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Accord (Toronto, 1967),
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10 to 24 year period between 1931 and 1960,

recorded, on the averages, during five months of the vear The months
involved include November, December, January, February, and March.

The mean annual gsnowfall over this period betwsen 1931 and 1960 amounts
to some 21,6 inches -~ or a water equivalent of 2.16 inches, During the

Through to September, a total of

of rainfall ‘ocecurs, maining 33,89 inches fall between QOctober and
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The vegetation of the area ig a transitional Red Cedar: T
: N i e - 4 < I P d - =
las Firs Mixed Deciduous composi ! dominant trees are Pseudo-
jegii (Douglas tern Red ;B

(Shore Pine), Acer macrophyllum (Broad-leafed Maple),

= .
l .l

Arbutus menziegli {Arbutus). Some Abies grandis (Grand Fir) and

ulus tremuloides (Trembling Aspan) were noted at the south =nd of the

b

lake near ths residentilal aresa,
The dominant shrubs along the water's edge are lyrieca gale
(sweet Gale) and various Salix spp. (Willow). The Willow species are
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most abundant on the springy,

Sweet Gale most abun along

"\

shore plants noted include Eleocharis palustris (Spike-rush), Carex s
[ e o A .

[

(Sedges), and Scirpus subterminalis

On +the southern scrub grassland areas, Crataes
(Black Hawthorn), Quercus garryana (Garry Oak), Mahonia
Crape), and Ilex aguifolia ifi

atum (Common Thi
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Lake Outlet: (upper left) Typleal Shoreline and Serub Woodland
Vegetation. -=- SOUTH END OF LAKE, -

; s

Lake Inlet: (lower, extreme left) Vegetation of Upper Drainage
Basgin Area and Shoreline. -~ NORTH END OF LAKE,
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Based on July 29, 1972, temperature data {courtesy of Sharon
1ighest bottom temperature was approximately 19.0 dsgrees
Centigrade and the highest surface temperature was 24,5 degrees. Using

percent volume factor and multiplying by the mean temperature of each
stratum, a mean summer lake tempesrature can be calculated by summing for
each stratum. The mean lake temperature on July 29/72 was thus calcul-
ated as 23.2 degrees Centigrade. The calculations are detailed in ap-
pendix 1-A

Although the length of study was too short to determine the

duration of stratification, a reasonable estimate can be made. Our first
sampling on October 19, 1972, revealed an isothermal condition with a

her local lakes

-

temperature of 9.7 degrees, However, at this time ot

3

£
A &

b
‘,—.‘0

(Langford,

i

g Maltby, and Prospect) siill had remnants of a thermocline.
It appears that around October 15 based

on the above

lv be arov dd

intensity of sunshine. Assuming this period to be representative of
the duration of gtratifiecation for Florence Lake, then a thermocline is
present for 52 months of the year. This probably represents a period
typical of other local lakes.
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grees Centigrade

were

I -
exg

temperaturses never

the trend in air

Temparatures

profi

of February, the m
recorded. From November 16 till March 1, surface

sedes 5 degrees, allthousgh during

October they
The graph on the next page shows

during afternoons of sampling days.,

fairly gross correlation between water temperatures and air
temperatures during the five months,
Bottom sediment temperatures were generally about 5 degrees

o Yoy oo 41 oy
vhan whe wager

warmer

T s

10.5 on November 16,

these bottom

a

supply a great amount

months.

allow lakes

L]
o
e
et
e
et
Il

ware recorded on October

i
o

and 11,0 degrees on November 273, t appears that

3, undergoing decomposition and producing heat,

of heat to the water column during the winter
such as Florence, supply enough

surface free of ice dur times of moderately

During two days in October, the Secchi disk depth was record-
ed as the bottom of the lake This was associated with moderate stand-
ing crops and no lak extremely dry fall conditions.
January and February were shallower because

Jackaon

= KT i g raa o o ! : Ty o S . | o b Dy
on November 16, This would probably be low
o a ™o~ F — e o S e ooy
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Although, normally;warm monomictic lakes have Annual Heat

AR T

ved to be about 5 inches thick (however, the overflow pond was still

J

about Dacember 8 and ending December 22. The cold spell associated
with the ice started on December & and ended on December 14, Obser-

vations on the afterncon of December 23 revealed no ice pressnt on the

=
ol
@
&
-3
@
0
D
o

ond period of ice cover was associated with a cold spell

starting on the 3rd, of January and lasting until the 10th. of the
"month. Overnight lows of around 15 degrees Fahrenhelt were recorded

during this pericd. The ice cover probably lasted from about January

5 until January 16, The ice was of similar thickness to that of the

first peried of ice cover, On January 12, the overflow pond was com-

pletely frozen and the only place not frozen was the area around where

the inflow creek empties into the lake.
The SBummer Heat Inco is calculated by multiplying the mean

depth {in centimetres) of

ik o ¥ ok R e ey g b Oy LI
the mean winter temperature (set at ¥ Centigrade).
in zram calories vner centimetre =zouared Usinge
Al Sketit arilies DEX Sl LAINS LIS oAl CuUe.e Ll 8 1o

T e : STl e ke F s S 5 R et 2 g S e -
the Summer Heat Income 18 egua 0 6261.9 gm.cal./cm. {see appendlx
= + 3 i 3 'S - ET o oy b - A z
1-A for caleulations). Other local lake Summer Heat Incomes were de-
= T = = - i - m e TH b L n (w: Aoy orea 4 7 f
termined for Durrance and Lower Thetis lakes Based on August 17/72
2
3 3 - Q ey 4 . S S PR i ke ey
the value for Durrance ig 8576.1 gm.cal./cm and for August z2d/
e
3 b 5 o] e » 0 e I S Ty S e e
72 data, the for Lower Thetis 1s 7947 .7 :ﬁfviﬁ,fbﬂ

TG



The Winter Heat Income 1s the amount of heat required %o

FORNEY. - 41 e 4 £ 9 e i ey 2 . :

railse the water from its lowest (winter minimum) heat content to 4 de-
2 ﬂ &2 e Rl ey Y e £ i e Bl b Pl o e 5w % e i

grees Centigrade, For the purposses of calculating, the mean summer

Temnara busane G e gt b v 5 i d corecd, =T D "q v f ey e s wrenl ar el g e b

LI eaculle 18 386 % T LG4 c2oy .L;r. 1NAY 'i:D l‘uonu\,.‘_ ‘c‘lb.j.v-u._‘j (s N cnle

minimum mean winter lake temperature was egual to 2.0 degrees Centigrade

]

) |

then the Wintesr Heat Income is equal to 652.3 zm.cal./cm.”. The Annual

Heat Budget, the sum of the Summer and Winter Heat Incomes, is then
2

=g

equal to 6914,2 gm.cal./cm.z. It should be remembered that other factors

such ag sadiments and winds serve to heat lakes and should probabls

ineluded in the Annual Heat Budget, Hutchinson (1957) also suggests

5

that the latent heat of melting ice should be subtracted from the Winter

%
Heat Income, This smounts to about 70 gm.cal./em.” for every centimestre

In regards to Heat Budgets, Hubchinson (1957) coneludes that

AR - -

there is no consistent latitudinal variation within the temperate zone.

According to him, a general low temperature promotes heat uptake by
facilitating mixing, and leads to a higher heat budget. He also states

o R 11 Ad masm o - = AL s
ich are deeper. It would seem then, that within a given lat

-

. = 2ida - o Ao e ey s F I
{tudinal range, lakes with a smaller heat budget have a greater potemtial




FLORENCE TAKE ~ ICE & SNOW COVERED,

FLORENCE LAKE - WITHOUT ICE & SNOW COVER.
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Lo

olved oxygen values were high throughout the wat

column during the period from October to March., The minimum A

oxygen was recorded as 9 mg./l. at a depth of 12 feet on Januar

o L<.
g%
W
-\\
o

The highest values were recorded in late October and eariv Maro

i g Beterie’ »
A digsolved oxygen concentration of 14-16 mg./l. was noted st thesze
times. The inflow creek water had a D.0. value of 12 mg./l. on Feb-

ruary 15. The outflow cresk had a low D.0O. of only 7 mg./l. on Marech
1. The vertical distribution of dissolved oxyzen showsd slightly

clinograda curves during thi

7]
e

B
7 |
it
O
[N
9’3

b
{

2veral profiles were completely

isoxys The minimum D.0O. of the bottom water during summer is probably

less than 0.5 me./l. This is typical of many of the local lakes whose

L

«,

botitom waters

o
©
G
O

me anoxic for several months during the summer Ell
Lake was anoxic at 18 metres from July 18 teo late Octobar of 1972
(Sharon D. Brown data).

The baslic relatlonship between temperature and diszsolved
oxygen 1s inversely proportional. As temperature decrease:
oxygen increases, Percent saturation values were determined using

nomogram. <The

& = e - / | T s g A
maximum of 120 % on Marc

15 during the first period of
obgerved both early and late in the
hizh phytoplankton productivity. The period of ice sSnow
cover would the lable light and
uctivity of yteplankton., Also, the the wind in stir-
ring the lake waters and of introducing oxygen into the s
114 ‘be negated.
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Lake pH, a measure of the degree of alkalinity or acidity,

can be used to determine the relative degree of productivity as carbon

iy 1 C i ~y T i 1 o i oo o Ly e e - - 5 =

July 29/72. The graph on the following page shows the seasonal changes
2oam i T mx: - - 5 U | I - L e i »

in pH. The maximum value recorded during the study was 7.7 on Desecember

15 and was assoclated with a period of ice cover., It seems that the
ice cover has affected the pH balance of the lake for some unknown

reason. kAnother reason could bes- the apparent inaccuracy (at times) of

the Hach DR-EL Laboratory Kit used Lo measure the various chemical

a
Y : \
ameters,) The lowest lake pH was 7.0 (neutral) recorded on January 18

ake surface pH and are falrly typiecal

¥ ]

T the pH Tor the whole water column. However, the bottom water usually

O

had a slightly greater pH than the surface by some 0,1 to 0.4 units.

o

A low pH of 5.6 was measured in the bottom water on October 26, T

may be correct or it may likely be an error-in procedure-or reading.

¥

The inflow creek had a pH of 7.5 on February 15 and the outflow cresk

a pH of 6.3 on March 1. The low pH of the outlet is amssoci

a low dissolved oxygen of 7 mg./l.

L . [Py 1 sy B . S - e AR 5.
and Calecium hardness were veary consistent
(e S i PR A T4 B (S S s - By IR D 4 s e
Total hardness was always near 40 mg./l. and
0 me /1 '}'—: - ‘f'r Y g of Tthe AT

3 Ms/ Le 5 dness of the bottonm Was

P b T o gy o PRy - B n . & FrEsry
g, than those of The e, dJuly 29/72
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The inflow creek had a total hardness of 50 mg. and a

Calcium hardness of 36 mg./l. on February 15, The outflow ecreek had 5

=

hardness values close to those of the lake waters. The total hardness

was %0 mg./l. and the Calcium hardness 25 mg./l.

Total alkalinity was very high in October and dropped to low

values between December and March. On October 19, total alkalinity w
110 mg./1. and on October 26 it was 113 mg./l., The July 29 wvalusz was
49 mg./1. According to Russel-Hinter (1970), the alkalinity of lake

waters is increased during "blooms” and decresases when productivity is

low. This explains the above differences, It is likely that the prod-
vetivity was fairly low during mid-summer because of nutrient depletion E
and hence the lower total alkalinity., During the weeks of October, the
21l "bloom" was likely near 1ts peak and therefore a high alkalinit
wag observed.

By December 15, total alkalinity had decreased %o only 38 mg./

H
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eeding months.
The inflow creek had a slightly higher alkalinity (as would be expected)

HA A T SRR £ P e A el NS A G I & o e
han the lake. A value of about 50 mg./l. was measured on February 15.

The outflow creek had a total alkalinity of 32 me./1. on March 1/73.
Phosphorusg (ortho-phosphate) is probably the major limiting

nutrient of lake waters and varies considerably over short periods of
time (Hutchinson, 1957), Ortho~phosphate concentrations waried between
0,02 and 0.07 mg./l. during the months from October to February, A
high of 0.07 mg./l. was on October 26 and a of 0.16

was measured 1l values bottom water
va were sometimes slightly more and sometim slightly less

3
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as the rates of uptake by tThe phy ankton. Although the water was
2 the phytoplankton probably used the greater
portion of phosphate released from the sediments on turn~over. The

March 1 water temperature showed a slight warming over that of the bpre-

rapid rise in phosphate nust be assoeiated wit
a release from the sediments. It is not due to surface loading because

the conecentrations in the inlet were very low -~ 0.008 mg./1.
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may again be released when the botion

T

of oxygen allowing a

o 1 ety
icger

zoluble ferrous

Mitrogen, probably The second-most primary limiting nutrient

{(behind phosphate), showed considerable variation. Nitrate-nitrogzen
Oetober 26 to December 1%, Thig

33

s : : r
erial regeneration of the ni

SRR 0 =

25 1Ty

w‘-_;u\!f

the decreage

recordad on February 1/73.
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from December to January is significant, it may have been caused by a
faster flushing rate during this time compared to that of October and

November. It may alsc have been associated with a minor plankton

L2
15

during the cold, sumny weather of this period.
The period of inerease during late January and early February
may be due to the highest flushing rate of the year. Inflow creek con-
centrations measured on February 15 were 3.5 mg./l. Bacterial regen-
eration would acecount for the remainder of the increase,
Nitrite-nitrogen values were always low during the October
period. The highest value measured for lake water waﬂIO¢GD+

the inflow creek had a concentration of 0.01

ions, important and even limiting in the

production of diatoms, were always above the critiecal level. Lund

(in Hutchinson, 1957} noted that Asterionella production was limited
at silicate ‘concentrations below 0.5 mg./l. The nminimum valus record-

ed in Florence Lake was 0,80 mg./l. It appesars that silicate is non-
limiting for diatoms during the months October to March in Florence,

The inflow ecraek concentrations were 1,40 mg./l. on the 15th. of

: - + e h /- . 2 e
ruary and the lake waters showed a value of 0,80 mg.,/1., on this same

“ 3 el ' I 1 4 e /
day. The December 15 (under ice) silicate measured 1.60 mg./l.
o PR » " s P o = o L S PO N i
The following page shows some vertical profiles of siliecate
1 o A S ke x| Do SO S =, SO Tl L R S R
concentrations. Values were always less near The botiom and showed
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CHLOROPHYLL CROP & PRODUCTION

For three consecutive weeks in mid-winter (Jan.18, Jan.25
and Feb.1l) water samples were taken at the surface, 3, 6, 9, and 12
feet to be analyzed for chlorophyll *A' concentrations. Various volumes
were filtered (see following table) through Millipore filters under a
vaacum pressure. The filters were kept in a dark bottle in a freezer
untlil they wers used for the chlorophyll extraction on Febraary 8/73.

Extinctions waers measured at 750 mu for turbidity ecorrection
and at 663, 645, and 630 mu for dstermining the chlorophyll values.
A 1 em, cell~path length was used for the extinction measurements in a

zetronic éU pectrophotometer, Only chlorophyll *A' valuess are re-

ported. This is because chlorophyll 'B' and 'C' wvalues are much léss

accurate under this technigus. The equation for chlorophyll *A' from

the sxtinetion values is: Chlorophyll *A'= 11,64 €563 2.6 @

(‘J Y
4=
b‘\

This must then be corrected for the extract volume, filtered

The chlorophyll concentrations in mg@/ﬁe* weyre then plotted
.

T production.
this

sl

not be used. employe

This involved mder the

cron curve as hich was

oo desl "—:f;@.\} 33 the cat-

culations of 1 this method.
The orov and production figures were ieulated not from the
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ob eerd data points, but from a least squares cubic polynomial eq~

uatlon fitted to the data points., The three graphs with the observed

s = e LR

(circled data points) and expected curves follow on the next three

[

pages. The cubic polynomial equations for the three weeks dats are: i
- r e e = | r) -~ Z P ] 5
Janvary 18/73 Y= 5,809 + 1,087z - 0.276x~ + 0.018%°
=4 Ay 0 PR 3 ?. - 3
January 25/73 Y= 3.518 + 1,502x - 0.188x° + 0.006x%
<
February 1/73 Y= 6.371 + 0,163x - 0.003x> ~ 0.001x"

The chlorophyll 'A®' crop in mg. chlorophyll 'A’/m.z for the

three weeks were: January 18 (17.92), January 25 (15,47), and Pebruary ,

1 (22.,42), This works out to an average chlorophyll 'A' standing erop
& 2 o ’ L !

of 18,54 mg./m,” for the three week period., It must be remembsred,

however, that all of these values have not been corrected for phaeo-

phyting - the chlorophyll degradation products, A

£3

cording to Paul

a

i for at least 50 % of

2

Rankin (personal communication) these acecounte
the extinction values he got for Prospect Lake. A similar situstion

probably exists for Florence Lake,

Primary du on has n calcula empirically from the
crop values, and not from experimental production data. It has been

estimated (lab manual) that 1 mz. ¢
about 17.3 mg. carbon or 35 mg, of dry organic matter. This conversion

mary productio

Lol

he productivity in em.C/m.”/day for the th

x-o

nree wWeens ¥ ICRe
Y o RO, 5 R (T e T T M Gt (o el S SRR i ol =N
weeks was: January 18 (0.310), January 25 (duaﬂu)¢ 2 {Oﬁ;vd}.
a q }{
3 - - . 5 ] . 5 £ i Bt
This represents an average 'potential' production of 0,322 gm.C/m. /day
1.1, %, o Fos: 4
for the thres week period.
M3 P - T1ye o e =27 A mvrac 5 P Y ars ot e T e o ‘f“"q.—,.w
I'nge apove A MBS TOX 4N pr CQucTTion are g‘, esLeT Laan
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those of Swan, Big Malitby, and Prospect lakes over the same time inter-

val, Only Langford Lake had greater crop~production values. According
to Hargrave (1969), Marion lake in the Haney Research Forest has an
annual phytoplankton production of 8 gm. C/a,”; or an average
production of 0,022 gme/m,z. This low wvalue atiests to the low prod-
uctivity of the lake and hence to its oligotrophie character. If one
subtracts 50 % of the Florence Lake productivity valus as being due %o
the failure to correct for phaeophyting, and assumes that the three
week period is representative of average daily pfouuctign, then the

plankton is approximately 58.8 am.C/

>

F-a o . - I PN S oo . I S ST
n. o This is about 7 times that of Marion Lake and would definitely
be considered as representing eutrophic conditions,.

shown that phytopl ankton produci~-

L 3 J ¢
o e - o L L T 2 2
ivity doubled to 12 Zm.C/m.” per year from 6 gm.C/m.

g

year in

£a

Creat Central ILake, a large oligotrophic lake located northwest of
Port Alberni on the west coast of the Island. It is apparent, at least
in this case, that Florence Lake has a higher phytoplankton productive

ity than even an oligotrophic lake undergoing conirolled fertiliza

PHYTOPLANEKTON




PHYTOPTANKTO

i

Both vertical and horizontal plankton tows were taken with
a #25 Rigosha net, A total of 47 species were identified from the hor-
izontal tows. Four species were present in the vertical tows which were

-2t

absent from the surface tows., These included Stauroneis phoenicentron,

Pediastrum arancosum, Scensdesmus 8p., and Cosmarium sp., and were all
present in the October samples before being replaceﬁ by the winter
species. A grand total of 51 species were sampled over the five month
period.

Of the species present in both the vertical and horizontal
tows, the following gensra were more abundant in the vertical samples:

Nitzschia, Aphanoecapsa, and Svirulina. The latter two are members of

the Cyanophyceae., The succeeding two pagss show in tabular form, the
changes in abundance of the plankton taken in ‘the horizontal tows during
the period Octobsr 19 o March 1,

"

Species which were abundant or dominant for any time included

}....

Oscillatoria sp., Spirogyra sp., Tabellaria fenestrata, Tabellaria

-

floeceulosa, Ankistrodesmus faleatus, Synura uvella, and Dinobryon di-

Over the five months, one could say that a Tabellaria =« Dino-

Y. S5 SN o S - L3, v - Aty [ s P L
agsoclation sxisted, as these were the two dominant genera,.

0ddly enough, these two genera are classified by Rawson (1956~

T me haino '?19 s E e e = -L 101 BT Mo coamdd R anc N P SR e
0 a8 oe L?".:S chaxl C 18Tl O3 © :) LIOL GNle CONal T1oTIS, YOTIe OFf nis

e T - - -~ o, P s - o e .. Ay y - ~ — E D
gpecles lndicating eutr ‘:Jl“l‘j‘ re even commen at AILY time duz L7528 he lzke
study. Using the ecologically dominant species of phyteplankton, a pro-
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PHYTOPTANKT

Avhanocausa Sp.

Coslosphasriom nasgslianum

Czcillatoria sp.

QD;“uljﬂd SPe

,_:z

glypothrix sp.

IRYSOPHYCEAE s

\-

lU

Q&nabrvmn ilverzens

1

Wallomonas candata

Synura uvella

Cerativum hirmmdinells
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BACILLARIOPHYCEAE:

agilaria crotonensis
Fragilaria vireseens

Nitzsenia sp.

Pinmalaria (nobilis?)

Rhopalodlia #ibha

Ssymedra nlna

Tabellariag fenestrata

Tabellaria flocculosa

CHLOROPHYCEAE s
Chioropocoales-
Ankistrodesmus falcatus

Ankigtrodesmus fractus

Crucigenia 8

rl:j

2

-

Micractinium

v

144]
o)
o

Volvocales—

Budorina elegans

D nam 0 A e ;
rangoering morum

Volvox ayreus
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period, Florence Lake had a Chrysophycean plankton (type #4) with
Dinobryon dominant, and according to Hutchinson, characteristic of

nutrient-poor wate

s. In association with this was an Oligotrophic
Diatom plankton (typre #2) with Tabellaria dominant, and which Hutchine
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akes with neutral or slightly
alkaline water, During this time, Florence Lake water was reasonably
nutrient-poor and its pH ranged from 7.0 to 7.7.

The following page shows the seasonal changes in plankton
dominance. Again, the Chrysophyceans are ‘the most interesting., Dino-

bryon divergens was dominant until March 1 whereupon it had dropped to

A R At A et o i

.‘_

rare. Synura unvella, on the otherhand, was absent up to December 15

and subsequently increased to abundant by January 18. It remained at
this level or greater through to the end of the sampling,
lvygaard's Compound Index can be applied to the number of

species in various algal groups., The index is computzed as the sum of

the number of species of Cyanophytes, Chlorococcales, Centrales, and

Euglenophyta divided by the number of species of Desmide., Valuss less
than 1 indicate oligotrophy and values greater than 2.5 indicate eu-
rophy. Intermediate values are characteristic of mesotrephy or slight
sutrophy. For Florence Lake, a value of (6+442+1)/7 is equal to 1,86,
Thig is in the middle of the meso- slight eutrophic conditions. I
would conelude that the index indiecates Florence as slightly eutrophic.
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metres in Crystal Lake, Wisconsin? Rodhe, in Hutchinson (1967) has

cited the optimal range of temperature at which Dinobrvon diverszens

o

is at its maximal production as between 8 and 13 degrees Centigrade.
In Florence Lake, Dinobryon was present at temperatures as high as 1
egrees, bub largely in the range of & to & degrees., McCombie (1953)
noted a correlation of Dinobryon spring increase with rising water
temperatures. He claims a range of 11 $o 19 ag being suitable for
Dinobryon inereases. It seems that no one can agres to a typical
temperature range for Dinobryon species under optimal conditions,

Another correlation has been proposed (Rodhe, 1948 in Hutch-

I_J|
o

inson, 1967) between Dinobryon and the coneentrat

o

in lake waters. According to Rodhe (in Hutechinson), Dinobrvon diver-

gens has an obligate low phosphorus requirement, He has produced a
plankion classification based on the ortho~phosphate levels, Class I,
typical of Chrysophycean plankton, has ?OQ concentrations less than
0,06 mg./1. During the majority of the five months, Florence had a
PQ; concentration of between 0.01 and 0,06 mg./1.

Hutchinson (1967) has noted that Dinobryveon is inhibited by

Agterionella, and that as Asterionella develops, Dincbryon declines,

p L | -
)A..S--L i %.‘._’\.1?

) Pl & ~ 5o (g BN N Taym ke ety m 3 ;
This seems unlikely for Florence Lake, but there 1is a possi ty

ivnura uvella may inhibit Dinobryon, based on the observed changes in
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MONORAPHIDINEAE ¢

Achnanthes lanceolata

Achnanthes lapponieca

w

Bl

SNTHIC DIATONS

i

i

B iy

Achnanthes (minutissina?)

Cocconeis placentulsa

ARAPHIDINEAR s
FPragilaria capucina

b

razilaria construens

rof e

s

ragilaria pinnata

i

Pragilaria vaucheriae

Fracilaria virescsns

*

Synedra capitata

Svnedra cvelopun

Svnedra rTumpens

Synedra (ulna?

BIRAPHIDINEAE:

Amophora libyea

A b
wnpnRora

i
4k

Anomone;

‘ragilaria crotonensig

Counted
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0.38
14,07
3499
2.47
0. 57
1,90
XXX
0. 57
1.29
0.76
2,28
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Specles # Counted % of Total

BIRAPHIDINEAE:
Cymbella heteropleura 0.19
1,14
1,14

=

11la ventricosa

Yiatomella balfouriana

H o o

Dinloneis finnica # Ko XX
Diploneis smithii 0,19
Epithemia sp.1 0,19
‘Epithemia sp.2 0,38

Gompnonemna acuminatum coronatum 0.38
0,19
0.19

0,19

Gomohonema constristun

(OO L RS

lomphonema intricabim

el

Naviecula bacillum
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Navicula cuspidata

4
!
i
w4

D
[
@
L]
o
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Navieula laevissinma
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Navicula pupula

Navicula radiosa 17 3e

Navicula seminulum 8 1.5
Havieula sp. 3 0.95
Neidium iridis 1 0.19
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Species # Counted % of Total
RAPHIDINEAE:

Surirella (elegang? p e X, XX
Surirella linearis X XXX
Surirella linearis constricta # x X o XX
Surirella splendida x b 455 & <
CENTRALES ¢

Cyclotella gtelligera 55 10,46
I=1losira binderana 164 315
Melosira italica X X. XX

Melosira?

Stephanodl *

secus niagaras

N.B. counts made from

x = identified but not
* = gbserved only in de

Species abundance

L
=i

Stick Model, Motomurs Geon

ton Z cm.

L3
etric B

21 399

XXX
of sediment.

o n
=X

random field coun:

16 em. ).

counted in
eper sediments (12~

fits were applied to MacArthur's Broken

eries

» Fisher's Log Series, and

Presiton's Lognormal Curve. The chi-sguare goodness of fit test was
uged to determine which of the above abundance patterns the benthie
diatoms best followed. The chi-sguare valuveg for zall abundance models

zcept Preston's Lognormal were greater than 150, The chi-sguare for
Preston's Lognormal was 7.17 and the degrees of fresdom were 8, The
tical value for 8 degrses of freedom and P=0,01 isg 21,955. Since
7,17 is less than the critical value, the diatom data is consistent
with Preston's Lognormal fit at a P |0.01,
A total of 69 different diatom species were identified from
the gediments in the deepest part of [the lake, In the
counts, 55 speecies and 526 individuals were tabulated.

(€41




by order was 240 Centrales species and 286 Pemnales species, The
following table shows the number of individuals per family and

Je
Wil

percent of the total number counted:

MONORAPHIDINEAE 14
& RAPHIDIOIDINEAE i i
ARAPHIDINEAE ¢ 164 31 %
BIRAPHIDINEAE 106 20 %
CENTRALES ¢ 240 46 %
526 100 ,‘a

From the above table it can be seen that the Araphs and Centrales

account for gsome 77 % of the total number of individuals eounted, OfF

p

the 55 speeles counted, 5 were Monoraphs & Raphidioids, 11 were Araphs,
36 were Biraphs, and 3 were Centrales,

Two trophie indices have been developed and used in associabe
ion with sediment diatoms. These are Nygaard's Diastom Quotient which

s calculated by dividing the number of individuals of Centrales by

}_l‘

the number of individuals of Pennales and Stockner'ts Diatom Quotient

o

(or A/C Ratio) which is equal to Araphs divided by Centrales, Th

latter index is the more commonly used, but, as will be seen later,

the former index may be more useful for loeal
Values greater than 0.2 for Nygaard’'s Quotient are indicative
of eutroohic conditions. For Stocknerts Quotient, values of from O to

S L > AT R T 3 i it Forlodet e [ o _?//r\
1 indicate oligotrophy and greater than 2 indicate eutrophy. The A/C

conditions., Because PFlorence

3 jo 2 s gt
has to be guegtioned - at least
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1ficaticq does not seem applicable to shallow lakes or bogs. According
to Stockner (1972), such habitats tend 4o be isothermal and benthie
diatoms or heavily silicified Centrales usually predominate despits

™

the trophic condition.

lakes are:

jt

Other A/C valuss, as of February 15/73, for loesl
Iangford (317/352) 0,90, Swan (175/238) 0.74, Bi ig Maltby (259/357) 0.73,

C\

and Progpsct (102/447) 0.23. All of these wvalues even fall to indicate
at least a mesotrophlec condition. Since mere numbers of individuals
did not seem to produce valid quotients, it was deeided to use a relat-
ive volume basis to re-caleculate the A/C ratio. The relative volumes

used are those of the lab manual and of Dr. Hagmeler’s interpolations.

This did not appreciably raise the ratio - the new value being 0.755.
Nygaard's Diatom Quotient approximates the trophic conditions

of Florence Lake much more closely than the A/C ratio. The C/P ratio

is egqual to (240/288) 0.839. Thig indicates eutrophy since the value

o fEr. - A3 ee ae m Pt e b T -
3.88 and 4.02, respectively. These values are both
- 5 - = = e ~ FEL e - I e OO, - al

high diversity and contradict the assumption that en-

tend to have low diversities. Although diverse, the
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These lakes are at the oligo-mesotrophic end of the trophic scals
and it is surprising to have lMelosira binderana as the dominant in
Florence Lake. Cyeclotelila a species Stockner (1971)

found to be a dominant in the ELA lakes, was also very common in

a

TN i o R A ek S ! o P o = = An i A et &t
Florence. However, Asterionella formosa, a species associated with

eutrophic conditions locally and elsewhere, was esgentially absent -
none were found in the sediments used to make the Hyrax mounts from
which the gpecies were identified and countad.

Stockner (1972) noted that numbers of Asterionalla formosa

- a

were found only in those lakes with drainage basins strongly influenced
by agricultural activities. The Florence watershed has little, if any,
agricultural asectivity. He also noted that in the more oligotrophic

lakes, Agterionella formosa frustules were very rarely encountered

A possible explanation for the above has been suggested by

Hawthorn & McCormick (1972), who relate the definite competition or

interactions between the macrophytes and phytoplankton. Lakes with
large macrophyte crops {ie. Florence) may have reduced phytoplankton

¢ and they may perhaps be more oligotrophic in nature than would

3
i~d
&
e

% k=1 - A -
be expected by other variables.




MACROPHYTES

Nine different macrophyte species were identified fronm

Florence Lake. These

juphar polvsepalum {(Yellow Pond Lily), Nymphaea odorata (White Water

-

Lily), Potamogeton amplifolius (Large-leafed Pondweed}, P. natans

¥

(Floating~-ieafed Pondwead), and P. robbinsii (Robbins Pondwaed). Saw-

bridge (1968) in his survey of the Florence hydrophytes, did not ident-

ify any of Nymphaea odorata, Chara sp., Potamozeston natans, or Potamo- |

geton amplifolius., He did, however, come across some Potamogsion lucens

in the deeper portions of the lake, These differences may have been

artly due to the late date of the survey on January 25/68,

-

Prom our study we found t

1

he mazimum depth of submsrgsd hydro-
phytes to be about 15 feet., Sawbridge (1968) alsoc came to the same
conclusion of 15 feet, The three most abundant macrophytes were, i

decreasing order, Nuphar polysepalum, Potamogeton robbinsii, and Pota-

mogeton natang. Utricularia gibba was also quite widespread. The fol-

lowing table shows the approximate depth ranges

T ¢ ‘u:a {-2

g

w

e

'j;? iy 12?
ol 1 & :
) = 15 i

U
Lin)



AT

-
ol

PAT
A

o
T

VEG

v i

gox

s

=]
g

i i et 4

O

v

2
3

e



@8}
53]
E
o
L §
}.,.,.
[
0y
l¢¥]
e
g....d
O
DR
)
S
=
(;.
o 7
jo N
ot
Pyt
®
(@]
<
6
o
]
i
4]
=
(]
@
]
=y
o

aTamno; T"'lw ol robhin-

sii only once in his two transectss however, it appeared to be nmuch

more abundant in our survey. He also found Elodea canadensis to be

o)
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present in deeper waters (10 - 15 feet), whereas we found it bes be

in shallower (3 -~ 10 feet) water. Although we noted Potamogeton am-

to be esssntlally absent below 12 feet, a healthy individusl

q

was found at 17 feet at the maximum depth station. The freshwater

sponge, Svonzilla lacustris, was found on some Potamcsgston robbinsii

at about 12 feet d

From his sucrvey, Sawbridge (1968) classified Florence Lake
as 'polluted'. Semenchuk also lists Florence as ’'polluted*® based on
redox potentials of the bottom sediments (Sawbridge, 1968),

Davies (1970) noted that in Marion Lake positive produectiv-

ity ocenrred between April and Sepltember and for the other months

respiration exceeded production. Hargrave (1969) found that the annual

productivity of macrophytes was 2.25 times that of phytoplankton in
Marion Lake, If one assumes a similar ratic for Florence, then the
annual macrophyte productivity amounts to (2.25 x £8.8) approximately

3
Fr ! . eyl A 0 L TR W
Macrophyte Energy: (85,578/118,798) x 2500
180 cal

L 1 —
al./square metre lake area,
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The zooplankton of Florence Lake was dominated by Rotifers,

the copepods Cyelops and Diaptomus, and the Cladoceran Chyvdorus.

Gliwiez (1969) associates Chydorus with eutrophic conditions alonz with
another micro~filtrator, Bosmina. The zooplankton was taken with a #25
Rigosha net and hence gome of the larger forms may have eluded ©
and besen missed.

The copepods were dominated by the genus Cyclops and by many
copepod nauplil, The genus Diapltomus was always pressnt, but in low to

moderate numbers. A Harpacticeid copepod, probably Canthocamptus, was

common from January 25 to March.
The rotifers, however, were the most diverse group of zoo-

plankton with 8 speecies identified. Three species, Polvarthra trigla

et dane-

oy

Trichocerca cvliindrica, and Conochilus sp., were at their high

zities at mid-October and steadily decreased from then throush to March.

P ooy o 3 P A e 3 g - o e e Bt oy 4 ¥ B - Sl
Keratella cochlearis was the most common rotifer through the

-

five months of sampling. Rawson (1956) found the species to be the

r % i Ui Tl i 23 e 4 ey ) L erard AT s Sae
dominant in Great Slave lake, as did Carl (i952) for Cowichan Lake.
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BENTHIC INVERTEBRATES

The Florence Lake benthos was sampled on the

February 15/73 using a 6"x6

Five drops were made a-

cr

and around the maximum depth station and another in shallower (1.

metre) water near the far end of the lake. The loecatic

}-a
O
b
o
‘..
,
&)
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ions is marked on the previous map which shows the sampling stations

nsed in this lake survey. The dredged sediments were tranbivhed into

a plastic bucket zlong with some water. The mixture was swirlad and

pouresd off in poritions into a screened bucket with a mesh size #30

ii

(screen openings = 0,589 mm.). The screened organisms were then back-

flushed into wide~-mouth jars before returning to the lab
Chironomids, Chaoborids, Ostracods, Trichopterans, Insect

parts, and a few Copspod exoskeletons were identified from the invert-

ebrates in the jars. Decaying macrophytes, coniferous needles, and

o]

seed husks & seeds were also present. However; no Amphipods, Molluscs,
Oligochaetes, or Hirudineans were found in the dredged sediments,

Chironomids were the most abundant with an average density

-

2
o s = T = 44 Arws, " r 1% 4 ) = o~z
of 1860 per m.”. According to Hargrave (1969), Chironomids were also
the most abundant benthic invertebrate in Marion Lake, having a density

600 per m.” s Chaoborids were the next most dominant with an aver-

3ity of 517 per m. . Although Chacborids were absent from Marion

4 A TR o o . nae= < 2 = - y ol
whinsh roschs densities of ¢ ',,3 adults P Tle « Ostracods and Triche
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in Florence Lake.,  Inssct wings, heads; and body parts sccounted for

almost S400 pisces per m. .
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ETHANOL AIR-DRY WEICHTS OF BENTHOS (FEB.15/73)

‘hirononidae 15 = 6.30 ng. @ 0.420 mg,
e o~ e Fs o : - -
Checboridae 15 - 1.46 ng. @ 0.097 mg.

Osiracoda
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Trichoptera Case 1 - 14,2

Insect Wings 10 - 0,19 mg. , @ 0,019 ng,
Mouth & Body Parts 25 « 0,18 mg. @ 0,007 mg,
Plant ﬂrabnsnu% &

T, M 3 oL .
Unsieved Sediments HAUL 75 @ 969 mg.

HAUL 1 HAUL 2 | HAUL 3 HAUL & HAUL 5 | AVERAGE
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CHACBORIDAR 67 B2 75 33 a3 50
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also more numerous in the shallows, Eight (344 per maz) were counted

s

3 -~
FALET 58

e

4 . o A
compared to an average density of 95 per m.~ in the deeper

Insect body and mouth parts did not shew any significant differenc

e ]
S v B 4

¥

®

*

between the two depths. The average dens

},.J -

ty at 5.5 metres was 5253
per maz and at 1.5 metres it was 4995 per mpl,
The shallower sediment was noticeably more darker than the

virtually 100 % organic (sapropel) sediments in the desper portions
of the lake. The shallower arsas a2lso possessad a greater proportion
of inorganic sediment components.

If the values obtained for benthic invertebrate densities
in the shallower water is representative of that of other simila
shallow areas, then there are several reasons for the density discren-
ancy between the deep and shallow. Firstly, they may be dus to a pre-
ference for a particular sediment texiture or composition or it may be
duz to the Ffact that the shallow areas are nmuch closasr to the terregi-

rial vegetational influence. Secondly, it may be caused by some chem-

ical or physical aspect ~ likely dissolved oxygeni the shallows having

e,

%

eater conecentration, especially during lake stratification.

o
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BENTHOS COMPARISON OF LOCAL IAKES

e

All five loeal lakes, Swan, Florence, Big Maltby, Langford,
hie organisms. Chironomids and Chaobhors

ids were present in all lakes, but were quite variable. Florenees and

e@st densities ol LRlronomids, Whereas oswan
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which are fairly strongly eutrophic.

Chaoborids did not show any significant patterns., The gre

b
n‘.uw

est densities ocecurred in both the most and least eutrophic lakes -

I gL v

< S

Swan and Big Maltby, respectively. Insect wings, heads, and body
parts were numerous in all lakes, except Big Maltiby.

Several lakes produced unigue benthic groups. Swan had
moderate concentrations of Water Pennies and Aphids, Florence - low

densities of Ostracods and Trichoptera, Langford - moderats densities
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The most striking differences, however, were in the densities
of Ephippia. According to Ward & Whipple (1959), in sexual female
cladocerans producing haploid egzgs, the carapace enclosing the brood
chamber may begin to thicken and darken. A semi-elliptiecal (in the
Daphnidaa) portion of the dorsal region of each valve becomes greatly
altered to form an ephippium. The ecarapace closes around the eggs

after they are extruded into the chamber and fertilized, and at the

next molt the ephippia ave shed as a unit (Ward & Whipple, 1959). The

early embryo lies dormant, often withstanding freezing and dryins,

sonabhle that tha
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nregsent. 1t may, however, bve and Langferd, the
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two most eutrophie lakes, had the greatest denslties of ephippia.




PISH SPECIES

Although Florence Lake was at one time one of the better

Smallmouth Bass lakes on the lower Island, it no longer supports

Bass fishery. No netiting or other fish investizations were carried
out during the study period from October 1972 to March 1973. The

following information was received from the Fish & Wildlife Branch
throngh a letter to Mr, John Balkwill,

Prior to Synergized Rotenons rehabil:

e
ot
]
O
e
O
=l
L2 I
&
o
o
o
¢
I—g
~J

1960, Smallmouth Bass, Rainbow Trout, Sunfish, and Brown Bullheads

were known to Dbe sildents of the lake, In the fall of 19561, Small-
mouth Bags ware reintroduced into the lake, The fish varied i ize

n si
as they were netted from populations in other local lakes for trans-

antation.
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The Fish & Wildlife Branch did some experimental netting
in May of 1971 and found Sunfish and Prickly Sculphins to be p“esfh'

Thege fish either survived the Rotenone treatment or were introduced
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lye There is no report of fishing suc-
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POLLUTION

The chief source of any pollution is from sewage and its

5

disposal. The 150 or so residences in the Florence Lake watershed

bend

are on septic tanks., The latest, large-scale development in the area
is the Hidden Valley Mobile Home Park located at the far end of the
lake., According %o one gentleman whom I talked to on the premises
the trailer park is apparently on a system called "Eio-Pure". I% 4is
supposed to be much more efficisnt than sepbtic tanks - emitting clean
water., The sewage is pumped into holding areas located in a small
basin behind the park. regtment oceurs there and the effluent prob-
ably draing down through the watershed being filtered by the soil on

its way to the lake.

By carrying out a coliform test on the lake waters, the degree

of pollution by sewage or surface water can be determined. The coliform

bacteria are a group found in the inltestines of animals and humans and

also in the soil. A presumpiive coliform test was conducted during
the first week of February. It involved the use of five tube assemblies.

Results showed four tubes pesitive and one negative, thus indicating

100 ml. of lake water.
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In regards to present s standards, they are wvariable. The New
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Zaaland Waters Pollution Regulations (1963) specify

recreational water as 1000 coliforms per 100 ml. of watery (Loutit et al
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According to him, the unofficial coliform count regarded as satisfact-
ory for fresh water bathing areas by the Health Department is an aver-
age of 240 with no more than 10 % of the samples being over 1000 per
100 ml., water. The average coliform count for seawater shoreline areas
established by the Pollution Control Board is 1000, It appears that
Florence Lake has acceptable levels zs far as recreational aspects are

concerned, but prodbably not in regard To drinking water.
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RATE CALCULATIONS

Average rainfall recorded at
[FLPE by r i "‘ 3 r v b=y y e 1
Total evapo-transpiration taken as 90%

0
2 ) x a - Fa - o o I .
One inch rainfall or ET on one acre: - 27,154,17

Lake Volume:
Total Drainage {(land + lake): 481,54 Acres
085,849 gal,

Total Catchment Volume: 42.26 = 11,985,349
= 506r 5219987 ga-]-e

1* rainfall on H41.5 Acres:

Total ET loss: 38,03 x 11,985,849 = 455,821,581
Total Inflow: (RF-ET) 50,700,142 gal.
L i | < P 1 o Tl o~ ! Ig 4 -y gy o
Flushing Rate: 1/(50,700,142/102,577,580)
= 2,02 years.
CONTCUR LENGTHS
gr - f{3o' 10' - B050°
5+ - 480D’ 15° - 26350
1 7 J‘-r) - ‘\f}&lAﬁ} A AL
whnrﬂ A, and A, are the areas of adjacer
-; : h is the contc
SPRADUM

102,577,580 gal. {(314.8 Acre-~feet)

gal,
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MEAN SUMMER LAKE TEMPERATURE CALCULATICONS @

0!
5?
16
15¢
181

STRATUM VOLUME FRACTION STRATUM MEAN TEMP,(°C.)
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0.335 7. 75
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15 - 18¢ 0.035 0.67
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SUMMER HEAT INCOME CAILCULATIONS:

Mean depth = 10.7
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Average of three planimeter readings for 10 sgq. in. = 06WH7,
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