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- relate the development model ‘proposed' from the paleoecologica'l study to changes in the,

5

' enrichment and decline between landform areas were assessed.Statistical analysis was used to- -

.A complex peatland in Alberta was chosen for a paleoecology and peat chemrstry srudy -
Paleoecology was exammed through a macrofossrl- study The peatland was sirbdrvrded itto . .
, four’ areas lake basin, upph\f’en lower fen and forested Sphagnum 1slands based on .
promment surface vegetatlon and landform f eatures Sixteen peat cores were removed from e d
the site, duphcatmg each oT the veget;tlve landform features. Releves were conducted at each |

coring site in order 10 determrne present day vegetatron Water samples were removed for pH,

electrrcal conducuvrty and major ion analysrs Peat ‘macrofossil assem{ages were’ obtamed by

."-'

smg thnspan on the

| crofos jl data. Paleo pl-l and paleo moisture prof iles were
f

N
calculated using lmear regres cfh }ransformauons and wergh’ted averages based ‘on macrofossil

- ) -

- species autec’ology s ' o : . <

>,

|
Peat chemrstry was angbfzed thf‘ough a comparatlve study of peat prof iles. Bulk

EREEN

density, percentage ash, elemental calcium, and elemerrtal magnesium- were analyaed. Relative 7

1

o . . ) ' ) Q . »
physical and chen‘lical peat profiles. . S . _ T p o

Peat rmtratton at, Mariana- Lakes began &180) BP in the lake basins and f ollowed a

classlcal.hydroseral suecessron of terr’estrralrza}ron. Inf illing of the lake basin produced a

floatmg mat that upon enclosure developed into a poor: fen~ Paludification of the upper f en -
began 5800 BP subsequent o terrestnalrzatron in the lake basins, and progressed ina '

downslope direction. By 2960 BP the entire: dramage path was completely paludrf 1ed Plant

A

macrof ossils, Twm.span classification’ of\,macrof/)esrl assemblages and paleo- profrles describe

the developmental htstory of the present day surface f eatures Lake basin. areas*lrave been the

°

most rnmeral r1ch from the trme of initiation tB the present .drsplaymg a unstable wet and o

- o

r8lative rich peat hrstory Upper fen sites have experlenced contmuous groundwater iffluence,
while lower fen srtes havé been recently paludlf red In contrast to lake basin and fen sites, the

i orested Sghag*um islands have had a dner more mrneral poor hrstory Island sites have -

N

expenenced a gradual removal from groundwater ﬂow

- - — . ’ ' . +
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s Peat cheémistry analysis reveals a gradual mineral ion reduction occyrring in fox&éf/ I,
Sphagnum is_limd profiles’ with no distinct boundary between ini_nerotroﬁic find ombrdtrophic.
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. - 1. INTRODUCTION ) i \
This thesit "Peatland Palcoccology and Pcy Chemistry at Mmana Lakes, Alberta”, examines |
‘three aspects of peatland devclopmem Firstly, peat stratigraphy and peatland gencsns are’
considered, wherc macrofossil remains 1d::nuf y the stages of pcalland dcvelopmcm Secondly,
peat chemistry is consndered where elemental concentrations rcvcal relative changes within- thc
peat profile that have resulted from changcs in hydrology and water chcmlsuy The results of
the peat macrofossils analysxs are given .m Chaptcr 2 and outline changes in commumly
structure that have occurred from the time q{ peat mmauon Macrofossil assemblages are
compared between cores, and relative deposmon rates are asscssed Paleo -pH and
paleo-moisture prof iles are rcconstructed from macrofossil data. Chapter 2 concludes wuh a
model of peatland developmem at Mariana" Lal;es. This model relates peat stratigraphy to lhc A
present surface landform features, which are dependeni upon vegetation, water chemistry and
hydrology. Ch;\pter 3 addresses peaf chemistry. Physical parameters (bulk density and
percentaée ash), and elemental calcium and p\agnesium are analyzed. By comparinlg pcél
profiles, reIAtive decline and enrichment of these two elements are assessed. Statistical analyses

are used to relate the mod;l of development pro;éscd in Chapter 2 to changes in the physical

and chemical peat parameters.

-
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S unpublrshed Vrtt e al. 19'75 and Vitt and Slack 1984. | ’31' R

’

‘ growth and sedrmentatton Depletron of the oxygen levels hmders mrcrobral deca)E (Everett

' A made up of' unstructured plant remams ongmates from the srdes and bottom of the floatmg

8 ’

. 'ew .2 ILPEAT MACROFOSSILS . .
© A, INTRODUC’I‘ION . RIS ’\ - '
R Peat formauon occurs under a varlety of envrronmental condttrons however the

basr? requrrement for peat accumulatron 1s 4 cool, wet, anaerobrc envrronment Under these

condrtrons the peat whrch acctJmulates is'a stratrf ied deposrt of undecomposed and slrghtly |
humrf ied plant tlssue Peatgenous plant commumtres are var@ble reﬂeetrng local and regronal )
condrtrcins of chmate (Damman 1?86) t\nutrrent avarlabrhty‘SDamman 1978) morsture < ‘
( Malmer- 1958) and shade (Vrtt and Slack 1975) In Alberta and western Canada peatland
plant oommumttes have been studted by Jeglum 1971, Horton et al 1979 Karlin and Bliss -
1984 Slack et al. 1980 Vitt and Andrus 1977 Vrtt and Bayley 1984 Vitt, Horton and Malmq_r

Peat f ormatron is mmated and develops erther b)rterrestnahzatton or paludrfrcatron E

(Sgors 1961) Terrestrrahzatron was generaﬂy rmttated soon after deglaciation often in glacially-

7

. scoured rotk and sedrment basms (Everett l983 Hemselman 1970) Thrs developmental pattern

[ ]

of hydroseral successron begms by nutmnt enrr;}.ment of a lake basm f ollowed by algal

o,
»

*.
1983) and mmates peat. formatron Peat within a lake basm develops in three drstmct strata
(Kratz and DeWrtt 1986) ermc sedrments form under areas of open water producrng a
brown amorphous subitance composed of dratoms algae pollen and collords Debrrs peat

mat and rs deposrted on the lake bottom Mat peat is f ormed from hrghly fi rhrous

mterconnectmg plant remarns A f‘ en is f ormed when completj enclosure of the basms by

_ bryophytes and vascular plants occurs

Paludrf 1catron (swampmg) rs?responsrble f or thetlarger portron of peat in the world:.

(SJOIS 1983) parﬂcu'larr]y in cool oceamc regrons and ‘rn the boreal and subarctre zones

s

Paludrf rcatron results from' 1ncreasrngly rmparred drarnage due to peat accumulatton (SJOIS i

a A version of tlus chapter wrll be- submttted for publrcatron rn the Canadra&
Journal of Botany . T L



./’

1961) and appears to be qlrmattcally mduced mesh sources have reported ettcnsnve
Q;'paludtfxcatronloccurrmg at 6500 }?P and 4800 BP (SJOI’S 1983) whlle Canadlan radi ooarbon
- dates document perlods of paludrf ication at 3500 BP, "400 BP, and 700 BP (NlChOlS 1969).

| Once establlshed the dtrecnon of successron in-a peatland is mﬁuenced by both

.y autogeruc and allogemc factors Autogemc factors are mrtrated wrthm the: peatland itself and

" include, shallowmg, lsolauon f rom the mineral substrate natural acrdrf 1catron and water .

drvergence (Talhs 1983). Autogemc factors are. rmportant in controllmg the coalescence of

phagnum hummocks as well as flow drvergence When water flow becomes channelled into. _.,

q
defrmte flow paths areas of peat are affected by flowmg water only during periods of

|
excessrve mflow (Tallrs 1983) Accordmgly‘ there isa slow progressxon towards ombrotrophrc

condtttons in these 1solated areas of peat Wrth mcreased 1solatlon f rom the reglonal ground

-y

water, the surface waters become reduced in calcrum and blcarbonate |ons and ennched Wwith

, hydrogen 1ons (Gorham 1957). In areas of htgh precrpttatton and low evapotransprrauon thrs S

’ l ~

‘ 1solatron ‘process may be enhanced and ombrotrophtc bogs can f orm. Bog development

‘

mcludes changes in hydrology Water is dtscharged from the peatland (rather than recharged) / ..
' as the peat surface becomes convex and rarsed and the site experlences a correspondmg drop / »
ln pI-I mmeral ions and nutrients. '

Allogemc changes are brought about by such external factors as climaté and / )

hydrology, In Eu'ope. recurrence surfaces'are marked by weakly humlf rcd ombrotrophr peat

: underlam by htghly humif 1ed peats contammg tree stumps (Tallis' 1983) These stratr aphtc
‘_ zones have been mterpreted as deVelopmg as a result of chmatrc change. lncludmg /{ prolonged _
perrod of’ dryness followed by a penod of morsture mcrease (Talhs 1983) Allogehrc ehanges

Cin hydrology fthrough stream capture were consrdered by Hemselman (1970) to. be responstble

- £y & S
i for the mrtratton of ombrotrophrc condrtrons in the Lake Agasstz northern Minn%som .

Fonrm

peatland

, :
& g

In the boreal zone of contrnental North Amerrca annual precrprtatton ‘only slrghtly

excwds evapotransplranon (Gorham 1957) In this zone large convex rarsed ombrotrophlc

bogs are not present Instead rsolated ombrotrophtc areas develop wrthm complex mires-on.

‘s
R



restrioted plateau§ where drainage divides have formed or where a waterflow diversion has

occurred around upland mineral ridges. Glaser (1983) has described the vegelation 4nd water,

-chcmiStry characteristics of surface landform features in complex"mircs of the Black River

- and Red Lake (Glaser and Wheeler 1981 Janssens and Glaser 1986) peatlands of northern

~

' anesota These surface landform features take the shape of raised Sphagnum crests wrth

o radratmg drainage patterns; Sphagnum lawns; watertracks and ovoid Sphagnum islands.

o consrdered here are: a) In a complex northern mire, what are the evolutlonar

. Glaser (1983) concluded {that the presence of the watertracks is related to mmerotrophrc

: ,»"’runof f bemg ghannelled onto, the peatland and that Sphagnum tslands develop in stagnation

zones where m mmerotrophrc runoff is mrmm"r .
' Few studies have mvestrgated the mterrelatronsh?ps between peatland formatlon

5 ,ﬁhYdrology, water chemrstry and vegetatton The obJectrves for thrs study were to 1) elucrdate 4

‘the developmental hrstory ol‘ the surf ace landform features in'an Alberta peatlancl1 and 2) | 0

relate development to autogemc and al'logemc factors.-In particular,. the qu siior g

.

peatland development" b)How does peatland development relate to surface

c)What are the- local tnfluences afl‘ectmg peatland formation? and d)What off f:'
-'regronal paleocltmattc events had on peatland development" ’I'hrough peat stratrgraphy and s

‘ macrofossrl analysis, the developmental hlstory and landform development of a complex mrre

o~
N

in nprthern Alberta is exammed e oy

. ) LAy
v - | b

B. STUDY AREA-

. Manana Lakes are located in northea tern Alberta Canada 100 km southwest of Frt.

_ McMurray at 55° 54' N latrtude and 112° 04 w longrtude (Frg II I) These lakes are srtuated
on’ a broad upland plateau the Stoney Mountaik Uplands that is elevated 180 m above the
surroundtng area. Local topography of the upland is subdued wrth surface relief varymg 0nly
20-m. Much of the peatland complex assocrated with Manana Lakes is srtuat\e‘d on an

“east- west dramage dtvrde Water that flows west from thrs divide enters a tnbutary of



Fig. II'-l.‘ Map of Alberta, Canada, with the Mariana Lakgé study. area shown by a
staf. - Co - : . » N
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Dropof f Creek and (lows’ north mto the House River. The Marrana Lakes study srte is a 6 88
) square krlomgter peatland that is located at- the head of the eastward flowing drainege. Watcr T
L ro}m this peatland entersta large unnamed lake located on the northeast side of the study site

‘and 'flow_s southerly lnto 'an unnanred tributar'yfof the House River. -

| T\b Stoney Mounta in Uplands, are a physxographtc unit f Ormed by glaclal drtf‘ t

' overlymg a mmor rise in the sedrméntary bedrock (Hackbarth and Nastasa 1979). The

thrckness of the glacral trll varies from 30 to 180'm (Ozoray @Lleak 1980). and consists of

a variety of matenals including glacrally dtsturbed bedrock blbcks ‘gravel, sand and some .

clay. Wynnyk et al., (196}) suggested thatsurf rcral glacxal deposits of sandy out_wash matertal

ard mors _prévalent in this area than tills. However L. Andriashek(Alberta Research Council, "
oral commumcatton) founsl the study area. to be low lyrng ground moraine with some evidence -
of stagnant ice topography and limited glacral fluvial actr)&y;_

| * Stratigraphic profiles at Crow Lak‘e.'IO &m south of Mariana Lakes, indicate 1200

‘ meters of sedimentary bedrock, Suggesmof alternating" inudations and exposures N -

o R , .
by an a‘ncient inland sea (Maclsaac 1984). The uppermost bedrock stratum is the La Biche

.

-
Formatron., a 200‘m layer of Upper and Lower Cretaceous marme shales Lower strata are of -~

4

marine shales and sandstone and mclude the Pelrcan JoK Fou Grand Raptds Clearwater and

-

: McMurray Formatrons Informatron on surflctal deposrts and bedrock stratigraphy mdtcates -

, th t Yhe area surrounding Mariana kes is mineral poor, bemg underlam by shales and
sandstone with sandy outwash over urden

Upland vegetatron of the s ‘rroundmg area is consrdered to be Boreal Mtxedwood

fens (Zoltai and Pollett 1983). e R #
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Climate ‘ " ' .o o :
' The climate at Mariana Likes can be classified as climate type VIII boreal cold '

tempemte (Walter 1979). Typically the aref experiences a low energy climate consisting.of

J short winter days and long summer days. Climate at-Mariana Lakes is strongly influenced by ¢

continentality. During the wiriters this region is dominated by very cold, dry Atctic air masses

(Strong and ng'ga_t 1981), whereas during the summer months the mid-Albentan symmer

.storm track, a belt where total summer pm*ipitation values reach 400 mm extends over the

Stoney Mountarn Uplands, ‘bnngmg more t§an\70% of. the total annual rainfall to the area.

meg to this excessive summer precxprtatton Strong and Leggat. (1981) have classified this

-

area as‘a wet subregron of the Boreal eredwood ecoregron.

2

o

- Climatic parameters for Mariana Lakes have been tabulated from a mean of

© 1950-1981 weather dafg for Ft. McMurray 90 km north, Lac. LaBiche 100 km so@fh,\ Calling
| Lake 100 km'south-west and Wandering River 75 km south of Mariana Lakes (Tables II-1 "

- FERY o :
and I1-2). 'Su‘r"n_mer climatic data is augumented-with data from forestry lookout stations at
Algar 35km n‘ortheas_t. Clgtina’ 35km southeast, May 35_ km.south-west, Round Hill 65 km -

southeast, and Stoney Mountain'5§ km northeast (Fisheries and Envir. Can., 1982). The

mean annual temperature for Wandering River is 06°C wh::reas Calling Lake and Ft
McMurray.a}-e gooler With 0, 3° C and -0. 2: ?, rbr:nnual precxprtatron values are the lowest at
Ft McMurray (471.9 mm) and Callmg Lake“(484 8 mm) Lac LaBiche srtuated on the edge
of the rmd Albertan storm track is consxderably wetter recervmg 513 5 mm. Summer climatic
data from Algar, M{y. and Stoney Mountam indicate that the Stoney Mountarn Uplands are
situated thhm this storm trick and are recexvmg more summer precxplatron than areas to the
north and south The peatlands at Marrana Lakes are therefore receiving a large amount of

- summer precrprtanon (>400 mm) an amount which is exceeded in Alberta by:only a few

areas in the foothills (Powell angjs{clver 1978).,
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~ igterdis;ﬁrsed in pockets between adjacent mires. Mineral soil ridges (darkest shading) appear

"

'sporadically in the peatland and along the mire edge. i

C. METHODS ' .

Landform Descriphon

- The peatland complex surrounding Mariana Lakes is extensive, consisting of a network
of discontinuous peatlands. This study is restricted 10 one co_mplex mire. In Fig.-11-2 the
Jightly shaded zones delimit the;euent.o.r th'e‘mire complex. Converging [low paths—tarrows-in
Fig. II-2) indicate that drainage is towards the larger lake located to ‘lhc.nonhc;sfe. Situated in

LY
the western section of the peatland are four teardrop shaped Picca mariana dominated islands

(medium shading) and two ovoid Picea ma‘n‘ana-Sghagnum islands (medium shading). Pice:;

‘mariana-Sphagnum commix_nities are also lotated along the flanks of the fen and

¥

.
’,

Peatland vegetation at Mariana Lakes is. predominantly a broad expanse of Sghagnum
lawn. Surface pétteming is slight, consisting of Sphaghum hummocics and lawns, Q_zg_e_&
iimgsa,.g chordorrhiza, C. aquatilis, Menyanthes trifoliata, and Andromeda polifolia are l
;)rominent‘members of the poor fen vegetation. Situated within the peatland and along. 1hé

. mire flanks, the Picea mariana-Sphagnum communities are characterized by Ledum

gb
groenlandicum, Chamaedaphne calyculata, Pleurozium schreberi, Rubus chamaemorus, and

Vaccinium vitis-idaea.

3

For the purpose of this stﬁdy the péatland complex was divided intp four areas, based
on prominent surface vegetat‘ion and landform features. These areas are 1) Lake basin (LB),
sites which surround. the northeastern and nortﬁ‘Western lake basins. 2) Upper fen (UF), open
fexi vegetation,‘ geographically located in the northwest section of the mire. 3) Lower f en

(LF), open fen vegetation, geographically located in the northeast section of the mire.

4)Forested Sphagnum islands (FS), Picea mari;ma -Sphagnum .coyered islands located

. predominantly in the northwest section of the mire and along the flanks of the fen. Coring

!
sites were selected on the basis of landform features of the peatland, as determined by air

photo interpretation. Coring sites form two transects. The first transect traverses the upper

o



Fig. 1I-2. 'Map of Mariana Lakes study area with landform features ihdicated. Site
locations (numbers 1-16) are shown, The mire is divided into- four’ main areas: lake
basin (LB) including sites ‘14,12, and 6; upper fen (UF) including sites 15,11.9,3,
and 2; lower fen (LF) including sites 5 and 4; and (orested Sphagnum islands
(FS), including sites 16,13,10,8,7, and 1. Arrows indicate the direction of waterflow.
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' forested Spha

: Vegetatlon Samplitig‘

portton of the peatland and mcludes all landform features whtle the second l‘ol’lows the long‘ . -

" axis of the mire to the outlet at the*larger lake (thure ll -2). Each core srte is situated on’

. onc of thc four mam vegctattve landf orm‘features lake basm ttpper fen lower fen and

N

Y T - - ) 2

' ’ksland (Fig. II 2) v LR Y

-

.

: At each of the srxteen corrng srtes a releve was conducted to determme the present e
day vegetatron structure. Canopy coverage was esttmated 1 the nearest ten percent Voucher
spectmens of all plants were collected and are deposrted m the Untversrty ot‘ Alberta i

Herbartum (ALTA) Authortty names and nomenclature for the’ vascular plantc follow Moss :

: (1983) Carex Taylor (1983) Sphagnum V;jtt and Andrus (1977) Drepanocladu Janssens
(E83c) other mosses, lreland ( 1982) and for the hepaucs Schuster ( 1966)

Water Chemlstry S RERIS ._l

<

P ' '
Tet Surface water samples from natur\al depressrons were taken ‘on July 24, 1984 May 24

0

i 1985“ and August 17 1985 m acrd washed bottles of lmear polyethylene and analyzed for pH

electncal conducttvnty, and maJor tons PH measurements were taken dtrectly in the freld

usmg an Electron&late pH meter Conductwtty was analyzed at 25°C and corrected for

C hydrogen ions (Sjors 1952) Sarnples used for ion: concentrauons were filtered and preserved

G wrth 1 ml of 4N HCI and- analyzed by an mductrvely coupled argon plasma ‘

] o . . N .

spectrophotometer

E b
" T

Peat. Macrofossrls

Peat cores were taken- ltdupltcate at each cormg sxte wrth a 5 cm dlameter modrf 1ed
)

Macauley peat sampler Peat stratrgraphy was. deterxmned in the freld on the basrs of botamcal :
composruon and state of decomposmon Esttmates of the percentages of Sphagnum sedges

brown mosses wood and ertcaceous shrubs were recorded for each stratum Decomposmon o

»s.

Cap
PR



was determined usmg th'e_'Vonf‘Po"st scale. “Th‘e first core had a'S cm s‘ectio'n of each stiatum ¢
‘removed for bulk density and peat‘chemistry determinations The second was ltept intact by
stormg xt ina half section of 2 m length polvvmylchlorttgqutpe wrapped in cellulose atetate
Thxs core was later used. for macrof ossxl analysis and - radroca;bon datmg

+ . -~

. Secttons of peat (4 cm), used for macrofossrl analysxs were wrapped in thm cellulose

y

acetate and then volumemcally measured usmg Janssens (198&) dxsplac@re&lt techmque ThlS

o+

; method mvolves 1nsert1ng the wrapped ‘peat samples into a specrally constructed 250 ml
volumetrrc flask A graduated cylmder is attached to the volumetrgg flask A known- volume of
water (250 ml) 1s added to the flask and the amount of the d1Splaced water measured
‘Followmg the volumetnc measurement each sample was soaked for 3 days(m a 75% aqueous
. ’Areosol OT soluuon a non-foaming wettmg agent-to >llow for complete dxspersnon of the
orgamc materral Samples were then wet sreved thh a 500 um sml sneve-and spiked wiiifh ¢
(958 88 i52 32) of poppy seeds | R

From each sleved and sptked peat sample three subsamples were removed and |
di'stributed evenly on a channelled pl'exrglass template. 1% of the sample, as determmedw by a. -
) poppy seed count of 10 seeds" Was isolated. .Every macrof ossil vin the 1% subsanfple. was
‘ tabulated measured and identif 1ed For all the bryophyte specxes only the stemns. were |
rneasured For monocots (parallel velned grammond matenal) encaceous leaves and wood all
' 1 identifi 1ab1e preces were measured For Plcea and Lanx needles were measured and counted
In assemblages contammg a mixture c:f\several Sphagnum specres the relatrve composmon of

each specxes was determmed by exammmg the relatlve percentage present in the leaves Three

' rephcates were conducted to determme each percentage The identifi xcatxon of Sphagnum ‘was

- based on the shape and size of the stésp leaves and pore patternmg in the branch leaves. ThlS .

o Ia
:resulted in the grouping of some specxmens of Sphaggum into the sections Acutxf olia and,

Cuspldata Macrofossrl densrty Was calculated using the fdllowmg equatlon

’



mm stem/ml peat = Numbcr of poppy X mm stem

secd countcd . measured . ’ | ‘

‘Total number of X mi of peat

| : poppy seeds - - sampled
'Pcrccnt f requency ol’ each species was calculated as a proportion of the total mm stem/ml of
“peat. | ,‘
Ten grams of peat was removed from the base of each core and at important
. strattgraphrc boundanes and dated at the Radtocarbon and Tritium Laboratory at Vegrevxlle
~ Alberta (Table II- 6) Addmonal cores were analyzed. by estxmatmg the percentage frequency

of main macrofossil components. These data are given in Appendix | and Appendl\ ll\an\

~ were used only to provrde addttronal mformatton : o ' . \

Peat Chemistry

.

»
The $ cm. samples of peat removed for peat chemtstry were weighed and air dried. A

mortar and pestle were used to f inely grind the samples Subsamples of 0.2'10 0.3 g were dry
ashed. m a muffle furnace at 550°C for 16 hours. Ash residue was dtgested with 3 mlof 1.5 N
HCI, 1 ml of concentrated HNO,, and evaporated A further 3ml of 1. 5 N HCl and 5 ml of
dtsttlled water was added to the dned salt Soluttons were fi rltered through Whatman #42 .
paper, volumetncally adjusted to 25 ml and stored in 30 ml polyethylene bottles fon
’concentrattons were deternnned on an inductively éoupled argon plasma spectrophotometer
.',Ion concentrations are calculated in mg/Kg of sampled peat. |
Data Proeessing : ‘ : ,
The absolute method of data analysis by Janssens (1983) multrplted by ‘the .
sedtmentatton rate (cm/yr) provndes macrof ossrl influx rates in mm: stem/cm? peat/yr. Thts |
method descnbes the amount of matertal accumulated per unit.area per unit of time (Brrks

~-and Birks 1980), by eliminating dif’ ferences in concenfrauon that are due to subst—r‘aS "

hY



cdmplaction' Macrofossil influx rates (heref. ore reﬂect ouly ~changes that are due to the
producuvny and decomposmon of mdmdual taxa and groups of taxa over time (Bauarbee
1972). Conversely data presemcd as % frequency mdtcates relauve changcs in commun{t\

) structure. ‘Although it can be potenually mlsleadmg in zones Lr low productivity (Pennington

and Sackin 1975), where small amounts of material account for large percentages, it can be

used to asses

«cts of chmate hydrology and succession on peatland deve}opmcnt As 1 was

’

interested pr y in commumty structure changes I chose to present the bulk of my data in
% frequency. For comparison 1 have presented three represemative cores ig macrofossil influx
(mrn stem/cm?/yr) values. Total m‘acrof ossil accumulation rates for each core has been
calculated in order to assess differences in peat productlvuy between cores.

' Twmspan a polytheuc divisive, detrended reciprocal averaging program (Hill 1979b),

'was used on % f requency data in order to obtam pcat macrof ossil assemblages and to assess
the relative similarity between extant releves an@ {he peat macrofossil assemblages generated
by Twinspan. Rele..ves were ordinated using _Decorana. a detrended correspondence analysis

- (Hill 1979a). Paleo-pH of the peat was calculated {y deriuing a linear regression equation
based on weighted extant vegetation cover and water chemistry'data f rom 60 sample plots
take_u throughout northern Alberta.: Reéressiod coef’ f icicnts reflect each species input into site
pH. Weighted macrot: ossil density data from the‘peat core macrof ossil anzil_ysjs uv.as used to

Acalculate pale.o-pH from _line_ar regr_ession coef ficients. Paleo-moisture was calculated by
applying-a moisture/ index based on species autecoioéy-‘ (Table 11-3) as descrited in Vitt and

~ Slack (1984), Andrus (1974,1986) and Jeglum (1971) to weighted macrofossjl‘densi_ty. values.

u
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Table lI'-3.‘ Moisture index of species prevalém. as ‘macrdfossils at Mariana Lakes.
Index is based on species autecology by Vitt and Slack (1984), Andrus (1974, 1986)
and Jeglum (1971). Moisture index was used to calculate paleo-moisture.
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Table 1I-3. . Moisture. Index of Manana "Lakes Macrofossils

Species. » Monsture Class

4

" Larix laricina

Calliergon stramineum’
Aulacomnium pamstre
‘Meesia triquetra

. Equisetum fluviatile
Vaccinium vitis-idaea

Carex limosa

Drepanocladus vernicosus
Drepanocladus lapponicus
Drepanocladus aduncus .
Drepanocldus exannulatus
Sphagnum subsecundum (s.s) -
' Sphagnum majus

Sphagnum angustifolium
Sphagnum magellanicum
Sphagnum warnstorfii
Sphagnum jensénii

Sphagnum fuscum
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D. RESULTS

22

Extant Vegetation ' " .
" The 16 e’ttant vegetation releves were placedﬂ into four physlographic-veget'ation unifs

by the Twinspan analysrs These are shown in Ta;le II-4. The releve/specres association table

as generated by the Twmspan is shown in Table [I-5. The mam division divides-the releves

into those f rom open (upper and lower) fen sites, and those from forested Sghagnum 1slands -

srtes wi noptes of Prcea manana The open fen Tteleves are divided mto those releves '
containing Sphagnum { allax (2,3.4.7) and those containing Carex' chordorrhiza (5.9,12,14,15).

Within closed canbpy Picea mariana-Sphagnum sites, the primary division/is‘ based on the

. dommance of the shrubs Betula glandulos and Ledum groenlandrcum This shrubbv character

separates releves 11 and 6 from releves 1, 8 10 13 and 16 (Table 1I-4). The vegetatron releves

| relate to ‘water chemistry. See ‘Fig. 11-3. Forested Sphagnum islands have the lowest pH

+(3.6-4.5) and conductivity (0-25 uS/cm}) values Calcium and magnesium concentrations are

low at 1. 1 2. 4 mg/l and 0.2- 0 6 rng/l respecttvely Open fen sites contammg Sphagnum fallax -

2, 3 4 7) are 1omcally poor havmg pH values between 38 and 4,2 and conducttvrty values of
31.8-_41.6 uS/cm. Calcium concentratrons are between 1.2 mg/_l and 2.7 mg/l. Magnesium

» concentrations are between 0.4 and 0.8 mg/l. Open fen sites containing Carex chordorrhiza

) (5.9,12,14,15) are more jonically rich having pH values from 4.5-'5.4, conductivity values
] : ’

between: 0 and 62.8 uS/cm, calcium ion eontents of 1.4-3.6 mg/l, and magnesium values of
0.4-1.0 mg/1. The two forested, Sphagnum-Betula sites (11,‘6) are more minerotrophic and
have the highest_ pH and conduetivjty values (pH 5.12-6.34, conductivity' 64-232 uS/cm) and

have calcium and magnesiumzconients of 3.4-15.6 mg/l and 0.9-2.8 mg/1 respectively. _

Peat Stratrgraphy-Macrofossils
Lake Basin Sites (12,14, and 6)
Sites 12,14, and 6 are srtuated thhm former lake basins. Of these srtes 12 and 14

surround a small lake on the northwestern srde of the study site (Fig. I1I-2), whrle Site 6 is in
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Cond. uS/é:m ‘ *




Table I1-4. Twinspan classification of sixteen extant vegetation releves shbwdng site divisions

v

and indicaior species. Water chemistry, pH, corrected conductivity (uS/cm), calcium and

magnesium (mg/l) values for each site are indicated.
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Vegetation

Type

r Sphagnum

Forested

”Openh

~Betula

rSphagnum

fallax

Carex

Lchordorrhiza

L 4

Physiographic

Vegétative

Unit

FS

FS
FS

0S
0S
0

0S

cc

cC

CC

- CC

CC

Sites

10
13

16 .

11

15

12
‘14

e

pH

3,74

3.77

4.50

6.34
5.12
3.90"
3.81
4.20

4.65
4.84
5.40m

4,17

Ca

1.63
1.52
1.12

0.92

1.62

15.6

3.38

2.65

1.24

1.83

2.43
2.80
2.71
3.47
3.63

1,40

Cond.

7.7

13.5
21.2
64..0

232.7

31.8

41.6

25.5
19.5 -
57.4
62.8
23.9

27.1
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 Site 12 (F\g - 4) R . S

31

-

 lake, on the rortheastern srde of the study site. Basal -
radrocarbon dates mdlcate that peat formatton began around 8180 (sue 1") and 7170 BP (site *

14)(Tablell 6. RN

- «

H\

Basal lake sediments at site 12 contam Chara Dreganocladu some monocots and a

few encaceous shrubs Followmg colomzatlon by Drepanocladus Carex hmosa/paupercula‘

monocots and errcaceous shrubs mcrease in 1mportance while Chara dechnes"Dreganocladu ‘

~ sp. becomes partrcularly dommant from 600 cm to 410 cm, obtammg a frequency as high as

77 at 480 cm. This assemblage ol‘ Dreganocladus Carex, monocots and ericaceous shrubs
l

remams prevalent for 190 ¢cm untrl at 3400 BP (410 cm) an abrupt transition toa

\

monocot Sghagnum commumty occurs. Nmety centrmeters of thrs type of peal accumulates

wrth little variation. An abrupt 1ncrea§e in the abundapce of Sghagnum shifts the community

. lcomposrtron into Qhag dommance at 300°cm wrth mmor percentages of monocow Carcx "

lrmosa and errcaceous shrubs Thrs phase is transrtory and at 250 cm, the srte becomes

' dommated with Drepanocladus ‘Meesia trlquetra and Callrergon strammeum Farther up the

'peat column from 200-cm to 150 cm, Dreganocladu declines and’ monocots with Sghagnum o

e dommate Dreganocladu agam become dommant from 150 cm to 100 cm and agam at 50 omn

to 29 cm However ‘the prevarhng assemblage from. 250 cm to the peat surface isa -

monocot Sghagnum assemblage that ﬂuctuates consrderably mcludmg penods of dommance

by monocots Carex lrmosa/paupercula Meesia triquetra, Sghagnum, and ericaceous shrubs
Site 14t(F1g II- 5) |

The peat column at site 14 is consrderably shallower than site 12 As with site. 12 site

14 begms with the deposmon of limnic sediments, char acierized by algal detritus, Chara,

~

o ,Drepanocladu a few monocots and some- ericaceous shrubs. In the lower pomon of the peat

core (390 250 cm) after algal detntus ceases to be deposrted Dreganocladu s becomes<

. dominant. Monocots Carex mosa/paumrcula, Lanx and Sphagnum are also present, After :

230 cm, Drepanocladu dechnes and the relative. frequency of Sphagnum mcreases At a depﬁr
of 180 to 200 cm, Sphagnum becomes dommant for a‘very brief perrod (20 cm) Encaceous |

',.»s...;«
;



[

‘Fig. .11-4. Macrofossil . stratigraphyg of Mariana Lakes lake. basin site ]2, Data.is o
presented in percent frequepcy of number of stems/ml of peat. Species are: Algal - /
~detritus; Chara 5p.; Dreg’aﬁocla‘dus spp. consisting of ID. adundus, D. exannulatus D.
fluitans, D. lapponicus, and D. vernicosis; Monocots (paralled veined, graminoid); \
Carex limosa/paupercula; Meesia triguetra; Calliergon stramineum; Equisetum fluviatile; ,
Aulacomnium ' palustre; Tomenthypnum nitens; Betula sp.; Larix laricina; Picea
mariana;. Wood (large fragments); Sphagnum spp., consisting of S. angustifolium, S.
contortum, S. fallax, S. jensenii, *S. magellanicum, S. majus, S. obtusum, §. : .
- platyphyllum, S. subsecundum, S. teres, S. warnstorfii, .and the proups Acutifolia -
.and Cuspidata; Ericaceous bark- (smail fragments); Ericaceous roots; ‘Oxycoccus
microcarpus; ‘Chamaedaphne ‘calyculata; Andromeda - polifolia; Vaccinium .vitis-idaea;
Polytrichum strictum; Pohlia nutans; Pleurozium: schreberi; and charcoal., =

'X N
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Fig. II-5. Macrofossil stratigraphy of Mariana Lakes lake basin ‘site. 14. Data
presented. in' percent frequency of number of stems/ml of peat. See Fig. II-4 for
abbreviations. o : : — ‘
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T'tblc I1-6. Rad:ocarbon C-14 dates of 10 gram peat samples from Manana Lakes daled at
the Radiocarbon and Trmum Laboralory in Vegreville, Alberta. " Years are gwen since 1950

e

(BP).



Table 11-6. ‘
Site ‘ Depth i - Radiocarbon -Lab No.(AECU)
o : Core - - :
- (cm) : Date-years
' BP -
12 : 200-230 1760100 C o 256C -
12 : 300-322 2250130 - 257C
12 . 385-400 2960+ 140 S 96C
12 400-410 3400+ 120 : 98C
12 550-600 ' 6120130 \ 258C
12 697-705 . 8180+150 : " 95C
14 , - 200-230 ‘ 2090+ 160 259C
. 14 230-250 2050+130 *© - - 260C
14 ' 390-400 7740 £110 , ' 2601C
6 - 88-97 2070100 : : _ 251C °
6 140-150 © 4930+130 : 252C
6 203-218 7170+130- 178C
15 100-122 42404100 ‘ ¢ 204C
9 ' - 140-180 . 5130£100. 196C
4 oo 100-130 . 2960+150 , 176C
3 ' 236-248 4290110 - : - 179C
8 . - 87-100 X © 1730180 o 255C -
8 170-182 - < 5800%110 . - - 177C -
7 w0 T77-93 ' 2110100 o : 283C
7 100-109 26801100 ' ’ v 254C
16 - 100-114 3710£80 . . 262C
16 150-170 527090 _ 263C
16 ,183-195 - 6740£100 : . 212C
‘10 115-135 3190190 ‘ - 265C

10 175-185 5160+£120 : ; 101C
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shrubs r/& sharply after the Sghagnum and a stab)é commumty of monocots, encaceous

AT

_ shrubs and Sghagnum exlsts for 75 cra. Increased occurrences of Drepanocladus Meesia

. !
triquetra and Betula are recordcd at 125 cm. This period is transitory as Drepgnocladus

declines in the next stratum. but Meesia triquetra, and Betula remain. Present day hummock

species of Sghagnum and ericaceous shriibs begin to appear in the peat profile at 90 cm, with
[
an increase in Sghagnum and ericaceous shrubs, and a sudden decrease in monocots Carex

\

limosa, Meesia 'and Drepﬁhocladus. e : : - -
Slte 6 (Fig. I11-6) R : . . ,
c\ \

: Orgamc matter begins to accumulate at snte 6 about 7170 BP with a pe;t formmg
assemblage composed of monocots and _C_l_aLe_x_ limosa. At the depth of 172 cm, ericaceous
macrofossils become prevalent and incre&se in importance up.to 126 cm. From' 126 cm to 108
cm, wood, Larix, and monqcots dominate, with a low pqrc;m_agé of Drepanocladus . Above
108 cm, ericaceous shrubs becdme re~established. folloWed by a rise in the f requency of
monocots. Picea mariana need?i become predommant at 97 cm. Following this penod the
peat formmg assemne stabilizes with a community rich m m?gg}ots carices, and ericaceous

shrubs.

Open Fen Sites -

Two dastmctly dlff erent developmental patterns exist in the open fen commummes
. Sites 15,92, "and 3, are fen sites located in the upper reaches of the peatland. They havea .
relatively long developr}xental history (4290 BP), as opposed to sites 4 and S, which are

‘located in The lower reaches of the'pea.{land, and'are considerably younger in age (2960 BP).
oo : ‘e \ . R

Upper Fen Sites (15,9,2,3)
Site 15, (Fig. 1:7) o A S
Tﬁis site is representative of the four upber fen sites and is the only one discuséed in

detail. Thé first peat forming assemblage at site 15 consists of monocots, ericaceous shrubs, ,

4



§

Fig. II‘-6. Macrofossil stratigraphy of Mariana Lakes lake basin site 6 and lower fen,
site 4. Data is presented in -percent ‘frequency of number of stems/ml of peat. Sce

Fig. 11-4 for abbreviations. .
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Fig. “11-7. Macrofossil straugraphy of Mariana Lakes upper fen site 15 and lower
fen site 5. Data is presented in percent frequency of number of stems/ml of peal.

See Fig. II-4 for abbrevxations‘, N
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\ ~
Drepanocladus, Sphagnum, Picea mariana and Pohlia nutans. This assemblage exists fora  #

lengthy period (240-150 cm). A gra}dual increase in the imi)onance of ericaceous shr\ibs
'
« results in an ericad dominated assemblage. Between the depth of 138 ¢m and 122 cm, a brief
reversion occurs, bringing the system back to a monocot-ericaceous éhrub dominated
assemblage, At 122 cm gf peat, the abundance of ericads again increases, and the assemblage

remains ericad dominated to the extant surface. Associated with the ericads is a high

frequency of monocots, Sphagnum, and Larix laricina with minor amounts of Meesia _
: 0

triquetra av Betula. .

. 3 .
Additional Uppef'Fen Cores (Sites 9,2,3). See Appendix I.

As with site 15, the additional upper fen cores have early peat forming assemplages

which are dominated by cr{a:eous shrubs arfenocots. Sphagnum is not present in thé

basal sediments, but becomes prevalent aftgFWEI8 cm of peat accumulation. In contrast to

site 15, each of the three additional cares g8 Bgh a period of Sphagnum dominance
(55-65 cm at site 9, 189-200 cm at site 2, and 50-93 cm at site 3). Peat assemblages which
succeed the Sphagnum peat are composed of varying proportions of Sphagnum, monocots,

and ericaceous shrubs.

Lower Fen Sites (4,5) A .
LY :
Sites 4, 5 located in the lower reaches of the peatland are younger (2960 BP) and have
a less complex peat sequence.
Site 4 (Fig. 11-6) |
One hundred and thirty centimeters of peat comprise the total peat accumulation at
site 4. The initial peat forming community differs from pi‘evious fen communities in having
10% Larix macrofossils, and equal percentages of monocots and ericaceous shrubs.

Throughout the peat core, monocots and ericads remain the dominant macrofossils.

~'Sphagnum becomes more prevalent towards the upper sections of the core (14%).

.

oy
I3



| "SrteS(Frg 117)

» encaceous (44%) macrofossrls Wood comprxses a low but srgmfrcant portron (7%) and is -

- Site 16 (Fig. -8) . .

Basal macrof ossils at site 5 have a hrgh percegt%ge (95%) of monocots Prcea is

" present but in low abundance ( 3%) Af ter 7 cm 6f pea accu‘mulauon errcaceous shrubs

o

become present in the core and the monocsu\ncaceous shrub assemblage remains dommant

o the present day surface ‘Sphagnum is not a sr}lﬁcant Component of the peat profile untrl . ’

\

recently where at a peat depth of 10 cm it obtams a relattve frequéncy of 22% Presently at

site 5 Sphagnum covers 4b% of the surf ace.

F

Sphagnum Island Srtes (10 16 8,7 )

'.snere(Fxg -8 | R K

The basal peat at Snte 10 contams a large percentage of monocots (47 2) and

o

'composed of both Larrx and Picea f ragments At 135 cm, Sphagnum (ﬁ: eases from’ a basal

abundance of 3% 1o a dommance of 30% Monocots remain hrgh at 28%, and Prcea increases

®

rto 26 From [hlS level upward Sphagnum increases (to a maximum 52% frequency)

m&nocots fluctuate f rom 14- 37%. and Larrx and Prcea remain stable at 17% Polvtrrchum

N

strictuim becomes prevalent at 85-.cm. At 44 cm, monocots dnsappear from the fossil record

'and Sghagnum composes 100% of the prof 1le At present the site is a dry Sphagnum fuscum ‘

.

dommant area

Y

The peat assemblage structure of Srte 16 at peat mmatlon has a hrgh monocot

,'component (77%) and a low encaceous shrub component As peat accumulates monocot

"domrnance declmes and errcaceous shrubs expand based*on profrle abunda”ﬁes of ertcaceous

v

"bark and roots A wood mclusron occurs frorn 170 150 cm. Followmg the occurrence of wood

fragments site 16 retums to monocot encad dominance. Thrrty six centxrneters of this peat

i type is deposrted followed by another wood. inclusion at 110 cm A htgh percentage of

o phaggum and encads is assocrated wrth this second mclusron Monocots togethmth

jg}'».

T

,'s? |




Fxg I1-8. Macrofossﬂ strangraphy of . Manana Lakes Sphagnum' 1slands snes 10 and
16. Data is presented. in percent frequency of number of stems/ml of peat. See
'Fxg I1-4 for abbreviations.

3
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' Sphagnum and ericaceous fragments, remain dominant, with minor oscillations for 100 cm. In
. - . . _
- the most recent twenty centimeters'of peat. the most f requent, macrof ossil component is
encads (36%). At the present time monocots are absent, \vhrle bnophues (Sphagnum,

, Pleurozrum) and erxcads are ‘the peat f ormmg specres

- Site 8 (Fig. 1-9)

“
G

C ' Peat accumulation at shke 8 begins with assernblag‘es similar to sites 10 and 16.

- Monocots are abundant (60%). Ericaceous shrubs (23%) and Sghagnum (15%) are common
S R Tve fe

- 5% k }r

and some Picéa (1%) is present Fof g

l

ﬂ;xm of peat accumulauon the .peat formmg

assemblage oscrllates between an erfeh fﬁrdﬁoebt assemblage and a monocot-ericad one.

. :
} phagnum is dommant brief’ ly from 130- 121 cm and is associated wuh a 10% risc in Picea and

the appearance of Lartx Increases in b0th ericaceous shrubs and monocots brmg site 8 Lo
temporartly.back to a-mon0cot-er1cad dommant assemblage At 100‘ cm, Sphagnum occurs and
rema;ns the predominant macrof ossil for the next 59 cm. A high percentage of monocots and

’ : fq\uéncy of Picea is associated wrth the Sphagnum dominance. At 41 cm, Sphagnum

ins to déecline and is replaced by ericads. Followmg ‘this penod Sphagnum again mcreases

Site 7 (Fig. I1-9)

‘@»-

o
L

At

Peat formatton at srte 7 begms with an ericad assemblage havmg a high percentage of
mérocots and a low percentage of - Sghagnum After peat becomes established, monocots form
the dominant component, with Sphagnum and errcads as subdommants As wrth pr‘evrous |
sites, site 7 goes through a’penod of Sghagnum dommance (109 cm to 93 em). Agam this

~ stage is 6nly temporary. as Sphagnum declines-from 67% to- 8%, monocots Tise to 46%, and
encads increase to 43% The peat. formmg assemblage remains monocot -ericaceous for the
next 53 cm, when Sghaggum once agam becomes dominant, forrmng the S h num -ericaceous

shrub cap that is- present on the site tgday

#
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an H -9. Macrofossil straugraphy of Mariana Lakes $ Qfmggum islands sxtes 8 and 7.
Data is presented as percent frequency of number of “$tems/m} of peat See Flg
11-4 for abbreviations.
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Additional Sghagnunt Islands Cores (Sites 13,1) See Abpendix II.
Ericads form a major cGmponent of the basal ‘macrofossils at snte 13 and 1. Sghagnum

is not initially present at snte 1, but comprises 30% of the basal macrof ossils at site ]8 The

| relative percentage of Sphagnum increases through both prof iles, becoming dominant (92%) at -

100 cm (site 1) ancl 140 cm' (site 13). Both sites continue to be mtm dominated to the

.ﬁresent surface. Two woad i'nglust'ons occur at site 13. A layer of ;y\ood macrofossils occurs

from 116-124 cm and a layer of Larix needles f rom 50-70 cm.

Accumulation Diagrams .
Macrofossil Influx (Sltes 12 (lake basmf 15 (upper fen) ‘and 10 ( ghagnum 1sland))

It can be seen rom Fig. I1-10 that peat accumulation at site 12 is initally low. Data
presented as percent frequency ( Fxg 11-4) has exaggerated the relattve amounts of
Drepanocladu » monocots, Carex limosa, andaencacqous bark in the (mmc and Dr* p 6cla'dus u
stages Significant accumulation rates begin subsequent to the Drepanocladus stage, ’w:ith
major contnbuuons commg from monocots (29- 50 190 300, and 385-400 cm), Sphaznum

| (230-240, and - 250 300 cm) and from ericaceous roots (180- 190 and 220- 240 cm).

The macrofossnl accumulanon dtagram of fen sxte 15 (th II-11) is not sxgnlf icantly
dxf ferent from the percentage (Fig. 11-7) dlagram The maJor diff erence is a penod of
monocot accumulatnon that occurred from 193-200 cm. At site 10, (th. II-12) the °
macrofossxl accumulation dtagram differs only shghtly from. the percentage diagram. The
monocot contnbuuon is shghtly overrepresented i in the percentage dxagram The hlgh

: cotrelauon between the two dlagrarhs is due to a constant deposition rate.

L

Peat Influx Rates

| » Fig I-13 is \summary of the total peat influx rates for nme peat cores reﬂecttng
penods of increased producuon or decomposmc;n As the nccuracy of the accumulauon rates
- is dependant upon the chronology and that the maximum number of radio carbon dates per

core is six, tt should be understood that these graphs* are est%'nates.



Fig. I1-10. Macrofossil influx (mm stem/ cm? peat/yr) of‘ lake basin" site 12 at
Mariana Lakes. : ‘ o . \
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Fig. II-13. Peat influx rates (mm 'stem/cm‘ peat/yr) for gl cores at Mariana Lakes.
Sites are grouped according to lake basin, upper fen, lower fen and forested
Sphagnum island areas. : o
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" Lake Basin Sites (12,14,6) |
Peat accr?mulatlon in the lake basin cofes (sites 12 ,}4) is low throughoul the limnic =
d

'and Dreganocladu § stages. Sghaggun monocots and ericads contrjbute stgml‘ 1cantlv to the ‘

em/cm’/) L

accumulatron Macrof ossil accumulauon srgmf tcan% mcreases to 530

X 'subsequent to the Drepanocladu s stage. Peat accum atlon at site, er (40- 80 mm

‘ 3‘ stem /yr) than sjtes 12 and 14. Large fluctuauons occur in the deposmon rates that are

[

'assocxated with monocot macrofossils, : o vt

Upper and L’ower Fen Sites
‘Peat accumulatlon in the fen srtes (15.4) is one tenth of that in the lake basins ( 40 60
mm stem/cm’/yr) Fluctuations are more prevalent and are associated with increases in

monoo‘o'g. and erlcad maerofossrl concentrations.

Sohagnum Island Sites (8,7.16 ,10)
Accumulatton rates on the Sghagnum 1s’lands are the lowest at lO 54 mm

stem/cm’/yr Srte 7 has a peak accumulatron from 40- 50 cm, 68- 77 cm, and 109- 120 cm due

to.an mcrease in monocots Sghagnum lsland sites 10 and 16 have low and stable

vy

accumulatron rates R . S : '.
. ’ : ’ . - o . B . . » ’. '
v
at Stratrgraphy Macrofossrl Assemblages
TP

i
{

[

Twenty frve mach,f ossil specres in one hundred and thtry six peat samples were
hrerarchrcally arranged by Twmspan mto ten macrofossrl assemblages (Table Il' 7). The

'/Mmary drvrsron is largely based on the. presence/absenee of algal detritus and Dreg‘ anocladu

0o

"SP. Subsequent dtVtsro s are based on the amounts oftS hagnum monocots Prcea martana -
B _Lg___

. and Carex mosa/paumrcula
- The frrst assemblage is group S1, havrng a hrgh percentage of Sphagnum ( 50 70%)
content Mean peat calcrum ion content for this group rs 2195 mg/Kg This assemblage

constitutes surface.a,ndsubsurf ace S phagr}um/ peas removeg {rom sites 14, 17, and- 10,
. ¢ e ¢

RES S

W
»
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' mg/l(g". S2 is predominant in the Sphagnum island cores, 7,8, and 10, but is also present in

& o _. Y - .
Group SZ has a sltghtly lower Sg@gnum content (30%) than SI, w1th moderate

(5 45%) amotmts of monocots Ptcg mariana, ericaceous bark and encaceous roots form a

largc component of the assemblage. Mean calcrum-vlon content for this assemblage is 3761
W, . N oo .
s
corggdZ 14,15 and 16.
) : .
o Monocots arg predommant (45%)in macrofossrl assemblage MS3 Sphagnum is still

\

. presentu(ls%) as well as errcaceous rodts bark, and Picea mariana. Calcrum ion content of

‘the peat averages 6046’ mg/Kg Group MSS is wetter and more mmerotrpphrc than S2 and .

represents the more mmerotrophrc peat l‘ormrn; communities from the Sphagnum 1sland cores

.

( 10.8.7,) and more olrgotrophtc phases of \srte 16 srte 4 and site s!

Mon&ots dommate (45%) m assemblage ME4 but with a higher percentage of

. ericaceous shrubs a lo %O 15%,) percentage of Sphagnum and the occasronal appearance of

Carex lrmosaépauperm!la and Callrergo This assemblage is characteristic of minerotrophic

" @ -~

o shrubby sedge f ens ME4 forms the basal peat formmg commumty at site 8,10, and 16 and

| mg/Kg. -

o prevalent wrth -

' calcrum ion content of 10439 mg/Kg

the less mmerotrophrc portrons of cores 15, and 6. Mean peat calcium ion content is 7317
- & ) R .

G.Q)up MCIS has few occurrences of wood or Prcea needles bur frequent low (2%)
occurrences of L&rrx needles Encads are abundant as well as magnumtand monocots

Mmerotrophrc tndtcators such as Meesra tnutra Drepanoc‘ladu Betula and Carex
4‘

; mosa/paumrcula have sporadrc appearances Thts iSa small restricted specres assemblage

comrhon 1o on'fy four peat samples Modern analogues are lrkely to be located at srte 6 where

the extant vegetanon has‘hrgh coverage ol‘ rnonocots ericaceous: shrubs, and Larix lancma

’ Peat group MCIS has a higher mean calcrum ion content of 11538 mg/Kg than group ME4

.

Macrofossrl assemblage LS6 is rdennfred.by moderate (15%) Sphagnum cover in

: assocratron wrthlearex lrmosa and Lanx larrcma Monocots and errcaeeous shrubs are

Y eesia trrguetr a and Drepanocladu Thrs assemblage represents Sphagn_um ‘

. hummock communrtres wrthrn the romcally richer areas of the fen. Group LS6 has peat

»

'S
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Assemblage LM7 has substantxally less Sghagnum (S%) and more monoc0ts (60%)
than L86 Carex ltmosa/paupercula Lanx lancma MCE§1 nguetrg, and Dreganocladu

continue to remam as 1mportant associates. This assemblage appears 10 have its modern
analogue in the lawn commumttes of the more mmerbtrophtc Sghagnum sedge fens. Peat -
calcxum ion content remains high in LM7 at 11022 mg/Kg. ' .

High (30-’40%) percentages of monoeots,-and moderate (15-30%) percentages of

Drepanocladus and ’Carex limosa characterize macrofossil assemb‘lage DM8 Sghagnum is

present in low amounts (0- 5%) as well as Lanx laricina and Meesia t rtgu tra Calcium ion

content of the peats in DM8 average 10705 mg/Kg Thts assemblage ongmates from wetter
and more mmerotrophlc oondxttons than assemblages LS6 and LM7. DM8 was also l‘ ound
above and below D9 the Drepanocladu $ stages of sites 12 and 14. - .

DY macrof ossil assemblage is distinct ds it has a hlgh (45- 75%) percentage of
Drepanocladu macrofossils. Monocots are still prevalent (5 30%) and Sghag\}_t« s extremely
low’ (0-5%) . Mean peat. calcmm ion content 1s 10327 mg/Kg. Thxs assemblage has its origins
in floating_Drepanocladus mats wthh formed around the penphery of the la

10 is a smail group of peat sa.mpl‘bs Wthh contam very few macrofossnls ’I‘hese
samples were located at the base of sites 12 and 14. Macrofossils consist of Sphagnum Chara,
monocots ‘and algal detritus. Due to the f mely stratified nature of the substratum and the
‘presence of Chara oospores this assemblage has been interpreted as limnic in origin,, with

calcmm ion contents of 8228 mg/Kg

The rnacrofossﬂ assemblages generated by Twinspan f ollow both a minerotrophic ( see

_ Table II -N agg moisture gradxent (see bel(\w) Figure II 14 presents a summary of-.

macrof ossil assemblages for the ten analyzed cores.



C Syt
an I1-14, Class1r1cauon of macrofossil assemblages of tén, of the' sixteen peat cores
" for Mariana Lakes. Peat .cores are grouped according to lake basin, upper fen,
“lower -fen, and Sphagnum island arcas. Radiocarbon years since 1950 are indicated
for each core. Assemblages class:fled by Twmqun are based on major macrofossnl
'componcms (see Table H» 7) e - .
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"E. DISCUSSION

. Lake Basins (Silés 12,14,6) .

Sites 12'and 14 | ) 5
 Sites 12 and 14 surrounding the northwest lake, have the wettest and most calcium .

rich peat profiles, Beginning'with L10 limnic sedimént' group and ending witﬁ eithgr 7 or

S1. The siratigraphy of sites 12 and 14 suggest a' classical hyd‘rosere\ or terrestrialization

process, whereby lake basins are quigkly colonized bx algae, zooplankton (Everett, 1983), and

aquatic plamé. At sites 12 and 14, the early lake speciés wéré _C_ll;ﬁ, Drepanocladus,

monocots and algae (le). Later, i'nfilling‘occurlred";_' and,f loéting mats of Drepanocladus :

sedges,'Sphagnum.'andbricaceoﬁs;hun'@s formed (D9). The floating mats provided struétural

support, promoting an increase in Sphagnum production. This resulted in a vegetation change

towards a Sghagnum-gedtgetfen (LS6). Sphagnum domingnce followed, with coalg:sbence of

the Sphagnum hummocks (S2). Reappearance of Drepanocladus, Meesia, and Calfiergon

(DMB8) in the macrofossil record, and an Aassociated dqcline in_Sg‘ hagnum_suggest.s’that

minerotrophy increased and ihe system changed from an ionically poor Sphagnum glomjnaied

peatland t0a ‘more ibnically r;;h'monocot-Sghégnum domin;ted poor fen. Mihor oscillations

in monocot ericad, and Sghagnum abundance- in this last stage are hkely due to alternatmg \
patterns of the Sphagnum lawns and hollows as ghagnum lawns shift and pools coalesce

(Foster et a_l. , 1983).

Sii: 6 (surrounding the larger northeastern lake ) -
- Early peat development at site 6 (Fig. 11-2) began in a drier, more.nutri‘ent poor - . .
environment than sites 12 and 14, as indicated by the macrofossil group LM7. This area may

Have began asa sedge dommated marsh a monocot commrunity which is prevalent on

'm'undated shorelines today. Gradually the site was invaded by- ericaceous shr_ubs Larix, !
Picea, and became driér with less mineral influence (ME4). Renewed flooding occurr ‘r,-_\ '
cover diminished and monocots increased (DMS). At present, the surface Water at sitd%

.. \' - [y . % 7
- moves in channels around shrub and ericad covered mounds. g’luctuating percen&agés of
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ericads, wood, and monocots in the peat profile haye reflected shifting drainage patterns in
. Y . N s ‘; H . P .

_this area.
b SR

Upper Fen (Sxte 15)'

4
1

3
5,
The peat prof iles f xdm the upper fen area mdncate that they were orlgmally positioned

- ina watertrack and overume have remained under minerotrophlc (ground waler) mf luence,
 The area orlgmated m a basal peat f orming commumty of Lanx monocots and ericads
- (LM7). For a penod of ume the area became drier, and less mmerotrophxcally influenced, as

4

mdncated by the presence of ME4 MS3, and S2 macrof ossil groups. Continual ground watcr

_mput is suggesteql by the penqg[xc re-occurrence of LS6 \

‘ R
i

Lower Fen‘ ites 4,5) , o N ‘ .
' ' Onl T changes in the macrofosstl assemblages have occurred in the lower fen

sxtes f ollowmg peat initiation. Site 4 began as a sedge community sxmxlar to the basal

3

commumty at site 6 (LM7) Fluctuatmg mmerotropmc mf luences have occurred indicated by

the presence of 1omcally poor MS3 peat followed by 1omcally rich LS6 peat Peat developmem

at sue 5 began in the dry, 1omcally poor macrofossil group ME4 Recent expansion of

Sphagnum in the MS3 peat group is likely due to the‘ isolating effect of the accumulating peat.

Sphagnum Islands (Sites 10,16,8,7,)
Site 10 |
Three stages of peatland development are present at site 10 (Fig. II-8). The first stage

'is a ionically poor monocot-ericad. peat (ME4), with a low abundance of wood and

Sphagrum. The second stage is a deep section of peat consisting of Sphagnum-monocot peat |

(S2) with many wood inclusions. The third stage is Sphagnum (S1) dominated.” .

Site 16

‘.



G

J*"/ o \ )
The developmemal hlStOl‘y of site 16 is‘complex. Macrofossxls of the basal peat are
predommantly of monocots and encads with wood inclusions ( ME4) Subsequent strata

oscillate back and forth between monocot -ericad peat assemblages and monocot-Sphagnum -

. assemblages (ME4 and MSS) The developmental history of site 16 suggests alternaung

mmerotrophrc and ombrotrophtc influences. Site 16 is an ecotonal commumty lymg»between a

fluctuating water track commumty at site 15, and an t‘luctuatmg Sphagnum island community

(

at site 10. _

Site 8

Basal peat formation at srte 8 began asa Carex Prcea and errcad shrub communtty

o ME4) It underwent a perrod of Sghagnum dommance (S2) that was very transrtor) in

nature and reverted quickly back to a more ionically rich peat (MS3). The second sectton of

* Sphagnum dominance (S2)is more extensive and ends with a gradual increase in monocots

mdtcatmg renewed minerotrophy. Site ) appears to have mamtamed its ombrotrophrc

¢

: .condtttons as a recent expansion of ertcads and Sphagnum has occurred Surface

physrognomy at site 8 suggests that this site is noL hydrologically tsolated Therefore the

‘complex history of site’ 8 is probably due to its tenuous hydrologtcal proftle and it is easrly

influenced by hydrological condmons in the adjacent watertracks.

-

Site 7 ‘
Although site 7 mmall)t*t;ieveloped on a dry, ,‘monocot Sghagrutm and ericad covered

site, it was quickly inundated resulting with a ME4 peat group. As wrth site 8, it was _

 influenced by a period of high Sphagnum abundance (S2). Followmg this phase, site 7

reverted back (ME4,MS3), suggestihé fluctuating mineral inﬂuences. More recently at 44 cm,

site 7 has developed into an open Sphagnum and shrub covered bog-.-



b

Summary - Mac'roflossll Asse}mbl"ag‘;as and Peatldnd Development

Comparlson .ol” the ten macrofossil classification profiles suggest three stages of .
'peatland dcvelopmem. Lake.basin cores have the wetiest most iom'c peag profiles. Early ‘
terrestrialization stages are the wet minerotrophic L10, D9, and DM$ peat assemblages. Late

terrestrialization stages are the drier minerotrophic LM7, L'S6, and MCIS peat assemblages.'

"Open fen cores (upper and lower), arc intermediate in position. Initial peat assemblages are

either LM7 or ME4, progressi'ng to drier more bli‘gotrophic MS3, 82 peat ass’gmblages.

Forested 'Sghagnum islands sites have the driest, most oligotrophic peat profiles. Peat prol‘ iles

begm with MS3, ME4 peat assemblages succeedmg lo $2 and S1 assemblages Site 10 has the

most stable peat prof ile mdlcatmg gradual progresslon l‘ rom peat assemblage ME4 to

‘assemblage S1.

Environmental Reconstructions

A model of peatland genesis and develepment in continental western Canada.

Paleo'-bH

" The ecological relationsbip between mire vegetation and environmental gradients has
been documented in péatland literature since the;1920"s (G’laser 1982, Jeglum 1971,
Reinikainen et al, 1984, Sjors 1952, Vitt and Slack 1984, Waughman 1980). Species sgtific

quantitativé data for mire vegetation has been recently undertaken by only a few autllors

‘ (Jegkum 1971, Janssens and Glaser 1986 Vitt and Slack 1984, and Andrus 1973) With the

acqu1sxtlon of species spec1f1c data it is possible to UtlllZe macrofossil data to quarmf y past

envnonmental condmons o ' [

PH inferences based on diatom autecology have been used by llmnologlsts since the,

. 1930 s to reconstruct the pH history and acidifi 1catlon of lakes ( Battarbee 1984, Davis and

Anderson 1985, Renberg and Hellberg 1982, Webb and Clark 1977). PH inferences are

supported by quantitative relatidiihipsvbétween present environmental @pgitions’and

associated diatom communities, that are expressed as an index or multiple linear regression



;ﬁ

/

/
i

equauon Reconstrucuons determined by diatom occurrences are known to have standard

errors of betwecn ca 0. 25 and 0.5 pH units, the lowest bemg calculated by multiple regrcssx‘ons

on individual taxa or on their principal components (Bauarbee 1984 Davis and Anderson l*-‘“

1985). o : - C
Due to the low nd;‘nber of mécror ossil groups present in the péat cores at Mariana

Lakes, multiple regression on individual taxa was chosen as the best. method for pH

reconstruction. Weighted percent cover values of 60 vegetation. plots and associated pH values

+

" were used to calculate the linear regression equation. By applying the regression equation to .

weighted macrofossil density valhes. inferred pH was calculated (See methods for details).

The relationship between observéd pH values of the 60 surface vegetation plots and their

prédicted pH values using the regre'ésfion equation s Qws a high correlation of r= 86.
Paleo-pH details for the Mariana Lake macrofossil cores are shown in Fig. II-18,

'

Lake Basin Cores (Sntes 12,14.6)

-

\ _~ lnf erred pH prof iles of sites 12 and 14 describe the original paleo-pH as bemg between

5.35 and 5.60. In both cores, pH decreases through the floatmg mat stage to a pH of 4.5 and
is followed by periods of increased minerotrophy in the LS6 and DM8 peat macrofossil

community groups (Fig. 11-14). Lowest paleo-pH values are found in the S1 and S2 peat -

jacrofossnl groups. Directly contrasting to sites 12 and 14 is site. 6. “The mferred pH profile at

site 6 is stable; beginning and ending with a paleo-pH of 5.75. |

4 Open Fen (Upper and Lower) Cores (Sites 15,4.5)' - . J

Site 15 has a pH profile that is distinctly different from sites 4 and 5. At site 15,

paleo-pH increases from an initial pH c;f 5.75 to a paleo-pH of 6.0, followed by a decline in
paleo-pH to 5.10, cc;r{ésponding to macrofossil community S2 (Fig. 11-14). Paleo:pH
increases in the next stratum (LSG‘) but declines to 5.25 near the surface honzons Inferred
pH profiles of sites 4 and § are relatively stable and similar to that of site 6. Site 4 shows a
slight pH reduction from the initial pH of 5.80 to a final pH'of 5.15. Inferred pH at site 5
undergoes a more dramatxc pH reduction correspoudmg to the bryostratlgraphxc change from

~macrofossil commumty ME4 to MS3.

A}
v



S e

0 . 8. ‘ o
. Fig: II-15. -Egvironmental reconstruction. Palcé-”“&-ll of surface ,wallls at Mariana
"“”"m@ cores are grouped according to lake “basin, upper fen., lower fen, and
“‘,'au, a

m island arcas (see methods). Present surface pH is indicated for cach

core(O). |
»
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Lok hortzons

‘land Cores(Srtes 10 16 8 7 ) . " o
R e pH proﬁle of site 10 desortbes a gradual declme from an l:ual pH of 5 75 tO.
f mal pH of 3.90. Inferred pH: prof iles of sites 7.8, and 16 are srmrlar showing initial

‘ paleo pH values of about 5. 75 declining toMo pH of between 4. 3 and 4 8. As with-

prevrous cores, low paleo pH values correspond to SZ macrof ossrl peat commumues (th

II- 14) All three cores expertence a period of renewed mrneralrzatton whrch mcreascd the .

paleo- pH tO approx. 5 25, followed by a raprd declme in pH through the more recent surf ace :

o Summary : SR : ) | B ST R .?’ ’%
o M o
.- The peatland at"Mariana Lakes has from its mmatron been an 1omcallv poor fen; wrth .
0 .

~apHof about 5 75. Nattgal acrdrf ication took place jn the Dreganocladu mat commumttes

- surroundmgthe léke basms Ghme et al- (1982) -reports that Drepanociadus vernicosus and

1“__ D. revolvens have the abrltty 210} srgnrftcantly reduce pH values through catton exchange
't

,Subsequent to the de\(elopment of the poor fen community, changes in water chemrstry have -

resulted j Ln perrods of acrdrfrcatron and mine ralrzatroh ‘The' mferred pH prof iles suggest that-
[ 4
lake basm srtes (12 and 14) are the most mmerotrophrc and h’ave been vegetatrvely the most
l;« SR . » . v
w.

, "s‘ensrttve to changes m \uater ch i*st;g%{w ? #ﬁ"‘% i 5 ; SRR ey
Fen commumtres in. the uppe,r reaches of thy pea‘tland were also sensrtlve to changes in

: - water chermstry (s1te 15) whereas fen communttres ln the lower reaches (srtes 4 5) were less ’

' sensitwe Low surface pH and ca‘lcrum concenti:atron at these sites suggesr that most 1ons have ’
been mﬂously removed by f 1ltratron before surf ace: waters reached theSe lower srtes Stte 6 A

: _has an extremely stable mferred pH prof 1le The hrgh surface pH of thrs site’ (6 34) suggests

gtound wat_er h could account for the st}ble prof rle that site 6. experrences

: 4 m. 1sland cores w:th the exceptxon of srte ;0 have an mferred pH proﬁle

o

1 v . L Goe




»

4

o palco pH values in these cores are all about 5.75, but renewed mmerotrophtc conditions do

LA

,._,,a..t e

not exceed a paleo pl-l of 5. 5 This is in drrect contrast to the lake basm anMres and

e

may indicate a time perrod when these srtes had,dlchreved a tenuous hvdrologtcal isolation. Site

1

.10 has an mf erred pH prof rle that descrrbes the gradual removal of a ghagnum rsland f rom:

-

‘.m_und water influence. C | .

Problems with ln£err&ﬁ'pH o ' S 3

The applrcauon of pH reconstructron utrlrzmg fossrl macrophytes has some mherent

(1)

problems The use of an absolute countmg techmque to acquire macrof ossil density data has

.

resulted in the overrepresentatron of monocots due to.thetr sheathmg growth form and large
' underground root productron Thrs has led to an exaggeratron in the amount of monocots
\“Bund in the fen assemblages, resultmg ina drsparrty between mferred pH of the frrst peat
horrzron at site 12; 4 and s, %nd the surf‘ace water pH (See Fig. I1-15). ’
‘Hummocks are’ mrcro-ecoystems having unique water che%try'and vegetation‘ When
descrtbmg water chemistry condttrons using vegetatrve charactertstrcs only the [ larks should

be sampled The hummock ef fect is seen at site 14 where the first peat horrzton was located

within a hummock commumty ,The mferred pH of this horrzon 1s much lower than the actual

- susface water chemxstry This srtuatron 1s srmrlar f or site 6.

v

o

5@!!1 order to calculate an accurate multrple lrnear regressron equatton 3 large data base ‘

covermg a wxde amplttu?anatron is requrred In thts study. msuffrcrent data was |
available‘ to accurately ‘destribe the full range of envxronmental condrtrons found wrthm _
Dreganocladu commumttes Thrs resulted m an extremely low mferred pH (4 10) for the -

floatmg mat Dre anoclad commumtres at sites 12 and 14. A pH of 5.0 to 5.9is a more

commonly accepted pH value for Dreganocladu dc}gmated commumttes (Jeglum 1971

: . 4 .

JansSens1983c) T U —_—

R o
Relationship of peat assemblages.to modern day plant associations. . = -~ .

-~

R
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Percentage cover values of the extant vegeta'ti‘on were placed wlthin the peat

| 'maerol‘ossn ‘data and ordmated usmg Twmspan in order to assess the relabgnsblp between ‘
peat assemblages and extant. plant associations. Results are given'in Table Al -8. The third

A column contains the-Twmsparr classification of the extam veg_etauon with the peat
macrofossils and the f ourthco‘lum’n contains the first snbsurfaee peat assemblage. This chart

» [
indicates that the extant vegetatlon of the lake basm and fen sites do not bear a close

L]

o relatronshrp to therr first subsurface macrofossil. assemblage Forested Sphagnum tsland sites

have a much closer relatmnshtp This is due to the abundance of monocots in the fen

commumttes, theit sheathmg growth form, the abundance of persistent subterranean parts and ‘

the absolute method by which the original data was objained. e

PaleozMoisture o ‘ B e gt
The paleo-moisture profiles § n.a morsture mdex (Bee Methods) (Fig. T1-16) -

show that lake basin sites (12 and 14 'ihe wettest morsture prof ile, parucularly through

these cores eyond. the poor fen age are due to the presence of Dreganoclagu s oI’ ghagnum

angusuf olium, Srte 6 hasa constant morsture prof ile, except for a partrcularly dry strata at ® S
126- 140 cm "Lower fen srtes 4 and’ 5 have stable moisture prof iles at a morsture mdex of -

2.75-3.00. The Sphagnum island cores have a more stable paleo morsture prof ile than that}'[
the lﬂ basm cores (sites 12 and 14) Morsture condrtrons tend to remain around a morsture »

X i .
mdex of between 2.75 and 3. 0 Ma}or morsture reducttons in srte 7 and,srte 10 correspond to o

= macrol'ossrl changes from S2, a Sghagnum peat commumty, to 81 (th II -14). : '-‘k |
. . a § v. ' : t .‘. ) ) e ' " .
F. CONCLUSIONS T A | T .

‘Both processes of peatland formatron terrestnalrzatton and paludrf 1catron have 44/ .
occurred at h@ana Lakes (Frgs m17- 20) Earlrest peat formatron began m the northwest ‘
: la!b basin at 8180 and the northeast basrn aioun,d 7170 BP and followed a classrcal hydrose%l




. F
+ ... Fig. 1-16. Envuonmental reconstruction. Paleo moisture . at Manana Lakes.. Cores are
‘growped according to lake basin, upper fen, lower fen,' and Sphagnum island areas.
‘Present surface moisture condmon$ are_ indicated ( ) for each core Moisture is

based on a 1-5 scale (sce melhods) o .

-
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Fig. 1-17. Model- of peatland development at Manana Lakes. Reconstrucuon fromu ]

8180 BP to. /5000 BP.
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Fig. 1I-18. Model of peatland 'development

BP. ‘ ‘

Ty

at Mdriana Lakes.
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Fig. 11-19. Model of peatland development at Mariana Lakes. Reconstruction af 3000 3 '
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Fig ll 20 Model aof peatiand development at Mariana Lakes Pregent day mire
types. Combare with" Fxg II 2 for further details. "
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_successmn resemblmg those outlined by Everett (1983), Helnselman (1970) and Sjors (1960)
- Autogemc mf 1llmg ,ol‘ the lake basm produced af loatmg ‘mat, thf upon enclosure rsolauon
‘ Land natural acxdlf ication deueloped into a poor fen, Allogemc paludtf u.auon of the upper fen
;began between 5800 BP and 513% BP, subsequent to terrestrralrzatron of the lake basins, and -
progressed in a downslope drrecuon towards the mire outlet (Frgs Il 17- 20) Bv 2960 BP the
» entrre dramage path was completed paludtf ied.

Plant macrof ossrl.s Twmspan classrfxcanon of macrol‘ ossil assemblages and ml’erred

‘ Se reconstructron proftles descnbe the developmental htstory of the present day surt’ace features

. The lake basm areas are the most mmerbtrophrc from the time of rmtlauon to the present .

)

Mmerotrophrc highly 1omc condtttons are expressed as hrgh paleo -pH values of‘ 6.0 and, 6 9

s’

AcCumulauon dragrams indicate that these areas have high’ producuon and tow decomposmon
whrch is indicative of a high water table with hlgh morsture condltrons, Paleo morsture
. profrles suggest that these"aTje—s weTe, wetter than the Qhagnum 1slands partrcularly in lhe

upper strata of the cores. The northwest basm evolved in a fc ormer proglacral lake with

‘successron toward a Sphagnum dominated poor fen. It is located at the upper end of the

o

drainagé basin, and has remamed wrthm mmerotrophlc overland flow, and has theref ore been -

o

sensrtxve to changes in hydrology and water chemistry. The macrofossil htstory. inferred

reconstructrons peat accumulatron dragrams and Twznspan classification, all express a

dvnamrcally unstable wet and relatrvely mmerot‘tophtc peat formmg commumty . ‘ ” ‘

The peatland area near the shore of the northeastern lake has evolved f roma o

' lakeshore sedge swamp into one domrnated by Prcea Lanx shrubs and sedges. ‘Peat
\
accumulation rates have been high but erratic, whrle moisture conditions and water chemt
<

[

i

have remamed stable. As f ormer- lake levels dropped this area became exposed to waterflow :

®

from an adjacent dramage basin. This water source is enriched with mineral ions, and has
provided the area with a continous supply of moisture and nutrients. The macrofossil profile
expresses minor shifts rn the dramage patterns and is not related to-any major climatic or

'hydrologrcal events. . A/\_ o '. .

¥
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= with groundwater influence. No change has occurred and’ it remams wrthm the pres ’ry -

wathck Twmspan and peat accumulation profiles- mdrc&te that the fen area was both

- .gicher and wgter than fhe phagnum_ islands. Adjacent Sphagnum islands, experrence a

| correlating sequence of vegetational and environmental changes to that of the fen. This

!

The upper fery site has a peat profile that /suggest early development in a wate'rtrack '.," '

suggests a close hydrologrcal relationship exists between these areas. Lower fen sites. have been -

recently been paludrf ied. Early peat f ormmg assemblages had hrgh amounts of.ericaceous
shrubs, Larix and monocots As these. srte became wet‘ler monocot increased and Larrx and

errcads decreased. With the accumulatron of suffxcrent peat rnaterral to isolate the surface ‘
e\ : 7

" vegetation fromJ.he..underl_vr mineral soils, these srtes experiencee a increase in S ha num - -

L]

and a corréspondin-gldrop in the paleo-pH. , N R '

-_—

On Sphagnum island sites, early p‘eat forming vegetatlon was dornin’ated by monocots

i
and errcads wrth a moisture index of -2 9 a paleo-pH of 5.75, and a low ‘peat accumulatron

rate. Some ts]and sites experrenced a gradua] removal from ground water 1nf‘luence and a

‘ L] —— —
correspondmg succession to Sghagnum dommance Other s1tes appear to be hydrologrcally
' unstable occupying ecotonal posrtrons between Sphagnum islands and adJacents f ens, or they

EXpe_n(e’nced a close hydrologxcal relationship'to thelﬁjacent fen.’

_ R

-

peat stratigraphy

LN :

Accordmg o (
2 'l/« o
have occurred srnee omn Alberta. The first is the mid holocene chmatxc optrmum

ological studies there have beerr two maJor climatic events that

that' appears to have been a time transgressrvpevent of mcreased summer temperatures
(Schweger unpublrshedL.Dated pollen cores from lakes in Alberta gr?%a varymg account for
thé clrmatrc optrmum 9 000- 6 000 BP at Wabamum Lake (Hrckman et al. 1984); from 9,500
to 5 ,000 BP at Mary Gregg.Lake (Bombm 1982) and 8,000 BP at Lake Isle (Hrckman and

. Klarer 1981) Schweger (Unpubhshed) gives a blanket figure of 9 300 t0 5,600 BP for the

cltmattc opttmum in Alberta Durrng this time perrod at Manana Lakes, only the lake basins

Correlation ol"' reglonal clrmatic changes documented in paleoecologtcal studres, wrth changes in



&,

g Natron‘al Park at 4000 4200 BP (Vanee 1979). A clrmattc change to coolcr and wetter

A ) . .
N . ) .

" were accumulatmg peat L 0wered 1ake levels during the warm dry mterval could aecount for

i

~ the transitign\from a lrmmc sedtmentatron-stage to the floatmg mat stage The shore area ot"

the northeastern lake evolved durmg this mterval from a sedg;&wamp community into a drter

'errcad Larrx and Prge commumty The second major chmattc event was the shift from. the "~ “.

altrthermal into modern climatic conditions which brought about an incredse in precxpttatron ot

or a decrease-in evapotranspiratic'm Pollen core évidence ~suggests that this transit'ion' was also

time transgtessrve and took place in Alberta at Hastmgs Lake f Tom 5555- 4460 BP (Htckman

S ‘and Forbes 1981) at Baptrste Lake at 4600 BP (Htckman 97~nd at Elk Island |

a
?ndmons would have brought mcreased water flow to Mariana Lakes resulting in the r

tiation of the paludification’ process. Periods of extensrve paludtf ication and peat mcepuon

“ have been reported between 5000-3800 BP for peatlands in northern Quebec (Payette 1984), K e
/ Sy
» and &f 3500 BP, 2400 BP, and 700 BP for all of tanada (Nrchols 1969) ST
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[Il. PEAT CHEMISTRY S

A INTROI)UCTION | | |
' The relquonshxp between peatland‘ vegetatlon and water chemrstry has been studled
by many authors, notably Sjors (1952) Gorham- (1956) ( 1984‘) Hemselman (1970), Gl#ser
A ("f983) and Comeau’ and Bellamy ( 1986) resultmg in the cunclusmn that peatlands‘occupy a
| 3 hnmodal distribution alqng a water chemnsmy gradxem (Sjors 1950, Gorham 1956, Gorham
and Pearsall 1956). -Bogs_\ are ombrotrophic peatlands that receive their mmeral supply from
preciﬂitan'og only and are ‘Siruated at the lewer end of the gradient,” while rich fens receiving
large amounts of calcium and magnesium through gﬂ#ndwate’r supply ‘are located at the
highest end of the gradlcm Water chemrstry and vegetauonal gradients also exist wnhm
individual mrres (Glaser 1?83 Glaser ef al. 1981, .Damman 1986). In conunental North
~ America where large ombrotrophrc pegtlands do not f orm water chemistry and vegetationu ‘ B
gradlems are assocraled with ynique vegetauonal landforms. In the B]ack River and Red Lake
peatlands of’ northem Minnesota these landforms take the Shape of raised Sghagnum cr’ests
watertracks, and ovoid Sphagnum islands (Glaser 1983).
,Peat}s an accumulation of undecornposed mire& vegetation. Due te its physical -
_properties, pear can seqﬁestre cations, particularily Sgha@rrr‘ﬁ peat Awhich has a IQrge catien
| exchange capacity. Surface peat chernistry has been considered by seme to better re}'lect ionic ,
and nutrient concentrations in the mire due to“the sedsonal variability found in surface water
chemistry (Damman 1978, !(arlin and Bliss 1984), and the .aceumulating effects that flowing
,'w;t_er can create (Pakarinen and Tolonen 1977b). | " '
Peat stratigraphy and peat chemistry in combination can be used to determine.the
develoﬁmc‘r'rtal history of2 peatland. Peat macrof ossils &escribe the’v’egetatiogal changes
‘ while peat chemrstry reveals chemlcal and hydrological changes Most peat chemrstry’ studfes

J have focused on establishing a relationship between surface waters and surface peats |

(Rakannen and Tolonen 1977b, Damman 1978) between mire plamts and peat (Malmer and

\tl version of this chapter has been submitted for pubhcauon B. Nicholsag
D.H. Vitt. 1988. Journal of Ecology. ,




S 2
S]Ol‘S 1955, Stanek et-al 1977, Lembrechts and Vanderborght 1985, Giller and Wheeler 1986),
. Or Lo assess trace, mctal deposition (Sillanpaa 1972, Pakarinen and Tolonen'1977a). Few

studies have been done utilizing peat chemistry to establish hvdrology and wal§q chemistry
changes associated wnh peatland development (Zoltai and Johnson 1985), pazulanlv in .
defining the chemical change between minerotrophic and ombrotrophxc peats (Chapman 1964,
Marnsjo 19@8.. Tallis 1973, Gorham et al. 1984). o

A cqntinental peatland complex with varied vegetational landforms was studied to
determine the developmental history of the peatland, and to relate the surface physiognomy to
peatiand development As part of 4hns study, peat chemxslrs was used to determine the
influence of water chemistry on peatland vegetation and landf Qrm formation. Particular’
emphasis was directed lowards establishing the presence of ombrotrophic conditions of the
l‘or‘ested. Sghagnum islands and docpmen?ing within the peat chemistry prof ilc'a slrnligraphic
boundary between ombrotrophic and minerotrophic peats. . | '

A

B. STUDY. AREA | T p
The study arezi (Fig. IlI-1) is a peatland complc&.'located 100 Km southwest of Ft.

McMurray in northern Albetta at 55°54' N latitude and 112°04' W longitude. The peatland is
situated on a broad upland platehu the Stoney Mountain Uplands' clc:vauedj 180 m nbnvc the
surroundmg area. Sntuated within the peatland ‘complex is an east- west dramagc d,mde The
study site is an 6. 88 square kilometer mire located at the eastern head of the dramagc divide. -
Water from this mire enters a large unnamed trlbutary of the House River. The Stoney
Mountain Uplands isa physxo‘graphnc. feature for,mecf by glacial till overlaying a minor rise in
‘the sedimenugry bedrock (Hackbai’th and Nastasa 1979)..The glaciai ‘Lihl‘l is non calcareous
consistfng of begrock blocks, grnvel. und.;d some clay (Ozoray and I_,ytviak 1980).

" Climate for the area is t};pe VIIL, boreal cold temperate (Waiter 1979), with short’
winter days and long summer déys.‘Puring the winter the region is dominated by c;)ld dry

- Arctic air masses (Strong and Leggat 1981). During the summer months the mid-Albertan

storm track’ brings excessive precipitation (>400 mm ) to the area. -

A
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Fig. IlI-1. Map of Alberta, Canada, with the Mariana Lakes study area shown by -

a star. ‘o L. .
. .
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Regronal upland vegetatron xs Boreal Mtxedwood (Rowe 1972) Well dramed sites have

an assocratron or .Po‘pulus tremulozdaes b__samtfera B_etula papynfera_, Betula neoalaskana : /

‘P glauca and Ables balsamea On sandy S/)IIS Pmus banks:ana can be .found whrle Ptcea

.“u-' .

martana and Larrx arrgm occupy lower basms and catchment areas Thls area 1s m the

Contmental Hrgh Bor‘eal wetland regron (Zoltar and Pollett 1983) characterrzed by peat

-,;=r

plateaus. palsas, and fens. .
v c &

Immedlately surroundmg\Manana Lakes stud\y srte is an extensrve system of

B ; dlscontmuous mrres Outlmed in: Flgure III 2 is the study srte a complex t’en ‘Light' shaded
zones dehmrt the extent of the fen. Convergmg flow paths mdlcate that drarnage is to the

] -~ northeast Mmeral sorl ndges (darkest shadrng) appear sporadrcally wrthtn the peatland and -

along the mire edge Four tear drop shaped and two ovord shaped Prcea marlana §ghagnum ’

_. dommated 1slands (medlum shadmg) -are srtuated vmhm the western sectxon of the fen. T hc

vogetatron of these 1slands Is dommated by a thtck Prcea martana cover wrth an understory

shrub cover of Chamaedaphne c_alyculata Ledum g nlandrcum Vaccmrum vitis- -idaea ..

SN

<~

Oxycoccus 1c§carpus and Rubus ¢ha aemorus Bryophyte cover.is dommated bv ' ' R

-

portton of the mire (hghtest shadmg) contains watertracks, and covers 3. 69 square

ghagnum fuscum S gusttfoltum S magellamcum and Pleurozrum sc%reberr The: fen
* ‘

krlometers It is dommated by Andromeda polrfolxa, Betula glanduhfera, Carex guatrhs, C

lrmosa C chordorrhrza, Sphaggum ngustrfohum, S magellamcum, S. fallax andS, -
' -
subsecundum A scattered cover of Menyanthe tnfohata,thhagnum a]usl Scheuchzerra

galustn is also present'wrth mdrvrduals of ggutsetum fluwatrle Dreganocladu agpomcus,

D. exannulatus and Meesra mguetr atvehe ncher sxte;g

+

C METHODS o i
L Conng srtes were selected on the basrs of. landform features as deterrmned by arr

photo mterpretatron Cormg srtes forrn two transects The ftrst transect traverses the upper o

portton of the peatland and mcludes all landform features whrle the second foll%x ws the long

: axis of the mu'e to the outlet at the western lalge (Frg IH 2) Srte selectron 1ncluded -

RIS



-Fig. IiI- 2 Map of Manana Lakes study area with landform features Srte locauons
(numbers 1- 16) are shown The mire is. divided into “three main areas: upper fen -
(UF), lowerf'fen (LF), and foresred Sghagnum rslands (FS). Arrows indicate
<direction of | water flow. .~ _ .
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duphcauon of the thtee maJor landforms (upper l‘en lower fen and forested Sphagnum

. islands). ' ) . ' - .

S Surfacg water samples were, rermved from natural dcpressions on July 25' 1984, May.
24, 1985, and August 17, 1985 in acid- washed linear polyethylene bottles and analyzéd f or pH
electrxcal conductrvrty, and maJor ions. PH measurements were taken dlrectly in the fi teld
using an electromate pH meter. Conductrvrty was analyzed at 25°C and corrected for h)drogen
ions usmg SJOI'S (1@52) method Water samples used for ton concentrauons were f rltered |
preserved with.1 ml of 4 N HCl, and analyzed by an mducttvely coupled argon plasma _ |
s\pectrophotometer o

Dupllcate peat cores were removed with.a 5 cm modified Mcauley peat sampler Peat

_ stratrgraphy was determmed in the 1f ield on the “basis ol' botamcal cOmposmcn an‘stale ol~

decomposition, Estlmates of the pe centage of Sphagnum sedges, brown mosses wood,

errcaceous shrubs and the Von Po t scale of decomposrtron was made [or each stratum. In

‘one core als cm.sectron of each stratum was removed for bulk densrty and peat chemrstry
The second core was kept intact by storing 1t m a half sectton of 2'm polyvinylchloride prpe

wrapped in cellulose acetate. This core-was used for macrofossil analyses and radrocarbon

- dating. o T ;,>

P

Peat samples removed f or bulk densrty and peat chemistry were werghed and air dried.

A mortar and pestle were used to finely grind the samples Subsamples of 0.2 t0 0. 3 g were

«,

dry ashed in a- mufl'le furnace at 550°C for 16 hours. Ash residue was dtgested with 3 ml of

- 1.5 N HCl, 1 ml of concentrated HN03 and evaporated A further 3 ml of 1. 5, N HCl and 5
'ml of distilled water was added to the dried salt ‘Soluttons were filtered through Whatman
#42 paper, \volumetncally adjusted to 25~ml and stored in 30 mi polyeth.ylene bottless fon
concentrations wére detel‘mlned on an inductively coupled argon plasma' spectr_ophotometer.'
Jon concentrations are calculated in mg/Kg | o ) |

Peat samples used - for macrofosstl analysrs were wrapped ina layer of cellulose acetate |

‘and volumetncally measured usmg Janssens (1983) dtsplacement technique. Each sample was

" soaked for 3 days in 75% aqueous Areosol OT solution to allow for complete dtspersmn of the

N o
&
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L orgamc ial. Samples were steved in a 500 um sorl sieve and sprked wrth 0 5 g

\

(958.88 52, 32) of yoppy seeds. Every macrof ossrl ina 1 % subsample was ta-bulated : ¢
measured and’ 1dent1f 1ed Stems were measured on all bryophyte species whereas for monocots
(parallel veined, grammmds) ericaceous shmb leaves and wood, all 1dermf1able portrons “were
c0unted ’For Ptceavand Larlx needles were measured and counted Macrofossil density was T
calculated as mm Qm/ml peat. Percent f requency of each macrofossrl specres was calculated .
N

Stand groups were ordmated wnl)?) Decorana (Hrll 1979a), a- detrended correspondence

-

as a proportron of the @tal mm stem/ml of peat

analysis. Twmspan a polytheuc devisive reciprocal averaging program (Hrll 1979b) was used

to relate surface vegetatron to surface water chemistry, and to obtam peat macrofossil classes

- Based on the Twmspan macrof ossrl classxf ication, peat cores were subdmded into two major

peat types (open fen and forested Sphagnum 1slands) A non- parametrrc medra‘h\ fest, the
Mann-Whitney U was used to determrne significant drfferences in peat physlcal parameters

ion concentratrons. and macrofossil classes between the two peat types.
' {

'D. RESULTS

Surface vegetation was subdivided by Twmspan into four vegetatron types; these are

' related to water chemrstry in Table II-1 and surface landforms in Fig. II-3. Forested

Sghaggum islands have the lowest pH (3. 6 -4, 5) and conductrvrtv (0 25 uS/cm). Calcrum and

magnesium contents are low at 1. 1 2. 4 mg/l and 0. 2 0.6 mg/1 respecttvely Open fen sites

) contammg phagr_rum fallax are 1on1cally poor havmg pH values between 3.8 mg/1 and 4 2

mg/] with conductwrty values of 31 8-41.6 uS/cm Calcruerconcentratrons are between 1.2

‘ mg/l and 2. 7 mg/l Magnesxum concentrations are between 0.4 mg/l and 0.8 mg/l Fen sites

contammg Carex chordorrhxza are more ionically nch havmg pH values between 4.5 and 5. 4,

conductmty values between 0 and 62.8 uS/cm calcium ion contents of 1.4-3.6 mg/l and

‘ magnesrum values of 0.4-1.0 mg/1. The two forested Betula sites (11 6) are more

1

nunerotrophtc recervmg addmonal nutnent sources ‘Site 11 receives addmonal drarnage from ;

tﬁe small eastemly lake and s1te 6 receives addttronal flow through another ground water
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Mariana Lakés | o

Surface Water Chemistry anq' Decorana Physiégraphic Types

. )
"Eig0.278 Sites and
' y Physiographic FS -Forested
- es . N
getat‘on Typ Sphag'num Islands

0S-Open Fen With
Sphagnum fallax

CC-Open Fen .
’ Carex Lhordorrhiza
. . FB-Forested Betula
pH - Cond. uS/cm’

200

10014,

200;

100

200 300 £1g0.532
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Table I11-1. Surface water chemistry at Mariana La‘ke_s. lon:va

sample size ¢n) and standard deviations.

e )

[

lues are given in mg/1, with
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Site
1
stdev
2
stdev
3.

#

““stdev’

5

stdev

6
stdev
7
stdev
8

stdev

9 .
stdev
10

© ~ -stdev

S

11
stdev
12
stdev
13

- stdev
14
stdev
15

. stdev

" 16

~ stdey

stdev -

190 . -

094 .

Ca Mg
1.63 043
702062
2.65 0.75
©1.14
,1.24 040
461  .066°
1.83  0.53
133 219
140 0.38 .
671 030
15.6  2.76
0 0
243 0.51
955 *.080
'1.52  0.59 -
537 .325
271 0.79
71,104
112 0.57
481 .7173
338, 0.92
962 .16l
347  0.89
2.00  .137
092 -0.22
735 - 035
3.63  1.04
459 ® 1,063
©2.80
1.09  .262
1.62  0.53
1332059

Na
0.91
1.55
0.96
J97,
0.47
208
0.57
.806
1.10
1.03

106

K

0.44
622
1.06
1.14
0.48
315
0.10
099
0.65

169
0.08

0
0.97
.600

0.65.
539

0.26
170
1.03
442
0.84
1.23
0.37

400
0:29 -

276

006 -

.085
0.28

057

0.14
.198

Al

. 0.04

032
0.03
038
0.03
026
0.05
028

0.05°
. 007

0
0
0.21

021
*0.10
060 -

0

0

0.03
036

0.17
029

oo o,

.02
022

covvooo:

Fe

0.39
199
0.53
A72
0.37
107
0.51
177

-0.48

.198
2.22

0.75

114 .

0.33
093
0.30
210
0.28
135
0.28

065

0.62"

.284
0.69.

169
0.36

141
0.60
361
0.34

J27
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Mn.
0.04

016,
0.06
015

0.05
032

10.07
0 .
0.06

-007
0.23
0

0.04
0035
0.05

- .006

0.05
010
0.23

006
007,

007

0.04 -

021

0.02 .

.007
0.11
049

0.06 -

.007

0.02-

0

Zn

-0.05

032
0.09
0355
0.04
0135

0.04

.007
0.07
028
0.03

0.22
262
0.05

023
906

0.53

814

0.22
361
0.18

274
0.03

0.10

- 136

0.06
.007
0.04
0

Soooo

P

0.07
035
0.04

.033.

0.0

0.02
.028
0.03
028

0.08
101
0.43
454
0.01
003
0.66
917

©0.01

017
.006

.035
0.06
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. 110

source. These sites have the highest pH and conducuv:ty values in the mlrc (pH 5. 1 cond,
232 uSAcm pH—-6—-34.49d 64 uS/cm) and have an calcium and magnesium content of;
3.4-15.6 mg/l and 0.9-2.8 mg/| respccuvcly ' : _ : .

»

N

. Macrofossil analysis- C : . o

s

The bulk of the macrofossil analysis has been Eicsented ina previoLns paper (Chapter
2). Our interpretation of the data presemed in that paper is as follows. Results of the
Twmspan classification of peat macrofossils are presented uﬁ.Pig I11-4. Peat macrofossnl
classification f ollows ionic and moisture gradxents (Table 1I- 3) and in the forested
Sphagnum peats is positively cor@ed to calcium (rj- .5568)*and magnesium (r=.4281) -
(Table III-4). Peat development at Mariana Lakes ihitiated inf o(rmer lake bz;sins at siie 12
and site 14, Floating mats (L9) of Dreganocladus' formed, causing inf'illing.of the lake basins.
Peat that developed subseqﬁem loﬂthe floating mat stage is high in Sphagnum (Table .IIl-3)
and 'Lari; both of which indicate initiation of poor fen vegelation Macrof ossil changes in the .
upper portions of sxte 12 and site 14 cores suggest shifts m the local patternation of
Sphagnum lawns and peols. Early peat development at site 6 began in macrofossil class LM7,
an assemblage hlgh in sedges. Gradually the site was invaded by ericads, Larix, Picea, and .
developed into macrofossil class ME4. Renewed ﬂoddiﬁg occurred resulting m an increase in
&monocots (DMS, MCI5). Surface water flow at site 6 presen_‘tlvy moves in channels around
shrub and ericad covered mounds. Chaﬁ&es in macrofossil classes at site 6 throughout the peat
profi}; reflects shifting drainage patterns in this area. In upper fen siie 15, peat development
began with an assemblage high in Larix and monocots (LM7)‘. Early in the peat profile,
Sphagr_mm and monoéots form'important componerits of the macrofossil assgmblages (MS3,

ME4) Interspersed with Sphagnum dommantmg (S2) peat classes is the peat class LSé, a

: class contammg Drepanocladu a minerotrophic indicator. The peat profile at site 15 mdxcatcs

that thxs site was originally positioned in a poor fen watertrack and has remained under

minerotro/phic (ground water) influence. Lower fen sites 4 and § have a similar developmental

pattern 16 uppé’r fen site 15. Site 4 initiated in a monocot assemblage (LM7), while site 5 has
© - - . -
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its ougms in, macrof ossil class” ME4 Both sites expencnce Tecent increases in phagnum

’_(MSB) due to increased isolation.from the underlying mmeral sorls by the accumulatmg peat.

" Peat dcvelopment at the f orested Sghaggum lsland sites began wrth exther peat class MS.» or

ME4 assemblages which are drsunctly dlf ferent l' rom basal peats present in the upper and

| lower fen srtes Sphagnum is a more srgmf icant component of the pcat assemblages Peat

| profiles indicate that site 10 has the most stable macrofossil hrstory describing gradual
progression from peat macrofossil assemblage ME4 to S. Sites 8,7, and 16 have f luctuatmg

N
\

macrof ossil prol‘ rles indicating ﬂuctuatrng mineral xnfluences

[N
RN

Peat Analysis

Physical Properties o o C . \

- °Percentage Ash‘ )
Percentage ash contenss of the fi 1rst subsurface peat. horlzon 1s hlghest at site 6

i (38%) the most nrmerotrophrc site. Fen sites are mtermedtate (Frg #T-5) from 3. 5% to
9%, and forested Sphagnum istands have the Vlowest» subsurface ash contents from 3.5% to

1%. Fen sites have peat profiles"that tend to increase in % ash. with, depth ('r° 2644‘ sig’
.01)(Table III-4). Site 6'has a dramatic, increase in ash near the peat surface whrle site |
15 has a stable ash profi 1le Percentage ash in forested Sphagnurh peats are not correlated
with: peat depth (Table 1I1- 4) A srgmfrcant drfference in ash contents was_found to occur :

'between subsurf ace forested. Sgha_gnum peats and fen peats. Fen peats have an average :
ash content of '12.38 %, while forested ghagnum peats contam only 4.29. % No

: correlatron was found to occur between macrofossrl class and % ash.

'vBulkDensity S o e L
~ The bulk densxty of the first subsurface peat horizon (Fig. III-6) does not appear " ,\

tO bear any TelaUODShlp to landform features Site 15 has the hrghest bulk densrty (0.44

'g/cm’ followed closely by site 16 with 0. 29 g/cm’ and srte 10 at O 24

by
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Intermédiate in position are sites 12,14,4,7,and 8 with bulk densities of 0 10-0.16 g/cm’.
Sites 6, 9 and 5 have the lowesi bulk densities, less than 0.10 g/cm’. Stausucal analysis
reveals that within the two peat types, fen and f orested Sphagnum , the forested
Sphagnum pegts have a slighyly highef bulk density (0.462 g/cm® versus 0.334 g/cm*). ‘
. Bulk density wag found to be strongly correlated to peat depth (x;= 8086, sig 001) (Table
111-4) and macrofossil content (r=.6252, sng 001) on forested Sphagnum 1slands and
ash (r- 2782, sig. 01) in fen cores (Table lII -5). T

h)

Element Chemistry

o ' ’ v 'oe
' Ca1c1um

Calcium element content in the first subsurface peat horizon a\Marxana Lavkcs
forms a dggreasxng gradient from minerotrophic fen site 6 (17 400 mg/Kg) to upger fen
sites 12,14,15, and 9 (9,000-13,500 mg/Kg); to lower fen sites 4 and 5 (2,000-5,000 ~
mg/Kg); and to forested Sphagnum isiand sites 7,8,16,10 (3, 006-3 200 mg/Kg). Calcium
element prqfﬂes (Fig. I11-7) describe three trends in calcium element accUmulauon Sxtes
12, 15, and 6 have calcium ion prof iles Lhat are fluctuating bult remain. relatively stable

_Sites 14 and 9 have prof:les which indicate gradual enrichment upwards. Sites
+4,5.7.8,16,and 10 (lower fen and forested Sghag’r;um ) have profiles which ‘indicatev a
gradual decline uﬁwards in‘calcium content. Calcium‘contents between subsurface fen and -
forested Sghg?num 'peats were found to be significantly different (Table I11-6). Fcn peats °
~_contained 9399 mg/Kg of ‘calcium, while forested Sphagnum ~p<;,ats contain an average of
‘1.5046°mg/Kg. Within forested Sphagnum island peat cores calcium elememt contents a;e
- positively correléted_with depth (r=.6498, sig. .001)(Table III-4), % Ash (r= 4815, sig.
.007), bulk density (r= .7472, sig. .001), magnesium (r=.8968, sig. .001), and

B . A . S
macrofossil classfication (r=.5568, sig. .001). In fen cores calcium is correlated to

: h 4
. -magnesium (r=1.2989, sig. .01), and % ash (r=.2788, sig. .01) (Table 11-5).

\
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| Ma'gnesrum o _ | ‘ |
'K'lagnesxum contcnts of thc f irst subsurface peat horizon (Fig. II1-8) also follows
" a gradiént which corresponds to landl’orrh features. Upper f en srfes have the highest
magnesium contents (1.0()0-1,300 mg/Kg), lower fen sites are significantly lower in
?nag'neslur_n (650-700 mg/Kg) and forested Sp_hagnum islands havé the lowest magnesium
contents .‘( 300-620 mg/Kg). Magnesihm is strOngly corrélated to calcium, both in surface |
watefs and subsurface peats (Tables II-1 and III-3). Magnesrum profiles fall into three )
calcgorres stable increasing or dechmng Fen snes tend to have stable but fluctuating
. magnesrum profrles Site 6 has'a magnesrum proﬂle that is drstmctlv enriched in the
ﬁ“'\surf ace horizons. Forested sphagnum sites (plus site 5) dasplay a slrght and gradual -
declme in magnesrum towards the peat surface. The Mann- thtney ‘U test indicates that
there is a s:gmf icant drf ference (Table 1I-4) between subsurface fen peats and forested
ghagnum peats Forested Sphagnum peals have magnesrum concentranons of 498.31
mg/Kg while subsurface fen peats contain 934 98 mg/Kg. Cprrelauon studies mdrcate that
magnesium is correlated to depth (r— 4144 s:g 001) in the( fencores. Magnesrum
content in forested Sphagnum corcs was correlated wrth % as\r (r= 5909 sig. 001) and
bulk densmy (r— 5160 sig. .001), depth (r= 4080 sig, .01), and macrophytes (r= 4281
sig. 001) , S v e

"E. DISCUSSION

Physical Pro‘perﬂt_ies

 %Ash I S
L Percemage ash is a measure of the total elemen;al content of the peat and is

dependant upon the botamcal ongrn of the peat (Chapman 1964, Moms,;o 1968) the
_decomposmon of the peat and subseazgent nutrient release the mobrhty of the ions, the

'water source (mmerotrophlc versus ombrotrophrc) the presence of volcanic ash (Zolta..

' .,and Johnson 1985) and contamination % wmd blown parncles (Chapman 1964) At

“

. -



-
-1

Fig. 1II-8. Peat chemistry. Elemental magnesium. (mg/Kg)_content in- pe?n cores " at
Mariana.- Lakes. Peat cores are organized into upper fen, lower fen, and’ Sphagnum
island areas. ' :

’
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Mariana Lakes % ash follows a minerotrophic-ombrotrophic gradient, that is not

dependant upon botanical orign, as indicated by the nonsignificant correlation between

3 ) . ’ . ‘
‘macrof ossil class and % ash (Table III-3). Elemental composition of peat is dependant

upon translocation and accumulation ol‘ elements (Damman 1978) Ash contents at site 6 »

are extrergely high, reflecting both a strong hydrologlcal l‘ low and an 1omcally rich water

~ source. Forested Sphagnum island sites have % ash contents that correspond with

~pubhshed values for ombrotrophic peats (Chapman 1964, MOI‘l’lSJO 1968) and reflect not' :

only ionically poor nutrient source but translocauon of m‘merals away f rom hydrologrcall)_; ‘

‘ high areas of the peatland. Fen srtes are intermediate in % ash, rel‘lectmg an ionically
“poor u/ater source, strong hydrological l‘lows and accumulation from the higher foTested .
Sphagnum islands and surrounding uplands. |

Within. the peat Jcores, % ash was found to increase with peat depth at the fen

srtes only. This is related to either state of decomposmon contammauon by mmeral soil

grams compactlon or’basin morphology Sites 12 and 14 have large ash accumulatrons in:

the lower peat honzons Thts accumulation is not.reflected in bulk density profiles and is
therefore not due to compactton nor decomposmon Percentage ash in these lower
horizons decreasgs dramatically at _t_he macrof ossxl change from a floating Dreganoclgdus'w
mat to Sghagnum ;dominated poor fen. This indicates that high ash content in the lower
horizons Was due to basm morphology Mineral ions f rom overland flow deposrted in the
lake basin, which subsrded upon the enclosure of the lake basin and development of fen:

vegetatron Increase in % ash with depth at fen sites 9,4,5 appears to be related to

decomposmon (bulk density) and mmeral sorl contamination in the lowest peat horrzons

Bulk Density ‘

Bulk densrty is the ratio of peat weight to volume, and mdrcates the density or
porosity of the matenal Bulk densrty is dependant upon botancral origin, state of
‘_decomposrtron and compactron (Damman 1978, Zoltai and Johnson 1985) Bulk densrty
‘measurements in peats at Mariana Lakes, agree wrth :(those reported by Zoltai and

- 4Johnson (1985) for another Alberta peatland. Bulk density measurements at Mariana

™

~
—



n o S U & - I

Lakes do not follow a minerotrophic-ombrotrophic gradient and were not found to be
. related to landform I caturess However they are related within peat cores to macrofossil
class and' peat depth?(compaction). Forested Sphagnum peats had higher bulk density

values than fen peats. This is in direct contrast to results reported by Zoltai and Johnson
. o : p 1‘? ’ :

{1985) and Karli’n and Bliss (1984). In these studies a.comparison was made between
forested Sphagnum peats and brown moss dominated fen peats, where brown mosses have
a signif icant influence on. bulk density. In addition. the fen vegetation at Mariana Lakes
is floating and becomes compacte:d as much'as 10 cm during dry periods. Lower bulk

: densxty values at the fen sntes is due to the combmed effect of bouy ancy and lack of /

[4

wood

. Element Chemistry
Chemtcal analysrs of peat stratrgraphy can be difficult to mterpret due to the

multrtude of factors which affect the chemical composmon of the peat In addition to water |

-;‘ source and flow rate dtrectron of flow plays an important role in determining the amount gf
. ions retamed in the peat. Damman (1978), found that through leachmg and relocatlon 50 %

of the calcium and magnesium that is aerially depostted in ombrotrophrc peats are retamed

Other factors which influence peat chenustry include plant uptake redox changes and surf ace -

’ _ enrrchment due to capillary flow (Damman 1986) The catton exchange complex of Sghagnum :
strongly binds dlvalent catlons such as calcium and magnesrum resultlng in the retention of
these ions (Malmer and Sjors 1955 Yefimov and Yefimova 1973, Damman 1978 Hemmond
1980 Lembrechts and Vanderborght 1985, Damman 1986) Magnesium and calcium i ion
gra,dtents have been documented between ombrotrophic and mrnerotrophrc peats (Malmer and
SJOIS 1955, Stanek et al. 1977, Lembrechts and Vanderborght 1985, Giller and Wheeler 1986)

»- Peat chemistry prof 1les partrculanly calcium and magnesrum have been used by researchers to _‘
gam an understanding xnto peatland development by companng\'egetatron changes occurnng

' durmg peat development wrth changes in peat chemxstry (Chapman 1964 MornSJo 19@

Tallis 1973, Zoltai and Johnson 1984). . “



Calcium - | L

,Calciu-m follows an ionic gradient in the surface peats at Mariana Lake_s that
corresponds to landform fi eatures and surface hyvdrology. Calcium values in the l‘orcste-d _
Sphagnum peats (3,000-3,200 mg/Kg) correspond 4o calcium values of 2.500-4,400.
mg/Kg recorded forgﬁp. hag.num ombrotrophic bogs by Go_r'ham (1956) and less than those
recorded on Sphagnum bog islands by Zoltai and Johns_on (1985) with 4,125-5,550
mg/Kg. Stanek et al. (1977) reported 4,370 mg/Kg of calcium in northern Ontario boé ’
peats and 11,080 mg/Kg in fen peats. Calcium profiles which are stable (sites 12,15,6)
descnbe a continuous deposxuon of calcium ions. Sites 14 and 9 have profiles with a
gradual increase upwards in ion accumulation probably due to increased water flow.

Lower fen sites 4 and 5 tend to have calcium ion profiles that become reduced in calcium
towards the peat surface. Lower f en srtes are gradually bemg removed from calgum ion ‘
mfluence by palud!fjefation‘,(Chapter 2). Forested Sphagnum islands have basal calcium
ion contents similar'jto basal sediments of fen sites 15 and 9 hhowever they erperience a
gradual.decline in calctum ion content’ towards the peat surface. Calcrum ron reduction

suggests a change i in hydrology at these sites. The surfaces of the forested Sphagnum
rslands are raised 15:cm from the fen surface and as such form local drschargc areas
where prec%rtauon is shed from the islands into the surrqundmg fen. F;om this’ study it
is unpossrble to 1denuf y whether low calcium contents of the 1sland peat xs due to
leaching and translocation into the adjacent fen or from gr\dualﬂremoval of the
Sphagr_tum islands from minerotrophic water flow. Caltium profiles from British and
European studies descrrbe gradual calcrum ion decline as the peatlands developed from a '_
minerotrophic soil water regime to an ombrotrophrc one. Some of the European qorcs
indicate that ombrotrop_hrc condltmns,exlsted right from the time of peat. initiation

' (Chapman 1964, Tallis 1973). At Mariana Lakes calcium ion content in the peats is
correlated to the peat classification. In some peatlands peat chemistry is not correlated
with macrofossil type due to either flooding (Mornsjo 1968) or a tenuous hydrologrcal

.

profile (Zoltau and Johnson 1985) Whlch causes ombrotrophrc peats to become marmated
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| . by:r'nineral enriched waters. At Mariana Lakes this is reﬂected to some extent in the fen

. peat prot; iles as calcium' ion cohtents of the S2 macrofossil class is not always significantly
lowered. E \ |

Three of the sites, sites 15,16, and 10, [ orm a transect from one of the forested

'Sphagnum island into an\ad jacent watertrack The site$ are separated by 20 m intervals.
Figure III-9 outlmes*the calcrum ion contents of the peat and places the three cores at
their respectfve herghts above the’ water table Fron this transect the defi 1crency of
calcxum ions in the forested Sphagnum .rsland cores is readrly apparent Calcrum ion
contents in the £ en peats of" watertrack site 15 are approxrmatelv 10- 12 000 g/Kg whrle .
calcium ions' in the forested Sphagnum peats are less than 5,000 g/Kg. From this graph a
relationship is seen between" peat .macrof ossil classification and calc}um ion content. In the
forested Sghagnrrm island cores the calcium ion content rises toward the bottom with a

co?spondmg change in miacrofossil class. In the fen core the macrofossrl classes are

higher and calcium ion content more varrable g

..Magnesx'um

Magnesium values in surface peats at Mariana Lakes are sirrrilar to those reported
by Malmer._and ”Sjors (1955), Stanek et al. (1977). _arrd Karli_n arid Bliss ( 1984). Forested
Sphagnum islands at Mariana contain 300640 mg/Kg of magnesium Malmer'and Sjors
(1955) reported 2200‘mg/Kg of rrtagnesium in bog hummocks and poor fens, while Zoltai ,
and Johnson ( 1985) averaged 814 mg/Kg on the forested bog rslands In northem
Ontano bogs average 690 mg/Kg of magnesrum Fen peats at Manana averaged 640- 700
mg/Kg in the Ipwer fen sites and 1500 1300 mg/Kg in the upper fen snes This compares
favprably to 1945 3400 mg/Kg of magnesrum Karlm and Bliss (1984) found in weakly
mmerotrophrc Alberta;_peats. artd the 2536 mg/Kg magnesrum found in fen peats by
Zoltai and Johnson (1985). Magnesium profiles reﬂeet/trends orevrously discussed with
calcium. Fen sites have stable profrles indicating continuous magnesium enrichment
through mcreased water, ﬂow Forested Sghagr_rum islands have prof iles that decline in

- magnesrum concentratton towards the peat surface and sugiest that a hydrologrcal change

- . %
Y \\&
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Fig. HI-9. Peat chemistry. Elemental calcium (mg/kg) content in cores forming a
transect, taken from a watertrack onto an adjacent forested Sphagnum island. Cores
are’ separated at 20 m intervals. Macrofossil classification is indicated on the left
side of each core. Depth’ of water table (WT) is indicated at,the top of each,
core, and percentage ash in each horizon is indicated by the black vertical line to
the right of each core. ‘ ¢

—
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from recharge to discharge has occixrrted. resultingin the removal of Sphagnum fslands
from direct water flow and the leaching of minerals from. the peat profile, Maghcsium
' profiles in publications (Chapman 1964‘ Mornsjo 1968, Tallis 1973) have less amphludc
but show similar trends as compared t calcium. o
F. CONCLUSION \
Based on our previous work (Chapter 2), wcﬁ)nclude that peatland development at
Mariana Lakes has occurred in two st;ges The first began at 8180 BP and was completed
when the infilling.of former lake basins by a floating Dreﬁanocladus mat, resulted in a
Sghagnum dominated poor fen. The ‘seconld stage occurred more recently at 2960 BP and
resulted in i;aludification of adjacent upland soils by the poor fen. Wixhin the péatland, water
flow areas dex;eloped carbrying overland runoff through the mire. Vegetatiqn within the flow:
areas received mineral!enricged waters and accumulated higher amdunis of mineral ions. On
adjacent sligh}ly hiéher miner3l ridges and in lowlz;nd ‘arcas not diréZtly inf luen;ed by water
flow, paludification resulted in drier more ionically poor énvironments. Forested Sphagnum
islands developed in these hyd_{ologically isolated régions. §urf ace water chemistry, vegetation,

-

and peat chemistry profiles suggest that the forested ‘Sphagnum islands havg become

ombrotrophic. In the process of ombrotrophxc development, the Sphagnum islands have
LN

formed local dJscharge areas. Peat chemistry profiles describe gradual mineral ion reducuon as
a result of leaching from the discharge zones, and as a result of re,r{oval from ground water

flow. At Mariana Lakes there is no distinct stratigraphic boundary between minerotrophic and
ombrotrophxc peats as described in Chapman (1964) Morns;o (1968), Tallis (L973) and ’

Zoltai and Johnson (1985) This system has not evolved from a concave basin mire into a

-

convex domed omb_rotrophlc peatland in a region suitable for ox'nbrotrophic peat development.

Basin development at Mariana has resulted in a gently sloping poor fen. Areas that were
initially removed from direct ground water influence have developed into expanding
ombrotrophic Sphagnum-islands. Thus while the surface features have a distinct

ombroti'ophic-miherotr_ophic boungdary, the stratigraphy does not ingdicate a distinct boundary

lmv -

.



. :
but a gradual transition from a mineral poor environment to bmbrotr'ophy.

. N
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. CONCLUSION o
Both processes of peat formatron terrestrralrzatron and paludrf rcatron have occurred at
2 Manana Lakes Earlrcst peat. ormauon began in the lake basms at 8180 and 7740 BP and
‘ followed the. classical hydroseral successlon outlmed by Sjors(“l‘%l) Hemselamn(l970), and
L Everett( 1983) Autogemc infilling of the fake hasms produced a l'loatmg mat that upon
- enclosure and acrdrf xcatrorl‘ developedamto a-poor fen. Allogemc paludifi 1cauon took placc
\ usubsequent 10 terrestnahzatron of -the lake basms and progressed ina downslope direction
o 3{ towards the mire outlet Water flow paths developed early carrymg romcallv richer mmeral
soil runof’ f across the mire. Mmerotrophxc fen vegetatron grew wrthm the flow paths On "
adjacent slightly higher mineral rrdges and in lowland areas-not directly inf luenced by water -
f lowj paludlf ication resulted in slightly drier more ionically' poor environments ‘Forested

l

Sphagnum 1slands have developed in these hydrologrcally rsolated rcgrons Present surf ace
g oy
phySrognomy relates to water flow paths that were established early m mire formation. Lake

baslrn sites, 12 and 14 recerve overland flow‘l form adjacent mineral rrdges Mmerotrophrc site 6

recerves addltronal mmeral from another dramage basin, Slte 11 recexves drscharge from the

v small westerly lake. Srtes 9 and 15 are srtuated within a maJOr ﬂOW path (watertrackS) and -

l

s

i

:-'fecérvrngl

ome rnrneral enrichment. Sites 2 3,4,5 are srtuated wrthm a major f low path but

. ( "
’ terrestnahztron of the lake basrns(Hrckman and Klarer 1981, Bombin- 1982 Hrckman etal.

1984 Schweger unpublrshed) apd the shift in chmate from the altithermal into modern '
condltrons Thrs rmtrated 4he paludifi 1catron process. - ,
T R Durmg the development of the ombrotrophrc forested Sphagnum rslands a change in
& hydrology occurred resultmg in the forrnanon of loext drscharge zones. Peat chemrstry prof 1les
descn,be mmeral ion reductron on the Sphagnum islands resultmg from the removal of the

1slands from ground water ﬂow and the effects of leachmg from the drscharge zones.

"-developmen{ Marrana Lakes are the mrd Holocene chmatrc optimum, whrch occurred durmg '

N
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o Peat stratigraphy of additional Sphagnum Island Cores (sites 13,1) determined using a relative

AN

. V. Appendix 1 }
J

method. Values are percent frequency of total macrofossils.

4

Depth  Monocots Larix ~ Sphagnum Ti-jrichs Picca  Wood  Andromeda,

Site 13

20-37° 5 1 ' *
. 37459 Y 2 1 .
59-70 5
70-87 5 9 1 .
87-100 s . 70 30 . .
~100-116- . . % B . ‘ |
¥ 116-124 R ! % .
7\ 124-131 . . 60 35 ‘ g
- 131-140 1 9 s .
140-150 2 % w10
Site 1 v R
- 50-65 1. 98 1
6580 0 B . )
*_ 80-95 1 98 1 .
' 95-100 5 . 92 3 .
100-125 10 50 % “ .
140-155 - 50 2 30 .
1562 - 0, 10 4 |
'4_-“‘<5% Maéofo_ésil Frequencyb _ R R _ S 4 “ :
v L
W , 5‘ g
w 'b .
1
3 o ; .
a o
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' VI: Appendix II
Peat stratigraphy of additional fen cores (sites 9,2.3), determined using a relative method.

Values are percent frequency of total macrofossils.

%,

v

Depth(cm)  Monocots Larix  Sphagnum . Ericads ‘Picea  Wood  Andromeda

Site 9 o : | . | N

25010 o b 30 |
40-45 10 . 757 18
0 5w s 5 .
50-55 25 | 54 s | | T
55-65 5 75 20 .

i S : .

650 40 S R
0-80 40 '10. ;: :}- e )
80-95 20 * s 1o 0 , \

95-110 20 (10 0

110-125 o e 0 “

125140 40 T
Siei | 2
50-65 20 0 s

LeB0 S 30 0 s ‘ ~f
80-100 - 3 0+ s g \

100121 > ELR 5 60

44 o % 30

14150 B s
W s s o0
170-178 o w2 - !
o 0w 50 | \
S0 s % s

145



200-215
215-230

230-245

' 245-260

- 260-279
279-285 .

285-300

300-320 -

45
25

45
50 .

30

25
10

10

15

45

55
40

70 .

75

%0
95

10

S
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" 146



147

Depth(Ac'm) Monocots  Larix Sphagnurﬁ Ericads  Picea Woqs Andromeda | -

Site '3 '
25-30
30-35
" 35-40.
40-45

45'50 i

50-65
65-80

80-95
95-100

100-142
142-150
150-192
192-200
" 200-208

-~ 224-248

~

208-224

50
50
70

;70

*=<5% Macrofossil Frequency

40
30
20

65 &~
- 65

75
84

90
- 40‘.

10

- 10-

10
30
.

10

- 20
< 10

5
10

50

30 -

30

10

10
10

10

30



