora ovalis Xutz.

Asterionslls formoza var. formosa Hage.
Cocconeis placentula Enr.

Cyclotellz spp.

Cymbella spp.

Epithemia spp.

Eunotia sop.
Fragilaria b
Fragilaria c¢
Frasilaria c uens {Ehr.) Grun.

Frazilaria crou0ﬁ9n51s Kitton

Fragilaria virescens nRalfs

Fragilaria sp. #1

Frustulia rhombsoides (Ehr.) De T,

Gomphonema acunminatum Ehr.

Gomvhonema acuminatur var. coronata (Ehr.) W. Sm.
Gomphonema STD.

Melosira supp.

lavicula sDDp.

Neidium spp.

Nitzschia spp.

Pinnularia spp.

Rhopalodia gibba (Ehr.) C. Mull.

Stauroneis phosnicenteron (Nitz.) Ehr.

Staurorels spy.
Surirells lirnezris ¥, Sm.

Surireila linearis var., constricta (Ehr.) Grun.
sSurirella svp.

Synedra sSpp.

Tabellaria fenestrata {(Lyngb.) Kutz.

Tabellaria flocculosa (Roth) Kutz.

3

CHLORCPHYTA (except DESNIDIALES)

Actinastrum Hantzschii lag,
Ankistrodesmus falecatus (Corda) Ralfs
Ankistrodesmus spiralis (Turner) Lemmer.
Apiocystis brauniana Hageli
Botrvococcus-like sp.
Characium spp.
Chlorocecccum spp.
Coelastrum microporum Naegeli
Coleochaete orbicularis Pringshein
Coleocrmete scutata breb.
“ColeOCQaete scsuba 11ke SpDe
= Porran
laris (4. Braun) Gay




Dactyleccccopsis ravhidiodes-like sp.

Dictvesphaeriun pulchellum wood.

Ekalatothrix~like 0.

Hudorina slezans Zhr.

Geminella~iike sp.

Glavcorvstia so

ﬁydroa:ctvon re
!

icu atum (Linn.) Lagerhein
izta (Lag.) Chodat

mia ¢
&LcrOSQ ra 8p
Kicrothamnio
Kougectia sp
Cedozonium s
Cocystis spp.
Pandorina morum (C. Mull.) Bory
Paulschulzia pseudovolvox (Schulz) Skuja
Pediastrum arznsosum (#acib.) Racib.
Pediastrum EBorvanum (murn.) Nenegh.
Pediastrum Borvanum var. longicorne Reinsch.
Fediastrum duplex Feyen,.
Pedizstrum ovatum (Ehr.) A. Braun
Pedisgtrum tetrzs (Ehr.) Rzlfs
Plecdoring californicas Shaw
Protcsiphon beoirveides (Kutz.) Klebs.
Quadrisula~-like sp.
Scenedesnus abbraazs (Klrchner) Chodat
Scenedegnus acutiformis Schroeder
Scenedesmug arcustus (Lemmer.) Lemmer.
Scenedesmus armatus (Chedat) .M. Smith
Scenedesnug bliusatus Lag
Scengdesmus piztvéiscus (C. ¥. Smith) Chodat
Scenedegnus guadricauds (“urn.} de Srebisson

L ]
iike sD.

Scensdesmus gquadricauco var, caudatus Hansgirg

Scenedesmus serrztus (Corda) Donlin
Schroederia sz
Selenastrun wes
Sphaerocvstis S
Spirosvyra o
Tetraedren minimum (4. Braun) Hansgirg
Tetraedron trizonum (Naegeli) Hansgirg
Tetrauuora ED

ZYZNema Sppe

'J'Ef’gi S"Qi"ﬁh
ceterig Chodat

DESKNIDIALES

Arthrodesmus octocornis Ehr.

Arthrodesmusg spe #1 (Lincus var. Ralfsgii-like
Closterium cornu Ehr., var. cornu ¥, cornu
Closterium diznae Zhr. var. dianae f. diznae
Closterium gracile de Brebisson

SDe )

Closterium kuetzingsii de Brebisson var. kuetzingzii

Closterium libellula Focke var., libellula f.

' - S T
~Closterium strwolazum Zhr. var. gir cia+um i

1ibellula
Tetriclatum

A‘._gfs i A Va?" Venus .
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Cosmarium Botrvtis ¥enegh.

Cozmarivnm w%ara+um Breb.

Cosmarium numilte (Gay) Nordst.

Cogmarium monilif erwa {Turp.) Ralfs

Cosmariun -oriisnum arch.

Cosmariuvm nuncitulatun Zreb.

Cosmarium uniulziun Corda.

Cosmariunm Sbe 71 - 8D #11

Cosmarium sp. 712 {ansulosum-like)

Cosrmarium sp. #13 (subprotumidum- ~1like)

Degmidivm sp. #1 (4iptogenum~like)

Euastrum binale {(Turp.) anr.

HZuastrum dubium HNag.

Tuactrur elecans (de Breb.) Kutz.

Tuaetrum elecans var. lovae Semlisze Wille.

Fuastrun insulare

Tuastrum Spe 71 Ldenticulatum-like)

Gonatozveon aculeatunm Hastings

GonatozZvzon orebissonii De ERary.

CGonatoryeoon riranani (aArch.) Rabenh.

Gonatozvzon monotasnium De Bary.

Gonatozyron monctaenium var. vilosellum Nordst,.

ConatozZveoon Diicsun Holles

Gvmnozyvea moniliformis Ehr.

Fyalotheca dissitiens (Sm.) de Breb.

Vierasterias aopicu.ata (Ehr.) Menegh.

kicrasterias denticulata de Breb.

Micrasterias rotota forma eveluta Turn.

“1craster1a« Sol (zar.) Kutz.

Neitrium Digitus (Zhr.) Itzigs. & Rothe.

Sphasrcozooma excavatun Ralfs

Sphaerozosma vertebratum (de Bred.) Ralfs

Sponaviosium planun (vWolle} W. & G.S. West

Spondvicsium pvenacun {(Cooke) West

Svordvlociun secedens (De Bary) Arch.

Staurasirum ana“ riun Cooke & Wills

Staurastrun apl um de Breb.

Staurasirunm arct n {Ehr.) Lund

Staurastrum AvVic de Ereb.

Staurasirun a Tum

Staurastrun dﬁxec um de Breb.

Stauractrum densicu.ztum (Nag.) Arch.

Staurastrum Dickei var. circulare Turne.

Staurastrun dubium West

Staurasirum furcizerum de Breb.

Staurastrum cladicgum Turn.

Staurastrun gracile Kalfs

Staurastrum grande var. parvum wWest

Staurastrumr inflexum de Breb

Staurastrum negacanthum ILund

i Stauvrastrur mucronatun riAfs

: Stourastirum mutlicum de Ereb.
Slaurastrum uaradoxum Meyens.
Stoursatrumn SES Gy S Vest

Staurastirun ﬁoﬂyﬁa%ﬂhum de Ereb,.
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Stavrastrun sp. #1

Staurastrum SD. §2 (var. gracile-like)
StEurestrun =0e #3 (paradoXium-like)
Fenitm sp. #1 (@ mronritaceum-like )

Pleurctaenivm trabeculs {(zhr.) Nag. var. trabeculz f. trabecula

Pleurotzenium SDe #1
Yanthidium antilopaeyn var. peolymazum Nerdst.

CYANOPHYTA

Anabaena flos~acue {Lyngb.) Breb.
Anabaena lirmnetics G.i7. Smith

Anabasna SDDs

Apbanlzomehon flos~acue {(Lyngb.) Ralfs
AphanoCapsa SDD.

Aphanothece spD.

Arthrosoira Jenneri (Xuetz.) Stizenberger
Calothrix~like sp.

Chroocpccus Sph.

Coelosphzerium naegelianum

Coelosphaeriun SPe #1 (pallidum-like)
Glocothece SDDe

Gloeotrichniz echinulata (J.E. Sm.) P. Richt.
Gomphosphaeria lscustris Chodat

Lyncbya aerucinec-caeruiea (Kuetz.) Gomont
Lynebya ITirnetica Lemmer.

Lynsbva Spp.

Werismonedia convoluta (de Breb.) Xuetz.
h@riﬂTOuéé%“ elecans (A. Braun) Kuetz.
Verismovediz zlauca (Ehr.) Maegell
%erlsmoaeﬂla fenuissima Lemnmer,
Microcysilis sSpp.

Nostoc paludcsunm Kuetz.

Nostoc sSpD.

Oscillatoria Acardhil Comont
Usciliztoria limosa (Roth) C.A. Ag.
CSCllithrlg nigra Yaucher
Cscillatoris rubegcaens De Candolle
Oscillatoria fenuig C.A. Ag.
Ogecillatoria spp.

Palmodicivon viride like sp.

Rhabdoderma-like gn.
Spirnlina Drgncans {(West & West) G.S. West:

Tolypothrix fenijus (Kutz.) J. Schmidt

EUGLENOPHYTA

Euglena acug Ehr.

4%
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Since desmids, unlike diatoms, have few quantifiable charac-

teristics, careful drawings of the cell form in its entirety

e
i

must be relied upon for identifications. However, it is very

difficult to make a good reproduction of compiex; and even simple,
cell forms. Conseguently, much confusion has arisen as a2 result

of an insufficient diagnosis or an indistinct type-figure

(Heimans, 1969). Polymorphism has also been noted with some
freguency among desmids (Bicudo and Carvalho, 1969)., The environ-
mental conditions (not yet known) existing in certain lakes seem

to lead to the production of considerable variation in the semicells
(Brook, 1959). This contributes to the overburdening with synonymy
of desmid nomenclature., Also, because of the variation in symmetry

in different views, it is necessary to see the cell from the top,

front and side for taxonomic applications. However, thisg is not
e always possible and, since misidentifications can be made based

& upon incomplete viewing of the cells, such cases were not recorded
in this study. In addition, the limits of species, even for the
desmid specialist, are often difficult to define, especially in the

case of the genus Staurastrum, the taxonomy of which shows congid-

erable confusion, owing to two opposing tendencies. Firstly, too

much attention has been paid to minor details of shape and ornamen-
tation, with the result that many species have been founded on

very variable characters; secondly, many good species, possessing
only one good character, have all been placed in one poorly-delimited
species (Brook, 1959). Cosmarium also shows tremendous variability,
which hinders the recognition of described taxa {Heimans, 1969).

The problem with the taxonomy of Closterium is quite different.

.
o ; o . . . . s )
Here, the difficulty lies In proper expression via words and




g

illustrations of the distinctions used eg. degree of curvature

and shape of the apex (Heimans, 1949). From the preceding

Ty
i

discussion of the problems encountered in desmid taxonomy and

my limited experience with these algae, the rendering of safe
identifications was not always possible, In raming the desmids

in this project, 2s much care as possible was taken. However,

due to the great variability in the expfessien of form, & small
amount of deviation was allowed for some species. .Because of

the many transitional forms between the variational and the typical

species, varieties were not named unless the distinetion was clear.

The reader should bear this in mind when comparing these lists
A with others.
Some desmids in the macrophytic zone may be cleosely bound

to their hosts but a considerable number appear to lead an almost

.gm%; free-floating existence in the water surrounding the plants so

‘ that they are frequently washed into the open water of the lake.
There is also a group of truly phrkionic forms (Breook, 1959).

In the littoral collectionsy in particular, and even in those

from the open water, specieS/’which are not strictly planktonicj

i
e
Z;l‘g

but which can survive in the open water for a short time, were

probably collected in the net tows from Lily Pad lake. For

example, the normal habitat for Vicrasterias gpp, is in bogs and

amongst the weeds of small lakes. Frequently, however, they may
be carried into the open water and thus occur in plankton collections

eg. lMigrasterizs Sol.(Brook, 1959). This species was recorded

only from the plankton samples in Lily Pad Iake and should be
k
regarded as only a facultative planter. The occurrence of a

similar phenomenon in Zosmariur has already been mentioned,




Spondvlosium planum, freguently recorded in low abundance in Lily

%7

Pad plankton, is the only regularly plankicnic member of this gENUS .

It is suggested that the filamentous habit and mucilage-secreting
propensities of this species are characters which have contributed
to ite success as a plankter {(Brook, 1959}« A few species of

Cosmarivr and Sizurasirum were also observed to possess gelatinous

investments., Prescott (1948) and Ruttner (1952) recorded a
similar event in Sphasnum bog pools. Woelkerling and Gough (1976)

listed Copatozvoon as a rare genus. However, in Lily Pad lake,

six members of this genus occurred regularly, although the indi-
viduals never became common.

The desmids in Lily Pad Lake showed erratic fluctuations,
both among stations on the same day and on consecutive sampling
dates. The phytoplankton in bog lakes is highly unstable; its
formation has been correlated with abundance on the sediments and
its removal is due to washing out by turbulence and rainfall

Duthie, 1965). Hutchinson (1947) also stated that recruitment

of the phytoplankton from litteral benthos is a common occurrence
in desmids. The sediments in Lily Fad Iake may be a rich algal
habitat since the shallow water allows most of the incident light
to reach the surface of the sediments, and many of the products

of organic decomposition must be availzble to the algae. In
general, the algal periodicity in a bog pool bears little relation
to variations in nutrients; individual species exhibit independent
pveriodicity of development:; and there is some connection between
total population and rainfall (Duthie, 1965). Therefore, the

very chapgeable weather exnerlenced durlng the sampling period

mugt have had an effect on t%e ext%cvﬂ varishi
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for the various algzal groups (particularly desmids) in Lily Pad
lake.

Rather than tediously comparing the habitats of the species

" recorded from Lily Pad Lake with the numerous data in the literature

on their ecclogy, let it suffice to say that most of the desmid
species have been previously found in acid bog lakes (please see
West and West (1904, 1905, 1908, 1911}; West and Carter (1923);
Kreiger (1933/1939); wvan Oye (1941, 1944}; De Graaf (1957);

Brook (195%9); Prescott et al (1975),among others, for a discussion).

OTHER CHLOROPHYTA

Other Chlorophyvte species were also common in the plankton.

Ten species of Scenedesmug and six species of FPediasirum were

recorded. Scenedesmus spp. occurred commonly at Stations 1 and 2

throughout the sampling period. [Fedisstrum spp., although

occurring constantly, were much rarer. De Graafl (1957) recorded

these two species 25 beling very common in quaking bogs. De Grzaf
{(1957) also documented the common occurrence of other members of
the Chlorccoccales, which were well represented in Lily Pad lake.
The most common Chlorophyte taxa (excluding the desmids) were
species of Nougeotia and Syircgyra. The numbers of these two
genera were underestimated since only sterile species were found;
they have been included as one unidentified species. Abdin (1949)
showed a peculiar feature exhibited by Spirogyra. He found that

conjugating filaments occurred at lower depths in June; at this

‘time, the alga was present in great numbers and formed numerous

zygospores. This was never shown in any other month and may
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from quaking bogs (De Graaf, 1957). TFilamentous Chlorophytes
appear to be summer specles in expressing their maxima (Klarer
and Hickman, 1675), vossibly correlatsd with an increase in

temperature (Goddard, 1937; Young, 1945). Spircsyra and

Moureotiza were rare or absent at all étations until July 10,
when both becams common at all stations. On July 18, Spirogyra
wag abundant at Station 1, common at Station 2, and rare at
Station 3. On July 22, Housgeotia was the dominant component of
the plankton tew at Station 3. Thereafter, both genera declined.

However, in mid-August, Mougeotia became abundant at Station 3

again. From Table 5, it can be seen that the maximum temperature
recorded from Lily Pad lake was 22.8°C at Station 3 on July 22,

the day on which lougectia attained dominance. However, Xlarer

(1973) has shown that temperatures above ZGOC are detrimental

to the growth of lougeotia., Svirogyra may also respend to tem=-

perature, but no references vwere found to suprort this.

Lily Fad Iake did show a "“patchy" blcom of llougectia spp.,
which began in early July and which was still present in mid-
August, and in obvious good health, at the cessation of sampling.
Irregular light-green masses, 1-2 meters in diameter, were formed
on the surface of the lake, mostly in the protected areas behind
the vegetation mats. These masses were buoyed up by the gas
bubbies‘which they had produced. A similar phenomenon for
Spirogyra in northern ponds and small lakes in the United States
was cited by Bradley and Beard (1969). These authors also recorded
2 bloom of Spirogvra which cccurred only on the bottom of a very

shallow (45-85 cm.) alkaline bog lake. It was moved about by

At o marryardto ond o wme Ak e T Tad 13vm by Fhae wirdodrdivsrs ol
Fenv.iga CUrTents aAng vWas oiten rolled up Dy the wind-driven neld

which Tormed in the lake water, but it never formed larse aggregates
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the bottom coge in shallow waters tut he did not report its occcurrence
at the surface. In contrast to the summer VMousectis bloom in

" 1ily rad lake, the Spircegyrs inflorescence neaked in Februar

had disappesred
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Zeard, 1969). In Lily rad

Izke, the fleoating mats of lougeotis trapped small animsls, such

A

as corixids and noteonectids, and macroscopic plant frasments. Yany
smaller algae were also caught up in the entanglement, ss revealed
by microscoplic examinantion. Bradley and Zeard {(1969) found no ap-

parent correlation between their bloom and seasonal changes in com-

pesition or in temperature of the lake water. It was speculated

that the great bloome might be due to decreased light intensity in

the winter (3radley and Beard, 1969), since the photosynthesis of

algae is inhibited by lizht in natural waters (Goldman et al, 1963).
What effect the atypical summer and consequentliy freqguent cloud cover

*

had on the development of the Fourseciiz bloom In Lily Fad Iake

Pt

s
.

not known. The initial survey crew in 19469 mentioned the preserce
f

of much filamentous algae at the edges of the lake, although they

were not describted as fleating rafts of filaments.

CYANOPHYTA

De CGraaf (1957 alsc found that colonial blue-greens ez.

Aphanocansa elachistis were very common in bogs. In the current

study, a variety of both filamentous and cnlonial Cyanophytes

occurred regularly. erismopedia spp. occurred frequently at the

protected littoral stations as did the filamentous species,

Oscillatoria and Lyngbva. Ansbazenz flos-aque, & filamentous blue-
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crease in Irichomes of Arthroeogyira Jdenneri in
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a sudden, brief

the vertical haul from Station 5. Such a dramatic increase
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and decline might be due to resuspension from the sediments.
Prescott (1952) recorded +this species as inhabiting the mud and

the organic sediments.

BACILIARIOPHYTA

Diatoms have also been recorded from bogs (De Graaf, 1957).
They were not a conspicuous group in the phytoplankton of Lily

Pad Lake. Tabellearia fenestrata was the most constantly recorded

species. However, Duthie (1965) found this alga to be only
spasmodically abundant in the plankton of bogs, particularly

during periods of turbulence. He found that T. flocculosa (rare

in Lily Pad lake plankton) had a greater tendency to become

s 2 .
planktonic, wheras colonies of T. fenestrata were always more

abundant on the sediments. Fregquent, wind-induced turbulence in
Lily rfad Iake may have contributed 1o the regular planktonic

occurrence of T. fenestrata. A& curious, single-day increase of

very small species of Havicula, Synedra and Nitzgchia species,

was recorded in the horizental tow from the open water Station &
on July 18, Such a rapid dominance and decline might also be

due to an interaction with benthic populations.

PYRRCPHYTA

Ceratium hirundinella, a common constituent of Lily Pad Iake

phytoplankton has been recorded by De Graaf (1957). However,
Voelkerling (1976) did not find the dinoflagellates to be common
in acid bog lakes. In Lily Fad Lake, there is considerable
hetero&enelty in the horizontal distribution of Ceratium. It

became abundant on June 13 and ”emalned moderately common, though

o T 3 iy v 3 {TAATa+ms
patchy, thereafter. It ig generally a summer specles (Zdelstein,
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1966; Hutchinson, 1967). Heaney (1976) also observed a contagious
distribution in this alesa, in contrast to Dottne-~Lindgren and

gwf Exbohm (1975), who concluded that the horizontal distributien

| of Ceratium in lake Erken was uniforn. Horne-et'al (1971 ) also
stated that blooms of dinoflagellates, which occur commonly in
lakes, are often patchily distributed over the lake surface.

Edelstein (1966) found C. hirundinells +to be so abundant from

June to September that additional colour was imparted to the

water. However, C. hirundinella never approached "bloom"

conditions in Lily Pad Lake.

CHRYSOPHYTA

Rinobryvon diverzensg was a comnon early summer consitituent

of the phtoplankton assemblage. De Graaf (1957} found D. diverszens

g to be associated with C. hirundinella in quaking bogs. Dinobryon
5 : was also heterogeneously distridbuted. It beczme 2bundant on

June 16, declined gradually and was rarely observed after July 1.
Since periecdicity in Dinobryon appears to be related to the
nutrient content of the water {(Mutchinson, 1967), no further

consideration can ve given to this alga here.

A bloom of an unidentified colonial flagellate was also recorded.
As a result of the method of preservation, identification was
impossible, Ruttner (1952) has listed delicate forms, such as
chrysomonads and hetérokonts, as being characteristic of bogz flora.

In Table 7, this species 1s listed as an Unidentified Chrysophyte(?).

~The bloom, present on the first sampling date, had disappeared by

mid-July.
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Yorticella spp. Wwere periodically avundant in the plankton
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sarples. Vorticella sp. #1 was almost always associated with

Anshoena flos-zcue, althousgh no direct relationship between theilr

population fluctuations was observed. Davis (1972} found

Vorticella sp. to be almogt exclusively attached to coenobia of

Anaboena flos-acue; both reached their maxima on the same date,

however.
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PERIFHVTON

e dr .. 4

Sixteen taxonomic divisionsg were recorded from the glides
collected in Lily Fad Lake (Table¥). The periphyton community
consisted mainly of algae, diatcms and filamentous greens,
bacteria and detritus. In the following discussion, the term
periphyton or Aufwuchs refers primarily to the organisms growing
upon glass slides dbut 1s used in the general sense to include
all organisms growing upon submerged objects in water {Young, 1945).

Test slides immersed for a week revealed the initial
bacterial colonization documented by other researchers in both
freshwater and marine environments {(Henrici, 1939:; Cooke, 1956;
Aleem, 1957; Sladeckova, 1982). However, bacteria did dominate
some of the periphyton slides exposed for longer periods of
time (gee below), Resting and germinating zysospores of desmids
were also recorded and, like bacteria, they have been shown to
be primary colenizers of bare substrata {Sladeckova, 1962). A
rather diverse and variable diatom assemblage was also recorded
during the first week of immersion. ?rincip&é colonizing diatonms

were Nitzschia spp., HNavicula spp., Zpilthemia spp., Zomphonena spp.,

Gompheonema acuminatun, Fragilaria crotonensis, Achnanthes spp.,

and Cvmbella spp. The stalked diatoms (Cymbella, Gomphonema and

Synedra} were loosely attached to the subsirate by mucilaginous

pedicels. Achnanthes was attached by the whole of one surface.

The remaining species had no visible means of attachment and were

entangled among other algas.

According to Brown and Austin (1973a), bacteria never dominate

1. JURE JUUIE SUNPOE R - eI 3 5 - RN 1

the rperivhyion and are guickly succeeded in abundance by almas.
Tyt p e r oAt AT D Wwara ;e AT v 31l ol idss avomirnsd Twvear T3 T
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TABLE ¥

BACTIIAR

A 1list by taxonomic category of the periphyton

recorded from Lily Pad lake Zecological Reserve
sampling periecd June - August, 1976.

OTH
‘-

TYTA

Achranth

eg exizua Grun.

Achranth

ez iancenizata {Zreb.) Jrup,

Achnanthec

o Einearis (a. Sm.) Grun.-

Achnantn

e la (Kutz.) Grun.l

Achnanth

28 yma Kutz.

Amphiple

urg pellucidsg

Amphora

cvalis

Amphora
Cocconex

SD0.
g niscentula

Cvoliotel

ia meneghiniana (7)

Cvelotel

1a EPD.

Cymbellsa

caesnitosa (Xutz.) Crun.

Cymbells

cigtulg«-complex

Cymbells

?raczlﬂs {(Radbh. )} Cl.

Cymbella 1}

neteronleura (7)

Cymbella

nav;culzfsrﬁls Auersw,

Cymbella

ventriceoza Kutz.

Cvmbells

Diplonel

o
1%
g fi ﬂnlca (Err,) C1.

"
W

Divloneil

s oblernczells (Naeg.) A. Cl.

Epithemia

a&rous

Epithemi

"‘utz *
2 gorex Kutz,

Epitherl

a turszida (Ehr.) Kutz.

Eoithemi

2 zecra (Ehr.) Kutz.

Eunotia

3

curvets gﬁdéz.) lagerst.

Eunotia

dicdon Ehr.”

Functia

Flexucsa {freb.) Kutz.o

Funotia

Eunotia

flexuocea varL gurvcephals Grun.B
1ncwca Greg.

Eunotia

raior (#. Sm ) Rabh.

Funoctia

monodon Enhr.

Funotiz

Funotia

nasgeiii Migula I
pectinalis (Kutz.) Rabh. -

Funotia

prasruota Ehr.

Funotia

serra var. diadema
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organisms
during the

lThese species comprise Achnanthes spp. referred to in the
discussion.

2gymbella cistula is a very variable specles and intergrades

with other taxa such ags C.

pers. ¢

lanceolata and C.

OMTte )

3These species comprise Eunotia complex #1

aSince mest of the cell

girdle

is referred to as BEuno

-

this cb“ 18? were observed
ification was impossible.
o

mplex ﬁa in the text.

view acourats i
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hungarica (Brown,



Fragilaria brevistriata Grun.

Fragsilaria cavucing Desm.

Fracgilaria construsns

Frosilaria crotonensis

Frasilaria pinnats hr.

Fras-ilaria virasscens : .
Frustuliz rnomboides var, capitata (A. Mayer) Patr.
Frustulid rnomcoides var. crassinervia {Breb. ex W.
Gomphonens natum

Gomphonama natum Var. coronata

Compnonemna rictum Enr.

Gomphonema sintum Ehr.

Gomphonemsa um (7

Gomphonena voacesum (Lyngb. ) Kutz.

Gomprorema sucitile (7)

Melosira STD.

MNaviculs ragiosao

MHavicula tusculsé Ehre.

Navicula spD.

Neidium iridis
Neidium sSDPD.

MNitzschia acicularis W. Sm.
Witzecnisa fonticola Grun.
Nitzschia linearizs ¥. Sm.
Nitzachlia SDD.

Pinnularia sSpDe.

Rhopalodis zibha

Stauroneis vpnoanicenteron
Staurconeis DD

Stenonterpvia inter
Stepharodiscus spp
Surireliszs e
Surirella spD.
Synedra capiltats
Synedra ulna (¥itz.) Ehr.
Synedra ulina var. obtusa (7)
Synedrsa sDD.

Tabellariz fenesirata
Tetracvelus lacustris

CHLOROPHYTA (except DESVIDIALES)

Ankigtrodegmus falcatus
Ankistrodesmusz goniralis
Aphanochnaete~-1like sp.
Aplocygtis braunizna
Binuclearia tat ana
Botrvococeus Hraunii
Bulbochaete Spp.
Chaetopeltis orbicularis Berth.
Chaeteosphaeridium-1like sD.

Wittrock

SRS

Charac;um spb. R T

AL LS

Sm.) Ross
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Colecchaete orbicularis

Coleochaete gcuitats

Colecchzete scoluta-1liks sp.
Colegchacte 5n. (Juvenile)
Crucicenia crucifers {Wolle) Cellins
Crucirsenia quadratsa

Crucicenia rectanculariy
Dranarnaldia sp. 71 (Judayi-like)

Geminella-like 8D.
?yaroalc*UOP reticulatum

Hicrogpors SDD.

Fougeotlia SDD.

Cedoroniumn undulatum (Breb.) A. Braun
Cedogonium SDD.

Cocvstis SDDR»

Pandoring morum

Poulschulzia pseudovolvox
Paulschulzia tenera (Korsch.) Lund.

Pedliastrum arancosun

Pediagtrum ansulosum {(Enr.) Menegh.

Pediastrum Zorvanum

Pedisgtrum Zorvanum var. longicorne

Pediastrum dunlex var. ¢lathratum (A. Braun) lag.
Pediagtrum tetrasg

Pediastrum tetras var. excisum (Rabh.) Hansgirg
Fediastrum tetras var. tetraocdon (Corda) Hansgirg
Protosinhon botrveides

Sceneadegnmus

anuncans

Scensedesmnus

acutitormisa

sScenedesnusg

arcustug

Scenedecmus

srmatus

Scenedesmusg

biiugatus

Scenedesnus

denticulatus

Scenedesmus hvstrix lag.
Scenedesnus oblidguu
Scenedegmug piatydl g

Scenedesrug gquagsricayda

Scenedegmus serratus

Schroederia spp.

Splrozyra sSDD.

Stigeoclonium SDP.

Tetraedron csudatunm (Corda) Hansgirg

Petrascron ninimnum

Tetraedron trizonum forma gracile {(Reinsch) De T.
Tetraspora sp.

Zygnema sSppe

DESKIDIALES

Arthrodesmus octocornis
Closterium cornu var. cornu f. cornu .
Cliosterium cvntnia De hotaris var. cynthia

i .
Clogfteriun

*

e e f
ircurvum {Zreb.) ©. incurvum

s - 3 3 o
Cleosteriunm
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Closterium intermedium var. hibernicum West 2 Wegt
Closterium kuetzinsii var. kuetzinsil
Clogteriun libe??u

lza var. libelluia f. libellula
Clogterium naviculs var. naviciis
Closterium A“vu‘um sag. var,., varvulunm
Cleogteriun rogTratum Ehr. var,., rogsiratum
Clogteriun zetaceum var. getaceum . setaceun
Closterium venus var. venus f. venus
Clostieriun spoD.
Cosmarium ancens Iund
Cogmarium Boftrytis
Cogmarivm zranatun
Cogmarium obliguunm Nordst.
Cosparium zortianum
Cosmarium sp. #1, #4-#8
Cosmarium sp. #15 {(p ?ryarltlferum-lzke)
Cosmarium sps #16 {ovale-like)
Cosnmarium sp. #17 {subnr Suborotumidum var 7-like)
Cogmarivm sp. #18 {venustum-like)
Degnidiun Aptozonun
Desmidium noeuvdostrentonena W. & G.S. West
Fuagtrum binals
Eusatrum dubliunm
Buastrunm elesans
Buagtrum insulare
Euastrun sp. #1
Euvazsirum sp. #3 {crassansulazftur var. ornatum-like)
Xuastrum sp. #% (pectinatum=-like)
Buastrum sp. #5 (pulchellum-like)
GonztozZvoon aculez2iunm
Gonatozveon rrebissenii
GConatozvyon Ainshani
Gonatozvoen monotaanium
Gonatozvoon monotoenium var. nil osellum

Y

Gymnozvee nmoniliformis var. sracilescens Nordst,
Ficrasterias pinnatifida (XKutz.) Ralfs.

Neltriun Lizitus

Cnvchonena filiforme {(Enhr.) Roy & Biss,
Pleurotaenium trabecula var. itrabecula f. trabecula

Pleurotaenium sp. #2 (minutum var. crassum-like)
Snhaerozozmng excavatum

Sphaergzosma vertebratun

Spinoclogterium cusvidatum (Bailey) Hirano
Spondviocmium nlanun

Staurastrun anzatinum

Staurastrum aArctiscon

Staurastrum avicula

Stavrastrum ceiectunm

Staurastrum Dickel var. circulars
Staursstrunm furcigerun

Staurastrum glabrum (Thr.) Ralfs.
Staurastrum sracile ‘

Staurastrum grande var. parvun

S.,

.

13

o

H

v
b

5 Ls




Stauvrastrum mucronatum
Stavraztrun oaradoxun
btanrentwuﬁ nyranidatun West.

Staurastrunm 8p. #1

S%auraszrum 8D #2

Staurastrun sv. #7 (srande~like)
Xanthidivm coulestum Zhr.

Xanthidium antilovaeunm var. hebridarum
Xanthidium antilendeun var. polymazun
Xanthidium cristaetun

CYANOPHYTA

Avhanizomenon flog-ague
Aphanocansa spDe
Gloeotrichia aca1nu33
Gomphospheeria avonin
Gomphognhaeria lazcust
Iyngbva spp.
Nerismonedia elesans
Ferismonedia alauca
?fel"i ﬂDeu;u =
§ewgsmoneala a7
Vicroocvatis 2e
Nostoc paludosum
Cgcillatoris Arardhll
e Uscillatoria nigra

’ Ogecillatoria rubescens

Oscillatorias spoe.

Tolypotnrix teniug
L

4.-
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EUGLENCPHYTA

Puglena acus

PYRRCPHYTA

Ceratium carolinianun
Ceratium hirundinella
Glenocdinium sSDDo
Gyvmnodinium spp.

CHRYSCPHYTA

; Dinobryon bavaricun
o Dinobrven diversens
Dinobrveon sertularia
Dinobryon sociale
Ducillieria-iike Sp.
Epipyxis sp.
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ROTITERA

Colurella sp.
Comochiius unicornie
Kerztells gochnlearis
lecans sp.

Lepadella sp.
Tetrasivhon sp.

CCPEPCDA

Diantomus lectopus

CILIOPHCRA

Unidentified Protozoan
Vorticella sp. #1
Vorticella sp. #3

TRICHCFTERA

Trichopteran liarvae

DIPTERA

Chaoborus sp.
Chironomid larwvae

HIRUDINEA

Helobdella sitagnalis (L.)

AYPHIBIA

Salamander eggs

60
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rad Lake and even achieved dominance on one series. Henrici (1939
gtated that bacteria are more characteristically a part of the
periphyton than of any other ecolozic zroup. Eacterial periphyton
can bé defined as that part of the bacterioplankton which is able
to attach to firm substrata (Sladeck and Miskovsky, 1976). It
should be noted here that, since it is difficult to distinsuish
microscopically between bacteria and suspended debris {(Sykes and
Skinner, 1971), both detritus and bacteria probably contridute

to the "bacterial” component on the glass glides. They will not
be separated in this study. For a discussion of the role of
detritus and organic matter in aguatic ecogystems the reader is
referred to Wetzel (1975; vp. 538-621).

An inert surface like glass 1s sufficient to cause an increase
in bacteria. This increase is probably due to the concentration
of organic matter absorbed onto the surface. That such a
concentration of organic matter from the water on submerged surfaces
actually occurs has been demonstrated (Stark et al, 1932). It
is clear, therefore, that the occurrence of surfaces elther as
support for the bacteria, or in concentrating their food elements,
is a factor of fundamental importance in the growth of aguatic
bacteria (Henrici, 1939; NcCoy and Sarles, 1969).

There was a congiderable difference among stations in the
degree %o which bacteria occcurred on the slides. They were con-
sistently abundant only zt Station 3. Experiment #5 at this
station yielded bacteria as the dominant component. Consequently,
the number of species enumerated from these slides was very low --

26 species were recorded with only Foureotia being abundant. In

iy
[N

ndin

)

contrast, the ~ ¢f over 100 species wer slide was not un-

{

common in some serles. The large amount of debris on the slides
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in Expt. #5 at Station 3 reduced the amount of substrate potentially
available for colonization by the algae. As an aside, it ic
interestinz to note that the bacterial contribution %o the slides
in Expt. #6 (combined with Expt. #5 for this report) at the same
station was not hizh, even though the slides had been exposed over
a similar time pericd (Table 2). EHeasons for this are unknown.
There is a positive correlation between the occurrence of
aquatic plants and the numbers of bacteria. iere shallowness of
the water is not a factor. It ie probable that the increase of
bacteria in the vicinity of larger aquatic plants is due to larger
amounts of dissolved organic matter, derived from these plants,

in the water. Henrici (1939) recorded, in a eutrophic lake in

- central linnesota, high counts of reriphytic bacteria at the three

protected littoral sitations with abundant aguatic plants. His
exposed littoral station, similar +o Station 3 in openess, showed

a development of periphytic bacteria intermediate between the
littoral and open water stations. This is completely oppozite

to that recorded in Lily Pad lake. However, the data fron

Henriei (1939) originated from a eutrophic lake. Since no references
were found regarding bvacterial distribution in bog lakes,

reasons for the bacteriological observations in Lily Fad lake

are not immediately obvious.

The "detrital" component of the perivhyton also included
g Loy

pollen grains orizinating from the Pinus contorta stands sur-

rounding the lake., From mid-July to August, pollen was abundant
on many of the slides. Nutrient input from pollen sources may

be significant in the nutrient budget of a small subalpine or

£

2 Gy A et 3o & R SO w8 T2 m e oy e 5 M
alpine lake with a limitad nutrient inflow (Hicherson =t al, 19705,

iR

Smirnov (1964) found that pollen spores were eaten by numerous
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inshore invertebrates, including Zooplankiton and chironcmid larvae,

which were very common Iake. Alnus incana, abundant

g_)o
b
[
amd
“5
byt
[oN

%,

bots

mute to the nutrisnt budget

around thz shoreline, mey also contr

-

of Lily Pad Iake. Coldman (19861) found that Alrus tenuifolia

[

made significant contribution to the primary productivity of
a lake in California. Allochthonous detritus can play an important

)
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{
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role in the econemy of aguatic systems. In fact, Mershall (19¢
has shown that tre total contribution of zallochthonous materials
in & stream community was many times that of the zufwuchs com-

munity. However, in Lily Pad ILeke, it is more likely +that the

periphytorn make the greatest contribution to the tctal primary

productivity.

SUCCESSION CF FERIPRYTCON SFECIZES AND SPECIES INTERACTICHS
There were marked differences among etations in periphyton

o spacies succession and beitween monthly and succegsional slides

oy

, 3 2 A i d 3 Y
over the gampling period (Tzbles ¢ and 10).

in the monthly samples, the three filamentous Chlorcphytes,

n

$te

Vouzeotla, Spircsvra and Codozeonium, showed a general increase

July and a decresse in aAugust. (Table 10). While studying the

effects of thermal effluent on epiphytic al

e
o
o C.'J‘

e, Klarer and

Hickman (1975) found that, at the unheated stations, there was an

influx of large-celled menbers of the Chlorophyta, particularly

-,

Cedozeonium and Youszeotia, in late July. During early sugust, these

two species virtuslly disappeared. Davies (1970 found that the
periphyton was dominated bm} ougeotia in the summer. In Lily rad

Iake, a similar pattern was observed, although the three species

13 Y s s R . L
ha -+ 3 +

did not gulte disanpear by mid-Ausust. } =
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Coureotin and femmeraturs has olready Leen discussed.  wn LI the cage

of Mougeotiz and Spirosyra, COedeo-onium wag found only in the vegetative
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TABLE 9 Succession of the dominant Lily Pad Iake periphyton taxa
on those slides of Zxpts. 1, 3 amd & which were immersed
for increasing exposure durations of 25, 43 and €8 days
respectively between June 10 and ifugust 16, 1677. Data
ig recorded in relative abundance. D=Dominant A=ibundant
C=Common R=XHare.
Species Expt. 1 Expt. 3 Ixpt. 4
Station 1 2 3 1 2 3 1 2 3
Mougeotia R R A C-A C=A D A A C
R c C C C C-4 C-& C C-A
R R c c-4 C C-A ¢ R-C C
A A A A A R-C A A R-C
A A A A A R-C R~-C R~C R-C
A A A A A& R-C > D D
C A A A A R-C D D D
TABLE [0 Succession of the dominant Lily Pad lake periphyion taxa
at the three sampling stations on those slides of Zxpis.
1, 2 and 5, samples immersed for successive approximstely
monthly irntervels from June sugust 18, 1977. ﬁata

Species

10 to
is recorded in relatlve abundance. D=Dominant A=ibundan
C=Common R=Rare.,

Expt., 1

Expt. &
Station 1

b
Ay

C. cistula

Fougeotia
Cedozoniur
Spirogyra

Achnantnes

E. tureida
Tunotis #2
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condition. PFrescott {1952) obzerved that Cedosonium, often

abundant in the vegetative condition in the open water poriion

of acid bog lakes, rarely reproduced sexually there. However,

he recorded that fruiting plants were found in the pools and ditches
of the marginal mats, where there was a concentration of orpanic

matter. Abdin (1949) found %that strong illumination dbrought

Oedogonium to its maximunm, although this occurred at depths of

2 to 5 meters. However, Hickman and Klarer (1975) suggested that
temperature is perhaps more important than light intensity in
affecting these species. Zygnema was common on most monthly slides
examined, except at Station 1. Klarer and Hickman (197%) found

Zyenema to be common in early June samples collected from heated

stations. ¥ Bulbochaete was only rarely encountered in these monthly

collecticons.,.

*

Table also lists the third clearly distinguishable "community
type", namely the dlatoms. NVany investigators have documented
an abundance of diatom taxa in periphyton communities (Patrick
et al, 19543 Castenholz, 1960; Stockner and Armsrong, 1971; Erown

and Austin, 1973b). Species of Eunotia and Epithemia tursida

were the dominant diatoms encountered in Lily Pad Lake periphyton.
Species of Zurotia are reported to live under acid conditions and

in streams known to receive drainage from acid bogs {(Williams and
Scott, i962). Ruttner (1952), De Graaf (1957) and Fatrick and

Reimer (19€€) have recordégfézggtia ag characteristic representatives
of acid bog flora. Although two complexes of this genus were

distinguished, only Eunotia complex #2 became dominani. No re-

ferences were found in the English literature (though they may

- -

ol

* lowever, direct comparisons between artificial periphyton and
epiphyton must be viewed with reservation as Tippett {1970)
has shown that the two are often not compatible.



R
£

&6

which comprised this complex. Fowever, Whitford and Schumacher

(1948) reported that Z.

——

e

o

tinalis was most abundant 2t cool

et

seasons Iin brown waters and that it could tolerate low light

conditions. In the present study, this complex was abundant az
Stations 2 and 3 and common at Station 1 in Expts. land 2. In
Expt. #5 1t became abundant at Station 1, remzined abundant at
Station 2 and became dominant at Station 3 (Tableld). Possible
reasons for these observations will be considered later when

interstation variability is discussed. The other dizstom which

became dominant was Epithemia turgida, although the available

literature did not document this alga as characteristic of bog
waters., Castenholz (1960) reported that Z. tursida was a major
summer species with an autumnal maximum. Klarer and Hickman (1975)
showed that I, tursida increased in late July, but declined in

e

early August. However, the following year, Epithemia 4id not

j=
b

become dominant until the end of Auvgusi. Klarer (1973) found

that Z. furgida experienced optimal growth between 10 and 20°C
and occurred in the non-hezted areas as a major summer species
with a late summer/ early autunn maximum. This was alsoc generally
observed in Lily Pad Ilake. Curiously, it was only at Station 3
that this species became dominant in the monthly samples, similar
to EBunotiaz complex #2. Two other diatom genera were also recorded

as abundant. Cymbella cistula complex was abundant in Expts. 1

and 2 but declined in Expt. #5 (Tableld. Cymbella has been re-

corded as an abundant diatom in a quaking bog (De Graaf, 1957).
However, Castenholz (1960) has stated that, although Cvmbella
cistula is widespread throughout the world, little has been said

- . . -
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gasonal periodiclity. Itz declin
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on the slides immersad
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in late July to mid-August could be due to a seasonal decline or



to competition with other species

N

Lo minutiseirma) was abundant on all monthly slides exanine

hw!'-f"‘\_?}: —

Table 9 shows the succession of the same periphvion taxa on

slides Iimmersed for increazsing exposure durations of 25, 43 and £8

S
8]

days., The succession of the perivphyvton species in Expis. 1,

)

[a N

an
L differed somewhat from that expressed in the monthly samples.,
These differences may have been due in part to seasornal effects and
physiological condition of the colonizing cells, "sloughing-off",

and the availability of potentially colonizing populations (BErown

and Austin, 1973b). However, these dissimilarities could alsc be

due to competition for dwindling substrate space. ZErown (13573)

recorded a decrease In diversity with time of colonization in peri-

interaction which led to the eliminztion of some necies as the

[£v]
n
o

i total population increzsed towards subestrate saturation. Since
all the sampling in the current study was conducted during the

. . ' » o 2 -~ L4 ‘.‘; ey
summer seasch, 1t is not gitrictly valid to differentiate the effacts

of length of sllide immersion from "seasonal' effects {(egz. seascnal

population changes}. It is probable that both "seasonal® effects
and length of slide immersion are important but the relationship
would be complicated.

At Stations 1 and 2, Fougeotia became more abundant as time of
exposure increased, whereas at Station 3, it became dominant on
those slides immersed for 48 days and received a "common" rating

on those slides immersed for £8 days.(Table 9). Spirosyra in-

T creased in importance at 211 stations in Expte. 1 to 3 but do-

H e L 4 1l e <y ' 3 i VO T | fa Rt R SR A
clined on thosze zlideg immerssd for 10 weeks {Table 9). It de-

phyton communities due to increased competition or other interspecific
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clined when the diatoms, IEpithemia and Eunotia achleved dominance.

[ Svirocevra might not be 53 capable of efficiently competing with
ot cslencBratiiell P oot s Fy iy &

st

the rapidly growing diatoms for the colonizable substrate area.
The reason might a2lse be seasonal (see the foilcwing section).

The decline of lougectiz a2t Station 3 is more probably due to a
I Yy

local effect (see below), since it remzined abundant at Stations

1 and 2, even when the diatoms were dominant. At Station 1,

Cedozenium increased in importance with lengthening exposure
duration. At Station 2, it remained constantly common with in-

creasing exposure duration. At Station 3, it increased in impor-

tance but received the same rating for Expts. 3 and 4 (Tabled).,

Qedoronium did not show any effects of competition with the diatoms

as 1t retained a high rating on the slides immersed for 68 days.

Although Bulbochaete épp. became abundant at Station 3 on the
10 weeks' slidesg, it was clearly additional and did not replace
others, since i%t was only rarely encountered on those slides of
less exposure duration. There was no succession involved in the

colonization of this species. HKlarer and Hickman (1975) recorded

Bulbochaete as present throughout Cctober at heated stations,

although it never became a common member of the population. The

reasons for its sudden appearance in this study are not known.,

Zysnema was common on most successional slides except at Station

j-ie

1, similar to the monthly series.

The diatoms, Zunotia complex #2 and Epithemia turgida increased

in abundance with lengthening exposure duration until, in Expt. #&,
they attained dominance on all slides examined. (Table9) During
this increase, though, there was a curious decline in the
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study period, Its rarity with irncreasing exposure at Station 3
right be due 1o unknown loczal factors at this station, since it
showed a similar pattern in the monthly (4vgust) series (Tables

dandic). Competition with the two dominant diatoms would not

appear to be the reason for the decline since Achnanthes was

abundant at Stationg 1 z2nd 2 when Zunotia and Zpithemia were

iih

dominant., Cymbelle also became more rare as length of exposure
increased (Table9). The latter two species also exhibited a

decline comparable to Eunoitiz and Epithenia at Station 3 in

Expt. #3. This rather dramatic decrease of the four diatonm

species might be attributed to competition for substrate space
gsince the large~-celled [oureoctia became dominant at this time.
However, a similar pattern in these diatoms was not observed in

the monthly (July) series, even though Mouzeotia was also dominant .
here. Zxplanations for these observations are probably complex

and beyond the scope of this study. However, they would appear

to be localized since such an observation was made only at Siation
3« The already mentioned decline of Cymbells coincided with the

achlievement of dominance by Eunotia and Zpithemia. Cymbellas may

be a species less capable than the two other diatoms in com~-
peting for decreasing subsirate area as Zpithemia and Eunctis
increase. Since Cymbella also declined on all monthly slides
exposedﬁduring August {(Expt. #5), the reason may also be partizlly

geasonal. There was a sudden increase of Cocconels placentula

at Station 2 in Expt. #3. This species occurred only rarely on

‘all other slides examined. Douglas (1958) found that €. placentula

-was patchy in its distribution in a small Enzlish stream and that
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diatoms, such as Jomphonema and Nitzschiaz, showed 1little change
in relative abundance throughout the sampling pericd. Frustulia
was also a constant svecies and hag been found to be a common
alga in acid bog lakes {(Ruttrer, 1952).

Desmlds were also constant, though only occasfionally
common, constituents of the periphyton. ZEuastrum, Cosmarium and

staurastrum were the most common periphytic speclies., Erook

(1959) has listed the first two as being restricted o nin-
planktonic habitats., According to Gough and Woelkerling (197€),
there is a greater divefsity of desmid taxa in the aufwﬁchs than
in the plankton. However, they sampled macrophytic hosts, which
may harbour a richer desmid flora than that settling on the

glass slides. Competition for available substrate space is
probably detrimentzl to the cevelopment of desmids on the slides.
They were comnmon oniy on thoée slides exposed for short durations
of time.

There was a variety of fauna present in Lily Pad lake
periphyton., The presence of invertebrate fauna in periphyton
communitlies is dependent upon environmental and exXxperimental
conditions, such as trophic status, substratum, exposure position
and depth of substrata ete. (Brovn and Austin, 1973a). In the
present study, there was no clear relationship between the
occurrence of these organisms and the afore-mentioned controlling
factors, althoush rotifers were more abundant as length of
exposure increased.

Reasons for the interstation differences will be considered
only in a general way. In addition to the rezsons already
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The importance of invertebrate grazing as = controlling factor
in attached algal distribution has been illustrated (Douslas, 1958)

ari

2
jay]

feratells cochle bundant in Lily Pad lake plankion

i’f)

L)

througheut June and July, is a known perivhyton feeder and has
been shown to be pesitively correlated with population changes
in phyco-peri } vion (Foerster and Schlichting, 1945). Several

other rotifers were also recorded from Lily Fad Lake periphyton,

along with the crustaceans, Daphrniza schodleri and Diaptomus

lentopus. ©Grazling by larval stages of Rana and Bufo, both common
in Lily Pad lake, has been shown to be an important resulator

of accumulated periphytic biomass and can lead %o sharp, irregular
fluctuvations in periphyton populations (Dickman, 1968; Stockner
and Armstrong, 1971}. The latter authors have also shown that
grazing by caddisfly larvae and herbivorous gastropods is another
biological factor affecting attached élgal diétribution.
Castenholz (1950), however, rarely cobserved grazing by gastropods.
In Lily Fad lake, there s o variety of small gastropod species;
theiﬁfggc%he periphyton is not known. Caddisfly larvae were
common on the slide boxes and were occasionally collected from

the slides. Brook (1955) found that fluctuations in the atiached
populations between ¥arch and October were main1§"E§§§§:va the
depredations of aquatic insect larvae. Chironomids and

Chzoborus were sometimes recorded from the periphyton slides.
Brook (1955) found that chironomid larvae feed quite heavily on
diatoms. Castenholz (1960) cited loés by wave action as the main
factor after the thickness of the attached material increased.

At Station 3, water currents and iturbulence might be important
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of species lacking a sultable attachment. This might also help

to explain the stranze happenings at this station, which have

o f(rw-g\

already been mentioned. Differences in chemical parameters
among stations might also te a possible factof, élthough several
authors have observed that fluctuations in attached algal
populations could not be correlated with changes 1in water
chemistry {Douglas, 1952; Brown and Austin, 1973b; Woeelkerling,
1976). However, as concluded by Castenholz (1960) and Erown

and Austin (1973b), it ic probable that the observed station

differences result from an interplay of many factors,

In order fto make a casual ccmparison between the periphyton

settling on natural and artificial substrates, a single-day

collection was made of the rocoted macrophytes growing at various

places in the lake. Only qualitative observations were made of

these samples. There exists in the literature an antithetical

e
Iy g

view of the usefulness of artificial substrates in collecting =z
truly representative proportion of the natural populations,

Some authors have found that artificial substrates are not highly

selective for any varticular group of organisms and that the

algae attached to such substrates provide a reasonable character-

ization of the attached algal flora occurring on natural substrates
in the lake {(Fatrick et al, 1954%; Neal, 1967; Brown and Austin,
1971, 19?3; Stockner and Armstrong, 1971). However, other
authors have found that the substrate does influence the community
composition and the population density (Young, 1945; Foerster

“and Schlichting, 1965; Tippett, 1970; Ertl, 1971; Woelkerling,
1976). From the very cursory examinations made of the macrophytic
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Pad lake, there appeared to be significant differences in the

species present. Rhopalodia gibba, although not very eommon in

el
0
H
15

1 iphyton, was abundant on several hosts.
According to De Craaf (1957), it is a species wid dely distributed
in quaking bogs. Zunotia, dominant on the artificial substrata,

was not common on the macrophytes sampl ed. On the other hand,

Epithemia tursida was dominant in both habitats. As a grour,
vanophytes were more commeon as epiphytes than as slide colenizers.
icially, there appeared to be considerable differences in
species composition from one host to another growing in close
proximity to one another. Voelkerling (1976) recorded a similar

—

phenomencn. For example, Fotapcreion natans harboured an over-

whelmingly rich epiphytic flora dominated by Zpithemiaz turcids

and various Chlorophyvtes. On the other hand, Muvhar polvsepalum,

growing in the same bay, had Tabellariz fensstirata as one of the

dominant epiphytes. This species was never resgularly common on

the slides., Although no collections were made from Utricularia

or Sphagnum, Sphasnum has long been recognized as possessing a

diverse desmid flora. Sphasnum has the a2bility to reduce the
pH of the surrounding water (Sorham, 1957), thereby increasin
the availability of free CCp, which favours desmid development

(lfoss, 1973a,b). It is not yet known if Utricularia, which

consisténtly has the richest desmid flora (Heimans, 1969; Gough
and Woelkerling, 19756} also possesses a mechanism favouring desmid
develcpment., Hence, although artificial substrates may be an
unreliable ecological indicator of changes occcurring within a
natural community (Tippett, 1970), their use is preferable for

on
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INTZRACTICK REIWEEN PEYTCPLANKTCH AND PERIPHEYTON POPULATIONS

1 N
i it

Brown and Austin (1973b) found a striking relationship
between species commen to the plankton and periphyton whereby a
decrease in cell numbers and ¥ abundance in the planktonic popu-
lations coincided with their increase in the periphyton. Althoush
several species were common to both habits in Lily Pad iake,
only two filamentous Chlorophyfes -~ Mougeotia and Svirogvra =--
showed any kind of relationshivn. Contrary to the inverse re-
lationship reéorded by Brown and Austin (193b), a positive
correlation was evident in Lily Fad Lake, which likely signifies
/ seasonal and/or physico-chemical reasons for the observed
fluctuations. The periphytic deominance of louzeotia on both
monthly and successional slides picked up on July 22 coincided
with its preeminent siatus in the plankton on this date. It
would seem that, at Station 3, there was some environmental

e Fe c“‘nffs tempeiadun
factor (unknown) critical feor the full developmeni of this taxon
in July. It appeared that there was only one very large~celled
species of lJougeotia which was responsible for the dominance of
this genus in both the periphyton and phytoplankton. Spirccyra
showed 2 decline from the end of July through mid-August in the
plankton, and in the monthly and successional periphyton
samples. Therefore, its decline is undoubtedly of a seasonal

nature.
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Erustacesn zoonlankion communities

The following crustacean zooplankton species were found in

i Sars
SARYS
T T e
WIuE .ul‘;’?l’le
ok t .7 Vuller
Agronerug | Baird
. r - ey Y
Chydorusg = cus (G F Yuller)
; 1 tulug Schgdler
~hr reticuiata (Jurine)
Streblocerus gserricaudatus (Fischer)
Scapholaberis kingsl Sars
OGrantolel testudinaria {(Fizcher)
Hurveerous seiiztue (C.@, Yuller)
lathonurs v iroctris (.7 Yuller)
Diantorus 1 50 Forbes
Fucyvelions acilis (]
Vacrogvelons ainid urine)

Although 1little work has been dore on lakes in the Interior
Highland region, most ¢f these species have been found in cther
parts of western Canada. aAnderson(l19%71%) lists the following as
common pond and ghallow lake forms at montane elevations:

Davhnia schodleri Polvohermus pediculug, Diantomus

-
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lentopus, Yacreovelsns albhidus, and Fuevelorns aglilis, Chydoru

CJ
{1
tedv
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sphaericus

e
coenn

elua vetulus, and Scavnhaleheris kinsd zre

commonly present at all elevations(inderson 1971¢, Carl 19407,
Arderson grouped his 340 Canadian Rocky Mountazin lakes according
*

to the kind of diaptomid present. Sroup IV lakes, characterized

by Diaptomus leptopus, contained the majority of Lily Tad's

crustacean zooplankton species, and there were only two species

frequently present in these lakes which were not collected from




