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A COMPARISOMN OF THFR LAXKE3 WITH RESPECT TO TRE BIOLOGICAL :
EPFECTS OF LIME-TREATMENT

Introduction

Loke Poter and Lako Petrea have recelvod treatment
with 1ime throughout the course of these studlesa and the
general physical and chemleml effects of such treatment
have been described above. (see page 114 of insert)

A unique part of these fleld studles haz been the

use of Lakes Peter and Paul, which were orginally one

lake consisting of two bagins, The two basina were separate-

ed by an earthen barrier to form the two separate lakes;

© wb——a or damma

Lake Poter then receiving lime-treatment with Lake Paul
serving as the untreated natural eontrel, It 1a un-
fortunate that thorough pretreatment studles were not
conducted; but the original plin for these lakes was that
they serve rs a fisld demonatration for the clearing effect
of lima«tpeoatment, and 1t was not known until later that

1t would be vossible to carry out detalled Investigations

on them, All indications from preliminery surveys lndlcate
that the two basins were similar in ell respects previous

to separntion snd alkalizetion of Lake Peter. In the
gomparisons made below, 1t 1s assumed that this was the

oase, and that Lake Paul is & good natural control represent-
ing conditions similar to those which would have persisted |
in Lake Peter had 1% not been for additions of lime.

Although Lake Peter responded to lime«treatment with
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a clearing of the water, wvhlch had been mreviously noted
ap a usual responee by Professor Tasler nnd his satudents,
Lake Pétroa did not reapond to lime=treatment In this
raspect. This indicates that such clearing on appllication
of 1lime is not a ganeral phenomencn,

Considering Lake Paul as reprosentative cof untreated
inken of this type, and lime-treated lake Poter aimller

to lime=tpeated Laks Petrea except for the affect of

olearing of the water, some interesting comparisons can
ba madn.

Such comparisens are based princlpally on the deta
used shove in the analynis of the dynamios of troutegrowth,
and on studies of the phytoplankton. Iata for the
rhytoplankton are glven below,

The Fhytoplankton

It 1s gonerally bolleved that the greatest role in
the basie eolaborstion of organic matter in lakes Is taken
by the phytoplankten, This would seem esprolally true in
lakes of this typs where there i1as such a sparce development
of higher aguatio plants. Assuming this to be true, any
basic changes In productivity as a result of lime-treatmont
should be reflected in the phybtoplankton.

17ith this In mind, eamples of the phyboplankton of
Iakes Poter, Paul and Petrea wers taken perlodleally
throughout the eourse of these Inveatigationn.

Hethoda: Samples of the phytoplankton from each lake
were taken periodieally during 1961 and 1962, and at more
frequant intervals during 1958, using a sirple cone nat
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of number 20 atandard silk bolting cloth (68 meshen/cm.).
The ring to which the net was attachsd hed an inside
diamoter of 25 om. and the straining cone had & slant
height of 19 oms Each sample was obtained by malking one
vertical haul at the deepest station of the lake., Each
vertical haul consisted of lowering the net so that it
wag collecting both on the desgent and the ascent} the
facending haul was made at the rate of one~half meterp
per second. Hauls were made from the following deptha
to the surfacet lalke Petrea « 6 moters, Lake Paul -

10 metors, and Lake Poter = 14 meters, The sAMPlos wors
preserved by addition of formalin irmediately after
collection, | |
This method of sampling of the phytonlenkton han
many limitations which have been discussed by Ricker (1937),
However, assuming random horizontal distribution and
constant efficliency of the net, it is folt that thesas
samples are suffioclent to serve in comparing the guality
end relative quantity of the number 20 net phytoplankton
of theme lakos,
Concentrates from each sample were examined with
the compound miercacope to identify the different genera
prosent, All samples were diluted to equal volume (70 eo,)
and counts were made to determine the relmtive quantity
using the Utermohl eedimentation method and the inverted

mierossope., Thirty flelds, chosen at random, were counted
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for oach samole and the number of ocells or colonilen of
each genera recordeds. In this way it was possible %o
caloulate the total number of cells or aolonles in each
sample and the percentage composition for the dominant
forms. Duplicate counts made showed little variationg
Loefflor (unpubl, MS), using the same method, has found
a mean coefflclent of varlation of 5.8% in dupliocate’
counts when using 30 flelds for each count,

Results: The number of cellas or colonles per net
haul, the number of different genera present in each
nat haul, snd the dominent goners and the perceont of tho
total number of cells or colonles ococunted which these
dominent forms represent, for each sample are given in
Pige 2-4. Table 6 1listas the different genera encountered
in gll of the asmples from ecach of the lakes,

Discussion of theso results is restricted to peneral

foaturea obviocus in the corparlison of the three lakes,

In untreated Lake Paul, Fig., 2, Poridinium completely
dominated in nearly all aamples except during the late
fall and winter period, the only other f'orm which ococurresd
in quantity being Mallomonam in two samplos a8 noted,

Synura was the dominant form found during the late fall
and winter per;od, the only othexr form anpearing in number
during this time of year deing Dinobryon. The swmmer
rattern of abundance for bhoth 1952 and 1953 waz slmllar
excopt for the low in Auxust of 1952, The maximum

caleculated number of cells or c¢olonles per not haul for

PP ——




Fig. 2a

Figc 5.

Fig- 4,

Lake Pauls The number 20 net phytoplankton,
The total number of cells or colonles per

net haul, the numbar of different genera in
each sample, and the dominant geners exproesned
as the percent of the total number of cells

or colonies oounted. 1951-1954, .

Lake Peter. The number 20 net phytoplaniton,
The total number of cells or colonies per

net haul, the number of Jdifferent genera in
each sample, and the dominant genern axpressed
as the percent of the total number of cells

or colonies gounted. 1951-1954,

Lake Petrea. The number 20 net phytoplankton.
Tha total number of cells or colonlos per

net haul, the number of different gonera in
each sample, and the dominant genera expressed
as the percent of the total number of cells

or colonies counted, 19561-1954,
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f% each of the two years was 400,000, In all of the
| namplen rom Laks Paul, 34 different genera wore ldentified,

P,

In oomparison, the phytoplankton of lime~treated Tale

Peter, Tige. 3, 18 very different, Porldiniwn is praesent
only as a rarity. Asterionella and Dinobryon dominate
the spring and early summer pulse which reactes a muah

higher level than thet in Lake Paul. Peginning tn late {

July, & number of other forms take & dominant roles these

inolude, Oocystis, Chrysosphaerells, Mallomonas end Ceratium,

Oooystia, Endorinm, Asterionella, Aphanizomenon, and Synura !
!

in that order during 1953, and a quite similay pattern i
during 1952, The only similarity in the compoation of ;
the phytoplenkton of the two lakes appesrs in winter, |
when Lako P;ter 1s deminated by Synura the same a8 Lake %
Paule The summer pattern of abundence for the two years k
1952 and 1953 was quite similar. This pattern of abundance \
differed from that of Lake Paul in that the pulse camo \
sarlier sand reached a muoh higher level &8s far as numbers )
are conserned, In all the samples from Lake Pater & total

of 50 different genera wors identified as comparsd to __,,f—'"”&
34 for TLake Paul,

Lino-treatod Lake Petrea, Pige 4, also lacks the

Q; monotonous domination of the phytoplankton by one genus
that waa shown for Lake Paul, Asterionella and Dinobryen
dominated the spring pulse 4n 1953, and Dinobryon in 1952,

giving way to a dominance by Gloeoccystis in late June during
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both years. Later, lMallomonas became a donminant form,
this genus reaching a very high level in Septomber 1952,

As in both the other lakes, Synura was the dominant winter
forme. In ocontrast to Lakes Peter and Paul, the auwmmer
pattern of abundance in Lake Totroa was very diffarent for
the two yesars, 1952 and 1953, This groeat differonce zooms
complotely unexplrlinable from any data at hande For the
summer of 1953, the pattern of abundence was guite sirilar
to Lalke Peter inasrmmch as the swmer pulse came at an
aarlier time and roached a ruch greater haight, as far
as numbsrs are concerned, than in Lake Paul., In all the
samples from Leke Tetrea a total of only 23 different
goenera were ldentified, as compared to 50 for Lake Peter
and 34 for Leke Poul,

With regard %o the general effeoct of lime-treatment
on the phytoplankton, little can be sald wlth certainty
from the data &t hand., If Lale Paul 18 a psrfect control,
then it would appear that l5ime treatment has presulted in
& much more varied flora as far as the number of different
genera whish play & dominant role. Also, 1t appeaps
that liming hes resulted in a greater standing orop of
phytoplankton, as far as numbers of cells or colonies is
e¢oncerned. Standing erop, expreased as numbers of oslls
has often been urced ar An index of productions However,
with the great variety of genera involved, and differences

in size, thelr numdbers are hardly an index of standing orop,
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rmch less of preduction, which would require knowledge
of rotes of growth and reproduction for each form as well,
The Zooplankton

Again consldering unlimed Lake Paul as & perfeat
control, some interesting comparisons can be rade repard-
ing the =zooplankton.

oualitatively, all three lakes were simllar during (/regf?z;yp

the two vears 1952 and 1953 innsmuch as Dephnia longisnina - Q\Q

was the dominant form of Zooplankton., In 1983 (Tables 2-4)
this specles accounted, on the average, for the following
percentages of the total number of rooplankton organisms
in the sampless Lake Peter 02.8%, Lake Petrea 79.6%,

lake Paul 60.2%. In Lake Petroa, a specles of Diaptormus
constituted an everage of 17.2% of the total number of
organisms, this form and Daphnia longispina being the only

two zooplankters encountered in the samples from thlis lake.
In Lake Paul, & species of Cyclops accounted for an averdage
of 22.8% of the number of organisms in the samples, and

Holopedium gidbberum for an average of 7%. A specles of

Nosmlna occured in the spring samples. In Lake Peter,
Cyelopn, Diaptomus and Bosmina played minor roles. In
all threce lakes, Chaoborua snd water mites wore of rare
oogurrence in the sooplankton samples,

The dlfferences noted in the quelity of the gooplankton
are not great snd may or may not be related to the lime-

treatmont. The absence of Holopedium gibberum in the
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samples from limed lekes has been noted previously by

Haslor and Brynildson (unmubl, M3) and arpears to be a
general result of alkalization,

Results from the quantitative studies of the zoo-
plankton are more consistant,.

Average atanding orop of zooplankton
(Grim./Sq. WMeter = dry welight)

19562 1953
Lﬂkﬂ Paul 0.34 0. 70
Lake Poter 0.81 0,82
Lake Petrea Q.77 Q.80

The average standing orop of zZooplanktton was grester in

the lime~treated lakes In both ysars than In untreated

Lake Paul, This ﬁould seem to indicato that lime-treatment
Kes resulted in & slightly greater producticn of zooplankton,
However, it muat bo remombered that theso figures are for

the standing c¢rop, which may or may not have any relation

to the aotual production, FHere as with the phytonlankton
there 1s a lack of knowlodge about rates cf growth and
reproduction,

The seasonal patterma of atanding erop of zooplankton
together with that of the phytoplankton are pressnted for
eaoch of the three lakes for 1982 and 1853 in Fips. 5-7.

The pattern of fluctuation 1n standing erop of zooplankton
followed the samo general pattern during both yeers in all
three of the lakes, As noted earlier, the atanding orop

of phytoplankton expressed as the number of cells or colonles
followed the same goneral pattern during the two years in
Lakes Toter and Paul but not in Lake Petrea, Although
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Laks Paule. The standinpg crop of rzooplankton
and the standing crop of phytoplankton.
1952 and 19563,

fnlke Pater, The standing erop of zooplankton
end thoe astanding erop of phytoplankton.
1952 and 1953.

Iake Patrea. The standing orop of zooplankton
and the standing ecrop of phytoplankton,
1252 and 1953,
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thore eppears to ba a genacral correspondence of high
mulses of both phytoplankton end gooplankton In oarly
summer, Rowever this 1s no mign of & sauze<«result
relaticneghlp and.Figs. 5-7 give no real evidence for
such. As noted earlier, tha standing erop of phytoplankton
1s likely a poor indleatlion of phytoplankton productlion,
Purthermore, this atanding crop of phytoplankton represents
only the mumber 20 net phytoplankton which may have no
rolation to the total phytoplankton. - Oonsidering thie,
Aind the possibllity of organis matterial of allothonocus
oripine«sto say nothing of such things ds food preforonces
and feading babits of the sooplankters-=--any stetements
concorning the.relationships between the phytoplenkton
and the zooplankton from this data eve irpossible.

The most obviocus differencs in & comparison of these
Inkes has been.the difference in the vertical distributlion
of the zooplankton. The zooplankton of the thrae lakes
appear to be .concentrated near the.surface in inverse
ralatio? to. tha light condlitions,

. Avarage -depth to whiech- - . Average persent of

1% of the surface light zooplankton in the
is.transmitbed, (Meters) - . surface moter,

Lalke Petrea - - o BELI
Lake Paul 2e7 42 .8
Take Patey . 4e8 coe t 27.9

Tf this difference in vertical distridution of the Xoo-
mlankton is related to light conditions, then the lesser
degreo of aoncentration of zooplankton nearr the surface

in Take Poter as compared to the other lakes IiIs a rasult
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of lims~treatment through ite effect of olearing the weater.
If this 1s a result of lime~truatment, 1t is achunlly =
deloterioué offect "at lower levels of standing orop-of
vooplaniton, as was indlcated by differonces lin zooplankton
density and corresponding differoenses in-trout growth
which were noted earllier, On the other hand, it could
concievable be advantageous when food i3 plentiful sz 1%
would tend to reduce any tendenoy toward & crording of
the trout in space. The differences in zooplankton
distribution as noted in these lskes suggests the
oxistance of a corplex food-space relationship whieh might

be of considerable imporiance, However, the data avoiladble

of'f'ars nothing in solution. Flge 8 gives a pgraphle
presentation of the different degrees of zooplankbton
cogcantration noted in the tiree lakes.

In comparing Lalkes Fetor end Paul, two other ohangor
have boon noted, 3rasenia, formerly present in beth lakas* (e '

ts s4111 found in Lake Paul but has disappeered from Take | b

i
Peter aslnce treatmont with llime. Haslex and nigs stvdents

have noted this previously &s & result of alimlization,
In Lake Foter, denms hods of Chara Braunil have devoloped

since the lime-treatmsont, espeocially on the new botiom
eroated by the barrier separaing this lnke from Lake Faul,
There has been no apnearance of thim speclies in Lake Paul---
on the new bottom ereated by the samo barrler or elaewhere.
This deavelopment of Chara did not begin unbtil Jlate in the

second summer after the first applications ¢f llme, and
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suggests that some effects of lime-treatment may be very
slow in expresaing themaolves,

Piz. 8 summarises a compardson of the three lalms
under eccnsideration with rospact to the blologleal effects
of lime=treatment. Little more can be sald than 1s
shown 4in that figure, and much of that only when Take Paul

1s conmtdered ns & perfect control.
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Fig. Bn

Profiles of Lakes Paul, Pster and Petrea,
showing the ‘vertlieal distribution of the
zooplankton and the mean depth of tho
living zone in midsummor; and a tabulatlon
of various factors useful in a comparison
with respect to the blologloal offects of
lime=-treatment.
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APPENDIX OF 'MAPS,.

Fig. 9. Map of Lako Paul.
Fig. 10. ‘ap of ILake Poter.

Pigs 1l. WMap of Lake FPetrea.
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