10. PHYSI CAL- CHEM CAL CONDI TI ONS
10.1 Field observations.

bservations were conducted at the deep-water
stations in each |ake (Fig. 2-12). The results are
summari zed in Table 6.

10.1.1 Tenperature.

Detail ed tenperature profiles fromeach visit
are shown in Fig. 13. Al the | akes undergo characteristic
summer thermal stratification. |In nost cases this becones
quite intense; a product of active heating, generally snal
size of the | akes, and protection fromw nd action. Strat-
ification lasts longest in the deepest |akes, particularly at
| owest altitudes. These conditions retard the cooling
process. The epilimion was from3 to 6 mthick at m dsumer
in all |akes except Agur, where the entire water mass warned
and circulated after early stratification broke down. Surface
tenperatures at m dsunmer ranged from15.5 to 24.5°C, and
were generally |ower in higher |akes.

Mean observed tenperatures of the epilim
nion at mdsumer are given in Table 6. This is a useful
derivation since it is the approxi mate tenperature of the
mai n productive zone at the height of the grow ng season.
Mean epilimion tenperatures are low in the deepest | akes



TABLE 6. Summary of tenperature, dissolved oxygen, pH, and transparency
conditions in eleven headwater |akes in the Ckanagan Basin, 1971.

HEAD JACK FISH
AGUR | MUNRO |WATERS#1| PINE | LAMBLY|PINAUS| OYAMA|ALEX | SWALWELL|HAWK |HYDRAULIC
Midsummer thermal features

Surface temperature, C 21.8 | 21,5} 21.0 23,3 | 24.5 |17.5 {18.3 |24.5 | 22,5 15,5 21.5

Bottom temperature, C 20,2 6.0 11.8 12,8 7.5 6.2 6.5 | 4.8 6.0 8.0 1l4.1

Epilimnion depth, m, >7 3 2 2 2 6 4 4 3 3 2

Mean epilimnion temp.,C 20.6 { 19.7( 20.4 22,2 122,77 [17.4 16,5 |16,1 | 21,2 14.9( 21.2

Midsummer dissolved oxygen

Surface, ppm 7.5 7.3 8.8 7.8 1 7.2 7.3 8.2 | 7.1 7.6 7.8 7.4

Bottom, ppm 6.0 0.6 0.6 0.4 1.1 0.5 0,8 1 1.5 3.8 1.0 0.7

Bottom, % saturation 76 6 6 3 10 4 8 13 36 10 6

I.
Midesummer pH G
Surface 8.5t 8.0 8.0 7.5 | 7.3 8.5 7.3 1 7.1 7.6 7.0 7.1 "
Bottom 8.5 6.8 6.9 6,7 | 6.6 7.0 6.5 | 6.0 6.6 6.1 6.3
Secchi disc, m,

Spring 6.1 3.0 2.0 3.0} 1.2 4,2 2.9 ] 2,2 - - 2.4
Midsummer 4,5 5.0 2.4 2.3 2.6 5.0 2.8 1,4 2.0 3.1 2.0
Autumn 6.6 3.2 1.7 2,0 1.1 5.3 2,01 1,5 3.2 3.0 1,0

Turbidity, Jackson Units 1.2 1.4 2.8 1.1 ]| 5.6 2.4 = 2,7 - - =
Color 0 20 30 50 65 5 30 60 30 25 65
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(Pinaus and Oyamm), but Fish Hawk at highest altitude is
colder still. Rawson (1942) showed that plankton quantity in
several western Canadi an | akes correlated nore closely with
epilimion tenperature than with the tenperature of the whole
| ake. Northcote and Larkin (1956) found a tendency in B.C

| akes for greater plankton volunes to occur in |lakes with

hi gher epilimion tenperatures.

10.1.2 Oxygen.

Di ssol ved oxygen was determ ned sinultaneously
with thermal observations. Detailed oxygen profiles from
each visit are shown in Fig. 14. Surface concentrations
ranged from 7.1 ppm (Al ex Lake) to 9.8 ppm (Agur Lake),
occupying the narrow range from84 to 114% saturation during
the m dsummer sanpling series. This range al so enconpasses
surface val ues observed in spring and autum.

O special significance in stratified
tenperature | akes such as these is the amount of m dsunmer
oxygen depletion in bottomwaters. Al the | akes, except
Agur, exhibit nearly anaerobic bottom conditions during the
stratified period. For sone |akes (e.g. Swalwell) bottom
depl etion was nuch nore intense during the autumm series
(1.e. before conplete turnover), than during mdsumer. Only
in Hydraulic Lake, however, was a significant fraction of the
wat er mass seriously depleted (less than 3 ppm oxygen bel ow 3
min August). Bott om oxygen i ncreased at turnover even
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in the deepest of these headwater | akes.
10.1.3 pH.

O the | akes exam ned, only Agur was consistently
basic at all depths throughout the sanpling period (pH8.5").
Munr o, Pinaus, and Headwaters Lake No. 1 were slightly alkaline
at the surface during mdsumer stratification. Al the | akes
were nore acidic at the bottom in agreement with their
stratified condition and active productivity. Surface and bottom
val ues, however, never differed by nore than 1.5 pH units. These
| akes have generally slightly higher pH, at l|east at the surface,
than do Canadi an Shield | akes of simlar dinensions (Koshinsky M5
1968; Arnstrong and Schindler 1971).

10.1.4 Transparency.

The | akes were found to be relatively un-
transparent. The hi ghest Secchi disc readings (average 6.6 m)
were obtained in Agur Lake. Pinaus and Munro Lakes are of
i nternmedi ate transparency. Secchi disc readings in excess of -6
m are comonly associated with oligotrophy (Rawson 1960);
such values indicate |ack of significant interference with |ight
penetration by plankton. However, the high transparency of Agur
Lake in particular, and | akes on the west side of the basin
generally, is thought to derive frompeculiarities of chem stry
and drai nage, rather than specifically from paucity of plankton
production. Presumably the high pH and the abun-



dance of cal ci um and magnesi umions favors precipitation of
i ght absorbing organic colloids and related materials. A
simlar relationship was observed anong Shield | akes in
Saskat chewan (Koshinsky M5 1968).

10.1.5 Turbidity.

Turbidity is a neasure of the concentration
of suspended particles. It was maximal in Lanbly Lake where it
undoubtedly contributed to the | ow transparency. Lanbly Lake
has a recent history of a very substantial increase in area
t hrough i npoundnent, along with dredging operations (Section
8).

10.1.6 Water Col or.

Color is an indication of the influence of
shoreline and bottom features on the contained water, and al so
of drainage characteristics. Lanbly Lake, with its recently
submerged trees and ot her debris, and its new and unstabl e
shores, produced the highest color readings along with
Hydraulic Lake. The latter is choked with forest debris and
under goes marked water fluctuations. Simlar features dictate
hi gh col or values for Jackpi ne, Headwaters, and Swal wel | Lakes.
H gh coloration in Oyama Lake, and nore particularly in Al ex
Lake, is undoubtedly related to the predom nance of | ow, marshy
areas in their watersheds. Pinaus Lake is practically color-



|l ess, a reflection of the considerable volunme and depth of the
| ake relative to its shoreline. Agur Lake is conpletely
colorless, a product of its unique and isolated chem stry.

10.2 lonic conposition and nutrient val ues

The conplete results of chem cal anal yses of
waters fromthe 11 | akes are recorded in Appendi x Table C. The
nore pertinent features are summarized in Table 7. Rawson
(1960), Northcote and Larkin (1956), and others indicate that TDS
I's a useful index to general edaphic and ot her physiographic
conditions. The Ckanagan headwater | akes exam ned are generally
| ow i n dissolved solids, although not as |ow as extrenely dilute
| akes such as those on the Canadi an Shield (Koshinsky M5 1968;
Arnmstrong and Schindler 1971). O 100 British Col unbi a | akes
exam ned by Northcote and Larkin (1956) the nmedian TDS was 125
ppm Lakes with TDS |ower than this tended to have bel ow average
bi ol ogi cal production. The only nenber of the present series
with a higher TDS was Agur Lake (232 ppm. Lanbly and Pi naus
Lakes, with 103 and 122 ppmrespectively, approach B.C md-range
values. TDS in the other |akes ranged from48 to 90 ppm The
over-riding factor determning total dissolved solids content
anong t he Ckanagan headwater | akes woul d appear to be
precipitation (Fig. 15). Precipitation in turnis largely a
function of altitude, so that altitude energes as a key predictor
for dissolved ion concentrations (Appendi x Table A)).

No phenol phthal ein al kalinity was observed in any
of the | akes, indicating absence of hydroxide and carbonate



TABLE 7 . Concentrations of nutrients and major ions in 11 sel ected headwat er | akes
In the Ckanagan Basin, 1971. Values are parts per mllion.
HEAD JACK-~ SWAL~ FISH
AGUR MUNRO WATERS PINE LAMBLY PINAUS OYAMA ALEX WELL HAWK HYDRAULIC
#1
Total dissolved solids 2327 82 88 S0 103 122 54 53 63 48 71
Specific conductance,mho 485 86 89 61 75 123 51 41 44 21 31
Total Kjeldahl nitrogen(N)
Spring, surface 1.67 0.48 0.52 1.11 1.67 0.75 0.13 0,69 . - - 0.41
Midsummer, surface 1.41 1.02 <0.01 0.64 0.28 1.07 0.49 1l.26 1.15 1.16 0.82
bottom l1.62 1.23 <0.01 0.97 0.61 0.43 0.56 1.23 0.90 0.10 0.43
Autumn, surface 0.95 0.39 0.33 0.39 0.59 0.20 0.15 0.26 0.36 0.03 0.26
Nitrate nitrogen(N)
Spring, surface 0.01 <0.01 0.01 <«0.01 <0,01 0.01 <0.01 0.01 - - 0.01
Midsummer, surface 0.30 0.17 0.01 0.01 0.02 0.12 <0,01 0.04 0.03 0.03 0.01
bottom 0.05 0.01 0.05 0.01 <0.01 0.28 0.16 0.06 0.32 0.02 0.04
Autumn, surface <0.01 0.01 «0.01 0.05 0.04 0.14 <0,01 0.01 0.04 «0.01 <«0,01
Total phosphorus (PO4) ,
Spring, surface 0.03 0.04 0.04 0.05 0.11 0.18 0.06 0.04 - - .06 1
Midsummer, surface 0.03 0.03 0.05 0.05 0.05 0.06 - 0.05 0.03 0.03 0.17 C.07
bottom 0.05 0.31 0.06 0.68 0.41 0.62 0.44 0.14 0.07 0.06 0.12
Autumn, surface 0.04 0.03 0.04 0.08 0.25 0 .24 0.09 0.05 0.05 0.04 0.10
Ortho-phosphate (PO4)
Spring, surface 0.01 0.01 0,01 0.01 0.02 0.14 0.01 0.01 - - 0.01
Midsummer, surface <0.01 0.01 0.01 0.01 0.02 0.02 0.01 0,01<0.01 <«0.01 0.02
bottom <0.01 0.11 0.01 0.42 0.15 0.45 0.17 0.04 0.02 C.01 0.03
Autumn, surface <0.01 <«0.01 <0.01 0.02 0.12 0.17 0.03 «0,01 0.01 «0.01 <0.01
Silica (Sio,) (col)
Midsummer, “surface 6.4 8.5 12.3 7.2 17.0 20.0 5.2 7.3 4.2 3.2 7.9
bottom 6.5 12.4 12.7 9.1 18.5 22.0 5.9 12.0 7.7 3.9 7.8
Calcium 21.6 13.3 14.2 7.1 8.9 16.2 4.2 3.7 6.8 1.6 3.6
Magnesium 18.7 1.6 1.4 1.3 1.5 6.6 1.4 1.3 - - 0.7
Sodium 29.2 1.9 1.8 1.5 1.9 8.5 1.7 1.3 2.0 1.0 1.1
Sulphate 2.8 7.2 5.2 17.4 13,0 4.4 2.6 2.6 3.5 1.7 1.8
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ions. Methylorange alkalinity ranged froma very |low 4.3 ppm
in Fish Hawk Lake through a noderate 84 ppmin Pinaus Lake to
a high of 201 ppmin Agur Lake. Calcium concentrations were
not ably higher in Agur, Pinaus, Headwaters No. 1, and Minro
Lakes. Magnesium and sodium |l evels were uniformy low in all
| akes except Agur and Pinaus where the higher values parall el
rel atively high conductance. Conductance, in turn, shows a
clear parallel to TDS. Hi ghest sul phate concentrations were
observed in Jackpi ne and Lanbly Lakes, perhaps reflecting

t heir geographical contiguity.

Phosphorus | evel s occupy a broad range anong these
| akes. Surface phosphorus val ues were highest in Lanbly and
Pi naus Lakes, a feature which was particularly notable during
t he autumm sanpling series. In the case of Lanbly Lake, high
phosphate availability may be the result of recent
i mpoundnent, excavation, and clearing activities. Rodhe
(1964) noted an increase in phosphate in Ranseren Lake,
Sweden, follow ng i npoundnent and burning of brush on the
shores. Significant m dsumrer el evation of bottom phosphorus
val ues was noted in five of the |akes: Minro, Jackpine,
Lanbly, Pinaus and Oyama. These occurrences coincided with
severe bottom oxygen depletion (Fig. 14). The very | ow
phosphorus values in Agur Lake are at first surprising in view
of the high levels of other dissolved materials. Presunmably
t hi s phenonenon is linked to precipitation of phosphate in
conjunction with the high oxygen values here encountered. The
oxygen situation in Agur Lake is linked at least in part to
t he hi gh transparency



and acconpanyi ng phot osynthetic activity throughout the
wat er col um.

Total Kjeldahl nitrogen concentrations are highly
vari abl e anong these | akes and do not appear di agnostic.
Avail able nitrate nitrogen was uniformy lowin all |akes in
spring, suggesting rapid uptake by phytopl ankt on under peak
light conditions. Silica, which is required by diatom al gae
for formation of frustules, was invariably adequate to neet
this requirenment, at |east for the planktonic species
(Hut chi nson 1957). By far the highest silica concentrations
were encountered in three west-side | akes: Pinaus, Lanbly
and Headwaters. Lowest values (3.2 ppn) were recorded from
Fi sh Hawk Lake. Manganese concentrations, not given in
Appendi x Table C, were | ess than detectable (0.008 ppm in
all | akes except Swal well and Fish Hawk where 0.010 ppm was
recorded. Absol ute manganese requirenents are poorly under-
stood, although the elenment is known to be necessary for
phyt opl ankt on devel opnent.



11. PLANKTON

11.1. General

The m croscopi c organi sns inhabiting the water colum
constitute the plankton. Phytoplankton (m nute plants) and
Zoopl ankton (tiny animals) are the basic conponents of this
i nportant biotic group. The phytoplankton is the main conponent

of the first trophic level in nost |akes. It shares the ability
of all green plants to synthesize organic matter fromits
constituents using radiant energy. It in turn is consunmed by

Zoopl ankt on, and both provide food for bottom fauna, and
ultimately for fish. The plankton is thus a valuable index to
productivity and to the capacity of a | ake to produce fish.
Settled volunes of net plankton fromtotal vertical
haul s fromthe 11 representative headwater |akes in autumm are
shown in Fig. 16. Results fromthis single sanpling series are
not very hel pful in characterizing the productive capacities of
the | akes. Ten of the values fall wthin the overall range (0.2
to 14.0 cc) found by Northcote and Larkin (1956) in their
i nvestigation of 100 | akes throughout British Colunbia. The
exception is Oyama Lake (31.0 cc) where sanpling coincided with
a heavy bl oom of diatons, particularly Tabellaria.
To at | east sone extent, plankton sanples derived in
this manner will reflect the depth of the lake, i.e. the
t hi ckness of the water colum through which the net was drawn.
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It is thus not surprising that the three deepest |akes
(Pinaus, Oyama and Swal well) have the greatest plankton
vol unes per unit area. Anong the eight shallow | akes, only
Lanbly exhi bits an unusual autumm net plankton volune. Lanbly
al so exhibits high values of other biotic indices, and is
clearly of high productivity.
11. 2. Phyt opl ankt on

The occurrence and rel ati ve abundance of
phyt opl ankt on species (fromsettled sanples) in the 11
headwat er | akes is recorded in Appendi x Table D. Results of
t he m dsummer and autumm series are shown separately, although
the sanpling was clearly too infrequent for a neaningful
anal ysi s of seasonal species successions. Qualitative
rel ati onshi ps are summarized in terns of broad al gal groupings
in Table 8. The nost consistent seasonal trend is the
general ly greater abundance of diatons (Bacillariophyceae) in
autum than in mdsumer. This trend fails in two of the |akes
(Lambly and Alex); these |akes have particularly high color
and | ow transparency values (Table 6). These two | akes are
quite different, however, in nutrient content (Table 7), and
the inplication is that available light limts production of
this inportant algal group at |least in the nore discol ored
Okanagan headwater |akes. Melosira spp. and Synedra spp. are
probably the consistently nost inportant diatom genera in
t hese headwater |akes. Both nmake markedly higher
contributions to the phytoplankton in



TABLE 8 .

Per cent abundance of phytopl ankton groups,

and concentration of

chl orophyll a, in eleven selected headwater |akes in the Ckanagan
Basin, 1971.
HEAD- JACK- SWAL- FISH-  HY-
AGUR MUNRO WATERS PINE LAMBLY PINAUS OYAMA ALEX WELL  HAWK DRAULIC
Aug Oct Jul Sep Jul Oct Aug Oct Jul Oct Aug Oct Aug Oct Aug Oct Aug Oct Sep Aug Sep
19 20 31 26 19 7 12 3 23 4 24 26 26 19 4 12 4 12 29 10 25
CYANOPHYTA 25 5 S 10 5 4 10 15 0 55 5 5 25 2 0 60 2 5 5 0 5
CHLOROPHYTA 15 30 10 10 60 30 15 0 15 25 1 15 3 10 5 2 5 3 60 35
CHRYSOPHYTA
Bacillariophyceae 5 60 10 75 20 90 5 70 25 30 5 89 50 92 80 25 70 85 90 35 60
Chrysophyceae 5 5 35 5 3 3 5 0 0 0 0 5 10 3 5 0 23 5 2 5 0
XANTHOPHYTA 20 0 0 0 0 60 0 0 0 0 10 0 0 0 0 0
PYRROPHYTA
Cryptophyceae 45 0 10 0 5 O O 0 3% 0 O 0o 0O o0 5 0 3 0 0 0 0
Peridineae 5 0 5 0 5 0 0 0 0 0 0 0 0 0 0 0
EUGLENOPHYTA o o0 5 0 2 0 50 0 35

Chlorophyll a 9&9/1) from
13.11
3.55

Midsummer seriesa 20.06

Autumn seriesb 2.85

integrated vertical column

21.82
13.42

12.58
7.61

4.25
19.01

10.47° 62.04
3.48 11.35

1.78
2.58

12.23
15.18

17.42
7.17

24.99
13.42

‘From 0-7 m stratum Jul y- August.

°From stratum corresponding to tw ce the Secch

‘August 17.

disc visibility, Septenber-Cctober



autumm than in sumer. To sone extent, at |least, this is
probably a physical phenonenon. Melosira is known to depend
on active water circulation (such as occurs at turnover) to
mai ntain a planktonic state. During stratification it goes
into a resting stage at the bottom (Hutchinson 1967).

Cyanophyta, (blue-green algae) were found in al
t he | akes, but no bl oons were observed. Geatest relative
concentrations were noted in autum, particularly in Lanbly
and Al ex Lakes. Abundance of blue-greens in Lanbly Lake is
probably a reflection of high nutrient availability (Table
7), whereas in Alex Lake it is nore probably a reflection of
a generally poor suitability of the | ake for other
phyt opl ankt on groups. Koshinsky (M5 1968) found that Dbl ue-
green al gae, while responding positively to high nutrient
| evel s in Saskat chewan | akes, al so tended (perhaps by virtue
of their nitrogen-fixing abilities) to gain conpetitive
advant age over ot her phytoplankton groups in nutrient-
deprived nedi a.

The green al gae (Chl orophyta) show a weak tendency
toward greater prom nence in mdsunmer than in autum; this
is consistent with the known general preference of this group
for high tenmperatures (M Poneroy, pers. conm). The sane
adaptation is exenplified by the greater chlorophyte
abundance in | akes with higher epilimion tenperatures.
Pyrrophyta, although rare overall, displayed an even stronger
tendency to peak in sumer; none were found in the autumm
sanpl es. Chrysophyceans showed the sane trend, but |ess
strongly. Cyanophyta (bl ue-green al gae) displayed no uniform
seasona



trend, befitting their diverse nutritional adaptations
(Koshi nsky M5 1968).

Per haps the single nost notable feature of al gal
conposition is posed by the group Chrysophyceae. These al gae
are noted for their rigorous requirenent of undisturbed
waters with low nutrient levels; they conprise the |argest
algal group in small unproductive undisturbed | akes on the
Precanbrian Shield in northwestern Ontario (Schindler and
Hol mgren 1971). In waters of simlar productive capacity in
Sweden, even noderate di sturbance by human activities has
shifted the species conposition from Chrysophyceae to ot her
groups (Schindler and Hol ngren 1971). One of the nost
cosnopolitan Chrysophyte genera, Dinobryon, is generally
acknow edged to be inhibited by P.PO, concentrations in excess
of = 5/ug per liter (Hutchinson 1967). By way of |ocal
illustration, Dinobryon is one of the few algal dom nants in
the sparse spring algal flora of Kalamal ka Lake (Stein and
Coul thard M5 1971). Kalamal ka is, by concensus of avail able
i ndi ces, the nost Aigotrophic of the Ckanagan mai nstem | akes
(Dr. J. Stockner, pers. comm). Anpong the Ckanagan headwat er
| akes, Chrysophyceae never conpletely dom nated the phyto-
pl ankt on, but were neverthel ess represented in all nenbers of
the present series except Lanbly (Table 8). The inplication,
consistent wwth other indices, is that Lanbly Lake, at
present, is the richest |ake of the series.

Chl orophyl | values fromintegrated vertical sanples from
m dsummer and autumm sanpling series are included in Table




8. A rather consistent feature is the tendency for higher

chl orophyl | concentrations in the nost severely mani pul ated

| akes. This may be a reflection of continuing nutrient inputs
from di sturbed shores and bottomin these instances. Low

i ntegrated chl orophyl| concentrations are characteristic of

| akes which are very transparent (Agur), deep and cold
(Pinaus), and at high altitude (Fish Hawk). The autumm series
of determ nations shows better internal consistency in these
regards. These autumm chl orophyl| val ues show a weak but
positive overall relation to m dsumrer epilimmion tenperatures
(Fig. 17). This is indicative of a negative influence of
altitude on algal production in these | akes.

The depth-distribution of chlorophyll was investi -
gated during the mdsumer sanpling period; the results are
shown in Fig. 18. Exam nation of these distributions provides
i nportant additional clues to the mechanisns controlling
phyt opl ankt on production in these particular waters. Six of
t he | akes (Munro, Headwaters, Al ex, Swalwell, Hydraulic and
possi bly Oyama) display distinct chlorophyll maxinma in the
epi limion (but not at the very surface), followed by a rapid
decline deeper in the water colum. This parallels the typical
producti on-depth curve encountered by Schi ndl er and Hol ngren
(1971) anong Ontario Shield | akes in which |ight penetration
(rather than nutrients or tenperature) was the key determ ning
factor. Thus in Al ex Lake, which is highly discolored, maxinmm
phyt opl ankt on grow h occurs nuch nearer the surface than in
Munro Lake, which is highly transparent.
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Li ght inhibition prevents phytopl ankt on devel opnent near the
surface in the latter case.

Agur, Pinaus, Fish Hawk and Lanbly Lakes are
characteristic of the Class Il type of production -- depth
curve (Findenegg 1964) in that there is no distinct maxi mum
This type of curve is expected to arise when nutrients or
other factors (but not radiation) control plankton
production. Agur and Fish Hawk Lakes both had undetectabl e
ort ho- phosphate concentrations in the epilimion at the tine
of sanpling (Table 7). Mdsumer nutrient availability was
not found to be particularly lowin Pinaus and Lanbly Lakes,
however. Low epilimion tenperatures may be an inportant
limting factor in Pinaus Lake, whereas the high turbidity
and discoloration of Lanbly Lake is probably the predom nant
factor in its | ow m dsumer phytopl ankton standi ng crop.

Jackpi ne Lake, with its dichotom c chl orophyll -
depth curve, reflects a situation in which the hypolimion is
notably enriched in nutrients (in this case phosphate;
see Table 7) relative to the epilimion. This nutrient
situation apparently permts phytoplankton to maintain
t hensel ves even though adequate light may be l[imted to
i nfrequent occasions (Schindler and Hol ngren 1971).



11.3 Zoopl ankt on.

The occurrence of Zoopl ankton groups and their
abundance, based on total vertical net hauls during the autum
sanpling series, are given in Table 9. As is common in north
tenperate | akes, the Zoopl ankton is of the rotifer-entonostraca
type, with one protozoan (Ceratiumsp.) also occurring.
Rotifers were the nost nunmerous group in all but two of the
| akes, and the extent of their overall predom nance seens to be
inversely related to | ake depth.

The list of rotifers presented (Table 9) is not
conplete; no attenpt was nmade to identify or enunerate species
occurring only very rarely in the sanples. Anmong the common
forms the nost diagnostic distribution is probably posed by
Keratella cochlearis, abundance of which is directly linked to
the extent of reservoir manipulation (Fig. 19). Another
rotifer of the same genus, K. quadrata, is virtually confined
to | akes on the west side of the basin, with their higher ion
| evel s. Anong the rarer rotifers the observed distribution of
Filinia is of some interest; it was found only in Al ex and
Swal wel | Lakes which lie in the sane drai nage sub-basin.

The entonostraca (planktonic crustacea) are of
speci al interest because these organisns are of a size-which
renders thema potential itemof fish diet. A very broad range
of entonostracan abundance was observed anong the 11 | akes but
the differences are not readily rationalized. A weak tendency
is apparent for this group to be nore abundant in the nost
severely mani pul ated | akes; thus Lanbly and Headwat ers Lakes




Rotifers
Keratella Keratella
Kellicottia  Cochlearis guadrata Polyarthra Conochilidae Asplanchna Filinia

AGUR 1,300 2,600 31,600 1,300 0 0 0
MUNRO 27,500 700 0 4,300 0 700 0
HEADWATERS #1 1,500 80,000 1,500 11,900 4,400 1,500 . , q
JACKPINE | 0 48,800 21,600 6,500 6,500 0 0
LAMBLY 3,600 32,000 14,200 2,400 45,000 0 0
PINAUS 200 0 0 0 0 0 0
OYAMA 600 13,000 0 1,800 0 900 0
ALEX 2,600 2,600 + 900 4,400 14,700 1,700
SWALWELL 900 4,600 200 1,100 3,700 1,700 400
FISH HAWK 25,200 0 0 7,400 74,000 0 0
HYDRAULIC 32,000 53,300 0 2,900 29,700 0 0

continued,,..

TABLE 9 . Standing crops (nunber per neter®) of Zooplankton fromtotal vertical hauls
(autum series) in 11 sel ected haadwater | akes in the Ckanagan Basin, 1971.



TABLE 9. (continued). Standing crops (nunber per neter’® of Zooplankton fromtotal vertical hauls
(autum series) in 11 sel ected headwater |akes in the Okanagan Basin, 1971.

, Entomostraca Protozoa
Cyclopoid Calanoid Nauplii Cladocera Ceratium Total
AGUR 0 2,200 1,300 4,300 13,200 57,800
MUNRO 1,300 200 5,800 6,100 20,900 67,500
HEADWATERS #1 97,700 0 42,900 2,700 0 244,100
JACKPINE 4,800 300 3,200 1,800 0 93,500
LAMBLY 0 1,800 0 43,400 0 142,400
PINAUS 5,500 0 34,200 2,800 0 42,700
OYAMA 200 700 300 500 0 18,000
ALEX 100 100 0 900 0 28,000
SWALWELL 400 3,100 4,600 1,600 0 22,300
PISH HAWK 23,900 400 16,300 7,500 1,500 156,200

HYDRAULIC 4,400 5,300 8,900 900 0 138,000
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have the hi ghest concentrations of these planktonic crustac-
eans. Cl adocerans are particularly nunerous in Lanbly Lake;
this is considered to be a clear reflection of recent events
in this basin. Increased abundance of pl anktonic
crustaceans, particularly cladocerans, has been a comonly
observed phenonmenon follow ng i nmpoundnent especially in the
first few years (Axel sson 1961, Gimas 1965a). This
phenomenon is believed to derive fromincreased availability
of special food types (detritus from sedi nent and/ or

associ ated bacterial flora) in such situations.




12. BOITOM FAUNA

The invertebrates populating the bottomof a | ake
are normally an inportant food source for fish. They are
al so very sensitive to events in the lake and its water" shed
and serve as valuable clues to trophic and other conditions.

A total of 163 dredgings were taken to determ ne
standi ng crops and conposition of bottomfauna in the 11
representative | akes. The conplete data are given in
Appendi x Table E. For purposes of conparison it was found to
be nore conveni ent and nore neaningful to consider only that
conponent of the benthic population occurring within the
upper 6 mof each |lake. This depth range is common to al
the | akes, at least at full supply level. Furthernore, as an
approximation of the "littoral"™ zone, it figures promnently
in the managenent fornulae utilized by the B.C. Fish and
Wldlife Branch for stocking the |akes with fish. It should
al so be noted that only for Pinaus and Swal wel | Lakes coul d
the 0-6 m zone be considered unsatisfactorily representative
of the | ake as a whole. Over half the areas of these two
| akes lie below 6 m (Appendi x Table B). Bottom fauna
standi ng crop conparisons on the basis of 0-6 mare
sunmari zed in Appendi x Table E, and are presented graphically
in Fig. 20. Results of the two sanpling series (m dsumrer
and autumm) were amal gamated and wei ghted by percent areas
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of depth zones at 2-mintervals within the overall 0-6 m
range. In instances where depth zones were elimnated by
drawdown between summer and autumm, the acconpanying elimn-
ation of the benthos is integral to the standing crop average
val ues as derived. The circles (Fig. 20) are proportional in
area to the standing crops (weight) of bottom organi sns;

t he subdi vi si ons repr esent nuneri cal contri bution by
particul ar

conponent groups.

The observed abundance of benthic organi sns ranged
froma |l ow of 246 per square neter in Headwaters Lake No. 1 to
2550 per square neter in Oyama. Nunbers of organi sms do not
closely parallel total weights, indicating that these
organisns differ substantially in average size anong the
| akes. Hydraulic Lake has the | owest benthic bi omass, a clear
reflection of the extrene fluctuation in water |evels
experienced here (Table 4). Headwaters Lake No. 1 also has a
very neager benthic fauna, and it, too, is extensively
mani pul ated. A conplicating factor is that both Hydraulic and
Headwat ers Lakes harbor coarse fish species which are known to
utilize bottomfauna for food. Lanbly and Jackpi ne Lakes,
bot h of which undergo extensive water volune fluctuations,
have hi gh bi omass of bottom fauna. These |akes are shall ow,
have particularly warmepilimia, are situated in simlar
geol ogi cal surroundings at low to noderate altitude, and are
W thout coarse fish. These factors appear conducive to
relatively heavy benthic populations. High altitude | akes
(Munro, Alex and Fish Hawk) are, as would be anti ci pat ed,



low in production of bottom fauna. Pinaus Lake has con-
sistently high standing crops of all faunal indicators
(Zoopl ankt on, bottom fauna, and fish).

| mature Diptera, mainly chironom ds, constitute over
half the littoral benthic fauna in six of the | akes. Anong those
whi ch are regul ated, chironom d | arvae contribute particularly
heavily to the lowto-nmediumaltitude | akes (Lanbly, Jackpine,
Swal wel | and Hydraulic). Chironomd |larvae are relatively
uni nportant in the two highest |akes, Fish Hawk and Munro. Here
their predomnant role is replaced by oligochaetes in the
former, and by a diversity of organisns in the latter.

Chaoborus | arvae contribute significantly to the dipteran fauna
only in Alex Lake. These organisns were found to be reliable

i ndi cators of high coloration and dystrophic conditions anong
Shield | akes i n Saskat chewan (Koshinsky M5 1968); this is
consistent with their distribution anong the Ckanagan headwat er
| akes as wel | .

Except for Diptera, nost aquatic insects are known to
be adversely affected by inmpoundnent and regulation; this was
al so noted in the present study. "Qher aquatic insects”

i ncludi ng seven different insect orders (see footnote, Appendix
Table E), were encountered in | ow nunbers in Agur and Oyama
Lakes, with trace occurrences in Jackpine and Pi naus.

A igochaetes are an inportant conponent of the
bent hos in Headwaters, Fish Hawk and Hydraulic Lakes, although
not abundant in absolute terns in the latter. They are also



abundant in the deep waters of Swal well and Oyana Lakes
(Appendi x Table E ). These organisns are generally considered
to be indicative of disturbed trophic conditions. Wth the
exception of Fish Hawk, the | akes nentioned share histories of
significant shoreline disturbance due to inpoundnent.

A igochaete concentrations tend to peak in the very shal |l owest
areas of the shallow i npounded | akes. However, even nore
dramati c peaks occur in the deepest waters of the two deep | akes
whi ch undergo extensive mani pul ation (Swalwell and Oyama). The
shal | ow- wat er peaks probably reflect a constant source of
organic matter from fl ooded and fluctuating shores. The deep
peaks reflect | ow oxygen val ues where depth is sufficient for
devel opment of stratification; occurrence of these deep-water
peaks seens to be enhanced by inpoundnment. It should be noted

t hat Pi naus Lake, which is not significantly mani pul ated, has no
ol i gochaete peak at the bottom despite severe sumrer bottom
oxygen depletion (Fig. 14). Enhancenent of oligochaete and
chironom d popul ations relative to other benthic invertebrate
groups as a consequence of inmpoundnent has been docunented in
numer ous ot her instances (e.g. Gims 1965a).

Amphi pods (Hyalella azteca and/or Ganmarus | acustris)
were identified fromall but one of the | akes, with sizeable
popul ations in half of them Anphipods nade up | ess than 5% of
the littoral fauna in the five |akes which rank highest in terns
of vol ume mani pul ati on through drawdown. The nost drastically
mani pul ated | ake, Hydraulic, was the only one from




whi ch no anphi pods were di scl osed. Manipul ated | akes in Sweden
denonstrate the sane negative effect regardi ng anphi pods (Gi nmas
1965b). Hyalella constituted over 90% of the anphi pods
collected in all |akes except Pinaus, where over half the

speci mens were the larger Gammarus. No nysids were encountered
in the dredgings or other collections from Pinaus Lake despite
an earlier attenpt to introduce them (Stringer 1967). Mol | uscs
(mainly sphaeriids in these | akes) show a distribution akin

to that displayed by anphipods in that they are poorly
represented in the nost heavily mani pul ated | akes. |In addition,
however, nolluscs are consistently rare in all types of |akes
exam ned on the east side of the basin. This, along with the
fact that nollusc popul ations are particularly high in Agur and
Pi naus Lakes, which have the highest calciumcontents (Table 7)
is clear evidence that ion distributions exert the primary
control for this group. Minro Lake, also with a high cal ci um
content, has a sizeable nollusc fauna despite its high altitude
and very consi derable water fluctuations. Mlluscs require

cal ci um carbonate for shell construction and, although there are
exceptions, their geographical distribution is largely

determ ned by water chem stry (Pennak 1953).



