estern Boreal
etlanas; & Orchiais
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Presentation Notes
Few studies have examined patterns of plant diversity, composition, and rarity in specific peatland types across a similar landscape unit (Glaser 1992, Beilman 2001) or Ecoregion. 






Wetlands!
Threats to wetlands
Wetlands and plant (orchid!) diversity

Drivers of diversity in wetlands

Orchids, protection, & conservation...
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Ecological Land Classification – break it down into the currently accepted hierarchy







AWwetlandirs...

Land...

saturated with water...

to promote wetland or aguatic processes...

POOr
hydrop

y drained solils,
Aytic vegetation...

various kinoe

S ofi biological activity



93% of
Alberta’s
wetlands are
peatlands

WETLAND COVER
B 76-100%
I 51-75%
I 26-50%
I 6-25%
[ ]05%

PRIMARILY
BOGS AND
FENS

PRIMARILY
MARSHES
AND PONDS

Adapted from Alberta Environment (2003)
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Peatlands dominate the boreal region, which is covered by 20% wetland



Here is your one two minute wetland primer.


Western BorealtWetlands

Mineral Soll Peatland

> 40 cm peat soll LI

e

Pen - Treed
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 brown mosses .
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Peatlands dominate the boreal region, which is covered by 20% wetland


Ombrogenous
(everything from above)

Geogenous

Geogenous

Hydrology (water from rain, | (water from rain
-but some geogenous ’
for poor fens runoff, & WT) runoff, and WT)
pH 3.0-4.5 4.5-5.5 (5.5) 6.0-7.0 (6.5) 7.0-8.5
. . O or ,
Alkalinity (« equiv/l) 0 very little 500-1000 000’s
Cations (mg/l)
0-3 10-20 20-60 70-80
(Ca, Na, K, Mg)
il No difference (don’t define these systems)
(NO;, NH,, P)
_\/egetatlon_ .NO. plant : qur N Rich in indicator species
Indicator Species indicators indicators

Ground layer

Sphagnum spp.

Brown mosses




Region

Arctic
Subarctic
Prairie
Mountain
Boreal
Oceanic
llemperate



Presenter
Presentation Notes
If we break the wetland regions into subregions…

Manitoba and Saskatchewan sites are within the Continental Mid-Boreal Wetland Region, whereas the Alberta sites are within the Continental High-Boreal Wetland Region



Mid-Boreal: Mean annual temperatures above 0ºC



High-Boreal: Mean annual temperatures below 0ºC

http://www.cfl.scf.rncan.gc.ca/wetlands/regions/artic_f.htm

Western Canaadian: Peatlands

ALBERTA MANITOBA
SASKATCHEWAN

8 o l

CUF{RENT/
SOUTHERN LIMIT
OF PEATLANDS

Vitt et al. (2000)




Wetlands can be old...

'
'-._“% [t |

’ ! f'lll
BITIONS OF MID-HLOCENE
7000 - 5000 YBP (

- ;"
Mg o
WEiTIiI CONDITIONS AFTER 60D0 YBP

(Zoltar & Vitt 1990)
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Alberta’s wetlands are old

Scorpidium scorpioides


Peatiands: DIrect iareats

Fire

www.cen.ulaval.ca/dendro2002/fieldtrip_Yves.html
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Agriculture includes peat harvesting

Agricultural drainage account for 85% of wetland loss in Canada

~ 40% prairie potholes now lost

~ 64% loss in White Zone (Strong 1993)

In Parkland Region loss of ~ 61% (Schick 1972)

Wetland loss = $3650/ha or $7.7B total in 1999 (Pembina Institute)

As of 2003, less than 17% of the Boreal Plains Ecozone remained as intact contiguous forest 












Peatiands: Indirect freats

Sensitivity Level

Bl \o Change
Bl \/ery Slight
Bl Slight

Moderate

Severe

Extremely. Severe

The Atlas off Canada (1999)




icking me
Bomin?

Wetlands contain 771
billion tonnes of
greenhouse gases,
one-fifth of all the
carbon on Earth &
about the same

A COMPLETE CAST OF IDIOTS
e s o w8 s o s amount of carbon: as

RBESK;
@ 3 atmosph
= Bl ] - :.‘} Sp ere

p— - Tpe———ry Y & ] | gree— N s o Y
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6 percent of Earth's land surface and store 20% of its carbon

Canada has 25% of the world’s wetlands, and most are peatlands


Eunctional limpoeriance

Sources

\Water
Sediment
Biodiversity

Sinks
Water
Organic Matter
Carbon (Peat)

Transformers
Chemistry.
Clean Water
Slew! Erosion




Peatiands) & BlodiVersivy.

Peatlands are unigue, complex ecosystems of
global importance for biodiversity conservation

Many species are only found in peatlands &
are adapted to low nutrient availability & water-

logging
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Malaxis monphylla


Peatiands) & BlodiVersivy.

Species diversity may be lower, but
peatlands have a higher proportion of
characteristic species than upland
ecosystems In the same biogeographic zone




Peatiands) & BlodiVersivy.

Important for biodiversity far beyond thelr
borders

» maintain hydrolegical & microclimate features
off adjacent areas

* provide temporary habitats or refuge areas for
upland species
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Peatiands & BiodIVersiby

Often the |last remaining areas in degraded
landscapes &, thus, mitigate fragmentation
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Mean Spp. Richness

) QO QO
c@é S OQQ’QQQ OQQJQ@(\
O Oy &
&0 @00) O\E &Q @ Q/

(o
Q;\(a' %$ Locky & Bayley 2006


Presenter
Presentation Notes
Richness and rarity

- Graph from some of my earlier research into which peatlands have the highest plant diversity: most plant species and most rare species

Bryophytes and vascular plants

Mean species richness – average # of species per wetland type

Error bars are 95% C.I. which are more or less 2 standard errors and a good way to visually show statistical signficance

Unimodal or more descriptively, hump-backed curve, for both bryophytes and vascular plants

Highest diversity is in sites with trees


EE Bryophytes
3 Vascular Plants ”

Mean Spp. Richness

) QO QO
c@é S OQQ’QQQ OQQJQ@(\
O Oy &
&0 @00) O\E &Q @ Q/

(o
Q;\(a' %$ Locky & Bayley 2006


Presenter
Presentation Notes
Richness and rarity

- Graph from some of my earlier research into which peatlands have the highest plant diversity: most plant species and most rare species

Bryophytes and vascular plants

Mean species richness – average # of species per wetland type

Error bars are 95% C.I. which are more or less 2 standard errors and a good way to visually show statistical signficance

Unimodal or more descriptively, hump-backed curve, for both bryophytes and vascular plants

Highest diversity is in sites with trees
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Presentation Notes
Endangered plants are those in imminent danger of extinction. The International Union for Conservation of Nature and Natural Resources recognizes 4 stages in endangerment: rare, vulnerable, endangered and extinct. A plant may be endangered locally, nationally or throughout its range. The yellow LADY'S SLIPPER (Cypripedium calceolus), familiar in many parts of Canada, is probably Britain's rarest plant, with only a few individuals surviving in the wild. 



S4 Secure under present conditions and typically with greater than 100 occurrences or might be fewer with many large population. Might also be rare in parts of its range, especially at the periphery



Now, looking at the data



S5 Secure under present conditions and with greater than 100 occurrences or might be fewer with many large population. Might also be rare in parts of its range, especially at the periphery


RPlant Rafiy Rankings

Provincial Global Definition
Rank Rank (Occurrences)
S1 Gl 5 Or fewer
S2 G2 o— 20
S3 G3 21 — 100
Sy (&4 Seciie=100

S5 E5 SECUe
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Endangered plants are those in imminent danger of extinction. The International Union for Conservation of Nature and Natural Resources recognizes 4 stages in endangerment: rare, vulnerable, endangered and extinct. A plant may be endangered locally, nationally or throughout its range. The yellow LADY'S SLIPPER (Cypripedium calceolus), familiar in many parts of Canada, is probably Britain's rarest plant, with only a few individuals surviving in the wild. 



S4 Secure under present conditions and typically with greater than 100 occurrences or might be fewer with many large population. Might also be rare in parts of its range, especially at the periphery



Now, looking at the data



S5 Secure under present conditions and with greater than 100 occurrences or might be fewer with many large population. Might also be rare in parts of its range, especially at the periphery


Wooded (W) or Open (O)
Scientific Name and Authority
Amerorchis rotundifolia Banks
Arethusa bulbosa L.
Coralhiza maculata (Raf.) Raf.

Coralhiza striata Lindl.

Coralhiza trifida Chatelain
Cypripedium acaule Ait.

Goodyera repens (L.) R. Br. ex Ait. f.
Liparis loeselii (L.) Rich. ex Lindley
Listera borealis Morong

Listera cordata (L.) R. Br. ex Ait. f.

Malaxis monophyllos (L.) Sw.

Malaxus paludosa (L.) Sw.
Platanthera dilitata (Pursh) Lindl. ex Beck

Platanthera hyperborea (L.) Lindl.

Platanthera obtusata (Banks ex Pursh) Lindl.

Platanthera orbiculata (Pursh) Lindl.
Spiranthes romanzoffianum Cham.



Presenter
Presentation Notes
Richness and rarity

- Graph from some of my earlier research into which peatlands have the highest plant diversity: most plant species and most rare species

Bryophytes and vascular plants

Mean species richness – average # of species per wetland type

Error bars are 95% C.I. which are more or less 2 standard errors and a good way to visually show statistical signficance

Unimodal or more descriptively, hump-backed curve, for both bryophytes and vascular plants

Highest diversity is in sites with trees
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- Graph from some of my earlier research into which peatlands have the highest plant diversity: most plant species and most rare species

Bryophytes and vascular plants

Mean species richness – average # of species per wetland type

Error bars are 95% C.I. which are more or less 2 standard errors and a good way to visually show statistical signficance

Unimodal or more descriptively, hump-backed curve, for both bryophytes and vascular plants

Highest diversity is in sites with trees
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Richness and rarity

- Graph from some of my earlier research into which peatlands have the highest plant diversity: most plant species and most rare species

Bryophytes and vascular plants

Mean species richness – average # of species per wetland type

Error bars are 95% C.I. which are more or less 2 standard errors and a good way to visually show statistical signficance

Unimodal or more descriptively, hump-backed curve, for both bryophytes and vascular plants

Highest diversity is in sites with trees


Rare @rchids; m\Wooded VIRE

B R Ty T Sy T 3
Large Round-leaf Orchid — S3 White Adder’'s Mouth — S2  Bog Adder’'s Mouth — S1

Locky & Bayley: 2006
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Rare plants are primarily sedges and orchids, with some other herbs and shrubs



Habenaria orbiculata

Arethusia bulbosa

Malaxis monophyllos or brachypoda

Malaxis paludosa








Other Rare @Orchids in Wetlands....

Stemless LLady’s-Slipper
(Cypripedium acaule) —
S2: Acidic conditions...

Broad-lipped Twayblade
(Listera convallarioides)
— S2: Mineral-soll sites...

Slender bog ernchid
(Platanthera stricta) — S2:
\Wet meadows...
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Stemless Lady’s Slipper or Moccasin-flower (Shield, Boreal)

Broad-lipped Twayblade (Rocky Mountain)

Slender Bog Orchid (Rocky Mountain)


Ralre Sedges

Howvedgtar [Carex capitata]
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Rare plants are primarily sedges and orchids, with some other herbs and shrubs



Carex capitata

Carex vulpinoidea


BIodIVersity: MEechaniSms

Wooded Black Spruce Wooded Open Open
Bog Swamp ~ MR Fen MR Fen ER Fen

LOW. RIH/AIKalIAILY IHIgh
LOW Conductance High
LOW VWater tanje IHIgh

Microhabitats
10)\); HIgh Lo,

MR = Moderate-rich

ER = Extreme-rich Locky & Bayley 2006
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Goldilocks Theory


BIodIVersity: MEechaniSms

Wooded Black Spruce Wooded Open

Open

Bog Swamp ~ MR Fen MR Fen ER Fen

Y8

| PH/AIKAIINILY,
) ‘*ﬁ?f Conductance
; ‘ \Water table

Microhabitats
10)\); HIgh

MR = Moderate-rich
ER = Extreme-rich

oW

Locky & Bayley 2006
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Goldilocks Theory
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SphagnuimViess

Sphagnum leaves (40X) Sphagnum hyaline cells in leaf (400X)




SphagntimrVess & Orchids

Bog Adder’s Mouth — S1

- W \\

Warnstorff S sphagnum
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This diminutive orchid presents an interesting problem in plant distribution.

It is generally regarded as frequent in northern Europe, but it is extremely rare in North America.

In fact, Malaxis paludosa was unknown on the continent until 1904 when it was collected near New York Mills, Minnesota in Otter Tail County.

Since then it has been found at only a few isolated locations in Canada and Alaska in addition to the handful of sites in Minnesota.

For this reason, M. paludosa is often considered the rarest orchid in North America. It is not only rare but also easily overlooked. This is because

of its small stature (its flowers may be the

smallest of any North American orchid), and its

habit of growing on moss hummocks where its

greenish color makes it difficult to see.

Furthermore, the leaves are often concealed

beneath the mosses and only the slender

inflorescence (sometimes only 2-5 cm tall; 0.8-

2 in.) is visible above the moss carpet.


Vialaxis paltidesa

Ereqguent in Northern Europe, extremely rare
In N.A.

Unknown on the continent until 1904 (MN)
Referred to as rarest orchid in North America

Also easily overlooked

Small stature, thin stem

Smallest (green) flowers?

Green, like Sphagnum hummocks it likes
Leaves (2) often concealed in Mmosses
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Convention on International Trade in Endangered Species of Wild Fauna and Flora – washington convention


Protection ol @rchras

Legislation pretecting rare plants in Canada Is
fragmentary and of limited effect

Plants are a provincial rather than a federal
responsibility; each province must enact Its
own endangered species legislation

Feds under CITES Is able to provide
protection for plants that are en an
iInternationally: acecepted list of controlied
species: In Canada all enchids and cact
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Convention on International Trade in Endangered Species of Wild Fauna and Flora – washington convention


Plrotection o @rcnids

Inl Canada, several species oeccur that are
NOW SO rare and restricted that their continued
survival Is endangered

E.qg., small white lady’s slipper
(Cypripedium candidum) was
first plant protected under
Ontario law -- now only in a
few small colonies in SW
Ontario, SK, MB;, aleng with
several Isolated stations in US




Plrotection o @rcnids

Canada also has the Species at
Risk Act (SARA)

In' AB, rare plants are not protected
unless they are a SARA species

But there are no SARA orchids In
ABI



SARA @rehnids (Canada)

. Extirpated Species

None

. Endangered Species

Eastern Prairie Fringed-orchid, (Platanthera leucophaea)
Western Prairie Fringed-orchid, (Platanthera praeclara)
Small White Ladys-slipper, (Cypripedium candidum)
Purple Twayblade, (Liparis lilifolia)

Il Threatened Species

Phantom Orchid, (Cephalanthera austiniae )

Il Special Concern Species

None



@ther Protection lools

\Water for Life: AB’s Strategy: for
Sustainability

NAWMP

Protected Areas
Conservation Easements
Ecoelogicall Gifits
Municipal Bylaws



Zone Specific

Green Zone

Forestry, Resource
EXxtraction

Peatlands

White Zone

Agriculture,
Urbanization

Praire potheles

. s E
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HITEZONE |
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Agricultural drainage account for 85% of wetland loss in Canada

~ 40% prairie potholes now lost

~ 64% loss in White Zone (Strong 1993)

In Parkland Region loss of ~ 61% (Schick 1972)

Wetland loss = $3650/ha or $7.7B total in 1999 (Pembina Institute)




[ Northern Arctic [
B B Southem Arctic [ Mixedwood Plains
[ Boreal Plains

http://www.ec.gc.ca/soer-ree/English/vignettes/Terrestrial/terr.cfm?StrPrint=true&

=

E

Arctic Cordillera [l Boreal Shield

Atlantic Maritime

Prairies
Taiga Cordillera
Boreal Cordillera

B Facific Maritime
] Montane Cordillera

Hudson Plains
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10 terrestrial

5 aquatic


[ECOEQIoNS

Large enough to encompass natural
processes (fire & floeding) & capture
riepresentative plant and animal Species, &
natural communities

... Yet small enough to serve as platforms for
conservation planning and action.




ECOIEQIONS & CoRSEen/ation

More ecologically relevant planning unit than
political beundaries

Standard tool for conservation planning from
local to continental scales

» Nature Conservancy

» \World Wildlife Fund .

» USEPA et
Suitable for peatiands and: that which lies
Within?
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Some initial work has shown that ecoregions not useful for all taxonomic groups (McDonald et al. 2005) 



Vary in their ability to represent specific groups (Mac Nally et al. 2002)


Case Stuay:
Western Boreal

What happens when you
examine plant diversity,
SPEcIes rarty, & community.
composition in WMR' fens
along a lengitudinal & a
latitudinal transect in the Mid-
Boereal Uplands Ecoregion?



Presenter
Presentation Notes
The purpose of the present study is to examine patterns of plant diversity, species rarity, and community composition in wooded moderate-rich fens in three locations along a longitudinal and a latitudinal transect within the Mid-Boreal Uplands Ecoregion



Has been done before at this approximate scale in eastern North America for bogs by Paul Glaser (1992)

But not in a discrete Ecoregion.




Northwest

e Boreal Plains
Territories

Ecoregions
Slave River Lowland
Clear Hills Upland
Peace Lowland
Mid-Boreal Uplands
Mid-Boreal Uplands
Mid-Boreal Uplands
Wabasca Lowland
Western Boreal
Mid-Boreal Uplands
Western Alberta Upland
Western Alberta Upland
Mid-Boreal Uplands
Mid-Boreal Lowland
Boreal Transition
Mid-Boreal Uplands
Mid-Boreal Uplands
Mid-Boreal Uplands
Mid-Boreal Uplands
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Interlake Plain
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Similar to Mid-Continental Ecoregion (#92) WWF uses



Comprised of 20 Ecodistricts – half of that number is the Mid-Boreal Uplands Ecoregion with 10 Ecodistricts


AB SK MB
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Elevation has a very weak but significant effect on the of vascular plants, but not bryophytes
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Precipitation for bryophytes, but not vascular plants
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Percent overstory density appears to affect only vascular plants. However, it is a very weak relationship, especially given the criteria used to choose wooded fens across the Boreal Plains.



Used an ANCOVA to parse out the effect of overstory density on species richness: no difference




AB SK MB

(7/6w) Anupey v
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Some differences for vascular plants and alkalinity.

Gradient of decreasing alkalinity (pH, Mg, Ca) along a E to W gradient



Used an ANCOVA to parse out the effect of overstory density on species richness: no difference








RPlant DIVersiiy - Region

273 Species In total
86 bryophytes
187 vascular plants
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Gamma and Beta diversity here

Will examine Alpha diversity next



Grasslands may have between 100 and 200 species. (300 if you include northern, southern, western, and eastern grasslands in B.C.)
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The story is a little different for vascular plants, 



Decreasing total diversity from east to west. A difference of at least 50 species between Alberta and Manitoba.

Significant different between all locations

 Unimodal, hump-backed pattern of mean diversity among the three locations 


Location
SK

Lonicera caerulea (S3)
Galium labradoricum (S3)  Campanula aparanoides (S2S3)  Liparis loeselii (S2)

Carex prairieae (S3)

Carex tennuifolia (S3S4)
Cypripedium acaule (S3) Platanthera dilatata (S2) _Listera borealis (S2)

Malaxis monophvlla (S1S2
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Provincially rare vascular plant species follow a reverse trend to that of locally rare and unique species, decreasing from east to west



How would this look if plants were rated for rarity by ecozone or even ecoregion?




N =80
Stress = 6.99
Location 3-Dimensional Solution

A AB
® SK
¢ MB
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Vascular plant community data ordination

Also a 3-dimensional solution. I’m plotting the two most significant axes here. 

Distinct patterns, more so than the bryophyte ordination.
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We know that there are differences based on the community data – How about the diversity aspect of the data?

Forward and stepwise multiple regressions

How are the environmental variables related to the diversity aspect of the community data?

We see that the strongest relationships are with the vascular plant species data.

	Most distinct communities and strongest relationship with environmental variables




Consenvanonimplications

Plant community: & environmental
variables over a continental scale within
a single Ecoregion shows a continuous
change even in a single wetland type

...Within an Ecoregion and not across
Ecoregional boundaries
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Consistent with a Gleasonian viewpoint



Not necessarily the best scale for peatlands from the perspective of plants.

How about other


Consenation Implications

For common wetland
types, even those with a
higher likeliheod of rare
plants (orchids!),
Ecoregion level
CONSenation may: net
make Sense...
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For example, if one elected to save all WMRF in 



Not necessarily the best scale for peatlands from the perspective of plants.

How about other


Consenation Implications

A matter of scale...

Management at finer scale, I.e.,
Ecodistrict-level, may be more
appropriate...
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Alternatively, comparing floristic diversity and composition
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