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MANAGEMENT PERSPECTIVE

, Fbur lakes north of Sault Ste. Marie, collectively known as the Turkey
Lakes, show 1little impact by atmospheric 1loading. This asséssment has
been ﬁrrived at by using fossil algae, di;tOms, to infer past acidity
or pH trends. These lakes have béen consideréd to be in the early stages
of acidification. The fossil diatoms from the headwater lake, Batchawana
Lake, may show an increase in the acidity near the surface of sediments
implying an increase invaéidity in recent times. The fossil diétoms from
the lower lakes indicate the lake waters have been adequately buffered
in the recent past. ' This low level buffering capacity has been sufficient

to counteract acidified atmospheric loadirng.



PERSPECTIVE-GESTION

Les quatre lacs au nord de Sault-Sainte-Marie que 1'on désigne sous
le vocable collectif de lacs Turkey semblent peu affectés par la charge
de polluants atmosphériques. On est arrivé & cette conclusion en étudiant
des algues fossiles, les diatomées, pour déduire 1'évolution du pH ou
1'acidité de 1'eau dans le passé. On considére que ées la;s commencent
3 s'acidifier. On a pu constater un taux d'acidité plus élevé dans les
sédiments de surface des diatomées fossiles du lac.d'amOnt, le
lac Batchaouana, ce qui semble indiquer qu'il y a eu une hausse de
1'acidité de 1'eau depuis quelque temps. D'aprés les didtomées fossiles
des auttes lacs, il semble que les eaux lacustres aient été tamponnées
de facon adéquate. Cet effet tampon de faible intensité s'est avéré

suffisant pour contrer la charge de polluants atmosphériques acides.



ABSTRACT

An  emperical relationship exists between the modern
diatom flora and pH. This relationship can be used to infer
past pH using fossil diatoms. Nine cores collected from four
lakes in fhe Turkey Lakes Watershed have been enumerated for
fossil diatoms. The lakes, northeast of Lake Superior,
Ontario are situated in an- area where the topographical
relief is up to 388 meters. A hardwood forest grows on thin
pedzolic soil over Archean metamorphosed metavolcanics. The
headwater 1lake, Lake Batchawana, is separated into two parts
by in inactive beaver dam. From a core north of <the beaver
dam the inferred pH is calculated at S.7 near the bottom of
the core and 6.8 for 1988 AD. However, there is evidence of
3 number of changes in the diatom flora and the tree pollen
in the region during the interval represented by the core.
The first change occurred at a depth of S3 cm as indicated by
a change in the diatom flora, tree pollen concentration, and
an increase in the dry weight of the sediments. The next
change took place between 36.2 and 28.S5 cm. The last magjor
change occurred around 1838 AD. This latter change was the
start of a decrease in inferred pH from 6.3 to 6.0. All of
the changes appear to have been caused by changes in climate.

The additional three lakes downstream in the watershed
appear to be affected by external +factors other than
atmospheric loading. Being downstream, the lakes show a
higher buffering capacity and hence a progressively different
diatom flora. Periphytic diatoms appear to produce a _higher
calculated inferred pH.

A report has been published on Batchawana Lake by Delorme et
al. (1986).



SOMMAIRE
I1 existe une relation empirique entre la prolifération des diatomées
et le pH de 1'eau. A 1la lumidre de ce rapport on peut déduire les
fluctuations du pH dans le passé en étudiant les diatomées fossiles. On
a prélevé neuf carottes de sédiments dans les lacs du bassin des

lacs Turkey et on a dénombré les diatomées fossiles. Les lacs au nord-est

' du lac Supérieur, Ontario, s'étendent dans une région oli le relief peut

atteindre jusqu'ad 300 mé&tres. La région est recouverte d'une forét de
feuillus reposant sur une mince couche de podzolique dont le substrat est
composé de roches volcaniques archéennes métamorphisées. Un barrage
abandonné construit pér les castors sépare en deux parties le lac d'amont,
le lac Batchaouana. Le pH de la carotte prélevée au nord du barrage
siéIEVe a8 5,7 prés de l'extrémité la plus profonde et 3 6 & 1'autre extrémité
correspondant & 1'an 1980 de notre &re. Toutefois, il semble que la
composition des diatomées et du pollen des arbres ait subi de nombreux
changements au cours de l'intervalle qui s'étend entre ces deux limites.

Le premier changement a été constaté 3 une profondeur de 53 cm et s'est
traduit par une modification de la flore des diatomées, de la concentration
de pollen des arbres et une augmentation du poids sec des sédiments. Le
deuxiéme changement est survenu dans l'intervalle entre 36,2 cm et 28,5 cm.
Le dernier changement majeur s'est produit vets 1'an 1830 de notre é&re.

11 cotrrespond & une chute du>pH de 6,3 3 6. Ces changements semblent tous
é€tre imputables 3 des changements climatiques.

Les trois autres lacs du bassin situés en aval semblent avoir subi
1l'influence de facteurs extérieurs autres que la charge des polluants atmos-—
phériques. Etant en contrebas, ces lacs poss&dent une capacité de tamponnage
plus élévée et, par conséquent, une flore de diatomées qui varient ‘
progressivement. Selon les calculs, les diatomées périphytoniques semblent

produire une hausse du pH.

Les'auteurs, Delorme et alii, (1986), ont publié une étude sur le

lac Batchaouana.



INTRODUCTION

Lacustrine sediments contain records which can be used
to decipher the 1limnological history of a lake. There are
two important elements in the records, time and fossils.
Time is not as precise as when studying limnology on a
seasonal and-/or annual bases. For example the time
resolution for core 79 of this study is five years for the
top cm and 18 years per cm of sample when Ambrosia sp.
pollen began to increase. Core 84, of this study, varied
from four gears for the top cm to 14 years per cm for the
sample bontaining the rise of Ambrosijia sp. Sediments are
integrators of time.

Fossil diatoms can be used to infer pH and hence to
assess atmospheric loading of mineral acids or natural acids
derived from the regolith. The physical and chemical habitat
in which the diatom lives plays an important role in species
selection as well as its productivity. Autecological data
must be available for the modern representatives of the
fossil species -  studied, otheruwise only subjective
paleoenvironmental interpretations can be made. External
factors such as climate, fire, forest succession, so0ils, and
the effects of invertebrates and vertebrates have a
substantial impact on the habitat in which the diatom,lioes.
Paleolimnology should be able to shed some light on these
factors and consequently the successional development of the
1ake.

The use of sedimentary diatom analyses to detect changes
with time in the pH status of lakes was first proposed by
Nygaard (1956) using ‘Hhsteut’s (1937-39) pH spectrum. In
Hustedt’s system the diatoms are divided into five
categories: alkalibiontic, alkaliphilous, indifferent,
acidiphilous, and acidobiontic. Nygaard (1956) quantified
this approach into three indices. He emphasized the

ecological significance of the extreme groups., the




alkalibiontic and the acidobiontic. MWhereas Nygaard used the
indices to quantifg pH changes in the postglacial history of
lakes, Merilainen (1967) extended and verified the concept by
using extant diatom floras from existing lakes of known pH.
He also pfovided an extensive 1ist of diatoms and their pH
preferences. Recently van Dam gt al (1981) have published a
revised list of pH preferences.

In 1981, Norton gt a] developed a model to infer pH by
relating pH of diatoﬁ assémblages to Nygaard’s alpha index.
Similarily, Del Prete & Schofield (1981) made an assessment
of 3@ Scandinavian 1lakes, four large Adirondack lakes, and
three Adirondack mountain lakes. wvan Dam gt al (1981) have
shown differences in diatom species diversity between clear
water and brown water lakes. Other information on the pH
preferences of diatoms may be derived from Cholnoky (1968),
lLLowe (1974), and Beaver (1961). Two Swedish sciéntists
(Renberg & Hellberg, 1982) modified the Nygaard (1956) alpha
index to index B, because of its short-comings when
alkaliphilic taxa are sparse or absent. Charles (1984)
corroborated a decline in diatom inferred pH in a New York
lake with historical chemical and biological data. Recently.,
Battarbee (1984) has reviewed the literature on sedimentary
diatoms and lake acidification, and Davis & Anderson (1985)
have reviewed calibration models for diatom inferred pH.

Purpose

The study of the Turkey Lakes watershed is part of the
Long Range Transport'of Air Pollutants (LRTAP) program. The
area has been identified as sensitive to atmospheric loading
because of geOloggband low buffering capacity of the lakes;
it supports a lake trout fishery; and is within the Great
Lakes - St. Laﬁrenpe forest region, which on a larger scale
is the region impacted by elevated acid loadings. In general
the 4drea is perceived to be in a zone of moderate loading
with respect to longe range transport of air pollutants, with
lake acidification being in the early stages. The area is
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upﬁfnd of major local point source emitters. The watershed
has not been impacted by recent foréstrg operations and has
limited accessibility. The diatom studies were undertaken to
assess the paleolimnology of the lakes and the impact of
atmospheric loading over the last hundred years.

Previous studies

» The headwater lake of the Turkey Lakes MWatershed has
been studied for sedimentary diatoms, palynology, and
paleolimnologg by Delorme et al (¢1986). Their results
indicate the inferred pH changed from 5.7 near the bottom of
the core to 5.9 at 1988 AD. Further they report disruptions
in the diatom flora at several points in time, probably
caused by changes in climate. Diatoms have been used to
study pH trends in the Wawa area to the north of the
watershed (Dickman gt al 1984). 1In the Halifax area of Nowva
Scotia, Vaughan et al (1582) have made a comparison between
1971 and 1988 collections of diatom remains in surficial
sediments from four lakes. They concluded there had been an
increase in acidiphilous specieé since 1971. Delorme et ajl
(1984) studied a core from Kejimkujik Lake, Nova Scotia.
They concluded the high concentration of organic acids had
the greatest effect on the diatom flora for the past 1808
years except for a period during and after deforestation.
Hudon gt al (in prep.) have déveloped calibration models for
diatom inferred trends in humic lakes in NE Quebec, Canada.

Geographical and chemical setting of Batchawana Lake

The Turkeg Lakes Watershed, 1©.5 km2 in size (Fig.1), 1is
located on the Canadiaf Shield approximately S8 km north of
Sault Ste. Marie, Ontario, and 25 km east of Coppermine
Point on ~Lake Superior. Giblin (1966) and Armburst (1966)
describe the Archean rocks of the area as basic to

intermediate metavolcanics, They are fine-grained, massive

to slightly schistose, grey green to dark green or black
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andesites and basalts. The medium to coarse grained basic
rocks may be metamorphosed volcanic flows or diabase sills or
dykes (Jeffries & Semkin, 1982).

Batchawana Lake, the headWﬁter lake in a chain of‘ five
lakes of the watershed, with an area of 11.7 hectares
(Fig.2), is located in the northern part of the drainage
basin. The local relief is up to 308 meters with Batchawana
Mountain to the northwest of the 1lake being the most
prominent feature of the watershed. A hardwood forest
(mainly Acer saccharum Marsh. and Betula papyrifera Marsh.)
is established on thin podzolic soils. Batchawana Lake is
subdivided into north and south parts by a non-active beaver
dam. Subsequent lakes in the chain are Wishart Lake, Little
Turkey Lake, and Turkey Lake (Fig.2) which drain into the
Batchawana River ' and utlimately into Lake Superior.
According to Jeffries & Semkin (1982) the lakes vary in size
from six to 52 ha. Physical and chemical attributes (table
1) for these lakes are given by Jefferies & Semkin (1982).

Table 1. ﬁlkallnitg and pH measurements of
Turkey Lakes Watershed for October, 1980 & 1981.

Date Sample Depth pH Alkalxnxtg

Yr Mo Dy Type Range M
Ca 03

Batchawana Lake north |
80 186 22 Wholé-lk 98.80 - 9.0 6.04 2.20
81 186 20 MWhole-lk 80.® - 11.8 6.29 2.45
Batchawana Lake south v
88 18 22 Whole-1lk 98.0 - B.9 6.31 3.35
81 186 20 Whole-1k 086.8 - 7.9 6.49 3.78
Wishart Lake
80 18 22 MWhole-lk 88.8 - 3.5 6.74 S.i0
81 10 28 Whole-1k ©8.8 - 4.8 €.78 .78
Little Turkey Lake _
88 19 22 Whole-lk 00.9 - 186.8 6.72 8.05
81 18 28 Whole=lk 99.0 - 12.5 6.81 8.45
Turkey Lake ‘ ‘
88 18722 epilimio 00.8 - 15.8 6.82 9.35
80 19 22 single 33.8 - 33.8 5.99 16.9
81 18 20 epilimio 00.0 - 5.0 6.95 5.85
81 18 28 single 29.8 - 29.8 6.32 7.85
Note: Sample types - volume-weighted over depth

range indicated; after Jeffries & Semkin.,
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METHOD

Sample preparation

Cores were collected in April of 1988 (cores 79, 88) and
September - (cores 84 to 98) of 1981 (Fig.2), using a
lightweight'corer (Williams & Pashley, 1979). They were
extruded while in the field into about one cm slices, and a
volume of S8 cm3. The were placed in vials, weighed, frozen.,
freeze-dried, and weighed again. The weights are the bases
for dry weight, cumulative dry weight, total wvolume of
sample, sample porosity, uncompacted depth, and caiculated
sample interval (see Appendices 1 & 2). Robbins & Edgington
(1975) have indicated that an understanding of the
relationship between sediment compaction and porosity is
important in relating dépth to age in homogeneously compacted
sediments. Knowing the sedimentation rate then allows a
direct comparison to age, assuming a constant rate of
sedimentation. For all cores studied; the depth referred to
is the wuncompacted depth. The only exception is the length
of the core given which refers to the actual length of the
core collected.

Pollen

Before pollen enumeration began, the sediments were
digested with HC1 and HF acids, followed by acetolysis
(Faegri & 1Iversen, 1964). Miproséope slides were prepared
using the treated sediments and Hoyer’s solution as the
mounting medium (Anderson, 1954). Pollen grains and spores
were identified and counted using a binocular microscope at
180x magnification. Absolute pollen frequencies were
calculated using a knoun quantity of exotic (Eucalyptus)
pollen added to a known volume of sediment prior to chemical
processind. The counts were then converted to grains per

cm=3 of " ?uncompacted sediments. No attempt was made to do a

- complete pollen analysis. Only Ambrosia sp. ‘and the pollen
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0f the common trees 6f the area in 1981 were identified and
enumerated from the cores (see Appendix 3).

Diatom
The counts were based on several vertical and horizontal

‘transects of each of four cover Sslips placed on two slides

prepared by the Batterbee (1373) method from a fraction OoOf
one gram of freeze dried sediment. The transects, which
represent 2.82% of the area of the cover slip; were counted
at 12sex magnificatién. At least 5688 frustules were counted
per sample (see Appendix 4).

Inferred pH _
Alkalibiontic taxa make up from zero to ten percent of
the taxa in cores 79 to 98. Index B, more than any other

index, takes these taxa into consideration when calculating

the inferred pH (see Appendix S). Three equations were
considered. That by Charles (1984) was discounfea because it
produced inferred pH Qalues for the top one cm much higher
than the actual pH reported by Jeffries and Semkin (1983).
The Renberg & Hellberg (1982) and Davis & Anderson (1985)
models produced good results for these and other cores from
the Turkey Lakes watershed. The full range of the pH
equation by Davis & Anderson (1985) using index B was used
(pH=6.4284-.832810gB). It produced the best inferred pH
values for nine surface samples from the watershed lake This
equation uses theii New England data. Taylor & Duthie (per.
comm.) have recently completed a calibration study of shield
lakes in north-central Ontario. Their equation for index B
of Renberg & Hellberg (1982) is pH:=6.54-8.94(10gB). . This
equation is similar to those used here.

Statistics ‘
The pollen, acidobiontic, and alkalibiontic diatom
profiles were individually analysed by a procedure for
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estimating the point of change in a regression model (Esterby
& El-Shaarawi, 1981a,b). This procedure uses a likelihood
function to estimate the point at which a polynomial
regression relationship changes and a test, baéed on the
residual variation, to estimate the degrees of the
polynomials in the two segments. Analysis of the residuals,
analogous to that for a single regression curve, was also
performed. For some of the species, more than one point of
change was indicated. In these cases;, the procedure was
applied twice, using a sub-section of the profile containing
a single change each time.

CHRONOLOGY

Bruland et al (1975), Maher (1977), and Kemp et al
(1979) place the start of the Ambrosia sp. zone at 1898 AD
for lakes north of Lake Superior.

Many authors (Davis, 1974; Bruland et al, 1975; and

11

Maher., 1977) have debated the issue of bioturbation of

lacustrine sediments and the use of Ambrosia sp. as a time
indicator. These authors indicate tubificids, amphipods, and
Clams are the primary agents of biological-sediment activity.
This study of the Batchawana Lake shows the measured pH, at
the sediment-water interface produces an inhospitable habitat
for clams. Current benthic studies of the lake (R. Dermott,
per. commun.) indicate there are few benthic organisms
below five meters except for Turkey Lake, although amphipods
are abundant in the 1littoral ' zone. The sediment-water
interfaces of the 6ores collected were below five meters.
Maher (1977) points out that sediments which have been mixed
would have pollen concentrations mutéd and averaged out in
the sediments. The same 1logic would apply to diatom
concentrations.



Batchawana Lake - Core 79
Core 79 was collected from the southwest part of the

north basin of Batchawana Lake (Fig.Z). The site was 70

meters from shore in 5.5 meters of water. Sixty eight
samples represent a core length of 98 cm. The sediments were
enumerated for pollen from a depth of 66.9 cm to the surface.
From the pollen .counts, @Qmbrosia sp. - (Fig.3) began to
increase at a depth of 8.9 cm (Fig.4). The sedimentation
rate for the upper part of core 79 is calculated at 8.99 mm
yr-1 of uncompacted sediments or 8.33 mg cm-2 yr-1i.

Batchawana Lake - Core 84

Core 84 (Fig.2) was obtained from the northwest part of
Batchawana Lake north, 3@ meters from shore in 7.9 meters of
water. One hundred one samples represent a core length of
112 cm. The sediments were enumerated for pollen from a
depth 44.8 cm to the surface. The point of change analyses
of the Ambrosja sp. pollen indicates a change occurs at a
depth of 12.6 cm (Fig.S). The sedimentation rate for the
upper part of core B4 is 1.38 mm yr-1 of uncompacted sediment
or 8.46 mg cm-2 yr-1i. ’ )

Batchawana Lake - Core 8S .

Core 85 (Fig.2) was collected from Batchawana Lake
south. The site was 118 meters from shore in 9 meters of
water. Ninety seven samples represent a core length of 98
cm. The sediments were enumerated for pollen from a depth of
44 cm to the surface.

Wishart Lake - Core 86

Core 86 was collected from the northwest end of the 1ake

(Fig. 2). The location was 38 meters from the closest shore

‘ahd from a water depth of 6.4 meters. Fifty four samples

represent a core length of 56 cm. Pollen was enumerated from
the sediments from a depth of 93 cm to the surface. From the
pollen counts (Fig.6), g@brosia sp.. began to increase at a

12
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Figure 3. Profiles of ﬁmbr‘-oséa Sp» Acer sp., Picea sp..,
.H_n_u,s Sp.»_and Quercus sp., for cores (upper) and 84
ower). Depths are uncompacted.
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depth of 46 cm (Fig.7). The sedimentation rate for the upper
46 cm of the core was 5.864 mm yr-1 of uncompacted sediments
or 11.98 mg cm-2 yr-1..

Wishart Lake -~ Core 87

The Asbutheast part of the lake was the site of core 87
(Fig.Z).' It was located 180 meters from shore in seven
meters of water. A totéll of 65 samples were collected
representing a core length of 68 cm. Pollen was enumerated
from the sediments starting at a depth of 48 cm and extending
to the surface (Fig. 6). Ambrosia sp. fossil pollen began
to increase at a depth of 33.5 cm (Fig.8). The sedimentation
rate for the upper 33.5 cm was 3.68 mm yr-1 of uncompacted
sediments or 11.43 mg cm-2 yr-1.

Little Turkey Lake - Core 88
Core 88 was obtained from 11.3 meters of water a
distance of 46 meters from the western shore of Little Turkey

15

Lake (Fig.2). The core which was 80 cm iong. was sliced up.

into 77 samples. Enumeration of the fossil pollen (Fig.9)
started at a depth of 58 cm and extended to the surface. The

Ambrosia sp. rise, detected by the point of change method

(Fig.1@8), started at 23 cm. The sedimentation rate for the
top 23 cm was 2.52 mm yr-1 of uncompacted sediments or B8.68
mg cm-2 yr-1. '

Little Turkey Lake - Core 89

This core was collected from the deepest part of the
lake at a depth of 15.8 meters a distance of 152 meters from
shore (Fig.2). The 68 samples of the core represent a length
of 75 cm. Starting'at a depth of 99 cm, and working up to
the surface, fossil pollen wWas enumerated from the sediments
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(Fig.9). The Ambrosia sp. rise was identified as  starting
at a depth of 6.4 cm (Fig.11). Sedimentation rate of 8.76 mm
yr-1 of uncompacted sediments or 3.52 mg cm-2 yr-1 was
calculated for the top 6.4 cm.

Turkey Lake - Core 80

Core 80 collected from the broad channel to the north of
the main body of the lake was from 5.2 meter of water about
one kilometer'from shore (Fig.2). .The core length was 45 cm
and subdivided into 36 samples. Enumeration of the fossil
pollen started at a depth of 49 cm and continued to the
surface (Fig.12). The Ambrosia sp. rise started at a depth
of 19 cm (Fig.13). A sedimentation rate was calculated at
2.11 mm yr-1 of uncompacted sediments or S8 mg cm-2 yr~i for
the top 19.8 cm.

Turkey Lake - Core 9@ ‘

The deepest péﬁt of the lake, 36.9 meters, was the site
of this core, about 1.4 kilometers from shore. The core, 65
cm long, was subdivided into S8 samples. Starting at a depth
of S3 cm, fossil pollen was enumerated from the sediments
(Fig.12). The Ambrosia sp. rise started at 6.6 cm (Fig.14).
The sedimentation rate for the upper 6.8 cm was ©.73 e¢m yr-1
or 6.11 mg cm-2 yr-1. ’

SEDIMENTOLOGY

The organic content of the sediment cores is a function
of where the cores were obtained within the 1lakes. Core 87
from Wishart Lake had the highest percentage (21) of organic

19

carbon while Turkey Lake (core 88) had the lowest percentage

at zero. organic carbon does nof appear to have influenced
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the porosity of the sediments. Stepwise multiple regression
analyzes indicate organic carbon volume had little effect on
porosity. explaining less than half a percent of the

variability seen in porosity.

Batchawana Lake - Core 79

The distribution 6? dry weight shows an increase at a
depth of 53 cm (Fig.15). It reached its maximum at 42 cm and
29 cm then gradually decreased to its present level. The
specific gravity of the sediments based on seven
determinations is 1.778+.093 of the dry wsewven.

Batchawana Lake - Core 84

Core 84, located northwest of the beaver dam and core
79, shows a gradual increase in dry weight from 182 to 118 cam
then a gradual decrease to 1S cm and then a slight increase
except for the last cm (Fig.16). The specific gravity of the
sediments based on 1@ determinations is 1.665+.876.

Batchawana Lake - Core 85
The distribution of dry weight for core 85 does not shouw
the marked increase in dry weight of core 79 (Fig.17). The

specific gravity of the sediments based on eight
determinations is 1.572+.658.

Wishart Lake -~ Core 86

There is a gradual decrease in the ary weight of
sediment (25.5 to 20.4 mg cm-3) from the bottom of the core
(Fig.18) up to a depth 17 cm (1947 AD.) and then increases
again. The specific gravity of the sediments based on five
determinations is 1.686%.683.

Wishart Lake - Core 87

Similar to core 86, there is a gradual decrease in the

a2
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dry weight of the sediment (33.3 to 26.8 mg cm-3) up to a
depth of 9.1 cm (1922 A.D.) then increases again (Fig.19).
The specific gravity of the sediments based on five
determinations is‘1.7191.002. '

Little Turkey Lake - Core 88

The dry weight of this core is relatively constant (32

to 36 mg cm-3) to 39.8 cm and then decreases to 3@ mg cm-3 at
a depth of 11.3 cm (1936 A.D.) and then increases to 33 mg
cm-3 (Fig.2@).The specific gravity of the sediments based on
eight determinations is 1.782+.002. ‘

Little Turkey Lake -~ Core 89

27

The dry weight of sediment decreases from the bottom of

the core to a low of 38.6 mg cm-3 at a depth of 11.9 cm
(Fig.21). The specific gravity of the sediments based on Six
determinations is 1.824%.802.

Turkey Lake - Core 80

The dry weight of the core (Fig.22) is fairly constant
from the bottom of the core to a depth of 36.6 cm after which
it decreases to the surface (range 248 to 284 mg cm-3). From

36.6 cm to the surface the dry weight decreases (266 to 212

mg cm-3). The specific gravity of the sediments based on six
determinations is 2.478+.813. The presence of pyrite and

near absence of organic carbon caused the specific gravity of

the sediments to be higher in this core.

Turkey Lake - Core 98 _

There is a general tendency for the dry weight to
decrease (Fig.23) from the bottom to the top of the core
(77.4 to 68.3 mg cm-3).Specific gravity of the ‘sediments
based on six determinations is 1.955+.6003. There is no

evidence of the presence of pyrite as shown in the shallower
site of core B8. '
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RESULTS

Batchawana Lake - Core 79

The increase in dry weight between 53 and 22 cm may be
the result of closer packing of sediment particles. Finely
disseminated organic particles when settled out with 'clag
will produce a closer packing of the particles and in turn
increase the pore volume or porosity. 1In order for there to
be an increase in dry weight cm=3 of sample, the basin could
have become a settling basin. This would have allowed the
finer particles to settle out and increase the porosity. One
may speculate that there are two possible mechanisms, or a
combination of both: climatic change with a decrease in
precipitation and/or an increase in evaporation. This would
have had the effect of lowering the water level below the
outflow thereby producing a settling basin. The other
possible explanation is an obstruction of the outflou.
Batchawana Lake is aumbell‘shaped (Fig.2) with a beaver dam
in the constricted portion. Since core 79 is on the side of
the dam away from the outflow, its position would have been
in the restricted basin. Since beavers sometimes build dams
or lodges to maintain a certain water level in a lake, the
root cause for the lower water level and building the dam may
have been climatic in nature.

The sediments of Batchawana lake are rich in diatoms
with about 178 taxa. Preseruafion in core 79 is good
throughout with no evidence of mechanical damage or
dissolution of frustules. The sediments were analyzed for
diatoms from a depth of 78.9 cm to the surface.

Tabellaria flocculpsa, one of the major species,
increased in numbers from 77.5 cm and up. This species is
common in the littoral zone of Canadian Shield lakes and
rivers but is also facultatively planktonic. Between 52 and
46 cm there is a substantial decrease in this species.

During this period there was a temporary lowering of the
inferred pH (Fig.24) and a change in the counts of sSeveral
taxa (Fig.25), particularily Surirella delicatissima (Fig.26)

33
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inferred pH was

calculated from the equation by Dauxs & Anderson, 1985
(pH=6.4284-.83281L0gB). Index is based on the

percent

age Of diatoms in each of f:ue H CatEQOPIES- Acb
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and several taxa of Eunotia sp. The temporary decline in
inferred pH was reflected by a decrease in the plankter
fyclotella stelligera, classified here as alkaliphilic (-1).
For 'exampie; its numbers declined from 125 before the
disturbance, to 68 diatoms cm-3 of uncompacted sample. It is

speculated that turbidity above the beaver dam was
responsible for this decline. Subsequently, there was a Slow
increase in sebéral alkaliphiles and in particular Quclotella
Stelljgera and €. gcomta. Populations of most acidiphiles
remained steady (Fig.24).

The decline in pH, from 1945 AD to the surface,is
reflected by several diatoms. Cuyclotella comta declined in
numbers, and several acidiphiles and acidobionts increased,
e.9., Frustulia chbmboiqes var. Saxonica, and Surirella
delicatissima (Fig.25) are positively correlated with
dissolved organic carbon (DOC) whereas some Cyclotella sp.

~and  Achpanthes sp. are negatively correlated with DOC

(Anderson and Davis, pers. commun.). In the surface samples
several of the circumneutral taxa declined. Cymbella minuta
var. silesiaca, and Pinnularia biceps. The inferred pH from
the top sample was 6.8 which compares favorably with a
hypolimnetic pH value of 6.83.

From a depth of S3 to 41.8 cm Pinus sp. decreased while
ficer sp. increased (Fig.3). This period coincided with the
establishment of the beaver dam. - Acer sp. pollen increased
from 55.9 to 26.7 cm, while Pinus sp. increased subtantially
from 41.8 to 26.7 cm. ficer sp. and Pinus sp. pollen

production decreased sharply after 25.7 cm. Quercus sp.
until this time had been at a low level, however, there was a
sharp rise in Quercus sp. pollen production at 31 cm but
then it declined rapidily. These changes in pollen
production spanned about 15.5 cm. There is no corresponding
increase or decrease in diatoms for this part of the core.
Another break in pollen production occurred between 14.9 and

34



and 12 cm. Quercus sp. declined rapidly at first, then
increased just as rapidily. Picea sp. which had a constant
pollen production until 14.9 cm suddenly increased and
levelled off.

Batchawana Lake - Core 84
The flora was distinctly related to that of core 79 but

contained higher numbers of Pinnularia sp. and Cyclotella

sp. (Fig.27). Preservation was exellent throughout the

35

core. The sediments were analyzed for diatoms from a depth .

of 82.2 cm to the surface.

The evidence indicates a major disturbance occurred to
the 1ake ersgstem between 5S4 to 48 cm (Fig.28). The minimal
values of inferred pH during this period corresponded to low
numbers of Cyclotella sp. and Melosira sp. (Fig.24). The
increase 'in [Eunotia exiqua should be noted. This is one of
the most faithful acidobionts in shield Lakes (M.C. Taylor).
There were increasing numbers of Guyclotella gcomta and
Cyclotella stelligera, while Tabellaria flocculosa declined

e ————

over much of this period before increasing in the top 25 cm.
In the top 1® cm the numbers of the very abundant pH
indifferent species, Pinnularia piceps and Pinnularia
microstauron, tended to decline. 1In the two samples nearest
the surface there was an increase in several acidgiphiles,
frustulia rhomboides., several species of Neidium sp., and
Iabellaria flocculosa. As noted above, Frustulia rhomboides

is highly correlated with DOC indicating humification.
Changes in the numbers of acidobiontic species did not appear
to exert a major influence on diatom inferred pH in this
cdre. The inferred pH for the top sample is S.6.

The major break in pollen production occurred after 36
cm. At this time Pinus sp. decreased while Acer sp.
increased (Fig.3). This pattern is similar to that seen for
core 79. Picea sp. pollien continued to decline until about
33 cm. At a depth of 32 cm the Picea sp. pollen count was
much higher and proceeded to drop rapidly until 2.8 cm.




"pa3Jedwodun aJe sSuldap pue SaWNTON  "HB U0D Jo4 S3TT404d WOIRTP PAIVAIAS ‘42 aunbyy

s
=

44 v v

N 08
M '
<
P . +08
q >

P
" oz 9 %2 0K € 6 0 W I o = I ou o w Obe ob 69
c-un sapmEny
vy v puy. v o Py PY LTI

L I ! | o
)
. | o3

. : v o

L ’ ) oz

. , o

0Zi 08 O 088 ¥ T 9w 96y S¥Z 006 082 O O 08 S 99 oa 9 08 OGZ 06 05 O Oves oBec 090l o

%w%@%%%mm



1980 1880 TIME AD

e 73 i n 1 i ol

8 —e—Eunotia flexuosa
b —— Tabeliaria flocculosa

o g T T L T ¥ T - JV =~ 'f "i-l,, " = —"‘ 2l
bap a2 184 276 368 460 552 644 736 =8
UNCOMPACTED DEPTH (cm)
1980 1920 1880 . TIMEL AD .

a8 == Ambrosia sp:
b---Acer sn
€ —--Pinus sp.

x10

GRAINS cm-3

o~ 0~ T — ™ - T T T T T T Y
d <6 85 s 10 5 20 25 30 35 0 45
DEPTH (cr)

Fxgure 29. Point of change summarnes fOP 0118“ and d:atoms

of core 84, The productivit Oth E_Ln_uﬁ . and
gécsg sSPp. changed at 35.2 cm. v anged at

. and 286.8 cn. The roductxwtg of the iatoms
changed at 56.8 cm. Uolumes and depths are uncompacted.

Individual points have been omitted for the sake of
clarity.

7



Il N T T N O N N S O T N O .

This was also the time when Pinug sp. pollen increased and
then gradually declined. Picea sp. followed Pinus sp. very
closely except the change took place later.

Correlation between cores 79 and 84 was achieved through
several species. Cymbella minuta var. gilesiaca at S7 cm in

core 79 appears to be correlated at 79 cm in core 84.

Eunotia pectinalis var. minor at 56 cm in core 79 matches at
78 cm in core B84. Lymbella minuta wvar, silesiaca and

Nitzschia hanchiana match up between S9 cm in core 79 and 69

T ———————————

cm in core 84. Between 48 cm in core 79 and 66 ¢m in core B84

Pinnularia,bicegs correlates. Further correlations occur for

Lyclotella comta (1815 - 1838 AD)., nnomqeoneis vitrea (1911 -
1925 AD), Anomeoneis serians wvar. acuta Dbrachysira and
Pinnularia abaujensis var. gubundulata (1944 - 1953 AD),
Pinnularia viridis (1956 - 1959 AD), and Cyclotella
stelligera (1956 - 1973).

Batchawana Lake - Core 85

The preservation of diatoms in this core was inferior to
that in cores 79 of 84. Many diatoms showed evidence of
mechanical damage and the samples contained much diatom
debris.  Therefore, interpretations based on this core were

not attemped.

Wishart Lake - Core 86

The diatoms of the core were well preserved. The
sediments were analyzed for diatoms from a depth of 180 cm to
the surface. The diatom flora was similar to cores 79, 84,
and 85 of Batchawana Lake (Delorme gt al, 1985). This core
was especially rich in the planktonic centric diatom,
Suyclotella stelligera.

The largest proportion of diatoms in core 86 uwere
acidiphilous. ranging between 39 and 49 % (Fig.29). The
alkaliphilous forms ranged between 18 and 31 X, and the
indifferent forms between 19 and 29 X. The mean inferred pH



us‘ﬂg the Davis - Anderson model was 6.2 <t .28. From 'tgure
29, the bottom of the core appears to have had a slightly
higher pH. The inferred pH for the top sample was 6.5 as
compared to an actual value of 6.78.

There were sewveral dxstinct times when the digtom floras
increased -and decreased significantlg in the interval S7 to

39

1S cm. At 41 cm, eight species (Apphora pvalis, Cyclotella

comta., Cymbella cuspidata. _(;_. microcephala, Frust_u}ia

rhomboides wvar. saxonica, Navicula radiosa, Pinnularia

piceps. and Synedra ulna’) increased significantly beyond the
previous concentrations (Fig.3@). For many of the species
the concentratons were more of a pulse than a sustained
increase, as was the case in all the cores studied. These
pulses may occur at more than one depth for d species. At a
depth of 37 cm, 16 species (Fig.31) increased dramatically
(Achnanthes saxonica, Anomoeoneis serians wvar. acuta, A.
vitrea, Cymbella gesatii- Eunotia flexuosa, Frustulia
rhomboides var. saxonica. Navicula baccilum, N.

Ltryptocephala, N. pupula, N. radiosa, N. radiosa wvar.

Rarva, N. subtilissima, Nitzschia palae, Stauroneis
Rhoenicentron, and Tabellaria flocculosa). The increase in
M.  subtilissima Cacb) is interesting since it occurs with
other species more characteristics of neutral waters. The
other major increase in taxa occurred at a depth of 38 cm.
Sixteen species (Fig.32) showed a substantial increase in the
number of frustules in the sediments (Achnanthes 1xngg:|§ A.
microcephala, A, minutxssxm > A. saxgnica, BA. Sublaevis
var. crassa, gCymbella cyspidata, §. microcephala. Eunotia
tenella, Eragilaris canueina, Erustulia vulgaris, Gopphonema
angustatum, Navicula pupula, N. pupula var. rectangularis,

Nitzschia palae, IStgnopterbia intermedia, and Tabellaria

flocculosa).

None of the pollen types investigated had distribution
peaks at the same intervals as the diatoms. However, they
did have peaks of pollen production at 49 cm (Fig.6) which
was within the interval S7 to 15 cm when diatom productivity
appeared to fluctuate most.
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Wishart Lake - Core 87

This core was very similar to core 86 in terms of both
the diatom flora and the absolute counts. There were.,
however., a large number of broken frustules particularily at
depths of 9.1, 11.9, 45, and 46.4 cm. The sediments where
analyzed for diatoms from 98 cm to the surface.
Floristically, this core contained several diatoms which were
either absent or rare in previous cores, e.g.. Epithemia
adnata var. procellus and E. gsorex, Gomphonema oliveceum,
Licmophora gracilis, Opephora martyii, and Rhopalodia gibba.
These taxa generally favor water at, or above neutrality.

44

Acidiphilous diatoms made up the largest percentage of

this core (38 to S8 x). Both the indifferent and
alkaliphilous forms (Fig.29) were progressively less in
numbers (18 to 31 %, 1S t_O 27 %), The mean inferred pPH was
calculated at 6.3 + .17. The top sample produced an inferred
pH of 6.2. | ' :

Diatom productivity fluctuated considerably between 58
and 13 ca. In this interval, four discrete depths had a high
incidence of species reaching peak production. The depths at
which these peaks (Figs.33,34) occurred were at 58 cm
(Achnanthes -flexella, A. Linearis curta, A. microcepha A.
minutissimg, f. saxonica. Anomoeonejs vitrea. gCuclotella
bodanica, Eunotija tenella, Egggilaria gapucina., F.
construens. Fo virescens, Navicula bacillum, Neidium affine.
N. affine amphirhunchus, N. iridis, MNitzschia palea,

Pinnularia gabaujensis, Stauroneis livingstonii, and
Tabellaria fenestrata), and 36 cm (Fig. 34, Achnanthes

flexella, A. microcephala, Cymbella minuta silesiaca,
fFrustulia. rhomboidés wvar. gsaxonica, Gomphonema angustatum,
Melosira italica, and Tabellaria flocculosa), and 26 cm (Fig.
35, Achananthes levanderi., Anomoeoneis seriins wvar.
brachysira, Eunotja fallax, E. flexuosa, Frustulia
chomboides, Navicyla radigsa, Neidium affine, Stauroneis
phaenicenteron. te terbia in}ermedia; and Tabellafia
fenestrata). ' |
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Peaks in pollen production (Fig.6) for Acer sp., Picea
Sp.» Pinus sp., and Quercus sp. took place at 31 and 26 cn.
For the latter depth., the peaks of Picea and Pinus spp. were
not pronounced. |

Correlations between cores 86 and B7 in Wishart Lake
occurred for Acer sp. (1809-1813 AD), Navicula
latelongitudinalis (1878-1888 AD), and Ambrosia sp. (1890
AD). '

Little Turkey Lake — Core 88

Core 88 was very rich in planktonic diatoms especially
gyclotella sp. and Melosira sp. This necessitated counting
extra strips in order to obtain reasonable estimates of the
other diatoms present. Enumeration of diatoms began at a
depth of 162 cm. The frustules shouwed excellent
preservation. )

The most abundant diatoms were acidiphilous (Fig.36),

ranging between 28 and 41 X%. The indifferent forms were

lower in numbers at 21 to 33 %. The alkaliphilous forms were
higher at 23 to 38 %. The inferréd mean PH was 6.4 £+ .15.
The inferred pH value for the top sample was 6.6 compared to
an actual value of 6.81.

Increases in the counts of the frustules of more than
several species occurred at two depths. At 42 cm (Fig.37),
Cymbella minuta silesiaca, Eunotia pectinalis, and Melosira
italica increased significantly and similarily at 11 cm
(Fig.37) Melosira ambigua. Navicula bacillum, N. pupula, and
Pinnularia biceps increased. éignificant increases took
Place in Picea sp. pollen (Fig.9) at 34 and 2.6 cm and for
Pinus sp. at 32 cm.

Little Turkey Lake - Core B89

RS may be expected, the diatom flora was uer'g similaf to
the companion core 886, aueraging S8 to B8 taxa per sample.
Diatoms were analyzed from the core starting at a depth of
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144 cm. Preservation was good. Planktonic diatoms.,
particularily the centric Cyclotella stelligera, were once
again daominant. Extra transects were counted to obtain
reasonable estimates of the non-planktonic diatoms.

The acidiphilous diatoms represent between 31 and 46 %
of the taxa. The indifferent and alkaliphilous forms
(Fig.éS) decrease '(20 to 36 %, 23 to 39%) with the latter
being slightly more numerous. The mean infefred pH was 6.4 ¢
.28. The inferred pH of the top sample was 6.1. AThe running
mean, from bottom to top of the core, indicates the pH of
this part of the lake has been increasing.

Diatom enumerations indicated several depths in the core
where the species concentration increased simultaneously. At
a depth of 94 cm the following diatoms increased (Fig.38):
Achnanthes linearis, Fragilaria pinnata, Melosira ambigua,

Navicula radiosa var. parva, and Stauroneis anceps. At 91

S1

cm (Figs.38,39) Achnanthes exigua, A. flexella, Anomoeoneis-

serians var. pbrachysira, Cyclotella comta, Cymbella minuta
Silesjaca. Eunotija flexuosa, E. Rectinalis., 'Frggilgria
construens, F. pinnata, F. yvaucheriae, Navicula bacillum,

N. RURuUla, Pinnularia abaujensis. P. abaujensis wvar.
linearis, P. biceps. Synedr3 deljcatissima, and Tabellarija

fenestrata increased simultaneously. Increases in the counts
of Achnanthes Jlinearis, A. linearis war. curta, A.
microcephala, Anomoeoneis serians wvar. gcuta, Fragilaria
Rinnata. Navicula tantula, Neidium affine, Nitzschia palea,
occured at 89 cm (Fig.4@). The diatoms species cymbella
microcephala, Fragjlaria lapponica, and Tabellaria flocculosa
increased significantly at a depth of 77 cm (Fig.4@) along
with the pollen types of Quercys sp.. Acer sp.., and Pinus sp.
(Fig.9).

Correlation between cores 88 and 89 for Little Turkey
Lake was obtained through the following species: Acer sp.
(1813-1816 AD), AMbrosja sp. (1890, 1942-1976 AD), and |
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Tabellarja fenestrata (1976-88 AD).

Turkey Lake - Core 80

This core was unsatisfactory for analysis in that it
contained wvery few diatoms. The sediments of this core were
examined for diatoms starting at a depth of 183 cm. No
diatoms were found below a depth of 43 cm. Diatoms were
sparse in this core with up to 16 transects counted per slide
compared to a normal of two to four for other cores.

The acidiphilous ﬁnd alkaliphilous forms (Fig.41) were
evenly distributed in the core (28 to 42 %, 27 to 41 %). The
indifferent forms has a lower distribution (22 to 31 %). The
inferred mean pH was 6.4 t .25. The top sample had an
inferred pH of 6.3 compared to an actual value of 5.99 for
19680.

Significant increases occurred in the number of diatom
frustules in the interval 28 to 27 cm (Figs.42,43, Achnanthes
fragilarioides, A. saxonica, A. sublaevis crassa, Amphora
ovalis, Anomoeoneis gserians wvar. brachysira, A. vitrea,
Cyclotella podanica, €.  gomta, C.  Kkutzingiana, G.
stellijgera. cymbells Junata, €. microcephala. Eragilaria

lapponica, Frustulia rhomboides wvar. saxonica, Melosira
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distans, pNavicula pupula, N. RUpula var. rectangularis,

Pinnularia abaujensjs, and Tabellaria €enestrata). 1In
addition there were’ significant counts at a depth of 8 cm
(Fig.44, Achnanthes affinis, A. clevei, A. Jlanceolata, A.
levanderi. A. microcephala, A. minutissima, Cyclotella
ocellata, C. stelljgera, Cumbella microcephala, FEragilaria
gonstruens wvar. uventer, Navicula dicephala, N. pupula var.
elliptica). |

Turkey Lake - Core 98 ,
This core was considerably different from the previously
examined cores. Diatom enumeration started at 95 cm. The

counts were dominated by two planktonic diatoms, Cyclotella
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ocellata and C. stelligera, which formed at least 508% of the
totals. The number of acidophilic diatoms, mainly Eunotia
species, were greatly reduced. Also, in all samples a great
many of the diatoms were broken or showed evidence of
mechanical damage. An attempt was made to compensate for
poor samples or for samples with a high percentage of
Cyclotella sp. by counting extra transects, in several cases
the count reached over 1888. The number of diatoms per gram
showed a great wvariation with depth. This was probably
partially due to mechanical damage to the frustules, in
séueral samples the diatoms were very sparse.

The distribution of diatoms in core 98 was fairly evenly
distributed between acidiphilous (Fig.41), indifferent, and
alkaliphilous forms (24 to 45 %, 18 to 42 %, 22 to 42 %).
The;top sample had an inferred PH value of 6.3 compared to an
actual vValue of 6.7. The inferred mean pH for the core was
6.4 + .24. '

The number of diatom species per sample (38 to 66
species) was considerably lower than in the cores from the
preceding 1lakes. This was only about half the number found
in the headwater lakes. For the depth interval 32 to 39 cnm
(Fig.45) the following species had significant counts:
Achnanthes exigqua, A. linearis var. gurta, A, sublaevis
var. crassa. Cumbella lunata, C. microcephala, Fragilaria
construens., F. Japponica, F. pinnata, Frustulia rhomboides.,
E. vulgaris. ‘uggigglg radiosa var. parva, and Nitzschia

Between core correlation was achieved by Ambrosia sp.
(189@), and Tabellaria fenestrata

DISCUSSION

Batchawana Lake North - Cores 79 & 84

Based on the point of change in regression models for
several species of diatoms and pollen types, major changes
were detected in their concentrations (Figs.27,28). Using
their habitat requirements, the presence or absence of these
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species allows one to hypothesize why the changes occurred.
The explanations given are subjective and appear plausible.,
however ., ‘with more autecological information these
explanations could be different. The depths given below
refer primarily to core 79.

From about 60 to 46 cm (Fig.3,28) there was a decrease
in Pinus sp. and Acer sp. pollen. The decrease in pollen
production could be attributed to a decrease in the number of
mature trees brought about by soil moisture deficiency and
hence a regional decrease in annual precipitatioh. The
increase in frustulia rhomboides and Anomoeoneis serians var.
brachysira during this interval suggests humification
processes took place, possibly due to a drop in water levels.
The low water level may have provided a habitat for increased
numbers of emergent and submergent vegetation in the lake and
thus increased surface area for the epiphitic diatom Eunotia
flexuosa. 1Its success during the 9 cm could be attributed to
an increase in attached aquatic plants, decrease in water
level, and a regional decrease in precipitation. Surirella
delicatissima was also successful during this period. The
decreased water level and abundant plants' would have
ameliorated any water turbulence which these delicate diatoms
could not have withstood. Both species are acidobionts which
recognizes the edge of the lake at this time could have been
swampy and contributed organic:- acids to the lake. It is
speculated that the decrease in water level of the . 1lake may
have caused the beavers to build the dam to maintain the
water level. The morphoiogg of the lake ideally lent itself
to this type of construction. Perhaps the demise of

Surirella gelicatissima around 53 cm signaled a major change

of the habitat by an increase in water level.

The next major change took place between 36 and 28 cm
(Fig.26). After 42 cm, Dboth Pinus sp. and Acer sp. had
regained their pollen productivity levels and continued to be
very successful wuntil 28 c¢m. Their demise as shown by a
substantial drop in pollen concentration (Fig.3), signaled




the change. The tree types, particularily Acer sp.., prefer
moist soils indicating a probable increase in regional
precipitation. This would indicate water levels for the lake
increased during the core interval 53 and 28 cm. This should

have affected the presence of the diatoms Eunotia flexuosa

and Surirella delicatissima. Figures 26 and 28 indicate both

€3

species declihed in productivity although E. flexuosa

continued until about 44 cm. Tabellaria flocculosa also
decreased as did Cyclotella gtelligera because of increased
turbidifg above the dam. AsS noted before, the turbid{tg
decreased the number of alkaliphile plankters therefore there
was an apparent increase in the inferred pH from 6.2 to 6.3

(Fig.24)> This change did not appear to have a pronounced
effect on the habitat or flora, more than likely because the
increase in precipitation was gradual over several hundred
years.

The 1last major bhahge occurred around 1838 AD. An
increase in concentrations of Quercus sp. and Picea sp. can
be interpreted as a corresponding increase in the pollen
production.  White and black spruce prefer well drained,

moist soils around borders of swamps (Hosie, 1969%9). In.

addition black spruce also has a preference for stony slopes

and drier hillsides of which there were plenty in the area.
Red oak is a fast growing tree, only moderately tOlerant of
shade and therefore found on well drained sites. Indications
from the pollen of these trees are that there was an
expansion of untreed lake borders derived from a decrease in
water levels and regional precipitation. The account of the
naturalist, Louis Agassiz (1858), does not provide sufficient
detail about the climate of the region around 1840-1858 to
indicate agreement with the interpretation provided here. It
is interesting to note that Surirella delicatissima increased
again (Fig.25) +following the change. The inferred pH
decreased because of the decrease in the alkaliphile
plankters and an increase in acidiphile and acidobiontic
diatom species. The swampy soil of the expanded shore 2zone



of the lake appears to have selected the acidiphile and
acidobionts which have a preference for humates in the
aquatic habitat. »

If the above interpretation of events is reasonable,
then it would appear that climate was the major agent of
change for Batchawana Lake. The trend to slightly more
acidic waters began- about 1838 AD. For this region, this
date would haue been too early to interpret decreasing pH
changes as a result of atmospheric loading.

Wishart Lake - Core 86

Of the eight species which increased their productivitg
at the 41 cam level (Figs.29,38), four are classed as
alkaliphilous and two as acidiphilous. The nannoplanktonic
form, Cuyclotella comta, is generally found in lakes with low
dissolved nutrients (Patrick & Reimer, 1966). Amphora pvalis
and (. Lomta are Cat times recovered as part of the
periphyton while Cymbella cuspidata and C. microcephala more
specifically are epiphytic. In the species summaries

provided by Beaver (1981) the optimum pH for these species
ranges between 6.5 and 8.5 with most species of this level
being above pH 7. Ecologically, one could interpret these
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habitat requirements as being found in the euphotic zohe of a

lake or pond and probably more specifically the littoral
biotope. Aquatic rooted plants would be required for the
epiphytes as well as a suitable substrate for the periphyton.

'Of the 15 species identified as being significantly
productive at the 37 cm level tFig.Si). six belong to the

genera Navicula. According to Patrick & Reimer (1966) some

species of <this genera prefer shallow water where there is
little current activity, generally eutrophic water rich in
dissolved nutrients. These are littoral diatoms. Nitzschia
Ralea is found in habitats similar to that described for
Navicula above, howver, it is more tolerant of less desirable
mateerualitg situations. Three species, Navicula baccilum,

N. cryptocephala, and N. pupula, bhave a preference for



higher total dissolved solids. The suggested increase in
eutrophication and mineral content of the waters may indicate
a quiescent period when water levels where being reduced.
Five of the 16 species identified as being productive at
the 38 cm level belong to the genus Achnanthes. 'Patrick &
Reimer (1966) suggest this genus appears as an epiphytic form
where the whole valve may be attached to the substrate by a
gelatinous mass or stalk. Two other genera, Cymbella and
Gomphonema, are also epiphytic for a total of eight attached
forms. The authors also indicate this form of attachment is
a mechanism whereby these forms can survive in moving water

"such as streams. Their presence in lake sediments may

indicate a change in the environment, uwhereby they uwere
transported into the lake after the attachment became
ineffective. The abundance of the epiphytic diatoms may be

6S

the refuse from the previous summer. The presence Of‘

significant numbers of epiphytic diatoms may also suggest the
presence of aquatic macrophytes for the attachment of these
diatoms. The inferred presence of plants suggests the 1Iake
was shallow enough, at the point where the core was
collected, to allow plants to grow. This in itself is not
surprising. However, why are there insignificant numbers of
epiphytic diatoms before and after the event? One can
surmise that aquatic macrophytes were not present and so the
epiphytic diatoms were not successful. The reason for the
absence of the macrophytes may well be the substrate was too
far below the euphotic zone, where the core was collected, to
allow for rooted plants to grow. One could then interpret
the presence of significant numbers of epiphytic diatoms as
indicating a reduction in the water leoél of the lake.caused
by a reduction in precipitation, increased ewvaporation, and
warmer temperatures. Other factors such as changes in
salinity, water temperature, and dissolved hutrients would
also affect the biota. Stenopterbia intermedia is knouwn as
an inhabitant of iron<rich water along with some species of
Eunotia (Patrick & Reimer, 1966). In order for water to




become iron-rich, it must become slightly acidic. The
presence of Eunotia tennela, Stenopterbia intermedia. and
Tabellaria flocculosa may well indicate the pH was in the S.S
to 6.8 range.

Wishart Lake — Core 87
For the S8 cm level of this core, there are five species
of the genus Achnanthes which showed a productivity pulse

(Fig.33). AS noted before these species are epiphytic forms
commonly found in streams. Other species such as Neidium
affine war. amphirfiupchus and N. jiridis are also found in
water that is moving. There appears to be an even mix of
alkaliphilous and acidiphilous species.

The 26 cm level shows a definite bias towards
acidiphilous forms in the productivity pulse of diatoms
(Figs.29,35). The decrease in Eungtia fallax tomard the
surface is very interesting since this is now recognized as
and acidobiontic species. '

Little Turkey Lake - Core 89

The diatom pulSe it the S1 cm level shows an even
distribution of acidiphilic and alkaliphilic diatoms
(Figs.36,39). Four of the six alkaliphilic diatoms can also
exist successfully as part of the periphyton. In common,

Achnanthes flexella and Eunotia flexuosa live successfully in

bogs and swamps. Presumably the latter two species would
exist at the edge of the lake in areas that were continously
wet but wvery shallow and then periodically flooded, washing
the diatoms into the lake proper.

The  presence of large numbers of alkaliphilous
periphytic diatoms in a core sample may lead to erroneous
conclusions about past pH. Of the more common alkaliphilous
diatoms identified in the cores, eight were also found to be
periphytic (Beaver, 1981). Of these, the following were
found to be abundant at the 91 cm 1level: Cyclotella gomta,
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Fragiﬂl aria construens, F. pihnat;. F. vaucher iae, and

Melosira ijtalica (see Appendix 4, 7). The following is one

possible ‘explanation for the association.. In most cases the
periphyton occurs on the substrate or submerged objects as a
"compact felted coat which may be soft and slimy"” (Welch,
1962). In some areas this organic layger may become a
semipermeabie membrane trapping methane gas produced by the
decomposition of organic detritus. Another phenomena of this
decomposition is the release of carbonate ions. The presence
of the semipermeable periphytic membrane would cause the
water beneath the microZone to become alkaline. This in turn
may support the subsequent colonization of the periphytic
layer by alkaliphilous diatoms. The interception of such a
layer in a sedimentary core may result in an interpretation
that a lake was becoming alkaline which in fact it may have
been a sediment-water phenomenon. The presence of 1large
numbers of alkaliphilous diatoms in an otherwise unhbuffered
system may be explained in this manner. For this core the
124 to 91 cm levels have a highér interpreted pH (6.4 to 6.5)
than either before (6.8) or after (6.2). The anomalously
high interpreted values could well be caused by the presence
of a periphytic layer.

Turkey Lake - Core 88 _ _

The depth interval 28-27 cm contained a large number of
planktonic species which show a productivity pulse
(Figs.42,43). Species of Achnanthes (3) and Cymbella (2)
indicate the presence of epiphytic forms which are commonly
found in eutrophic - littoral waters rich in dissolved
nutrients. , |

The 8 cm depth was very similar to the 208-27 cm interval
in  the distribution .of planktonic and epiphytic diatoms
(Fig.44).
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Turkey Lake - Core 98 _
The depth interval 32-39 cm contains a good mix of
planktonic (Fragilaria) and epiphytic species (Achnanthes and

fymbella) species (Fig.45). The majority of the species are
alkaliphilous.

CONCLUSIONS

Paleolimnology should be able to shed some light on the
factors which affect limnology and hence the habitat in which

- the diatoms lived. As indicated in the begining, the purpose

of this 'studg was to see if moderate loadings of air
pollutants could be detected in lakes that were poorly
buffered. Only cores 79 and B4 from the headwater 1ake
(Batchawana Lake -~ north) show any sign of having a top
sample with an inferred pH wvalue less than the previous
sample. 1In all of the cores studied, there is no sustained
lowering of the inferred pH in the recent past. If there has
been an effect on the aquatic regime by atmospheric loading,
the sedimentary diatoms and the model used to infer PH has
not detécted it. The inferred pH from the top samples is
very similar to the pH values measured during 1980 and 1S81.
This indicates the Davis - Anderson model was adequate.

There are many instances in the cores where the diatoms
have shown an increase in productivity, similar to a pulse.
Sometimes many species simultaneously, other times only a few
species at a time. Similarily, there are reductions in the
taxa. Autecological data on freshwater diatoms are not well

documented in the literature. Therefore, the causes for the

changes in species composition and productivity can only be
provided in a subjective manner. Such factors as changes in
water levels, salinity, pH, presénce or absence of aquatic
macrophytes have been inferred from the changes in species
composition and productivity. In some cases these changes
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,suggest the influence of external factors such as vertebrates

and climate. The latter being the most important long term
factor of change or stability in the aquatic environment.
Many of the changes in the diatom distribution seen in the
cores studied are thought to have been produced by climate.
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APPENDIX 1

This appendix conté;ns sample weight data (mg cm-3)
including: wet weight (vial wt + wet sample wt), dry weight
(vial wt + dry sample wt), and vial weight. The tables also
include specific gravity (Delorme, 1985) of the sediments and
the sedimentation rate. The rise of Ambrosia sp. pollen is
used as the 18992 AD datum on which the sedimentation rate is
calculated. Data for the following cores are included:

i. Batchawana Lake : north = Core 79
. 2. Batchawana Lake : north - Core 84
3. Batchawana Lake : south - Core 85
4. MWishart Lake - Core 86

S. MWishart Lake - Core 87 _

6. Little Turkey Lake - Core 88

7. Little Turkey Lake - Core B89

8. Turkey Lake ~ Core 8@

9. Turkey Lake - Core 90
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CORE 79 - BATCHAWANA LAKE 2 NORTH <« SEDIMENT DATA

§ SAFPLE NUMBER

2 HET WEIGHT ¢ VIA
3 DRY WEIGHT ¢ VIA
4 VIAL WEIGHT

SEDIMENTATION RATE = 6.92CH/(1980-16890) = 8,09911 CM/YR
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CORE 86 - WISHART LAKE - SEDIMENT DATA

SEDIMENTATION RATE = 45.900CH/01981-18908) = 0,.504396 CH/YR
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SEDIMENTATION RATE = 33,45 CM/(1981-1890) = g, 367582 CM/YR
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SEDIMENTATION RATE = 22.9150"/(198161890)?!.251813 CM/ YEAR

CORE 88 = LITTLE TURKEY LAKE - SEDIMENT DATA
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S6 75.85 20.47 14.71
S7 73.98 20.44 14.73
S8 75.52 20.47 14.62
99 74.53 28.5S3 14.68
60 74.82 20.85 14.84
61 75.62 20.70 14.31%
62 71.49 6.23 14.32
63 75.88 208.71 14.43
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68 81i.42 2.80 14.42

. 2
0300000002002022820080

CORE 89 - LITTLE TURKEY LAKE - SEDIMENT DATA

i SAMPLE NUMBER

2 WET WEIGHT + VIAL WEIGHT
3 DRY WEIGHT + VIAL WEIGHT
4 VIAL WEIGHT

SEDIMENTATION RATE = 6.425 CM/(1981-18908):=0.08706044 CM/YEAR
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APPENDIX 2

A number of physical parameters are calculated for each core.
Time is alsoc included. The calculations are based on dry
weight for each sample and an average of the specific gravity
for the core. Time BP (Before Present) refers to the years
1980. This is to be wunderstood in connection with all
datings that follow, though it may not always be repeated.
The equations wused to calculate the parameters are given at
the end of this appendix. Data for the following cores are
included:

1. Batchawana Lake : north - Core 79
2. Batchawana Lake : north - Core 84
3. Batchawana Lake : south - Core 85
4. MWishart Lake - Core 86

S. Wishart Lake - Core 87

6. Little Turkey Lake - Core 88

7. Little Turkey Lake - Core 89

8. Turkey Lake - Core 80 '

9. Turkey Lake - Core 98
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