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EXECUTIVE SUMMARY

Threatsto biodiversity in Saskatchewan arelisted and categorized. Spatia extent within the province s 11
ecoregionsarerated on athree-point scale, and occurrence within watershedsis|listed for aquatic threats.
The severity of each threst whereit occursisaso rated on athree-point scae. The overdl degree of threat
isassessed, based on the combination of ratingsfor extent and severity. Thelargest overdl threstsarein
the categories of habitat loss and alteration (both terrestrial and aquatic), habitat fragmentation (both
terrestrial and aguatic), invasion of exotic species (terrestrial), and pollution (aquatic). Policy
recommendations are provided to addressthe mgjor causes of thesethresats:. climate change, clearing and
breakingfor agriculture, wetland drainage, roads, dams, urban/industrial development, pesticideuse, and
introduction of exotic gpecies. Noteson each threat are provided, based on apreliminary literature review

aswell asinterviews with provincial government staff as well as other experts outside of government.
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1. ANALYSISOF THREATSTO BIODIVERSITY
11 I ntroduction

Saskatchewan Research Council was asked by SERM to review the threats to biodiversity in
Saskatchewan. Thefirst stepwasto list potentia threatsto biodiversity in Saskatchewan, based on prior
work by SERM staff and ontheideasof theauthors. Thenext step wasto assessthe significance of each
of thesethreatsinvariouspartsof theprovince. Availableinformationwasreviewed and expert advicewas
sought to answer the following questions:

* isour list of potentia threats complete?

» for each threat, how extensvely doesit occur in each ecoregion (or in watersheds for aquatic threats)?
» whereit does occur, how severe are its effects on biodiversity?

The scope of the project did not dlow for adetailed literature review on each of thethreats, and in any case
thereislittle scientific literature available for most of them in a Saskatchewan context. Instead, the
gpproach that was taken wasto devel op enough understanding of the nature of thethreet to provide generd
answers to the above questions. These answers are based on the understanding and judgment of the
authors and not on quantitative analysis, for which the data and methods do not yet exist. Others may
disagree with the ratings given or better information may be found, but the processfollowed can be easily
modified if ratings are changed. Notes on each of the threats are given in Section 2 of the report.

1.2 Threats database

Threats were separated between those affecting ter restrial and aquatic biodiversity, and were arranged
in a spreadsheet database with the following fields:

Potential threat, including human activities responsible where appropriate

Typeof threat, usng the following categories. The nature of these categoriesisdiscussed in Section 2.1.
» Habitat loss and ateration

» Fragmentation

* Exoticinvasion

* Pollution

* Overharvesting

* Lossof genetic diversity

Extent by Saskatchewan ecoregion (Map 1). Ecoregion abbreviations are as follows:

CuU Cypress Upland

MG Mixed Grassland
MMG Moist Mixed Grassland
AP Aspen Parkland

BT Boreal Transition

MBU Mid-boreal Upland

SRC Publication No. 11158-1C99 1
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MBL Mid-borea Lowland
CRU Churchill River Upland
ATP Athabasca Plain

TLU Tazin Lake Upland
SLU Selwyn Lake Upland

Extent isindicated as follows.

SYMBOL MEANING
+++ Extensive (i.e. covering significant, measurable areas within the ecoregion)
++ Frequently scattered (i.e. not covering alarge area, but occurring at many
locations through the ecoregion)
+ Isolated locations (i.e. occurring at only afew locations in the ecoregion)

SRC Publication No. 11158-1C99
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TAIGA SHIELD ZONE

A Selwyn Lake Upland

B Tazin Lake Upland

BOREAL SHIELD ZONE

C Athabasca Plain

D Churchill River Upland

BOREAL PLAIN ZONE

E Mid-Boreal Flain

F Mid-Boreal Lowland

G Boreal Transition

PRAIRIE ZONE

H Aspen Farkland

K Moist Mixed Grassland

M Mixed Grassland

N Cypress Upland
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Drainage basin, using the SaskWater classification of drainage basins, for threats affecting aquatic
biodiversity (seeMap 2; numerica codesfor sub-basnsaregivenin Appendix A). Because of inadequate
information, no attempt was made to rate the extent within drainage basins.

Severity of the threat where it does occur, using the following scale:

SYMBOL MEANING
XXX Severe
XX Moderately severe
X Moderate

No exact definitions of theseratings have been attempted, because we do not have theinformation to apply
atruly quantitative scale (e.g. percentage of thetota genetic diversity inaregionlost). Inthe context of
habitat |ossand ateration, our concept of “severe” appliesto complete destruction of ahabitat and loss of
mogt of its native biodiversity, whereas our concept of “moderate’ gppliesto lesser habitat changeswhich
still leave alargely native ecosystem with most of itsbiodiversity. Complete habitat lossisconsidered
severe not just because of the individual species affected, but also because native ecosystems are
themselvesacritica component of Saskatchewan’ sbiodiversity. For other categoriesof threats, wetried
to assign ratings by comparison to the habitat loss/ateration scale, taking into account factors such as
temporary versus permanent impacts, effects on rare versus common species, and so on. However, it must
be recognized that this was a subjective process.

4 SRC Publication No. 11158-1C99
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Drainage Basins of Saskatchewan
SaskWater Format
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Overall threat index by ecoregion. Thiswas based on combinations of the extent and severity ratings.

Theresulting scaleis:

EXTENT/SEVERITY | OVERALL THREAT
SYMBOLS SYMBOL MEANING
+++ [ XXX HiHHHE Extensive/Severe
++ [ XXX it Frequently Scattered/Severe
or or
+++ / XX Extensive/Moderately Severe
+ [ XXX T | solated/Severe
or or
++ / XX Frequently scattered/Moderately Severe
or or
+++ /X Extensive/Moderate
+/ XX #Ht Isolated/Moderately Severe
or or
++ /X Frequently scattered/Moderate
+/X # |solated/M oderate

Timing of the threat. For certain threats, the following labels are shown:

F Indicates that the threat is mainly in the future, so is accompanied by some uncertainty.

P Indicates that most of the action causing the threat occurred in the past (i.e. most of the
damage is aready done), although it could be continuing in the present.

Confidencein our ratingsfor extent and severity, based on the amount of information available and our

perceived level of understanding of the nature of the threat:

1 lower level of confidence

2 higher level of confidence

Table 1 represents the spreadsheet for threatsto terrestrial biodiversity, in asomewhat condensed form.
Table 2 shows the same information for threats to aquatic biodiversity.

1.3 Patterns of threats

The spreadsheet database was sorted to summarize thethreats within each ecoregion (Tables 3athrough
3k). Threatsare organized so asto show the highest overdl levelsfirst. These tables show which threats

cause most concern in each ecoregion.

6
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Tablel Database of potential threatsto terrestrial biodiversity
EXTENT BY ECOREGION
POTENTIAL THREAT SEVERITY |TIME|CONF,
CU[MG|MMG| AP | BT |[MBU[MBL CRU ATP |TLU|SLU
HABITAT LOSSAND ALTERATION
[Shifts in ecoregions due to +++| | | A A ] | | ] | A XN CH to F 1
Climatic change BT; xx in
MBU to SLU
[Changes in forest age-class ++ Ead R I e X 2
distribution due to timber
harvesting
Habitat changes in clearcuts ++ Ead R I e X 1
compared to burns
Changesin forest dueto fire | [ | X 2
Suppression 4+
|_oss of burn habitats due to fire | | | At X 1
kalvage
Changesin grassandsdueto fire |+++| +++| +++| +++ X, except Xx 1
suppression inAP
Habitat loss due to | | A A XXX P 2
Clearing/breaking for agriculture
Changesinrangeconditionand  |+++| +++[ +++]| +++| +++ ++ ++ X 2
habitat due to livestock grazing
Damage to riparian vegetation | | | ) ++ ++ X 2
py livestock grazing
FFlooding of riparian ecosystems S I I I e ?) ?) + + XXX 2
pue to dam construction
Changes in riparian habitats S I I I e +++ + + XX 2
pownstream from dams
Habitat |oss due to road 4| | | A ++ ++ + + + XXX 2
construction
Habitat |0ss due to other linear ++|  ++ ++| [+ + + + +H o+ X 1
Hevel opments
Habitat loss due to +H o+t ++| [+ + + + +H o+ XXX 2
Lirban/industrial devel opment
Habitat |oss due to coal mining + + XXX
Disturbance of ecosystems due ++[  ++ [ [+ ++ ++ X
fo recrestion traffic
Disturbance of ecosystems due + + XX 2
fo military activities
Effect on migratory spp. of nal n/al nal] nal] na] nlal n/al n/al n/al nial n/alxx 1

habitat |oss outside of Sask.
HABITAT FRAGMENTATION

FFragmentation due to timber ++ ++| | | X 2
harvesting

Fragmentation due to ++| | | XXX P 2
Clearing/breaking for agriculture | +++

FFragmentation due to road | | ] ++ ++ + + + XX 1
construction +++

FFragmentation due to other ++|  ++ ++| o+ ++ + + + + + X 1

inear developments

SRC Publication No. 11158-1C99 7
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EXTENT BY ECOREGION

POTENTIAL THREAT SEVERITY |TIME|CONF.
CU|MG|MMG| AP | BT | MBU|MBL CRU ATP [TLU|SLU
EXOTIC INVASION
nvasion of upland vegetation +H| HHH| A | A + + XX, except 2
py exotic plants xxx in MMG
and AP
nvasion of exotic birds [ | | | X
nvasion of exotic insects +H+| | | | A ?) ?) ?) ?) ? ?| xx
nvasion of exotic microbe ? ?) ?) ? ?) ?) ?) ?) ?) ? ?1?
pests
Predation by domestic cats and +H| | A ] X 1
Hogs
Dispersal of exotics dueto +H+| A A | A XX P 2
clearing/breaking for agriculture
[Spread of disease from livestock + + + + + X 1
pperations and game farms
Dispersal of exoticsduetoroad  |+++| +++| +++| +++| +++ + + + + + XX 2
construction
Dispersal of exotics due to other ++|  ++ ++| [+t X 1
inear developments
POLLUTION
\V egetation damage due to acid ++| | | X F 2
precipitation
Pollution due to oil/gas + + + + + + X 1
Extraction
\V egetation damage due to + + X 2
potash mines
\V egetation damage due to other + + + + ? 1
ndustry
Air pollution due to greenhouse +| ++ ++| [+ ? 1
pases
Poisoning of non-target wildlife |+++| +++| +++| +++| +++ + + XX 1
Hue to pesticide use
|_oss of migratory birds due to n/a| n/al nal n/al nfal n/a] n/a] n/al] n/a] nal n/alxx 1

pesticide use outside of Sask.
OVERHARVESTING

Overharvesting of big game + + + + XX
Overharvesting of medicinal and + + + X

pther plants

. OSSOF GENETIC DIVERSITY

|_oss of diversity in planted tree ++ el e B aad B aaa X 2
seedlings

| ossof diversity incrop plants — [+++] +++|  +++| +++]| +++ XX

Threats of genetically ++| o+ ++| | ++ 2

[engineered crops

8 SRC Publication No. 11158-1C99
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Table2 Database of potential threatsto aquatic biodiver sity
EXTENT BY ECOREGION DRAINAGE
POTENTIAL THREAT SEV  |TIME[CONF.
CU [MG|MMG|AP | BT MUB MBL CUR ATP[TLU|SLU| BASINS
HABITAT LOSSAND ALTERATION
Shiftsin ecoregionsdue | +++| +++|  +++| +++| +++| +++| +++| +++| +++]| HH+] ++4]1.234567891 | xxx in CH
fo climatic change Oe+18 to BT; xx
inMBU to
SLU F 1
Drainage of wetlands 2l +++| A | A 156,7,8,11,1
2, XXX 2
Downstream effects of ?) +H ++ ?) 5,11,others?
drainage of wetlands X 1
[Change in aquatic ? 2 ++| ++ ? 5, others?
habitats due to
channelization XX 1
Changefrom streamto | ++|+++| +++| ++[ +++ ? ?l o+ + 12,34,5,6,7,
reservoir due to dam 8,9,11,12,13
construction XXX 2
[Changes in aquatic ++| | | | +++ + + 1,2,3,4,5,6,7,
habitats downstream 8,9,11,12,13
from dams XX 2
Downstream effects of 1 2 20?2 ?
rrigation ? F 1
Changein lakelevels 20 ++ ++| ++ ? ? ? 4,5,0thers?
pnd river flows due to
Water diversion XX F 2
Disturbance of ++| ++ | [ ]+ ++ 1,2,34,56,7,
ecosystems due to 8,9,11,12
recreation traffic X 1
HABITAT FRAGMENTATION
Barriers to dispersal and i s d RS EEES + + 1,2,34,5,6,7,
fue to dam 8,9,11,12,13
construction XXX 2
Barriersto dispersal e e I e I ] I ++ + + + 1,2,3,4,5,6,7,
fue to road 89
construction XX 1
EXOTIC INVASION
nvasion of wetlands 1+ +H o+ o+ + + + ? ?) ?|11,2,3,4,5,6,7,
by exotic plants 8,9,11,12 XX 2
nvasion of exotic 1 ? ?l 0?2 ?) ? ?) ? ?) ?1?
Imicrobe pests ? 1
nvasion of exotic fish Sy I 2511
pnd molluscs XX F 2
PDispersal of exotics +H o+ 5, others?
Hue to water diversion XX F 2
POLLUTION
Aquatic effects of acid +++| HH+| | +4+(8(67),9,10
precipitation X F 2
Siltation/eutrophicatio | +++| +++|  +++| +++[ +++ 12,3,4,56,7,
h dueto 8,9(61),11,12
clearing/breaking for
griculture XX P 1

SRC Publication No. 11158-1C99 9
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EXTENT BY ECOREGION

fepecies

DRAINAGE
POTENTIAL THREAT SEV  [TIME|CONF.
CU |[MG|MMG| AP | BT MUB MBL CUR ATP|TLU|SLU| BASINS

Poi soning of | A+ A ] + + 1,2,3,4,5,6,7,
hon-target wildlife due 8,9,11,12
fo pesticide use XX 1
Siltation/eutrophicatio | +++| +++|  +++| +++| +++|  ++ + 1,2,3,4,5,6,7,
h due to livestock 8,9(61),11,12
brazing X 1
Siltation due to roads e e e e R R e I ++ + + + 1,2,3456,7,

89 X 1
Pollution due to oil/gas + o+ +H o+ O+ + 1,2,3,4,5?,6,7
extraction 9 X 1
Water pollution dueto + + + 9,10
metals mining XX 1
MWater pollution due to + + o+ o+ 1,2,4,5,6,7,8,
pther industry 11,12 ? 1
Pollution due to sewage +| ++ +H[ [+ + + + + + 1,2?,4?5,6,7,
elease 8,9,10,11,12,

13 X 1
Water pollution dueto +| ++ +H[ [+ + + + + + ?
andfills ? 1
OVERHARVESTING
Overharvesting of fish ++ Ea IS IR I S B S I = 6(30),7(29),8

i (67).9 XX 2]

10
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Table 3a

Ranking of threatsin the Cypress Upland Ecoregion

May, 1999

POTENTIAL THREAT | TYPE OF THREAT |EXTENT |SEVERITY OVERALL [ TIME

THREATSTO TERRESTRIAL BIODIVERSITY
JHabitat loss due to road construction Habitat loss/alteration +++ XXX Diiaiaa
|Fragmentati on due to clearing/breaking for agriculture Habitat fragmentation +++ XXX HEHHE P
Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XXX HEHHE F
JHabitat loss due to clearing/breaking for agriculture Habitat loss/alteration +++ XXX HEHHE P
IFI ooding of riparian ecosystems due to dam construction Habitat loss/alteration ++ XXX fizizezid
IPoisoning of non-target wildlife due to pesticide use Pollution +++ XX fizizezid
II nvasion of exotic insects Exotic invasion +++ XX i
IDisper%l of exotics due to clearing/breaking for agriculture Exotic invasion +++ XX fizizezid P
IFragmentati on due to road construction Habitat fragmentation +++ XX fizizezid
IDispersal of exotics due to road construction Exotic invasion +++ XX i
|L0$ of diversity in crop plants Loss of genetic diversity +++ XX fizizezid
|Habitat 10ss due to urbanvindustrial devel opment Habitat loss/alteration + XXX it

Changes in riparian habitats downstream from dams Habitat loss/alteration ++ XX it
lInvasion of upland vegetation by exotic plants Exotic invasion ++ XX it

Changes in forest due to fire suppression Habitat loss/alteration +++ it

Changes in grasslands due to fire suppression Habitat loss/alteration +++ it

Changes in range condition and habitat due to livestock Habitat loss/alteration +++ X it

grazing

Damage to riparian vegetation by livestock grazing Habitat loss/alteration +++ X it
IFragmentati on due to other linear developments Habitat fragmentation ++ X H#Ht
IDisturbance of ecosystems due to recreation traffic Habitat loss/alteration ++ X i
IDispersaI of exotics due to other linear devel opments Exotic invasion ++ X H#Ht
II nvasion of exotic birds Exotic invasion ++ X i
|Fragmentation due to timber harvesting Habitat fragmentation ++ X H#Ht

Changes in forest age-class distribution due to timber Habitat loss/alteration ++ X Ht

harvesting
JHabitat changes in clearcuts compared to burns Habitat loss/alteration ++ X H#Ht
IPredati on by domestic cats and dogs Exotic invasion ++ X H#Ht
IHabi tat loss due to other linear developments Habitat loss/alteration ++ X i
ILoss of diversity in planted tree seedlings Loss of genetic diversity ++ X H#Ht
|Poliution due to oil/gas extraction Pollution X #

Spread of disease from livestock operations and gamefarms  |Exotic invasion X #
THREATSTO AQUATIC BIODIVERSITY

Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XXX HEHHE F
IBarriersto dispersal due to dam construction Fragmentation ++ XXX fizizezid

Change from stream to reservoir due to dam construction Habitat loss/alteration ++ XXX fizizezid
IBarriersto dispersal due to road construction Fragmentation +++ XX fizizezid
Siltation/eutrophication due to clearing/breaking for Pollution +++ XX HHtHHE P
agriculture
[Poisoning of non-target wildlife due to pesticide use Pollution +++ XX fizizezid

Changes in aquatic habitats downstream from dams Habitat loss/alteration ++ XX it

Siltation due to roads Pollution +++ X it
Siltation/eutrophication due to livestock grazing Pollution +++ X it
IDisturbance of ecosystems due to recrestion traffic Habitat loss/alteration ++ X i
IPoIIution due to oil/gas extraction Pollution X #
IPoIIuti on dueto sawage release Pollution X #

SRC Publication No. 11158-1C99 11
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Table 3b Ranking of threatsin the Mixed Grassland Ecoregion
POTENTIAL THREAT | TYPE OF THREAT |EXTENT |SEVERITY OVERALL [TIME
THREATSTO TERRESTRIAL BIODIVERSITY
JHabitat loss due to clearing/breaking for agriculture Habitat loss/alteration +++ XXX HHHH P
Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XXX HHHH F
JFragmentation due to clearing/breaking for agriculture Habitat fragmentation +++ XXX HHHH P
IHabitat loss due to road construction Habitat loss/alteration +++ XXX T
IFI ooding of riparian ecosystems due to dam construction Habitat loss/alteration +++ XXX HHHH
IHabitat loss due to urban/industrial development Habitat loss/alteration ++ XXX i
|Poisoning of non-target wildlife due to pesticide use Pollution +++ XX fizizezd
Changes in riparian habitats downstream from dams Habitat loss/alteration +++ XX fizizezd
IDispersal of exotics due to clearing/breaking for agriculture Exotic invasion +++ XX fizizezd P
II nvasion of exotic insects Exotic invasion +++ XX i
Loss of diversity in crop plants Loss of genetic +++ XX HHtHE
diversity
II nvasion of upland vegetation by exotic plants Exotic invasion +++ XX fizizezid
IFragmentati on due to road construction Habitat fragmentation +++ XX fizizezid
IDispersal of exotics due to road construction Exotic invasion +++ XX i
IHabitat loss due to coal mining Habitat loss/alteration + XXX b
IPredati on by domestic cats and dogs Exotic invasion +++ X fizizd
II nvasion of exotic birds Exotic invasion +++ X b
|Damage to riparian vegetation by livestock grazing Habitat loss/alteration +++ X fizizd
Changes in grasslands due to fire suppression Habitat loss/alteration +++ X fizizd
Changes in range condition and habitat due to livestock Habitat loss/alteration +++ X fizized
grazing
Disturbance of ecosystems due to recreation traffic Habitat loss/alteration ++ X #Ht
IFragmentati on due to other linear developments Habitat fragmentation ++ X #Ht
IHabi tat loss due to other linear developments Habitat loss/alteration ++ X i
IDispersaI of exotics due to other linear devel opments Exotic invasion ++ X #Ht
|Poliution due to oil/gas extraction Pollution X #
Spread of disease from livestock operations and gamefarms ~ [Exotic invasion X #
THREATSTO AQUATIC BIODIVERSITY
Change from stream to reservoir due to dam construction Habitat loss/alteration +++ XXX L
|Barriersto dispersal due to dam construction Fragmentation +++ XXX L
Shiftsin ecoregions due to climatic change Habitat loss/alteration +++ XXX L F
IDrainage of wetlands Habitat loss/alteration +++ XXX L
Changes in aguatic habitats downstream from dams Habitat loss/alteration +++ XX it
Siltation/eutrophication due to clearing/breaking for Pollution +++ XX fizecssd P
agriculture
|Barriersto dispersal due to road construction Fragmentation +++ XX it
|Poisoning of non-target wildlife due to pesticide use Pollution +++ XX it
Overharvesting of fish species Overharvesting ++ XX i
Change in lake levels and river flows due to water diversion Habitat loss/alteration ++ XX i F
JInvasion of exatic fish and molluscs Exotic invasion ++ XX it F
Siltati on/eutrophication due to livestock grazing Pollution +++ i
Siltation due to roads Pollution +++ it
JInvasion of wetlands by exotic plants Exotic invasion + XX #H
IPoIIution due to sewage release Pollution ++ fizid
IDisturbance of ecosystems due to recreation traffic Habitat |oss/alteration ++ fizid
lPoIIution dueto oil/gas extraction Pallution s i
SRC Publication No. 11158-1C99 13
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Table3c

Ranking threatsin the Moist Mixed Grassland Ecor egion

Threats to Biodiversity in Saskatchewan

POTENTIAL THREAT

| TYPEOF THREAT |EXTENT [SEVERITY [OVERALL

THREATSTO TERRESTRIAL BIODIVERSITY

JFlooding of riparian ecosystems due to dam construction Habitat loss/alteration +++ XXX HHHH
|Fragmentati on due to clearing/breaking for agriculture Habitat fragmentation +++ XXX L
IHabitat loss due to road construction Habitat loss/alteration +++ XXX T
Jinvasion of upland vegetation by exotic plants Exotic invasion +++ XXX L
Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XXX HHHH
Habitat loss due to clearing/breaking for agriculture Habitat loss/alteration +++ XXX L
IHabitat loss due to urban/industrial development Habitat loss/alteration ++ XXX i
Loss of diversity in crop plants Loss of genetic +++ XX fizecssd
diversity
finvasion of exotic insects Exotic invasion +++ XX HHHE
Changes in riparian habitats downstream from dams Habitat loss/alteration +++ XX it
JPoisoning of non-target wildlife due to pesticide use Pollution +++ XX fizizezid
|Dispersal of exotics due to road construction Exotic invasion +++ XX HHHE
IDisper%l of exotics due to clearing/breaking for agriculture Exotic invasion +++ XX HHtHHE
|Fragmentati on due to road construction Habitat fragmentation +++ XX it
IHabitat loss due to coal mining Habitat loss/alteration + XXX b
|Predati on by domestic cats and dogs Exotic invasion +++ X i
|Damage to riparian vegetation by livestock grazing Habitat loss/alteration +++ X jizizd
Changes in range condition and habitat due to livestock grazing Habitat loss/alteration +++ X i
Changes in grasslands due to fire suppression Habitat loss/alteration +++ X jizizd
JInvasion of exotic birds Exotic invasion +++ X fidizid
IDisturbance of ecosystems due to military activities Habitat loss/alteration + XX Ht
|Dispersa| of exotics due to other linear developments Exotic invasion ++ X #H
IHabi tat loss due to other linear developments Habitat loss/alteration ++ X i
|Di sturbance of ecosystems due to recreation traffic Habitat |oss/alteration ++ X fizid
IFragmentati on due to other linear developments Habitat fragmentation ++ X Ht
|Potiution due to oil/gas extraction Pollution + X #
egetation damage due to potash mines Pollution + X #
Overharvesting of medicinal and other plants Overharvesting + X #
Spread of disease from livestock operations and game farms Exotic invasion + X #
THREATSTO AQUATIC BIODIVERSITY
Shiftsin ecoregions due to climatic change Habitat loss/alteration +++ XXX L
IBarriersto dispersal due to dam construction Fragmentation +++ XXX HHHH
lorai nage of wetlands Habitat loss/alteration +++ XXX ficisessead
Change from stream to reservoir due to dam construction Habitat loss/alteration +++ XXX HHHH
JPoisoning of non-target wildlife due to pesticide use Pollution +++ XX it
Siltation/eutrophication due to clearing/breaking for agriculture Pollution +++ XX HHtHE
IBarriers to dispersal due to road construction Fragmentation +++ XX it
Changes in aquatic habitats downstream from dams Habitat loss/alteration +++ XX HHtHE
Overharvesting of fish species Overharvesting ++ XX i
JInvasion of exotic fish and molluscs Exotic invasion ++ XX iiiiid
Change in lake levels and river flows due to water diversion Habitat loss/alteration ++ XX i
Change in aquatic habitats due to channelization Habitat loss/alteration ++ XX jizizd
Siltati on/eutrophication due to livestock grazing Pollution +++ i
Siltation due to roads Pollution +++ iiiiid
|Invasion of wetlands by exotic plants Exoticinvasion + XX #H
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Threats to Biodiversity in Saskatchewan May, 1999
POTENTIAL THREAT TYPE OF THREAT |EXTENT |SEVERITY |OVERALL
IDispersal of exotics due to water diversion Exotic invasion + XX i
|Po||ution due to sewage release Pollution ++ X fizid
IDownstream effects of drainage of wetlands Habitat loss/alteration ++ X i
|Disturbance of ecosystems due to recreation traffic Habitat |oss/alteration ++ X fizid
|POIIuti0n due to oil/gas extraction Pollution + X #

Table 3d Ranking of threatsin the Aspen Parkland Ecoregion
POTENTIAL THREAT | TYPE OF THREAT |EXTENT |SEVERITY OVERALL |TIME

THREATSTO TERRESTRIAL BIODIVERSITY

Shiftsin ecoregions due to climatic change Habitat loss/alteration +++ XXX L F
JHabitat loss due to road construction Habitat loss/alteration +++ XXX A
II nvasion of upland vegetation by exotic plants Exotic invasion +++ XXX HHHH
|Fragmentati on due to clearing/breaking for agriculture Habitat fragmentation +++ XXX L P
IHabitat loss due to clearing/breaking for agriculture Habitat loss/alteration +++ XXX L P
IHabitat loss due to urban/industrial development Habitat loss/alteration ++ XXX i
|Fragmentati on due to road construction Habitat fragmentation +++ XX HHtHHE

Changes in grasslands due to fire suppression Habitat loss/alteration +++ XX it
JPoisoning of non-target wildlife due to pesticide use Pollution +++ XX it
|L0$ of diversity in crop plants Loss of genetic diversity +++ XX HHtHHE
II nvasion of exotic insects Exotic invasion +++ XX i
|Dispersal of exotics due to road construction Exotic invasion +++ XX lidizizid
IDispersal of exotics due to clearing/breaking for agriculture  |Exotic invasion +++ XX it P
IFI ooding of riparian ecosystems due to dam construction Habitat loss/alteration ++ XXX fizizezid
IPredati on by domestic cats and dogs Exotic invasion +++ X fizizd
|Damage to riparian vegetation by livestock grazing Habitat loss/alteration +++ X i
II nvasion of exotic birds Exotic invasion +++ X liiizid

Changes in range condition and habitat due to livestock Habitat loss/alteration +++ X fizized

grazing

Changes in riparian habitats downstream from dams Habitat loss/alteration ++ XX jizizd
|Disturbance of ecosystems due to recreation traffic Habitat |oss/alteration ++ X fizid
IHabi tat loss due to other linear devel opments Habitat |oss/alteration ++ X ##
IFragmentati on due to other linear developments Habitat fragmentation ++ X #Ht
IDispersaI of exotics due to other linear devel opments Exotic invasion ++ X #Ht
|Potiution due to oil/gas extraction Pollution + X #

|\ egetation damage due to potash mines Pollution + X #
Overharvesting of medicina and other plants Overharvesting + X #

Spread of disease from livestock operations and game Exotic invasion + X #
[farms

THREATSTO AQUATIC BIODIVERSITY
IDrainage of wetlands Habitat loss/alteration +++ XXX HHHH

Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XXX HHHH F
JPoisoning of non-target wildlife due to pesticide use Pollution +++ XX it

Siltati on/eutrophication due to clearing/breaking for Pollution +++ XX fizecsed P
agriculture

IBarriersto dispersal dueto road construction Fragmentation +++ XX fizizezd
|zarriersto dispersal due to dam construction Fragmentation ++ XXX fizizezd

Change from stream to reservoir due to dam construction Habitat loss/alteration ++ XXX it

Change in lake levels and river flows due to water diversion  |Habitat loss/alteration ++ XX i F
JInvasion of exotic fish and molluscs Exotic invasion ++ XX HHt F
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May, 1999 Threats to Biodiversity in Saskatchewan
POTENTIAL THREAT TYPE OF THREAT |EXTENT |SEVERITY [OVERALL [ TIME

Change in aquatic habitats due to channelization Habitat loss/alteration ++ XX jizizd

Overharvesting of fish species Overharvesting ++ XX jizizd

Siltati on/eutrophication due to livestock grazing Pollution +++ i

Siltation due to roads Pollution +++ it

Changes in aquatic habitats downstream from dams Habitat loss/alteration ++ XX fizizd

JInvasion of wetlands by exotic plants Exotic invasion XX Ht

|Di spersal of exotics due to water diversion Exotic invasion XX fizid F

IDownstream effects of drainage of wetlands Habitat |oss/alteration ++ X ##

IPoIIution due to sewage release Pollution ++ X i

IDisturbance of ecosystems due to recreation traffic Habitat loss/alteration ++ X i

lPoIIution dueto oil/gas extraction Pallution s X i

Table 3e

Ranking of threatsin the Boreal Transition Ecoregion

POTENTIAL THREAT

| TYPE OF THREAT | EXTENT|SEVERITY| OVERALL | TIME

THREATSTO TERRESTRIAL BIODIVERSITY

[Habitat loss due to road construction Habitat |oss/alteration +++ XXX HtHHE

Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XXX HHHH F
JFragmentation due to clearing/breaking for agriculture Habitat fragmentation +++ XXX HHHH P
|Habitat loss due to clearing/breaking for agriculture Habitat loss/alteration +++ XXX HHHH P
|F| ooding of riparian ecosystems due to dam construction Habitat loss/alteration +++ XXX HHHH

|Habitat loss due to urban/industrial development Habitat loss/alteration ++ XXX i

|| nvasion of exotic insects Exotic invasion +++ XX i
|Disper9l of exotics due to clearing/breaking for agriculture  |Exotic invasion +++ XX fizizezid P
Changes in riparian habitats downstream from dams Habitat loss/alteration +++ XX fizizezid
JPoisoning of non-target wildlife due to pesticide use Pollution +++ XX fizizezid

|| nvasion of upland vegetation by exotic plants Exotic invasion +++ XX fizizezid
|Fragmentati on due to road construction Habitat fragmentation +++ XX fizizezid
|Dispersal of exotics due to road construction Exotic invasion +++ XX i

|L0$ of diversity in crop plants Loss of genetic diversity +++ XX fizizezid

|| nvasion of exotic birds Exotic invasion +++ X b

Changes in range condition and habitat due to livestock Habitat loss/alteration +++ fizized

grazing

Changes in forest due to fire suppression Habitat loss/alteration +++ X jizizd

|Damage to riparian vegetation by livestock grazing Habitat loss/alteration +++ X jizizd
|Disturbance of ecosystems due to recreation traffic Habitat loss/alteration ++ X i
|Fragmentati on due to other linear developments Habitat fragmentation ++ X Ht
|L oss of burn habitats due to fire salvage Habitat loss/alteration ++ X Ht

Changes in forest age-class distribution due to timber Habitat loss/alteration ++ X Ht

harvesting
JFragmentation due to timber harvesting Habitat fragmentation ++ X Ht
|Habi tat loss due to other linear developments Habitat loss/alteration ++ X i
|Loss of diversity in planted tree seedlings Loss of genetic diversity ++ X Ht
|Habitat changes in clearcuts compared to burns Habitat loss/alteration ++ X Ht
|Dispersa| of exotics due to other linear devel opments Exotic invasion ++ X Ht
|Predati on by domestic cats and dogs Exotic invasion ++ X Ht
JPoliution due to oil/gas extraction Pollution + X #

Spread of disease from livestock operations and gamefarms |Exotic invasion X #
Overharvesting of medicina and other plants Overharvesting + X #
THREATSTO AQUATIC BIODIVERSITY

Change from stream to reservoir due to dam construction Habitat loss/alteration +++ XXX L
IBarriersto dispersal due to dam construction Fragmentation +++ XXX L
|Drai nage of wetlands Habitat loss/alteration +++ XXX S
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Threats to Biodiversity in Saskatchewan

May, 1999

POTENTIAL THREAT TYPE OF THREAT | EXTENT | SEVERITY [ OVERALL | TIME

Shiftsin ecoregions due to climatic change Habitat loss/alteration +++ XX L F
Changes in aguatic habitats downstream from dams Habitat loss/alteration +++ XX it
Siltation/eutrophication due to clearing/breaking for Pollution +++ XX fizecsed P
lagriculture
JPoisoning of non-target wildlife due to pesticide use Pollution +++ XX it
|sarriersto dispersal due to road construction Fragmentation +++ XX it
Overharvesting of fish species Overharvesting ++ XX i

Siltation due to roads Pollution +++ iizid

Siltati on/eutrophication due to livestock grazing Pollution +++ i
JInvasion of wetlands by exotic plants Exotic invasion + XX #H

|Disturbance of ecosystems due to recreation traffic Habitat |oss/alteration ++ fizid

|Po||ution due to sewage release Pollution ++ fizid

lPoIIution dueto oil/gas extraction Pallution s i

SRC Publication No. 11158-1C99 17



May, 1999

Threats to Biodiversity in Saskatchewan

Table 3f Ranking of threatsin the Mid-Boreal Upland Ecoregion

POTENTIAL THREAT

| TYPE OF THREAT |EXTENT|SEVERITY OVERALL |TIME

THREATSTO TERRESTRIAL BIODIVERSITY

|Habitat |oss due to road construction Habitat loss/alteration ++ XXX it
Shifts in ecoregions due to climatic change Habitat |oss/alteration +++ XX AT
JHabitat loss due to urban/industrial devel opment Habitat loss/alteration + XXX HH
IFragmentation due to road construction Habitat fragmentation ++ XX HHH
ILoss of burn habitats due to fire salvage Habitat loss/alteration +++ X fiizid
IFragmentati on due to timber harvesting Habitat fragmentation +++ X i
IHabi tat changes in clearcuts compared to burns Habitat loss/alteration +++ X T
IChanges in forest due to fire suppression Habitat loss/alteration +++ X HHH
|L0$ of diversity in planted tree seedlings Loss of genetic diversity +++ X HHH
|Changes in forest age-class distribution due to timber |Habitat loss/alteration +++ X HHHH
harvesting

Overharvesting of big game Overharvesting + XX #H
JPoisoning of non-target wildlife due to pesticide use  |Pollution + XX #H
IDisturbance of ecosystems due to military activities [Habitat |loss/alteration + XX i
IDispersaI of exotics due to road construction Exotic invasion + XX Hi
II nvasion of upland vegetation by exotic plants Exotic invasion + XX #H
IDamage to riparian vegetation by livestock grazing Habitat loss/alteration ++ X #H
IDisturbance of ecosystems due to recreation traffic Habitat loss/alteration ++ X Hi
Changes in range condition and habitat due to Habitat |oss/alteration ++ X fizia
livestock grazing

IPoIIution due to oil/gas extraction Pollution + X #
IFragmentati on due to other linear devel opments Habitat fragmentation X #
IHabi tat loss due to other linear devel opments Habitat loss/alteration X #
THREATSTO AQUATIC BIODIVERSITY

Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XX HiHHE
IBarriersto dispersal due to road construction Fragmentation ++ XX T
IOverharvesti ng of fish species Overharvesting ++ XX T
IPoisoni ng of non-target wildlife due to pesticide use |Pollution + XX #H
|I nvasion of wetlands by exotic plants Exotic invasion + XX #H
Siltation due to roads Pollution ++ X i
IDisturbance of ecosystems due to recreation traffic Habitat loss/alteration ++ X i
Siltation/eutrophication due to livestock grazing Pollution ++ X #H
JPollution due to oil/gas extraction Pollution + X #
lPoIIuti on due to sewage release Pollution x X #
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Threats to Biodiversity in Saskatchewan May, 1999
Table 3g Ranking of threatsin the Mid-Boreal L owland Ecoregion
POTENTIAL THREAT TYPE OF THREAT |EXTENT [SEVERITY [OVERALL |TIME

THREATSTO TERRESTRIAL BIODIVERSITY
|Habitat |oss due to road construction Habitat loss/alteration ++ XXX it

Shifts in ecoregions due to climatic change Habitat |oss/alteration +++ XX HHT F
IChanges in riparian habitats downstream from dams  [Habitat |oss/alteration +++ XX AT
IHabi tat loss due to urban/industrial development Habitat loss/alteration + XXX fiizid
IFragmentation due to road construction Habitat fragmentation ++ XX HH#

Changes in forest age-class distribution due to timber [Habitat loss/alteration +++ X HHHH
harvesting
ILoss of burn habitats due to fire salvage Habitat loss/alteration +++ X fiizid
|L0$ of diversity in planted tree seedlings Loss of genetic diversity +++ X HHH
IHabi tat changes in clearcuts compared to burns Habitat loss/alteration +++ X T
IChanges in forest due to fire suppression Habitat loss/alteration +++ X T
IFragmentati on due to timber harvesting Habitat fragmentation +++ X HHH
IDisperaaI of exotics due to road construction Exotic invasion XX #Hit
IOverharvesti ng of big game Overharvesting + XX 1
IPoisoni ng of non-target wildlife due to pesticide use | Pollution XX fiza
II nvasion of upland vegetation by exotic plants Exotic invasion + XX #H
IDisturbance of ecosystems due to recreation traffic ~ |Habitat loss/ateration ++ X #Hit

Changes in range condition and habitat due to Habitat |oss/alteration ++ X fiza

livestock grazing
IDamage to riparian vegetation by livestock grazing  |Habitat loss/ateration ++ X #Hit
IFragmentati on due to other linear developments Habitat fragmentation + X #
IHabi tat loss due to other linear devel opments Habitat |oss/alteration + X #
THREATSTO AQUATIC BIODIVERSITY
IChanges in aguatic habitats downstream from dams  |Habitat |oss/alteration +++ XX HiHHE

Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XX HiHHE F
JOverharvesting of fish species Overharvesting ++ XX T
IBarriers to dispersal due to road construction Fragmentation ++ XX T
IPoisoni ng of non-target wildlife due to pesticide use |Pollution + XX #
|I nvasion of wetlands by exotic plants Exotic invasion + XX #

Siltation due to roads Pollution ++ X 1
IDisturbance of ecosystems due to recreation traffic Habitat loss/alteration ++ X 1
Siltation/eutrophication due to livestock grazing Pollution + X #
IPollution due to sewage release Pollution X #
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May, 1999 Threats to Biodiversity in Saskatchewan

Table 3h Ranking of threatsin the Churchill River Upland Ecoregion

POTENTIAL THREAT | TYPE OF THREAT | EXTENT |SEVERITY | OVERALL [ TIME

THREATSTO TERRESTRIAL BIODIVERSITY

Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XX HHH F
JHabitat loss due to urban/industrial devel opment Habitat loss/alteration + XXX HH
IHabi tat 10ss due to road construction Habitat loss/alteration + XXX HH

Flooding of riparian ecosystems due to dam Habitat loss/alteration + XXX HHH
construction
|Changes in forest age-class distribution due to Habitat loss/alteration +++ X HHHH

timber harvesting
ILoss of burn habitats due to fire salvage Habitat loss/alteration +++ X it
IHabi tat changes in clearcuts compared to burns Habitat loss/alteration +++ X HHH

Loss of diversity in planted tree seedlings Loss of genetic +++ X HH

diversity

IChanges in forest due to fire suppression Habitat loss/alteration +++ X HHH
IFragmentati on due to timber harvesting Habitat fragmentation +++ X HHH
IChanges in riparian habitats downstream from dams [Habitat |oss/alteration + XX 1
IDispersaI of exotics due to road construction Exotic invasion + XX 1
Overharvesting of big game Overharvesting + XX #
[Fragmentation due to road construction Habitat fragmentation + XX #

|\ egetation damage due to acid precipitation Pollution ++ X fiza F
JFragmentation due to other linear developments Habitat fragmentation + X #

IHabi tat loss due to other linear devel opments Habitat loss/alteration + X #
THREATSTO AQUATIC BIODIVERSITY

Shifts in ecoregions due to climatic change Habitat |oss/alteration +++ XX HHT F
IChange from stream to reservoir due to dam Habitat |oss/alteration + XXX i
construction

IBarriersto dispersal due to dam construction Fragmentation + XXX HHH
IOverharvesti ng of fish species Overharvesting ++ XX i

IAquatic effects of acid precipitation Pollution +++ X i F
IBarriersto dispersal due to road construction Fragmentation + XX #

IChang&s in aguatic habitats downstream from dams [Habitat |oss/alteration + XX #

\Water pollution due to metals mining Pollution + XX 1

linvasion of wetlands by exotic plants Exotic invasion + XX 1

Siltation due to roads Pollution + X #

IPollution due to sewage release Pollution + X #
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Threats to Biodiversity in Saskatchewan

Table 3i

Ranking of threatsin the Athabasca Plain Ecoregion

May, 1999

POTENTIAL THREAT

| TYPE OF THREAT | EXTENT |SEVERITY OVERALL |TIME

THREATSTO TERRESTRIAL BIODIVERSITY

Shifts in ecoregions due to climatic change

Habitat loss/alteration

+++ XX HHHH F
JHabitat loss due to urban/industrial devel opment Habitat |oss/alteration + XXX HH
IHabi tat loss due to road construction Habitat loss/alteration + XXX i
Overharvesting of big game Overharvesting + XX #
JFragmentation due to road construction Habitat fragmentation + XX #
IDispersaI of exotics due to road construction Exotic invasion + XX 1
|\ egetation damage due to acid precipitation Pollution ++ X fiza F
JFragmentation due to other linear developments Habitat fragmentation + X #
|Habi tat loss due to other linear devel opments Habitat loss/alteration + X #
THREATSTO AQUATIC BIODIVERSITY
Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XX AT
JAquatic effects of acid precipitation Pollution +++ X HHH
\Water pollution due to metals mining Pollution + XX #
IBarriersto dispersal due to road construction Fragmentation + XX 1
Siltation due to roads Pollution + X #
IPollution due to sewage release Pollution + X #

Table 3j

Ranking of threatsin the Tazin L ake Upland Ecor egion

POTENTIAL THREAT

|TYPE OF THREAT |EXTENT |SEVERITY OVERALL |TIME

THREATSTO TERRESTRIAL BIODIVERSITY

Shifts in ecoregions due to climatic change

Habitat loss/alteration +++ XX HitHE F
[Habitat |oss due to urban/industrial development Habitat loss/alteration + XXX fiizid
IHabi tat 10ss due to road construction Habitat |oss/alteration XXX fizizid
IFI ooding of riparian ecosystems due to dam Habitat loss/alteration XXX i
construction
JChanges in riparian habitats downstream from dams Habitat loss/alteration + XX #
Dispersal of exotics due to road construction Exotic invasion XX fiza
IFragmentation due to road construction Habitat fragmentation XX fiza
|\ egetation damage due to acid precipitation Pollution ++ X #
JFragmentation due to other linear developments Habitat fragmentation + X #
IHabi tat loss due to other linear devel opments Habitat loss/alteration X #
THREATSTO AQUATIC BIODIVERSITY
Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XX HiHHE
IChange from stream to reservoir due to dam Habitat loss/alteration + XXX HHHt
construction
IBarriersto dispersal due to dam construction Fragmentation + XXX T
|Aquatic effects of acid precipitation Pollution +++ X HHH
\Water pollution due to metals mining Pollution + XX H#
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May, 1999 Threats to Biodiversity in Saskatchewan
IBarriers to dispersal due to road construction Fragmentation + XX #
IChang&s in aguatic habitats downstream from dams Habitat loss/alteration + XX #
IPoI lution due to sewage release Pollution + X #
lSiItati on dueto roads Pollution + X #

22
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Threats to Biodiversity in Saskatchewan May, 1999

Table 3k Ranking of threatsin the Selwyn Lake Upland Ecoregion

POTENTIAL THREAT | TYPE OF THREAT | EXTENT |SEVERITY | OVERALL |TIME
THREATSTO TERRESTRIAL BIODIVERSITY
Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XX HHHE F
|\ egetation damage due to acid precipitation Pollution ++ X fiza F
THREATSTO AQUATIC BIODIVERSITY
Shifts in ecoregions due to climatic change Habitat loss/alteration +++ XX HiHHE
guatic effects of acid precipitation Pollution +++ X i

Table4 summarizestheinformation in Table 3 by tallying the number of threatsin thetop threelevels
(HHHH, #i#, and ###), by ecoregion and type of threat. This summary shows how the number of threets
variesamong ecoregions, and aso helpsto show the overdl provincid picture. First, the number of high-
leve threatsisdigtinctly higher in the southernmost five ecoregions, which have the highest population
dengsity, virtualy al of the agricultural impacts, and most of the roads, water developments, and other
population-related impacts. The Moist Mixed Grassand appears to have the most high-level threats,
athough itisnot separated by much from the other southern regions. The number of high-level threatsis
lower in the regions affected by commercial forestry (MBU, MBL, and CRU), and lower againin the
sparsely populated northernmost regions.

Table4 Numbers of high-level threats, by ecoregion and type of threat

ECOREGION
cu MG MMG AP BT MBU MBL CRU ATP TLU SLU

TOP LEVEL (####)

Aquatic 1 4 4 2 4 0 0 0 0 0 0

Terrestrial 4 5 6 5 5 0 0 0 0 0 0

Aquatic + Terrestrial 5 9 10 7 9 0 0 0 0 0 0
TOP TWO LEVELS (####H, #itH)

Aquatic 6 8 8 7 8 1 2 1 1 1 1

Terrestrial 11 14 14 14 14 2 3 1 1 1 1

Aquatic + Terrestrial 17 22 2 21 22 3 5 2 2 2 2
TOP THREE L EVELS (#####, #itt, H#H)

Aquatic 9 13 14 14 1 3 4 5 2 4 2

Terrestrial 18 20 20 19 18 10 11 10 3 4 1

Aquatic + Terrestrial 27 33 34 33 29 13 15 15 5 8 3

Table5showsthe number of high-leve threatsfalling into the varioustypes of threat. For both aguatic and
terrestrial biodiversity, the greatest number of high-level threatsfell under Habitat lossand alteration.
Fragmentation was relatively important in both aquatic and terrestrial sections, but Pollution ranked
higher under the aquatic and Exotic invasion under the terrestrial section.
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May, 1999 Threats to Biodiversity in Saskatchewan

Table5 Number of high-level threats, by type of threat
TOPLEVEL TOPTWOLEVELS TOPTHREE LEVELS

TYPE OF THREAT (it (it o) (bt ists. i
AQUATIC
Habitat |oss/alteration 12 24 33
Pollution 0 10 24
Habitat fragmentation 3 10 14
Overharvesting 0 0 7
Exotic invasion 0 0 3
Loss of genetic diversity 0 0 0
TERRESTRIAL
Habitat |oss/alteration 18 37 79
Exotic invasion 2 19 27
Habitat fragmentation 5 10 15
Loss of genetic diversity 0 5 8
Pollution 0 5 5
Overharvesting 0 0 0

The summary in Table 5 could be criticized on the grounds that the number of high-level threatsin each
category dependsin part on how those threats were originally classified. For example, if two related
threatswere combined into onein the origina classfication, then thiswould reduce the number of possible
threats. Thiscriticism doesnot completdly invaidate Table 5, for two reasons. the classification of threets
was not completely arbitrary; and the results depend not just on the number of listed threats, but also on
which ones were rated as high-level, and in how many ecoregions. However, in order to addressthe
maximum extent to which this could affect the results, we ca culated the percentage of listed threatswithin
acategory whichwererated ashigh-level (Table6). For example, under Terrestrial: Exoticinvasion,
therewere 9 threatslisted, whichin 11 ecoregionsgivesatotal count of 99. Therewere 27 ratingsinthe
top three levelsfor this category, or 27% of thetota. Thisandysislooksat the averagelevel of thethrests
in a category, independent of how many individual threats were defined.

The main result of thisanalysisisthat Aquatic: Habitat fragmentation and Aquatic: Overharvesting
rank considerably higher in Table 6 thanin Table 5, implying that their lower rating in Table 5 could be
influenced by the way in which threats were classified. For the terrestrial threats, there are no such
remarkable differences. Habitat loss/alteration is clearly the highest category, in terms of both total
number of high-level threats and percentage of threats which were rated as high-level.
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Table6 Per centage of threatswhich arerated as high-level, by type of threat

TYPE OF THREAT TOPLEVEL TOPTWOLEVELS TOPTHREE LEVELS

(HHHHHH) (HHHHHE, HiHHT) (HHHHE, T, )

AQUATIC

Habitat |oss/alteration 12 24 33
Pollution 0 8 20
Fragmentation 14 45 64
Overharvesting 0 0 64
Exotic invasion 0 0 7
TERRESTRIAL

Habitat |oss/alteration 9 19 40
Exotic invasion 2 19 27
Fragmentation 11 23 34
Loss of genetic diversity 0 15 24
Pollution 0 6 6
Overharvesting 0 0 0

Becausedrainage basinsare more rel evant than ecoregionsto aguatic biodiversity, we attempted tolist
drainage basinsfor thevariousaguatic threats (Table 2). Therewasinsufficientinformationto ratethe
extent within each basin, and in many caseseven assigning basinswasbased on limited information. Table
7 givesthe number of threatsidentified for each basin. TheQu' Appelle (Basn 5) hasthe highest numbers,
followed by the Saskatchewan system (Basins 6, 7, and 8). As expected, the northernmost basins show
much lower totals: Tazin River (Basin 13), Lake Athabasca (Basin 10), and Kasba Lake (Basin 14).

Table7 Number of threatsto aquatic biodiver sity, by drainagebasin and level of severity
BASIN

SEVERITY 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Severe 4 3 3 3 4 4 4 4 2 0 4 4 2 0

Severe and Moderately severe 8 8 7 8 12 9 9 9 9 2 8 7 4 1

All threats 13 13 11 13 18 14 14 14 15 4 12 10 5 1

1.4 Recommended actions

The above andyss shows that the mgor threatsto biodiversity in Saskatchewan arein the areas of habitat
lossand alteration (both agquatic and terrestrial), fragmentation (both aquatic and terrestrial), pollution
(aguetic), and excticinvasion (terrestrid). Reference back to Tables 3athrough 3k showsthat withinthese
categories, the most important threatsrelate to afew major causes. Therefore, the most effective actions
will be those that address these root causes.

Climate change
» Participate in international efforts to reduce emissions of greenhouse gases and sequester carbon.
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Clearing/breaking for agriculture

Stop the sale of Crown Lands with native vegetation.

Extend protection against clearing/breaking to al Crown Lands supporting native vegetation
Stop the sale of undeveloped road allowances.

On private lands, eliminate any present or future policies (e.g. tax assessment) that encourage
conversion of rangeland to cultivation.

Support rangeland grazing operations (e.g. through GAPT program) as an aternative to breaking.
Support conversion of cropland to perennial vegetation (e.g. permanent cover program)

Support farm woodlot operations (e.g. through FWAS program) as an aternative to clearing.
Support conservation easement program.

Wetland drainage

Eliminate any present or future programs that subsidize wetland drainage.
Support extension programs related to wetlands (e.g. through SWCC, DU).
Support conservation easement program.

Roads

Develop policy on government-supported road devel opment which includes asagod the need to limit
further increasesin road area.

Compl ete protected areas system which includesblocks of significant size throughout Saskatchewan
which are off-limits to new road development (e.g. oil/gas development).

Limit the expansion of timber and mining industries to maintain roadless areas in northern
Saskatchewan.

Increaserequirementsfor closure and restoration of temporary roads (e.g. timber harvesting, minera
exploration).

Develop/enforce standards for stream crossings to permit dispersal of aquatic organisms.

Dams

Investigate status of whole watersheds with respect to dams and other biodiversity impacts.
Stop or slow down approval of new dams.
Investigate decommissioning of existing dams based on overall watershed review.

Urban/industrial development

Document areas of native vegetation around urban areas to be avoided in devel opment plans.
Encourage zoning in rural municipalities to prevent acreage devel opments on native habitat.

Pesticides

26

Increasetesting and registration programs, including more research on ecosystem-level effects prior
to registration.
Support research into reduced pesticide use (e.g. organic farming techniques).
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Exotic invasion

» Develop and enforce policiesfor screening for invadve potentid of intentiond introductions (e.g. forage
plants, horticultural plants, biological control insects).

» Control the further increase of land clearing and roads, as discussed above.

* Reqguireuseof native speciesin seeding of disturbed areas (road ditches, pipelines, etc.) in areas of
native vegetation.

Lossof diversity in crop plants
*  Support seed bank program.
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2 NOTESON THREATSTO BIODIVERSITY
2.1 Introduction

Thissectionincludesnotesonthevariousthreatsidentified in Section 1, based on scientific literatureand
interviewswith SERM staff and other experts. However, thisshould not be considered acomprehensive
literature review on these topics, which was beyond the scope of the current project. Indeed, one
recommendation for futurework isto conduct such adetailed literature review on thethreatsthat have been
identified here.

Threats have been divided between aquatic and terrestrial, and grouped under six broad categories:
Habitat loss and alteration

Actual loss of native habitat by conversion to other land usesis obviously asevere impact, because it
impliesloss of most of the biodiversity onthe lands affected. A review for the United States found that
habitat degradation and lossisthe highest-ranking category of threat toimperilled species(Wilcoveet al.
1998). According to Mosquin et d. (1995), “ By far the greatest impact upon Canadian biodiversity sems
from thewholesale conversion of natural systems...”. Lower in severity aredteraionsin habitat (e.g. shifts
in speciescomposition, shiftsin proportions of forest age classes) which neverthelessleave alargely native
ecosystem in place. Thereisawhole range of impacts between complete loss and minor alteration.

Habitat fragmentation

Adding to the problem of habitat oss (i.e. loss of totd areaof habitat) ishabitat fragmentation, whichisthe
extent towhichthetotal areaisdivided into many smal fragmentsrather than consolidated into afew large
blocks. Small patches of habitat are expected to support fewer speciesthan larger patches, analogoudy
with oceanicidandsinwhich it has been shown that the number of speciesincreaseswithidand size,
athough thestuationinterrestria habitatsis more complicated (Nossand Cooperrider 1994). Insmdler
patches of habitat, the population of a given speciesis small and therefore more likely to be locally
extirpated. Barriers, such asintervening patches of unfavourable habitat, roads, or damson streams, may
prevent recol oni zation from popul ationsin other habitat patches. Habitat corridors(i.e. linear features
which connect blocks of habitat) have generaly been shown to benefit the movement of animals, reducing
the effects of fragmentation (Beier and Noss 1998).

Exotic Invasion

Most exotic species have little effect, but a few spread rapidly and profoundly affect ecosystems
(Middleton1994). Exatic plantsmay cometo dominate natura vegetation, crowding out most of thenative
plants, while exatic fish, birds, insects and probably other organisms can smilarly displace native species.
Inan analysisof imperilled speciesin the United States, exotic gpecies made up the second most important
of five generd classesof threats, affecting 49% of these species, with plants, birds, and fish particularly
affected (Wilcove et al. 1998). In the Northern Great Plains Steppe region (which includes southern
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Saskatchewan), exotic species were rated the third most important threat to areas of native vegetation
(Northern Great Plains Ecoregional Conservation Team 1999).

Pollution

Air-borne and water-borne contaminants can have obvioustoxic effectson organisms. Alsoincludedin
this category issiltation (i.e. input of soil material) and eutrophication (i.e. input of nutrients) into water
bodies. WhilesiItation and eutrophication are natural processes, accel erated rates of these processescan
greatly alter aquatic ecosystems (Mineau et al. 1994).

Overharvesting

Higtoricdly, lossof biodiversity was often caused by overharvesting by humans, asin the case of the bison
and the passenger pigeon. Theselossesled tolegd regulation of harvests of themagjor “crop” speciessuch
asbig game, game birds, and fish, which havereduced the potentid for the massive reductions of the past.
However, there are till some situationsin which overharvesting is affecting diversity in Saskatchewan.

Loss of genetic diversity

Thegreatest |oss of genetic diversity occurswhen an entire speciesiseliminated. However, even within
aspecies, much of the natura diversity can belost through smplification of the variety of genotypes making
up thespecies. Thisisparticularly aconcern with speciesthat are subject to breeding programsintended
to select desired genetic traits, such as crop plants and planted trees.

2.2 Threatsto Terrestrial Biodiversity
2.2.1 Habitat lossand alteration
Shifts in ecoregions due to climate change

The locations of ecoregions in Saskatchewan are determined by climatic variables such as moisture
balance. Climate change which isexpected because of the increase in greenhouse gases will shift the
climates associated with these ecoregions northward (Wheaton et al. 1987, Hogg 1994).

The extent and rate of climate change expected will exceed the capacity of species for acclimation or
genetic adaptation, so surviva of specieswill require migration (Maclver et d. 1994). Some species may
be unable to migrate fast enough to keep up with the spatial shift in ecoclimates.

Fragmentation will exacerbate this problem. For example, apark whichisanidand of habitat will lose
species asthe climate becomes unsuitable for them, but may not gain new species proportionately because
of thelack of habitat connectionsto alow immigration. Loss of speciesisexpected to be most severein
the grass and regions because they are most fragmented (Maclver et a. 1994). Habitat ismore continuous
in the forest regions which should allow more migration of species.
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Upward dtitudina shiftsin ecoregionsare al so expected withwarming. Exigtingidand habitatsassociated
with uplands could disappear as suitable ecoclimates shift upward until thereisno moreland. The grestest
threat to Saskatchewan biodiversity would occur in the case of the Cypress Upland Ecoregion, which
contains many species not found elsewherein the province. Thisecosystem would disappear from the
provinceif the Cypress Hills became too warm and dry to support it.

Other consequences of climate change could beincreasesin fire frequency and outbreaks of certain pest
insects. However, these changes are considered to be mainly economic and not biodiversity threats, given
that thereis aso aconcern about the threats to biodiversity posed by suppression of natural disturbance.

Changesin forest age-class distribution due to timber harvesting

Thisthreat representsan ateration of habitatsrather than acompleteloss. One of the concerns expressed
about timber harvesting isthat it may eliminate old standsfrom the landscape. A large volumeof literature
has shown that certain groups of bird speciesrequire old forest (Westworth and Associates 1984, Farr
1993, James 1993, Smith 1993, Telfer 1993, Welsh 1993, Westworth and Telfer 1993, Schieck and
Nietfeld 1995, Kirk et d. 1996, MacKinnon 1998). Old stands have aso been found to enhance diversity
of smal mammals(Roy et a. 1995), provide habitat for bats (Crampton and Barclay 1995), and enhance
diversity of mosses, lichens, and fungi (Critesand Dale 1995). Intensive timber harvesting aimed at
harvesting all stands at economic maturity would clearly reduce forest biodiversity.

Concern over thisthreat is moderated by two considerations:

« 20" century fire suppression has probably increased the current percentage of old stands above natural
levels.

»  Current forest management plans by the mgor timber companies have taken this concern into account,
and undertake to maintain some prescribed proportion of old stands on their license areas.

However, concern over thisthreat could increasein thefuturewith pressureto increase provincia timber
harvests. Thiscould lead to demand on the timber supply which would result in modifying provisionsfor
maintenance of old growth.

Habitat changes in clearcuts compared to burns

Thisthreat represents an dteration of habitats rather than acomplete loss. Clearcutting causes obvious
changesin vegetation and associated wildlife. However, it isnow recognized that the natura dynamics of
our forest include periodic destruction by wil dfire, followed by regeneration and succession through young,
mature, and old stages. Therefore, clearcutting isconsidered athresat to natural biodiversity mainly tothe
extent that it differs from the natural disturbance caused by wildfire.

Effectsof clearcutting on understory vegetation diversity have generaly been found to be minor (Thrasher-

Haug 1997, Maynard and Macl saac 1998). Houston et a. (1998) found that harvesting of mixedwood
forest had little effect on soil microbia processes and funga community structure. Zemer et d. (1995) in
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the Prince Albert Modd Forest found lower diversity of mycorrhiza fungi in clearcuts compared to mature
forest, but a similar reduction was caused by burning.

Apartfrom biologica composition, anumber of studieshave shown theimportance of structural features
such as snags and coarse woody debrisin forest habitat (Stelfox et al. 1995, Lofroth 1998). Post-burn
stands generdly have more snags (i.e. sanding dead trees) than post-clearcut stands, athough these snags
may be short-lived (Sulistiyowati 1998). Because of these results, the Saskatchewan forest industry isin
the process of changing their harvest practicesto retain more structure in clearcuts, to more closely imitate
post-wildfire stands. However, Hobson and Schieck (in press) found that a number of bird specieswhich
occurred in post-burn stands were not found in post-clearcut stands. Even though residua structure was
retained in theclearcutsin this study, the density of snagswas apparently not enough for certain species.
Even more striking isthefinding from Scandinavia (Esseen et . 1992) and recently from Saskatchewan
(Ty Cobhb, University of Regina, personal communication) that certain beetle speciesrequire burned-wood
habitats. Thisimpliesthat evenwith structura retentionin clearcutsthereisalso aneed for actual burned
habitat.

Concern over this threat is moderated by the fact that wildfires are till very extensive in northern
Saskatchewan, in spite of fire suppression.

Changesin forest dueto fire suppression

Thisthreet representsan dteration of habitatsrather than acompleteloss. Suppression of forest fires, while
ahigh socid priority, can aso be seen asinterfering with the natural disturbance regimethat created the
forest landscape. Inthe United States, Wilcove et d. (1998) found that disruption of fire ecology isathreat
to 14% of imperilled species.

In Saskatchewan, forest fire suppression has probably led to an unnaturaly high proportion of mature and
old stands, but the natural proportionswere highly variable through time (Andison 1998, Armstrong 1999),
so it is not clear that maintaining some exact set of proportions is as critical as maintaining good
representation of dl ageclasses. Under current conditions, the percentages of forest age classesresult from
interaction between the wildfire regime and the timber harvesting regime. Forest management plans
devel oped by the mgjor timber companies undertaketo maintain representative amounts of the various age
classes, which probably addresses most of the concern over age distributions.

However, as discussed under Community changesin clearcuts compared to burns, post-clearcut stands
arenot acompl ete substitute for post-burn stands of the same age, and fire suppression diminates habitat
for speciesrequiring high snag density and burned-wood substrates. Thisconcern is moderated by the fact
that wildfires are still very extensive in northern Saskatchewan, and probably will continue to be so.

Loss of burn habitats due to fire salvage

While burned habitatsare still very extensive in Saskatchewan, salvage logging removes the physica
structure and burned-wood substrate needed by many species.
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Fire sdvage hasincreased dramaticaly in recent years, with large companies moving into the province for
this purpose. However, it is concentrated in burns close to existing access roads. Wood can only be
harvested for two to three years after the burn before quality declines excessively, and burned areas of
small treesare not worth harvesting. Guidelines prevent harvesting in riparian areas and steep slopes.
Because of these congraints, the amount of burned wood harvested is estimated at about 25% (Gord Frey,
SERM, personal communication).

Concern over thisthreat is moderated by the limited percentage harvested. However, concern could
increaseinthefutureif harvest intensity wereto increase, in the absence of policy aimed at conserving
representation of burn habitats.

Changesin grasslands due to fire suppression

Thisthreat represents an alteration of habitatsrather than acompleteloss. Thegrassiands of southern
Saskatchewan naturally experienced frequent fires, which have been mostly eliminated since settlement.
Inareview of threatsto mostly native areasin the Northern Great Plains of the U.S. and Canada, Nature
Conservancy (1999) rated “loss of fireregime’ asthe second most serious threat. While these changes
probably affect al of our grassands, they are most apparent in the Aspen Parkland, where invasion by
shrubs and aspen suckersisclearly related to fire suppression (e.g. Anderson and Bailey 1980), andis
reducing theareaof remnant fescue prairie. Fire suppression may a so contributeto stabilization of sand
dunes, reducing habitat for certain rare species associated with active dunes (Gummer and Barclay 1997).

Habitat |oss due to clearing/breaking for agriculture

Clearing and breaking of land for agriculture causes an obvious, direct loss of native habitats. According
to Mineau and McLaughlin (1994), conversion of prairie has a disproportionately large effect on
biodiversity compared to other kinds of native vegetation because half of Canada s endangered and
threatened birdsand mammalsare prairie species. Habitat lossby breaking of prairieisconsdered amgor
threat to anumber of rare species, such asburrowing owl (SERM no date), long-billed curlew (De Smet
no date), sage grouse (Aldridge 1999) and Powell’ s sdltbush (Gerry 1998). Habitat lossisconsidered by
far the biggest threet toinsect diversity (Ken Pivnick, entomologica consultant, personal communication).
The Breeding Bird Survey has shown agenera decline in abundance of grassdand bird specieswhichis
probably related to agricultural conversion (Neave et a. unpublished). Godwin et a. (1998) showed the
greatly reduced diversity in severd taxonomic groups on cultivated land compared to even small remnants
of native prairie.

Agricultural conversion also includes establishment of tame forage stands. Because these are perennia
grasdands, thelossof habitat isnot asextreme asin the case of annud cultivation. Bird communitieshave
been found to be similar between crested wheat grass stands and native grassland, but smooth brome
stands have much reduced bird diversity (Steve Davis, Saskatchewan Wetland Conservation Corporation,
persona communication). Even annua crops have some habitat value. Neave et a. (unpublished)
interpreted the reduction in summerfallow from 1981 to 1996 as beneficid for wildlife because astanding
crop providesmore habitat (e.g. nesting cover for waterfowl) than summerfalow. According to Mineau
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and McLaughlin (1994), conservation tillage practicesmaintain higher invertebrate diversity and reduce
damageto bird nests, compared to traditiond tillage practices. Establishment of shelterbeltsmay helpto
provide habitat for some groups such as birds (Mineauand McLaughlin 1994). However, Godwin et al.
(1998) found that shelterbeltswere much lesssignificant for overall biodiversity than retained patches of
native vegetation.

Another component of agricultural conversionisthe clearing of forest in the Aspen Parkland and Boredl
Trangtion ecoregions. It isestimated that only 22% of the forest remainsin the fringe area (i.e. the Bored
Trangtion), with obviousimpactson habitat for forest speciessuch asNeotropica migratory birds (Keith
Hobson, Canadian Wildlife Service, personal communication).

Whileroad devel opment causesamajor lossof habitat, undevel oped road alowances may provide some
of thefew areasof perennial cover in heavily cultivated landscapes. These artefactsof theland survey
system should be retained for their habitat value, rather than added to the adjacent cultivated acreage.
Even the ditches of developed roads may have habitat value in areas of extensive cultivation.

The extent of remaining habitat can be seeninthefollowing data. The percentage of non-cultivated land
(caculated by subtraction fromthe percentage of cultivated land givenin SERM 1995, 1997) couldinclude
tame pasture and miscellaneousland uses. Estimates of the percentage of native vegetation from other
sourcesare somewhat smaller because of exclusion of these other uses. These figures show that about
three-quarters of the native vegetation in the prairie and parkland has been lost to agriculture, with highest
lossesinthe heavily farmed Moist Mixed Grasdand Ecoregion. Because the remaining native vegetation
includeswetlands and other kinds of azonal vegetation, thelossisprobably higher for upland vegetation.
TheBored Transtion, inwhich most of theorigina vegetation wasforest, isabout half cultivated, while
cultivation is negligible in the ecoregions further north.

per cent non- per cent native
cultivated vegetation
Prairie Ecozone 32 * 24  **
Cypress Upland 79 *
Mixed Grassland 39 * 31 ***
Moist Mixed Grassland 20 * 14 ***
Aspen Parkland 31 * 24 ***
Boreal Plains
Borea Transition 51 *
Mid-Boreal Upland 99 *
Mid-Boreal Lowland 99 *
Sources:

*  State of the Environment Reports (SERM 1995, 1997), based on census data for Saskatchewan.
** Neave et a. unpublished, based on census data for the three Prairie Provinces.
*** James et a. 1999, based on L andsat-derived mapping for portions of the Saskatchewan ecoregions
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Therate of conversion through time can be estimated from census data. Coupland (1987) estimated a
declinein the percentage of mixed prairie remaining in Saskatchewan from 42% in 1941 to 31%in 1981,
for an averageloss of 0.28 % of totd areaper year. Similar caculationsby Neave et a. (unpublished) for
the Prairie Ecozonein thethree Prairie Provincesfrom 1981 to 1996 give alossof 0.15 % per year. This
suggeststhat the rate of declineisdowing down. In other words, most of the loss has aready occurred.

Changes in range condition and habitat due to livestock grazing

Thisthresat represents an dteration of habitats rather than acompleteloss. Livestock grazing clearly causes
changes in vegetation which are expressed as reduction in range condition. However, this does not
necessarily imply athreat to biodiversity. Bai et a. (1999) found either no change or adight increasein
plant speciesdiversity in grazed grass ands compared to ungrazed, while Groskorth and Gauthier (1999)
found an increasein plant speciesrichness with reduction in range condition. The Stuationis probably more
complex than asmpleincreasein onedirection. McCanny et a. (1999) examined diversity of plants,
songhirds, and large insects at Grasslands National Park and found that some species occur in grazed
habitats and othersin ungrazed. Maximizing regiona biodiversity requiresthat there be areas of both
grazed and ungrazed grasdand. Similarly, Bock et d. (1993) in areview of Great Plainsgrasdandsin the
United States found that 9 species of birds respond positively to grazing and 8 respond negatively. This
suggeststhat theleast desirable Situationisuniformity of grazing management. 1n Saskatchewan the threat
may be greatest in the Moist Mixed Grasdand and Aspen Parkland Ecoregions, where grazing pressure
ismore uniformly heavy.

Heavy grazing doesreduce habitat for speciesrequiring taller vegetation structure (e.g. waterfowl nesting
cover) (Mineau et a. 1994). Overgrazing isconsdered athreat to sage grouse (Aldridge 1999). Grazing
inforest vegetation isthought to reduce habitat for birdswhich nest in heavy shrub or herbaceouslayers
(Al Smith, Canadian Wildlife Service, persona communication), and reducesbrowseavailability for big
game (Thorpe 1978).

Damage to riparian vegetation by livestock grazing

Thisthreat represents an alteration of habitats rather than a complete loss. Riparian vegetation along
streams and other water bodies often receives heavy grazing impact because of the lush forage and
proximity to drinking water. Inasurvey of 600 sitesin agricultura Saskatchewan, about 60% of the length
of creeks had grazing along the shorelines, and of this 20% had heavy or extreme grazing (Tom Harrison,
Saskatchewan Wetland Conservation Corporation, person communication). Because of theimportance
of riparian habitatsto many species, thisprobably hasabigger effect on biodiversity than upland grazing.
Inareview of riparian habitatsin the western United States, Bock et al. (1993) found that 8 species of
birds respond positively to grazing while 17 respond negatively, with others showing mixed responses.

Flooding of riparian ecosystems due to dam construction

Dammingto cresteareservoir diminatesterrestria habitats. Thisimpact is particularly important because
it is concentrated on riparian zones, which contribute disproportionately to biodiversity. For example, the
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creation of Lake Diefenbaker destroyed a significant percentage of the riparian cottonwood forest in
Saskatchewan. For analysisof the extent of thisdamage in Saskatchewan, see Change fromstreamto
reservoir due to dam construction in Section 2.3.1.

Changesin riparian habitats downstream from dams

Damming can have downstream effects on riparian ecosystems, by eliminating flooding eventswhich are
important to these ecosystems. For example, it is thought that riparian cottonwoods are failing to
regenerate on some dammed prairie rivers because they require flood-deposited silt (Bradley and Smith
1986). The E.B. Campbell Dam has eliminated spring flooding of the Cumberland Delta, causing large
ecosystem changes such asdeath of willowswhich may contributeto declining moose popul ations (Rhys
Beaulieu, SERM, persond communication). Because these are long-term changes to the dynamics of the
riparian ecosystem, the impact is considered relatively severe.

Habitat |oss due to road construction

Saskatchewan's extensive road network istaken for granted by most people, yet has been identified asone
of the serious threats to biodiversity.

Thetotal lengths and areas occupied by roads in Saskatchewan ecoregions have been estimated using
databases provided by Saskatchewan Highways and Transportation (Anna Czarnecki, Allan Schaan,
personal communication). This required some approximations. One set of datawas for provincial
highways, and was organized by Sask. Highwaysregions. Thepercentagesin the various ecoregionswere
roughly estimated by comparing maps. The other dataset wasfor municipal roads and was organized by
rurd municipality (r.m.); onecategory of thesecalled“ prairietrails’ was omitted from theandysis. Again,
ther.m.’ swere assigned to ecoregions by comparison of maps. Thiscal culation does not take into account
forestry roads which are not part of the provincial highway system, for which we do not have any data.

Thisanalysis, while approximate, showsthat thereis not only an enormouslength of road in southern
Saskatchewan, but that road rights-of -way al so account for asignificant areaof land, ashigh as2% of the
most densely populated ecoregions. About one-quarter of this area consists of the unvegetated road
surface, whilethe balance consists of ditcheswhich usualy have perennia vegetation cover. Relativeto
themaximum areaof native vegetation, ditchesrepresent habitat |oss, but in heavily cultivated regionsthey
may be the only significant areas of perennial vegetation so may have relative habitat value.

ecoregion length (km) right-of-way area (kmz2)
ecoregion % in
area road

municipal highway total municipal highway total

Cu 2,042 84 2,126 43 4 48 4,900 1.0
MG 49,847 5076 54,923 1,064 263 1,327 87,000 15
MMG 49,392 4,077 53,469 1,064 213 1,277 68,000 1.9
AP 55,123 7,700 62,823 1,262 399 1661 81,600 2.0
BT 27,422 3924 31,346 651 163 814 54,000 15
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MBU 1,838 3,076 4,914 43 124 168 101,000 0.2| +forestry
MBL 143 368 511 3 15 18 21,500 0.1 roads
CRU 0 1,380 1,380 0 55 55 113,100 0.0
ATP 0 460 460 0 18 18 74,000 0.0
TLU 0 46 46 0 2 2 18,100 0.0
SLU 0 0 0 0 0 0 29,000 0.0

Whileit might bethought that road construction for agricultural purposes should have dowed down, infact
cal culations based on the muni cipal roads database show and averageincrease of 1.98 % per four-year
period throughout the span from 1961 to 1996. Moreover, many of the remaining areas of native
vegetation, in which the prevailing use as rangeland does not require an extensive road network, are
increasingly being impacted by proliferation of roads for oil and gas devel opment.

Road development in the commercid forest isvery extensive, and isconsdered to be the biggest single
impact on biodiversity inthis part of the province (Ed Kowa, SERM, persona communication). A study
of three harvest areasin the Prince Albert Model Forest found that the loss of 1and attributable to roads
ranged from 2.0 to 4.2% (Golder Associates 1994), athough in areas which are not subject to active
timber harvesting this figure would obviously be less. This suggests that forestry roads could add
significantly to the above totals, for the ecoregions with commercial forestry.

Habitat |oss due to other linear devel opments

Linear developments such as pipelinesand powerlines aso require ateration of natural ecosystems. No
specific information was found on the degree to which this threatens biodiversity in Saskatchewan.

Habitat loss due to urban/industrial development

Development of urban areasand indudtria sites obvioudy diminates native habitats. Thisimpact is greatest
in the most populated parts of the province. Included under thisthreat are not just cities, but towns,
villages, resort developments, etc. No data have been found on the actual areainvolved.

Inaddition to the habitat | oss caused by these devel opments, they can contribute to mortality of migrating
birds by creating obstacles. An unknown but possibly significant number of birdsdie by collisonswith
buildings, radio towers, etc.

Habitat loss due to coal mining

Strip mining for coa in southeastern Saskatchewan causes amassive disturbance to the surface soil and
vegetation. Some mining hasaffected areas of native grasdand, including somewith rare speciessuch as
big bluestem. Evenif the cod spoilsarelevelled after mining, the materid ishighly sodic, interfering with
subsequent restoration. Theareaaffectedisrelatively limitedinthisprovince, but theimpact is severe
where it happens.

Disturbance of ecosystems due to recreation traffic
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Probably the greatest impact of outdoor recreation on biodiversity isthe resulting development (roads,
resorts, golf courses, downhill ski areas, cottage subdivisions) which occursin largely native areas.
However, thisisredly part of the larger topic of urban/industrial development, discussed earlier. Apart
from devel opment, there may be somelocal effects of recreationa use, such as compaction of snow and
vegetation caused by snowmobilesor dl-terrain vehicles. One of the concernsraised for rare plantsin the
Athabasca sand dunesis the possbility of damage dueto foot or ATV traffic by recreationd users (Argus
1998).

Disturbance of ecosystems due to military activities

Impact on ecosystems due to military activities occursin two areas. The Dundurn Military Camp, located
inablock of sand dunesin the Moist Mixed Grassland Ecoregion, recelvesfairly heavy impact from
congtruction of facilities, heavy vehicletraffic, shelling, and increased fire. Thisimpact may contribute to
spreading of exotic speciesinthearea(Bert Weichd, environmenta consultant, persona communication).

ThePrimrose Lake Air Weapons Rangeisalarge block of land used by the military inthe Mid-Boredl
Upland Ecoregion. However, theimpactsarelimited to afew smdl areasused for live-bombing. Impacts
inthisareadueto fire-salvage logging and oil and gas development are thought to be of greater concern
than military activities (Randy Seguin, SERM, personal communication).

Effect on migratory species of habitat loss outside of Saskatchewan

Habitat |oss outside of Saskatchewan presents a threat to our biodiversity because of the effects on
migratory birdsaswell as other migratory animals (e.g. monarch butterflies). Neotropical migrants(i.e.
birdsthat winter in thetropics of South and Centra America) areknown to bedeclining, but itisnot known
whether the cause liesin their wintering or breeding habitat.

One-third of Saskatchewan bird specieswinter in thetropics, so lossof habitat therecould becritical. The
ratio of winter to summer habitat could be skewed such that thereis an excess of summer habitat while
winter habitat is saturated, possibly resulting in males and females being too dispersed over the breeding
habitat for efficient breeding. Effectsare probably more severeintheforest regionsthaninthegrasdand,
becausethereisahigher proportion of Neotropical migrants breeding in the forest (Al Smith, Canadian
Wildlife Service, personal communication).

The assessed severity of thisthreat isincreased by the known decreasein Neotropical migrantsand the
known loss of habitat in thetropics, but ismoderated by the absence of research showing that this habitat
lossis actually affecting populations of our species.

2.2.2 Habitat fragmentation

Fragmentation due to timber harvesting
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Clearcutscausefragmentation of matureforest habitats, whichisbeneficia to“edge” speciesof wildlifebut
harmful to speciesrequiring forest interior habitats.. However, because of the regrowth of forest in
clearcuts, thisfragmentation isless severethan that which occurswith agricultural clearing (Von Sacken
1998). In a genera review, Eng (1998) concluded that the evidence of loss of diversity due to
fragmentation by logging isweak. One of the threatsin fragmentation of forest habitatsisincreasein nest
predation. However, in a Saskatchewan study, Hobson (1996) found that nest predation at logged edges
was only alittle higher than in the forest interior.

A possibleindirect effect of forest fragmentation may occur through increase of white-tailed deer (an edge
species), prompting an increase in wolf populations, leading to an increase in predation on the rare
woodland caribou (Rhys Beaulieu, SERM, personal communication).

Fragmentation due to clearing/breaking for agriculture

Saskatchewan prairieishighly fragmented by agriculture, with most patchesof prairieinthesmaller size
classes (Jameset d. 1999). Studies of Saskatchewan prairie patches ranging from 18,000 hadownto 7
ha found reductionsin numbers of beetle and spider specieswith smaller patch area (Jeanette Pepper,
Saskatchewan Conservation Data Centre, personal communication). In astudy of grassland birds,
Sprague’ s pipit wasfound only in grassland patches above a certain size (Steve Davis, Saskatchewan
Wetland Conservation Corporation, personal communication).

Agriculturd clearing inthe Boreal Transition Ecoregion has aso caused fragmentation of remaining forest
habitats. Zuidemaet al. (1996) reviewed studiesfrom around the world showing reduced reductionin
gpeciesdiversty with reductioninsize of forest fragments. Hannon (1993) found thisrelationship for birds
in Albertawoodlots surrounded by agriculture. Hobson (1996) found elevated nest predation in forest
remnants fragmented by agriculture, probably because of a greater diversity of predators.

Fragmentation due to road construction

Research from other areas has shown that some species of insects and smal mammals are prevented from
movement by road barriers, even in some cases narrow unpaved roads through forest or grassand (Noss
and Cooperrider 1994). Roads may even fragment populations of larger animals, as suggested by work
on the rare woodland caribou in Saskatchewan (SERM 1999).

Another agpect of fragmentation of terrestrial habitats by roadsisthe actua mortdity of animals caused by
vehicles. Aldridge (1999) considered thisto be athreat to sage grouse which may travel and even form
leks on roads. Holroyd (1999) considered traffic deaths a possible threat to burrowing owls.

Fragmentation due to other linear developments

Linear developments such as pipelines and powerlines may contribute to fragmentation of natural
ecosystems. However, thefact that these areas are usualy revegetated impliesthat their impactislessthan
that of roads.
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2.2.3 Exoticinvasion
Invasion of upland vegetation by exotic plants

In Canada, exotic plant species now make up 30% of theflora(Mosguin et d. 1995). Invasion of native
grassland by exotic plant speciesis considered a mgor problem in Saskatchewan. Perhaps the most
severe problem isthat of invasion by smooth brome grassin the aspen parkland (Romo et d. 1990), but
anumber of other exotic perennialssuch as crested wheat grass, leafy spurge, Canadathistle, and quack
grasshaveasoinvaded significant areas. Another extensively established speciesinthe parklandandin
moist areas throughout the prairiesis Kentucky blue grass, but there is controversy over how much of this
isof exatic origin (Thorpeand Godwin 1993). Invasive exoticscan completely dominate grasdandsand
drastically reduce the diversity of native plants (Godwin et al. 1998).

Exoticinvasonisnot yet aseriousthreat in theforest regions, but thereis someinvasion of speciessuch
asKentucky bluegrass, quack grass, Canadathistle, and caraganain the southern edge of the forest, which
is affected by proximity to settlement and livestock grazing.

Replacement of native by exotic plant communitiesaffectsthar habitat vauefor other organisms, depending
on the exotic species. Crested wheat grass stands have smilar bird communitiesto native prairie, but
smooth brome stands are much reduced in diversity (Steve Davis, SWCC, personal communication).
Godwin et d. (1998) found five or six grasdand bird species on ablock of native prairieand only oneon
anearby smooth bromefield. Wilson and Belcher (1989) found that two out of eight grasdand bird species
were significantly more abundant on native than tame grassiand.

Invasion of exotic birds

Exotic birds such as sarling, house sparrow, and domestic pigeon cause anumber of ecologica problems
(Mosguin et d. 1995, Pimentd et d. no date). In Saskatchewan the biggest concern isthe use by starlings
and house of sparrows of nest cavities needed by native species such asmountain bluebird. However,
invasion by exotic birdsisnot yet consdered amgor problem here (Al Smith, Canadian Wildlife Service,
personal communication).

Another related concerniswith native speciesthat have expanded their ranges because of human impact.
An exampleisthe brown-headed cowbird, which has expanded northward because of fragmentation of
the forest, and which impacts on other birds by nest parasitism. However, range variations of native
species, which must have occurred to some extent under natural conditions, are of lesser concernthanthe
introduction of exotics. Under climate change we can expect to see more northward range changes, the
native species of greatest concern will be the ones that are unable to expand their ranges.

Invasion of exotic insects

The best known exotic insect problem isthat of the seven-spotted |ady beetle, which wasintentionally
introduced and has becomethe dominant lady beetlein southern Saskatchewan, probably displacing native
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lady beetle species (Ken Pivnick, entomologica consultant, personal communication). Cabbagebutterflies
may be displacing native butterflies that feed on plantsin the mustard family (Ken Pivnick, persona
communication). Accordingto Mosquin et d. (1995), honey-bees compete with native pollinating insects
for nectar and pollen. A recent study of native grasdandsin Saskatchewan found that non-native besetle
species made up 8% of beetle diversity (Anonymous 1999a). While the extent to which these exotic
species arereducing diversity of native speciesis not known, this appearsto be apotential consequence.

Invasion of exotic microbe pests

Invasion of exotic microbesisanother possbility. Some well-known examplesare Dutch em disease and
chestnut blight, which have killed millions of trees and substantially altered eastern forest ecosystems
(Pimentel et d. nodate). New wildlife diseases could arrivein Saskatchewan asaresult of climate change;
however, our understanding of theseinteractionsislimited, and many disease problems go undetected
(Gary Wobeser, Western College of Veterinary Medicine, personal communication).

Predation by domestic cats and dogs

Studiesfromthe United Statesindicate that domestic cats, especialy inrurd aress, kill sgnificant numbers
of birds (estimate of 39 million per year in Wisconsin) (Coleman et a. no date, Pimentel et a. no date).
Cat predation is considered to contribute to the endangerment of piping plover and loggerhead shrike
(Coleman et d. no date), while De Smet (no date) listed cat predation as one source of nest mortality for
long-billed curlew. Onthebasisof thisinformation, many people consder cat predation to beanimportant
threat in Saskatchewan. We havetentatively assigned it the“moderate” level of severity, based onthe
reasoning that predation rates may belower here because of lower human population density inrura aress
and remotenessfrom settlement of much wildlife habitat. However, datafor Saskatchewan conditionsare
really needed to provide abetter basisfor thisrating. Domestic dogsmay asokill deer and other animals
(Mosguin et al. 1995, Pimentel et al. no date), but arelesslikey than catsto pose athreat to biodiversity.

Dispersal of exotics due to clearing/breaking for agriculture

Agricultura fields provide open habitats for establishment of exotic plant species. They canthen act as
sourcesfor invasion of adjacent native habitat. Godwin et a. (1998) found that the percentage of exotic
speciesin grasdand remnants in Saskatchewan clearly increases with proximity to the agricultura edge of
the remnant.

Soread of disease from livestock operations and game farms

Thereareanumber of diseasesthat could spread from domestic animasor gamefarmstowild populations.
For example, Parelaphostrongylus tenuis, a parasite of deer, ek, and moose in eastern North America,
could be brought into Saskatchewan by importation of game farm stock (Slattery and Portman 1999).
However, some experts consider the risks to be minimal. For example, even when brucellosis and
tuberculosis were common in cattle they apparently did not spread to wild animals (Al Choquer,
Saskatchewan Agriculture and Food, personal communication). Fencing regulationsfor gamefarmsare
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intended to minimize contact with wild animal's (Wayne Gosselin, Saskatchewan Agriculture and Food,
personal communication).

Another concern that has been raised concerning gamefarming isthat it may occupy large areas of the
“marginal” landswhich arethemain areas of wildlife habitat in southern Saskatchewan, reducing habitat
for wild big game either by overgrazing or because of game-proof fencing (Sattery and Portman 1999).
While the area occupied is probably not great enough at present to cause amajor concern, this could
increase with future expansion of the industry.

Dispersal of exotics due to road construction

Road construction appearsto contribute significantly to the dispersal of exotic plants. A road network is
also anetwork of open-soil habitatswhich alow exoticsto establish and spread anywhere the roads go.
Exotics such as smooth brome spread quickly along ditches, providing asourcefor lower invasion of
adjacent native habitats. Belcher and Wilson (1989) found that amost all of theleafy spurgeinfestations
they studied in southern Manitoba were centred on roads, trails, or fireguards.

Dispersal of exotics due to other linear developments

Sail disturbance dueto linear devel opments such as pipeines and powerlines dlows establishment of exatic
plant species. The practice of reseeding corridors with native species helpsto reduce thisthreat, but this
isnot legidatively required. Evenuseof nativegrass seed doesnot completely eiminatethethrest, because
thereis no requirement that it be certified free of exotics such as downy brome grass.

2.2.4 Pollution

Vegetation damage due to acid precipitation

Theacid precipitation Situation in Saskatchewan isdiscussed in moredetail under 2.3 Threatsto Aquatic
Biodiversity. Acid deposition could haveimpactson terrestrial vegetation, especially in close proximity
to pollution sources (Hammer 1980). In eastern Canada, acid rainisconsidered the main threat to fungal
biodiversity (Hawksworth 1992). However, thereisno evidencethat damageto terrestrial vegetation has
occurred yet in Saskatchewan (Hammer 1980), so thisismostly afuture threat depending on increase of
industrial emissions.

Pollution due to oil/gas extraction

Oil and gasextraction can lead to pollution of soilsand water bodiesthrough spills, leakage from storage
facilities, etc. Spillsareusually small in spatia extent. They are usualy cleaned up quickly, but cleanup

involving soil removal could be afairly heavy impact in an area of native vegetation.

Vegetation damage due to potash mines
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Salt emissionsfrom potash mines have been shown to damage aspen standsin the vicinity of the mine
(Townley-Smith 1977). However, theareaaffected issmall and emissions controls have probably reduced
the amount of damage which occurs.

Vegetation damage due to other industry

Industries such as smelters, pulp mills, and factories may emit air pollution which damages surrounding
vegetation. However, theamount of suchindustry islimited in Saskatchewan compared to other provinces.
No information was found on the degree to which this threatens biodiversity.

Air pollution due to greenhouse gases

Another source of air pollution isemission of greenhouse gases, in part dueto industry, but dsoin part due
to the activities of everyone using vehicles, heating houses, and soon. Theindirect effects on climate
change haveaready been discussed. No information has been found on the degree to which greenhouse
gas emissions directly threaten biodiversity.

Poisoning of non-target wildlife due to pesticide use

Areasin the Canadian prairies treated with insecticides and herbicides are increasing (Mineau and
McLaughlin 1994). Someinsecticidesare known to have had mgjor effects on birds, but regulation has
improved in recent years and the most damaging chemicals such as the organochlorines (e.g. DDT,
dieldren) have been diminated from usein Saskatchewan, dthough they are till used in some developing
countries (Mineau and McLaughlin 1994). Birds such asraptors that were threatened by organochlorines
have gpparently recovered sincethe banning of these chemicas (Martin et d. 1996, Houston 1999). More
recently, the granular formulation of carbofuran has been deregistered because of evidence of damageto
birds (Heath Canada 1995).

However, evenif harmful effectsonthe morevisible speciessuch ashirdsare being closely regulated, there
could be unknown effects on non-target invertebrates, soil microbes, etc. from the current heavy use of
chemicas. Reduction of invertebrate populations by insecticides could indirectly affect birds by reducing
their food supply (Martin et . 1996). There could also be subletha effects which do not attract the
attention of regulators. Pesticides are known to cause genetic changes such as evolution of resistancein
target species, while there could a so be genetic effects on non-target species (Mineau and McLaughlin
1994). Thisraisesthe need for ecosystem-level studies of the impacts of pesticides, as opposed to
toxicity-testing for afew species.

70% of theamount of pesticides used in Canada consists of herbicides, and lessisknown about non-target
effects of these chemicasthan for insecticides (Mineau and McLaughlin 1994). There could be effectson
adjacent native vegetation and wetland plants, withindirect effectson animal sthat use them (Forsyth 1989,
Martin et al. 1996). Herbicides may also impact directly on invertebrates and microbes (Mineau and
McLaughlin 1994).
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Inthe forest, the main use of insecticidesisfor control of spruce budworm, but Saskatchewan programs
have used Bt, abiological control agent with less potential for nontarget damage than the chemical
insecticidesthat have been used for budworm control in eastern Canada. However, Bt could still behaving
unknown effects on nontarget butterflies and moths.

Another aspect of pesticidesisthe use of chemicasto kill large predators such as coyotes. Thisraisesthe
concern of poisoning of non-target species, including rare ones such as the reintroduced swift fox.

According to Mineau and McLaughlin (1994), thereisno evidence that any pesticidesin current use have
had along-lasting effect on biodiversity. While regulation of pesticides has undoubtedly improved, the
widespread and increasing use of pesticides and the complexity of potentia ecologicd effectsindicate that
concern is still warranted.

Loss of migratory birds due to pesticide use outside of Saskatchewan

Pesticides which have been banned in the United States and Canada because of their harmful effectson
birds and other animas are still used in other countries (Brian Johns, Canadian Wildlife Service, persond
communication). This creates a serious threat to Saskatchewan biodiversity because of the effect on
migratory birds (especialy raptors and shorebirds) that winter in South and Central America.

2.25 Overharvesting
Overharvesting of big game

Most big game hunting isregul ated according to game management principles. Nevertheless, there have
been situations in Saskatchewan in which local populations of moose, ek, and mule deer have been
overharvested (Al Arsenault, SERM, persond communication). However, theseare till common species,
and local population reduction isonly amoderate threat to biodiversity. Even if smdl isolated populations
(e.g. of dkintheprairies) are eliminated, these are recent migrants so are not thought to represent unique
genepools(Adam Schmidt, SERM, persona communication). Thegreatest biodiversity concerniswith
unregul ated hunting of woodland caribou, which probably contributesto thethreatened status of thisspecies
in Saskatchewan (Rock 1992).

Overharvesting of medicinal and other plants

Gathering of wild plantsfor medicind and other purposes could reduce their populations, especidly inthe
caseof rare species. Declines of seneca-root and echinaceahave been attributed to gathering (Bizecki
Robson 1999). However there appear to be limited data on this issue.

2.2.6 Lossof genetic diversity

Loss of diversity in planted tree seedlings
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The planting of tree seedlingsin commercia forestry raisesthe possibility of extensve areas of forest with
reduced genetic diversity. Rgjoraand Dancik (1996) found that planted white sprucein Saskatchewan
had lower genetic diversity than old-growth forest and natural regeneration. Thisthreat ismoderated by
the fact that it affects only afew species, and only those areas which are not naturally regenerated.

Loss of diversity in crop plants

Inclusion of agricultura crop plantsin thisdiscussion isdebatable, because they are exotic species and not
part of native biodiversity. However, the genetic diversity of crop plantsis considered an important part
of the globe snatural heritage, and is definitely at risk. Thelow diversity of crop plants used in Canadais
discussed by Mineau and McLaughlin (1994). Much of the genetic diversity of plants such aswheat,
barley, oats, rye, and pulse cropshasbeenlost dready. Theorigina species such aswild emer whesat are
threatened by habitat |oss (dueto agriculture and urban development) in countrieswherethey are native,
such as Turkey, Syria, Irag, and Israel (S. Jana, University of Saskatchewan, personal communication).

Oneway inwhichthisthreat isbeing addressed is by seed bankswhich maintain live collections of alarge
number of varieties. Themain seed bank for field cropsin Canadaislocated at Agriculture Canadain
Saskatoon, which has more than 110,000 samplesof crop varietiesaswell aswild and weedy relatives
of crop species. Thisseed bank isaso beginning to collect native species (including rare species) fromthe
grasdand region of the Prairie Provinces, asacontribution to conservation of biodiversity (Richardsand
Kessler 1999).

Threats of genetically engineered crops

Geneticengineeringisaragpidly deve oping technology for producing new crop varietieswith propertiesnot
attainable by conventional breeding. Edge (1994) reviewed anumber of concernsthat have been raised,
such asthe devel opment of increasingly invasive crop species, or thetransfer of genes(e.g. for herbicide
resistance) towild relatives. However, he stated that thereisabroad opinion in the scientific community
that these risks are not significant.

2.3 Threatsto Aquatic Biodiver sity

2.3.1 Habitat lossand alteration

Shifts in ecoregions due to climate change

Thethreats dueto climatic change discussed in the terrestrid section apply equaly to aguatic biodiversity.
For example, the decline of lake trout in southern boreal |akes could in part be due to climatic warming
(Kevin Murphy, SERM, persona communication). Changesin aguatic ecosystemsmay not be only due

to ambient temperature effects on organisms; there could aso be changesin nutrient cycling which would
eliminate habitat for some species (Guy Melville, SRC, personal communication).
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Drainage of wetlands

Wetlands are mgjor contributorsto the biodiversity of the Prairies, but are often seen by farmers aswasted
land and obstaclesto field operations. For this reason, extensive areas of wetland habitat have been
eliminated by drainage projects. The loss has been variously estimated at 40% for Saskatchewan
(Anonymous 1999b) and 71% for the Prairie Provinces(Mosquin et d. 1995). Wetland drainageismost
organized inthe eastern part of agricultura zone, with planning at morethan just thesinglefarm leve (Kevin
Murphy, SERM, persond communication). Lossof habitat isthought to be most criticd inthe Assniboine
and Sourisbasins (Barb Hanbidge, Ducks Unlimited, persona communication). Inthe upper Assiniboine
Badin, it isestimated that more than 50% of wetlands have been drained (Adam Schmidt, SERM, persond
communication).

Some projectsinvolve drainage of severa small wetlandsinto onelarge one. Whilethismay not appear
to beanet loss, it means achange from ephemeral to permanent wetlands. Thiscould resultinloss of
invertebrate species, some of which such as chironomid insects have many species which are unique to
small areas (Kevin Murphy, SERM, personal communication).

Downstream effects of drainage of wetlands

Therunoff fromwetland drainagein agricultural areasmay contain salts, pesticides, or fertilizersthat affect
diversity downstream (Mineau and McLaughlin 1994). In addition, wetland drainage may changethe
timing of downstream flows, possibly affecting speciesthat use high flowsasacuefor spawning (Kevin
Murphy, SERM, personal communication). However, no information has been found on the degree to
which this affects biodiversity in Saskatchewan.

Change in aquatic habitats due to channelization

Channdlization isdoneto speed the flow through astream system and reduce flooding, but thishasimpacts
on fish habitat. In Saskatchewan, channelization has been most extensive on the Assiniboine and
Qu’ Appdlle systems, athough streams through urban areas are also highly channdlized (Kevin Murphy,
SERM, personal communication). Itisthought that channelization of the Qu’ Appelle River (dlong with
damming) has contributed to the decline of bigmouth buffalo, by reducing the area of flooded vegetation
needed for spawning (Goodchild no date). Water transfersoccur earlier and faster than they would have
naturally, so that the main flow is completed before the water is warm enough for bigmouth buffalo
spawning (Ron Hlasny, SERM, personal communication).

Change from stream to reservoir due to dam construction
Dams have been widdly built for flood control, water storage, and power generation, but they drastically
dter aguatic habitats. Richter et d. (1997) found that damming is one of the top three threatsto imperilled

freshwater faunain the United States, while Wilcove et d. (1998) found that 17% of imperilled speciesin
the United States are threatened by dams and other barriers.
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Dams cause amassive alteration of the aquatic ecosystem, with negative impacts on speciesthat require
flowingwater, such assturgeon. Reservoirsareactudly structurally different from natural |akesbecause
the outflow inareservoir isfromthewater near the bottom (Guy Médville, SRC, personal communication).

Whilethelarge dams such as Gardiner, Nipawin, and E.B. Campbell on the Saskatchewan and Rafferty
on the Souris are most visible, there are a'so alarge number of small dams. PFRA has constructed
gpproximately 12,000 damsin the Prairie Provinces, of which about half arein Saskatchewan, but few new
ones are being built because of lack of suitable sites and because of environmental concerns (Harvey
Filson, PFRA, personal communication).

Cal culationsbased on adatabase provided by SaskWater (Don Anderson, personal communication) give
atotal number of about 8,400 water developments with a total area of 173,000 ha (including one
hydroel ectric devel opment which was not included in the actual database). The vast mgjority are small
(average area 1 ha) stock-watering reservoirswhich account for only 6% of thetotal area. About 42%
of thetotd areaconsstsof ardatively smal number of larger multi ple-purpose developments (averagearea
1181 ha), while another 47% of the areacons stsmainly of Ducks Unlimited projects. The magnitude of
this last component highlights the lack of an ecosystem perspective in past approaches to wildlife
management.

For most of the mgor drainage basinsin southern Saskatchewan, the areain water developments averages
about 0.3% of the basin area, but the figure is 1.3% in the South Saskatchewan basin because of Lake
Diefenbaker. Percentages based on the amount of stream and riparian arearather than total basin area
would of course be much higher, representing a significant loss of habitat.

Changes in aquatic habitats downstream from dams

Damsimpact on the quantity and quality of water downstream. Inthe caseof Last Mountain Lake, many
of the inflowing creeks have been dammed to create marshes for ducks, greatly reducing the input of
freshwater. Thisisthought to have contributed to theincreasing sdinity of thelake, which isdiminating fish
gpeciessuch asthejohny darter (Ron Hlasny, SERM, persond communication). Theseriesof damsaong
the Qu’ Appelle has reduced flooding of vegetation needed for spawning by bigmouth buffalo (Goodchild
no date). Inthe caseof the Rafferty Dam, thewater quality in the Souris, whichisnormdly low, isreduced
even further because accumulation of organic matter in the reservoir leadsto low oxygen levelsinthe
bottom water, from which the outflow is drawn (Kevin Murphy, SERM, personal communication).

Downstream effects of irrigation

Limited information has been found on the extent to which thisisathreet in Saskatchewan. In Albertaand
the western United States, extreme drawdownsfor irrigation have led to fish killsand occasond dimination
of fish. Thiswould have effects on other aguatic organisms since flow levels, oxygen levels, and water
temperatures are all affected. Another potential problem with irrigation is the movement of fish into
irrigation canals which may be blocked off (Ron Hlasny, SERM, personal communication).
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Changein lake levels and river flows due to water diversion

Water diversion(i.e. diverson of flow from onestream to another) hasbeen fairly limited in Saskatchewan,
athough there are someinstances such astransfer from the South Saskatchewanto the Qu’ Appelle caused
by creation of the Lake Diefenbaker reservoir. Thishas changed the ecology of the Qu' Appelle system,
for example by reducing the level of tota dissolved solidsin Buffalo Pound Lake (Ron Hlasny, SERM,
persona communication). The possibility of largewater diversonssimilar to the Churchill River diversion
in northern Manitobawould present ahugethresat to the diversity of northern rivers (Guy Médville, SRC,
persona communication). Evensmaller water diversions can cause changesin streamflow pulseswhich
affect animalswhich useflow asacuefor spawning. Water diverson hasaso been used in Saskatchewan
to sahilizelevesin lakesand marshes, for recreation or duck habitat. Thishad led to conversion of water
bodieswhich naturdly went through wetting and drying cyclesto more stable degp-water bodies, withloss
of diversity associated with the fluctuating system (Kevin Murphy, SERM, personal communication).
Disturbance of ecosystems due to recreation traffic

Recreationd use of lakes and rivers by motor-boats, persona watercraft, and so on could have physica
effectson shordines or bottom features which affect the aguatic ecosystem. No information wasfound on
the degree to which this threatens biodiversity.

2.3.2 Habitat fragmentation
Barriersto dispersal due to dam construction

Dams are barriers to dispersal of fish and other aquatic organisms, which could limit the ability of
populations to recolonize after local extirpation, or to migrate in response to climatic change (Kevin
Murphy, SERM, personal communication). The series of damsaong the Qu’ Appelle are thought to have
contributed to the decline of the bigmouth buffalo (Goodchild no date). Even on smdler streams, barriers
could have amajor impact on non-flying invertebrateswhich evolved in aprairie system where stream
barriers did not occur (Kevin Murphy, SERM, personal communication).

Barriersto dispersal dueto road construction

One effect of roadsis create abarrier across streams. Evenif culvertsareinstaled to allow water flow,
inadequate culvert design or ingtallation can prevent movement of organismsin somecircumstances. This
can interfere with dispersal of aquatic species, similarly to dams (Kevin Murphy, SERM, personal
communication).

2.3.3 Exoticinvasion

Invasion of wetlands by exotic plants

The exotic plant which posesthe greatest threat to wetlandsis purple loosestrife, an escaped ornamental
plant which crowds out native plants. Itiswidespread in Manitobaand eastward. There are currently
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about 40 small invasion sitesin Saskatchewan, including sitesin Regina, Moose Jaw, Saskatoon, and
Y orkton (AngelaSdzl, Canadian Wildlife Service, personal communication). Becauseof the difficulty of
controlling purple loosestrife, it has the potential to spread to greater areas.

Other exotic plantswhich may posethreatsto wetlandsinclude scentless chamomilein the southeast and
wild rice plantations in the north.

Invasion of exotic microbe pests

The possibility of invasion of exotic microbes, aready discussed intheterrestrial portion, could apply
equally to aquatic ecosystems.

Invasion of exotic fish and molluscs

Globally, invasion of excticfishisamgor threat to aquatic biodiversity (Waples 1995, Hindar and Jonsson
1995, Marsden 1995, Stiassny 1996). Inthe United States, exotic invasion is considered athreat to 53%
of fish specieslisted asimperilled (Wilcove et al. 1998), while Richter et d. (1997) rated isas one of the
top three threats to imperilled freshwater fauna.

In Saskatchewan, the only documented caseisthe reduction of the native bigmouth buffa o, attributed in
part to the spread of the exotic common carp up the Qu' Appelle system (Goodchild no date). Carp are
present in other stream systems, such asthe Frenchman and the Whitesand, and probably represent the
biggest exatic problem. The channd catfish, originaly exotic to Saskatchewan, has also moved up the
QU Appdlesystem. Saskatchewan hasbeen spared problemswith exotic minnows because of regulations
prohibiting useof livebait. Themovement of walleye around the provincein stocking programscould lead
to displacement of loca genotypes, but sudieshavefound little genetic differenceamong loca populations.
Many water bodies have been intentionally stocked with exotic trout species, but these populations have
not spread and are not thought to pose a threat to biodiversity (Kevin Murphy, SERM, personal
communication).

Other exotic species could become problemsin thefuture. One exampleisthe zebramussdl, which has
caused major ecologica and economic disruptioninthe Great Lakes (Marsden 1995). If zebramussd
arrived in Saskatchewan, for exampl e attached to aboat, it could become aserious problem (Guy Mélville,
SRC, personal communication).

Dispersal of exotics due to water diversion

One of the mgjor concernsglobally about water diversion isthe transfer of species between naturally
separaeriver basns. However, few examples have been found in Saskatchewan. The Lake Diefenbaker
reservoir led to diverson of water from the South Saskatchewan River down the Qu' Appelle River. This
isthought to have allowed several fish species(sauger, long-nosed dace, black-nosed dace, and spoon-
head sculpin) to disperse into the Qu’ Appelle (Ron Hlasny, SERM, personal communication).
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2.3.4 Pollution
Aquatic effects of acid precipitation

Acid precipitation isamajor threat to aquatic biodiversity in eastern Canada, with poorly buffered |akes
showing progressiveelimination of fish and aguatic invertebrate species(Mineau et a. 1994). However,
the amount of acid deposition ismuch lessin the prairies. The main area of concern isthe Precambrian
Shidd, wherelakes have lower buffering capacity than further south, and where there are mgjor sources
of acid emissions at Fort McMurray and Flin Flon (Hammer 1980). However, thereis not yet any
evidence from Saskatchewan of aguatic damage such asfish kills attributable to acid precipitation, soitis
probably not amajor threat currently (Guy Melville, SRC, personal communication). Thisthreat could
increaseto serious proportionsin the futureif therewere mgjor increasesin industrial emissionsimpacting
the susceptible Shield region.

Sitation/eutrophication due to clearing/breaking for agriculture

Agricultureexposes soil to accel erated water erosion, carrying soil materia and nutrientsinto water bodies.
Even though these are not “ contaminants’, accel erated inputs can lead to major ecosystem changes.
Eutrophication (i.e. increased nutrient status) leads to an increase in algal growth, which when it
decomposes|eadsto reduction in oxygen concentration and elimination of speciesrequiring high oxygen
levels (Guy Méville, SRC, persond communication). Agricultureisprobably the biggest source of sltation
and eutrophi cationin Saskatchewan (Guy Méelville, SRC, persond communication). For example, amgor
contributor to eutrophi cation of the Qu’ Appelle system isinput of phosphorusfrom agricultura runoff
(Kevin Murphy, SERM, personal communication).

This concernis moderated by thefact that the grasdand where most of our agriculture occursisaregion

of naturally high sediment loads and nutrient levelsin water bodies. However, even high-nutrient
ecosystems can be atered by further increasesin input (Guy Melville, SRC, personal communication).
Poisoning of non-target wildlife due to pesticide use

According to Goldsborough (1999), there is abundant evidence that prairie wetlands are being
contaminated by agricultural pesticides. The discussion of potential pesticide effects to terrestrial
ecosystems (in Section 2.2.4) applies equally to wetlands.

Sltation/eutrophication due to livestock grazing

Livestock grazing of riparian zones can cause accelerated siltation of water bodies. Houston (1996)
considered thisapotential threat to the western silvery minnow, ararefish of the grasdand region which

is sengitive to siltation. However, thereislittle information about the extent of this in Saskatchewan.

Sltation due to roads
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Roads and ditches expose the soil to water erosion, which, especially at stream crossings, can cause
sltation of aquatic ecosystems. No specificinformation wasfound on the degree to which thisthreatens
biodiversity in Saskatchewan. Thismay be abigger problem in northern Saskatchewan where water
bodiesare not naturally exposed to high rates of dltation (Kevin Murphy, SERM, persona communication).

Pollution due to oil/gas extraction

Oil and gasextraction can lead to pollution of soilsand water bodiesthrough spills, leakage from storage
facilities, etc. However, spillsare usually small in spatial extent.

Water pollution due to metals mining

Metalsminingin Saskatchewan isrestricted to the Precambrian Shield and consistslargely of uranium
mines. Drainagefrom tailingsinto water bodies can cause pollution dueto acidity, radioactivity and
accumulation of heavy metals (including uranium). Part of the concern relatesto thelong life of these
pollutants. Thisisavery locdized problem, but can have sgnificant impactswhereit occurs (Guy Méville,
SRC, personal communication). Thismay be affecting diversity of benthic organismsin the streams
receiving effluent (Karsten Liber, University of Saskatchewan, personal communication). Thereismore
concern about orphan sites than the better-regulated current mines (George Patterson, Saskatchewan
Energy and Mines, personal communication). While mine effluent islocalized, the number of minesinthe
uranium region may be having cumulative effects. However, acumulative effects monitoring program
conducted by SERM in thisregion hasfound little changein valued ecosystem components related to
mining (Mark Getzlaf, SERM, personal communication).

Water pollution due to other industry

Other industrial sources of water pollution are limited in Saskatchewan, and little information has been
found on threats posed by them to biodiversity. Onepossible sourceis pulp mill pollution, which can
contribute nutrient inputs, biologica oxygen demand, and toxic chemicassuch asdioxinsand furans (Guy
Mélville, SRC, persona communication). Another possible sourceisfeedlotsand pig barns. Spread of
manure on land by feeding operations can lead to eutrophication and microbial loading of water bodies,
particularly in the case of winter soreading wherethe spring melt createsaflush of runoff (Wayne Gossdlin,
Saskatchewan Agriculture and Food, personal communication).

Pollution due to sewage release

Sewage releaseinto rivers contributes to eutrophication, and may also add specific pollutants such as
metals. Sewagerelease affectsawiderange of water bodies (including, for example, lakes affected by
parks and cottage subdivisions), but the Qu’ Appelle, Souris, and Assiniboine Rivers are thought to be
particularly impacted (Kevin Murphy, SERM, personal communication). Whileitisclear that sewage
release addspol lution to water bodiesin Saskatchewan, littleinformation hasbeen found onimplications
for biodiversity.
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Water pollution due to landfills

Drainage from landfillsinto water bodiesis another potential source of pollution by nutrients and specific
contaminants. However, no information has been found on threats to biodiversity.

2.35 Overharvesting
Overharvesting of fish species

In spiteof regulated management of fish harvests, overharvesting hasoccurredin severa instances. Lake
trout have been greatly reduced in lakes such as Lac La Ronge (Guy Melville, SRC, persond
communication), and probably extirpated from lakes such as Amisk, Pelican, and Mirond (Tom Maher,
SERM, persona communication). Climate changemay a so contributeto the decline of southernlaketrout
populations (Kevin Murphy, SERM, personal communication). Lake sturgeon in the Saskatchewan
system are al so thought to have declined in part because of overharvesting (Guy Méelville, SRC, persona
communication). Walleye have been depleted in lakes such as Doré when road access allowed
recregtiond fishing in addition to the commercid harvest (Kevin Murphy, SERM, persond communication).
Fish populationsin different water bodies develop genetic differences, so local extirpation canlead to
significant loss of genetic diversity (Ryder and Scott 1994).
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APPENDIX A

SaskWater Classification of
Drainage Basins and Sub-Basins
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1 SOURISRIVER BASIN

24
50
51
68
69
70
71

Souris River

Lower Souris River Group
Lower Souris-Pipestone Creek
Long Creek

Moose Mountain Creek

Y ellow Grass Ditch Section
Tataswa Lake

2MISSOURI RIVER BASIN

01
02
03
12
13
14
15
16
17
18
19
20
21
22
39
40
41
42
43
a4
45
46
49

Lodge Creek
Battle Creek
Frenchman River
McRae Creek
Woodpile Creek
Lyons Creek
Coteau Creek
Whitewater Creek
McEachern Creek
Horse Creek
Rock Creek

East Poplar River
Poplar River
West Poplar River
Wildhorse Lake
Climax Group
Taits Lake

Bluff Creek

Coal Creek
Paisley Brook

Big Muddy Lake
Missouri Group
Green Lake

3CYPRESSHILLS(NORTH SLOPE) BASIN

04
05
06
07
08
09
36

Many Island Lake
Bigstick Lake

Hay Lake

Crane Lake

Skull Creek

Antelope Lake

Great Sandhills Group
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40LD WIVESLAKE BASIN

11 Old Wives (Johnstone) Lake
37 Willowbunch Group

38 Rush Lake

48 Shoe Lake Group

5 QU=APPELLE RIVER BASIN
23 Qu=Appelle River

27 Quill Lakes

47 Little Manitou Lake

72 Wascana

73 Moose Jaw Ridge

6 SOUTH SASKATCHEWAN RIVER BASIN

10 Swift Current Creek

30 South Saskatchewan River
54 Coteau Group

55 Luck Lake

7NORTH SASKATCHEWAN RIVER BASIN

25 Manito Lake

29 North Saskatchewan River
53 Whitebear Lake

56 Goose Lake Group

58 Kinderdey Group

59 Whiteshore Lake

60 Redberry Lake

8 SASKATCHEWAN RIVER BASIN
26 Lenore Lake Group

28 Carrot River

67 Saskatchewan River

9 CHURCHILL RIVER BASIN
34 Churchill River

61 Beaver River

63 Reindeer River

64 Wollaston Lake

10 LAKE ATHABASCA BASIN

35 Athabasca River
62 Clearwater River

64

Threats to Biodiversity in Saskatchewan

SRC Publication No. 11158-1C99



Threats to Biodiversity in Saskatchewan May, 1999

11 ASSINIBOINE RIVER BASIN
31 Assiniboine River

12 LAKE WINNIPEGOSISBASIN
32 Swan Lake

33 Red Deer River

57 Overflowing River

13TAZIN RIVER BASIN
65 Tazin River

14 KASBA LAKE BASIN
66 Kasha Lake
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