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Abstract

Balanced representation of high quality occurrences of species and ecosystems
in a protected area system supports conservation of natural heritage. The pro-
tected area system in Ontario was designed by evaluating terrestrial features
explicitly and aquatic ones only implicitly. An assessment of the protected area
system in Ontario revealed a balanced representation of stream class types in
the western part of the Lake Erie watershed. A more balanced representation
of stream classes in the eastern part of the watershed can be achieved by
adding three classes of surface water fed streams, and high gradient, spring-
fed headwater streams. A more balanced representation of aquatic species in
the Lake Erie watershed can be achieved by adding small, surface water
streams in which target species occur in the west and all types of surface water
streams in which target species occur in the east.

Introduction

The Canadian portion of the Great Lakes basin contains some of the largest and most
intact landscapes and aquatic communities in North America. Some of the continent’s
most significant freshwater coasts, rivers, lakes, fens, bogs and wetlands are located here.
Our efforts to conserve the best of these aquatic ecosystems are hampered, however, by a
lack of knowledge detailing the variety and extent of aquatic habitats in need of conser-
vation and protection on an ecoregion-wide basis.

The goal of the Natural Heritage Areas Program of the Ministry of Natural Resources is
to “establish a system of protected natural heritage areas, representing the full spectrum
of the province’s natural features and ecosystems” (OMNR, 1997). Protecting natural
heritage is one objective that supports the MNR goal of sustainable natural resource
development. In Ontario, there is a tradition of terrestrial classification and a set of guide-
lines to protect parts of the terrestrial landscape. A formal process to define terrestrial
diversity on the basis of 14 site regions and 67 site districts within the regions has been
developed to inventory and assess terrestrial resources. The results from this process are
used to identify natural features of conservation value and to guide species at risk recov-
ery strategies and plans, to identify areas for protection, to guide planning efforts and
direct field surveys. No comparable formal system exists to organize, inventory, repre-
sent and assess aquatic diversity. The Ministry of Natural Resources recognized the need
for and urged a formally organized system to protect aquatic natural values (OMNR,
1997). Criteria such as representation, condition, diversity, ecological considerations, and
special features guide the designation of areas for protection (Crins and Kor, 2000). These
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criteria are relevant to terrestrial and aquatic habitat and ecosystems; in practice selection
of most protected areas in Ontario resulted from application of these criteria from a ter-
restrial perspective.

Although general guidelines for aquatic resource management exist, protection of aquat-
ic resources to date has been largely incidental to terrestrial protection efforts. Poor cor-
respondence between a terrestrial and fish faunal region classification at the level of ter-
tiary watersheds (Mandrak, 1998) suggests that the protection of aquatic biota and aquat-
ic ecosystems are not well served using terrestrial-derived processes to identify protected
areas. Here I assess the effectiveness of protected areas in the Lake Erie watershed in
terms of representation of aquatic stream segment classes and target aquatic species.

Study Area

The Lake Erie watershed was used to assess the effectiveness of protected areas to con-
serve aquatic species and features. The study area includes wetlands and inland lakes
within the Lake Erie catchment and contributing streams. The watershed was divided into
a western and eastern part based on hydrology, geology and climate. Roughly the Thames
and Grand River watersheds divide the Lake Erie watershed into the western and eastern
parts.

Data Sources

In the Lake Erie watershed, fish distribution data can characterize tertiary watersheds (8
units, 800 - 4,800 km?) with respect to species diversity and post-glacial dispersal
(Mandrak, 1995). Investigations of smaller spatial units reveal gaps in the biological data
coverages. Comprehensive distributional data for other aquatic taxa ~ mollusks, aquatic
insects, plant - do not exist at any scale. For these reasons, I marshaled evidence from
biological and physical databases to characterize aquatic features in the Great Lakes
watershed and assess the effectiveness of the protected area system to conserve these nat-
ural resources.

Characterizing Stream Segments

The waterflow was delineated into ecological units based on size, geology, tributary con-
fluence, and connections to distinct system types. Attributes for each unit were estimat-
ed based on information from various map layers, e.g., surficial geology, hydrology, and
landcover. These units were characterized in terms of individual segment and subwater-
shed variables (Table 1). Variables relating to segment size, gradient, geological charac-
teristics, and connectivity to different system types were analyzed using Principal
Components Analysis (PCA) to characterize the variation in the physical data. Data were
transformed using natural logarithm and Arcsine transformation as required to approxi-
mate Gaussian distributions. PCA revealed that five axes explained about 70% of the
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variation in the data and variables related to segment size (area), gradient, geological per-
meability, and connectivity loaded strongly on those axes. These variables were used to
characterize stream segments in detailed analyses below.

Table 1. Stream and catchment variables estimated using automated GIS processes.

VARIABLE - SEGMENT - SUBWATERSHED
| Size _Length ~ Area
Gradient  Slope
Hydrologic regime ~ Geologic permeability
Connectivity - Comnected to wetland
. orinland lake (
Position Elevation - Place within flow network

Assessment Framework

Stream Segment Class Representation

Exploratory and more detailed analyses were conducted to assess the effectiveness of pro-
tected areas to conserve aquatic species and habitat. In the first instance, segments along
two dimensions were characterized — geological permeability (an indicator of groundwa-
ter recharge and discharge) and connectivity (an indicator of potential for species to access
distinct system types, e.g., streams, inland lakes and wetlands). Segments were placed in
two categories for each dimension yielding four segment classes for the feasibility analy-
sis. After this, two dimensions were added — gradient and stream size — based on results
from the PCA. For the detailed analyses I divided the four dimensions into two classes
each yielding a total of 16 segment types (Table 2).

The frequency and percent occurrence of system types were calculated for the western and
castern parts of the Lake Erie watershed. Next, the frequency and percent occurrences of
each type within protected areas were estimated. Using chi-square goodness-of-fit, sys-
tem types that were under-represented in the western and eastern Lake Erie watersheds
were identified. Noting target species occurrences in protected areas and assessing over-
all aquatic system and target species representation, findings from these analyses were
refined.

In this analysis protected areas included National and Provincial Parks, Conservation
Reserves, Provincially Significant Wetlands, and Areas of Natural and Scientific Interest.
Segments contained entirely or in part within these types of protected areas were identi-
fied (Paleczny et al.,, 2000).
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Table 2. Segment classes to characterize aquatic features in the Lake Erie watershed.

SEGMENT PERMEABILITY STRAHLER CONNECTIVITY GRADIENT
CLASS (SIZE)
1 : low ‘ small . unconnected  low
2 high : small ° unconnected  low
3 low . large  unconnected = low
4 high  large  unconnected ~ low
5 low small - connected : low
6 high : small connected low
7 low : large connected low
8 high large connected low
9 low small unconnected high
10 high small unconnected high
11 low large unconnected high
12 high large unconnected high
13 low small connected  high
14 high low * connected high
15 low large : connected high
16 high large . connected high

Conservation Target Species

Target species were defined using criteria established through formal review processes of
the North American network of conservation data centres and Canadian and Ontario gov-
ernment agencies. Aquatic species ranked G1 to G3 (less than 5 to 100 occurrences) by
conservation data centres were included in this study. Also included were species defined
according to the Committee on the Status of Endangered Wildlife in Canada (COSEWIC)
and Committee on the Status of Species at Risk in Ontario (COSSARO) designations of
‘Endangered’, ‘Threatened’ (COSEWIC and COSSARO), ‘Special Concern’
(COSEWIC) and “Vulnerable’ (COSSARO). In total 33 aquatic insect species, 7 mollusk
species, and 25 fish species were included in these analyses. I refer to these species col-
lectively as conservation target species.

Findings

Exploratory analyses showed that most target fish species occurred in streams flowing
across relatively impermeable geological areas (Figure 1). These streams were likely
dominated by surface water flows (Portt et al., 1989); some formed networks with wet-
lands and inland lakes.

In the western part of the watershed, 6 stream segment classes (types 5, 1, 13,9, 3, 7) com-
prise 75% of the occurrences; in the eastern part, 7 classes (types 13, 5, 6,9 7, 14, 1) com-
prise 76% of the occurrences (Figures 2 and 3).



Parks Research Forum of Ontario (PRFO) 2003 Proceedings 217

Figure 1. Four classes of stream segments, the location of protected areas and fish species
conservation targets in the Lake Erie watershed.
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Results from the chi-square goodness-of-fit test revealed significant differences for the
observed and expected frequency of occurrences of segment types within and outside of
protected areas in the western and eastern parts of the Lake Erie watershed. In the west-
ern part of the watershed, some segment types were significantly over-represented and
none were under-represented suggesting the segment types were adequately represented
in this portion of the watershed. In the eastern part of the watershed some segment types
were significantly under-represented suggesting that a better balance of aquatic features
would be achieved by targeting surface water streams for addition to the protected area
system.
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Figure 2. Percent occurrence of stream segment types within and outside of protected
areas in the western part of the Lake Erie watershed.
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Species Representation

Fish

About 70% of the target fish species occurtences in the western part of the watershed were
associated with large, low gradient segments with relatively impermeable geology that
were either connected or unconnected to wetlands or inland lakes (Figure 3). Target fish
species occurred in numerous segment types that were not included in protected areas.
Selecting segments of type 5 and 9 with target species will improve the balance in pro-
tected areas for fish species in the west part of the watershed. These two segment types
are somewhat under-represented (Figure 2) but the degree of under-representation is not
statistically significant.

About 65% of the target fish species occurrences in the eastern part of the watershed were
associated with large, low gradient segments with relatively impermeable geology that
were connected to wetlands or inland lakes (Figure 5). Target fish species occurrences in
protected areas were under-represented for segment types 5, 9 and 16. Selecting these
segment types with target species for addition to the protected area system would improve
the balance in terms of representation of fish species and aquatic features.
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Figure 3. Percent occurrence of stream segment types within and outside of protected
areas in the eastern part of the Lake Erie watershed.
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Figure 4. Target fish species occurrence in the Western Lake Erie watershed.

45

40 m Fish occurrence
35 | i1 Protected occurrence

30
25
20
15 -
10

o WL ol

1 2 3 45 6 7 8 9 10 111213 14 15 16
Segment class

Percent occurrence




220 Protected Arens and Watershed Management

Figure 5. Target fish species occurrence in the Eastern Lake Erie watershed.
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Mollusks

About 65% of the target mollusk species occurrences in the western part of the watershed
were associated with large, low gradient segments with relatively impermeable geology
(Figure 6). No target species occurrences in segment types 4, 5, and 7 were included in
protected areas (Figure 6). Selecting target mollusk occurrences in segment types 4 and
5 would improve the balance in terms of aquatic features and mollusk species in protect-
ed areas; selecting target mollusk occurrences in segment type 7 would improve the bal-
ance with respect to mollusk species protection.

About 70% of the target mollusk species occurrences in the eastern part of the watershed
were associated with large, low gradient segments with relatively impermeable geology
(Figure 7). No target species occurrences in segment types 5, 6, and 14 were included in
protected areas (Figure 7). Selecting mollusk target occurrences in segment type 5 would
improve the balance in terms of aquatic features and target species in protected areas;
selecting target mollusk occurrences in segment types 6 and 14 would improve the bal-
ance with respect to mollusk species protection.
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Figure 6. Target mollusk species occurrence in the Western Lake Erie watershed.
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Figure 7. Target mollusk species occurrence in the Eastern Lake Erie watershed.
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Agquatic Insects

About 60% of the target aquatic insect species occurrences in the western part of the
watershed were associated with large, low gradient segments with relatively impermeable
geology (Figure 8). Known occurrences of target insect species in the western part of the
watershed do not appear under-represented.

About 75% of the target insect species occurrences in the eastern part of the watershed
were associated with large, low gradient segments with relatively permeable geology
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(Figure 9). Only four target insect species occurrences were observed and of these, only
one was in a protected area. Selecting target insect occurrences in segment types 4 and 8
would improve the balance in terms of protecting aquatic features and target species;
selecting occurrences in segment type 15 would improve the balance with respect to
aquatic insect species.

Figure 8. Target insect species occurrence in the Western Lake Erie watershed.
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Figure 9. Target insect species occurrence in the Eastern Lake Erie watershed.
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Only for aquatic insects in the eastern part of the Lake Erie watershed was a high propor-
tion of target species occurrences associated with stream types with permeable geology.
Fish and mollusk targets were generally associated with stream segments with imperme-
able geology in both parts of the Lake Erie watershed.

Synthesis

Over the past 10 years or so there has been a shift in emphasis for conservation efforts
toward large spatial and organizational scales (Schwartz, 1999). Examples of such large
efforts include ecoregional plans of The Nature Conservancy (U.S.) and the Nature
Conservancy of Canada, the Big Picture 2003 (McMurtry et al., 2003) and Ontario Living
Legacy Land Use Strategy (OMNR, 1999). These initiatives encompass 100,000 km2and
include the participation of multiple levels of government agencies, non-governmental
organizations and academics. Results from these efforts tend to identify large areas for
conservation and protection thus supporting ecological theory suggesting a preference for
conservation at large scales. Recent ecoregional planning efforts, e.g., the Great Lakes
Ecoregional Plan (DePhilip, 2001) and the Canadian Rocky Mountain Ecoregional
Assessment (Rumsey, 2003) utilize notions of representation, efficiency, diversity, and
complementarity to identify areas for conservation. Balancing biological ~ species, com-
munities — and system-level information informs the final selection of sites for conserva-
tion (Groves et al., 2000).

Setting conservation goals is a challenge for conservation planners (Margules and Pressey,
2000) and often issues of ‘how much to conserve and where?” are necessarily subjective.
Goodness-of-fit analysis can provide some guidelines for identifying under-represented
habitat types and when combined with distributional information for target species, bal-
anced conservation site portfolios can be identified.

Findings from this study showed contrasting assessment of effectiveness of the protected
area system for conserving aquatic features and species. In terms of coarse filter analysis
stream segment types appear well-represented in protected areas in the western part of the
Lake Erie watershed. Target species representation in the western part of the watershed
will be improved by adding small (low and high gradient), surface water streams (relative-
ly impermeable geology) connected to lakes or wetlands in which target species occur.

In the eastern part of the watershed, stream segment type representation can be improved
by adding three types of surface water streams and high gradient, ground water fed (rela-
tively permeable geology) stream types to the protected area system. Target species rep-
resentation in the eastern part of the watershed can be improved by adding small, surface
water streams in which target species occur.

This study demonstrates that statistical decision-rules and expert judgement employed in
combination can refine the existing protected area system and add rigor to the process for
creating a portfolio of sites for conservation. By using the coarse filter, goodness-of-fit
approach, or the fine-filter approach in isolation, gaps in the representation of natural fea-
tures and target species would result. Focussing on coarse-filter information yielded
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under representation of fish, mollusks and insects in several types of surface water-fed
streams in both the eastern and western parts of the Lake Erie watershed. Focussing only
on target species analyses yielded under-representation of several kinds of small, surface
water fed streams in the eastern part of the watershed. Integrating biological and physi-
cal data to refine and identify areas for conservation will improve the effectiveness of the
protected area system to conserve aquatic features and species in the Great Lakes water-
shed.

Factors in addition to representation will help refine the selection of sites for conservation
and improve the effectiveness of the protected area system with respect to aquatic conser-
vation. These factors include diversity as indicated by the presence and size of inland
lakes and wetlands within sub-catchments. Another factor relates to aquatic habitat con-
dition indicated by landcover and road density within the catchment and proximity to
urban locales. These indicators relate to the intensity and type of human-caused distur-
bance that reduce the ecological function of an area. Stream segments can be ranked
according to the indicators listed above and these rankings used to further prioritize rep-
resentative aquatic areas for addition to protected area systems.

Finally, goals related to minimum size, connectivity or other design criteria are not
addressed here explicitly. Criteria such as predicted probabilities of occurrence, and nat-
ural rarity and vulnerability to threat relate to biodiversity pattern. The equilibrium theo-
1y of island biogeography, meta-population dynamics, consideration of ecological succes-
sion, the focal species concept, source-sink population structures, and landscape context
of reserves relate to aspects of ecological and evolutionary processes. Together these con-
siderations provide additional guidelines for conservation goals (Margules and Pressey,
2000). :
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