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Rarely does one have the opportunity to photograph
secretive wildlife species in their natural habitat, other
than species that have become habituated to humans.
However, trail cameras triggered by movement or by
body heat that take high-quality photographs have
increased the probability of capturing a photograph
of most wildlife species (Sanderson and Trolle 2005;
Kelly et al. 2008; O’Connell et al. 2011). 
Many books and manuscripts have been published

regarding the distribution and abundance of mammals
in North America, including Ontario (Whitaker 1996;
Feldhamer et al. 2003). However, very few studies have
been published that document the actual presence of
mammalian species in Ontario (Dobbyn 1994; Eder
2002). This study provides photographic evidence of
the presence of medium to large-sized mammals in
Ontario using trail cameras maintained by government
biologists and technicians.

Study Area and Methods
A study was initiated in 2008 to determine the

presence of Cougars (Puma concolor) on the Ontario
landscape, as described in Rosatte (2011). Cameras
were placed at the locations of credible Cougar sight-
ings throughout the province. A secondary objective
of the study was to evaluate the presence of other
medium to large-sized mammalian species in Ontario

in the vicinity of Cougar sightings. Trail cameras
(RECONYX RC60, Cuddeback infrared and flash,
Wildview, and Moultrie infrared) were set up across
Ontario from Red Lake in the northwest to Kapus -
kasing in the northeast to Grand Bend in the south-
west and Brockville in the southeastern part of the
province. For the purposes of analysis, northern Ontario
was considered to be the area north of the French
River (approximately 46°00�north latitude). Northern
Ontario includes both the Boreal Forest and the Great
Lakes-St. Lawrence Forest regions (Ontario Ministry
of Natural Resources 2011*). The area of southern
Ontario where the trail camera study took place is
primarily eastern mixed forest in the Great Lakes-St.
Lawrence Forest region and the Deciduous Forest
region (Ontario Ministry of Natural Resources 2011*).
Trail cameras in the north were located near Atikokan,
Blind River, Chapleau, Kapuskasing, Kenora, Nakina,
Nipigon, North Bay, Red Lake, Sault Ste. Marie, and
Timmins. In the south, trail cameras were located near
Bancroft, Belleville, Bobcageon, Brighton, Brockville,
Campbellford, Frankford, Lindsay, Midhurst, Minden,
Norwood, Omemee, Orangeville, Parry Sound, Peffer-
law, Peterborough, Sarnia, Uxbridge, Whitney, Wing-
ham, and Woodville. 
Generally, cameras operated year round and were

checked every one to two months, with batteries and

Presence of Mammals in Ontario, Canada, Verified by Trail Camera
Photographs Between 2008 and 2010

RICK ROSATTE1

1Ontario Ministry of Natural Resources, Wildlife Research and Development Section, Trent University, DNA Building,
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Rosatte, Rick. 2011. Presence of mammals in Ontario, Canada, verified by trail camera photographs between 2008 and 2010.
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Trail cameras were used to determine the presence of medium to large-sized wild mammals in Ontario between 2008 and
2010. A total of 27 different species of mammals across the province were photographed during 17308 trail-camera-nights.
Presence indices (photographs per trail-camera-night) for the areas sampled in southern Ontario were highest for the follow-
ing species: White-tailed Deer (Odocoileus virginianus), Raccoon (Procyon lotor), Coyote (Canis latrans), Eastern Gray
Squirrel (Sciurus carolinensis), and Red Squirrel (Tamiasciurus hudsonicus). Presence indices for the areas sampled in north-
ern Ontario were highest for White-tailed Deer, American Black Bear (Ursus americanus), Moose (Alces alces), Snowshoe
Hare (Lepus americanus), and Red Squirrel. Trail camera photographs depicted extensive use of snowmobile trails by
wildlife in southern Ontario. 
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memory cards being replaced at that time. The mem-
ory cards were viewed using the trail camera or via a
computer, photographs of mammals were verified to
species by biologists and wildlife technicians, and the
data (date the photograph was taken, location of the
camera, and species) were tabulated in Microsoft Excel
spreadsheets. I received the data files annually during
the study. Where multiple photographs of the same ani-
mal had been taken in succession (e.g., the RECONYX
cameras took five photographs in 5 sec), the animal
was counted only once. However, if multiple animals
of the same species were captured in a single photo-
graph, the total number of animals present was count-
ed. 
Each camera operated on a 24-h basis which was

considered to be one trail-camera-night. The data from
all cameras were pooled, as initial testing of the cam-
eras indicated there was little difference among cam-
eras with respect to their ability to photograph medi-
um to large-sized animals within 7 to 10 m of the
camera. Since the dataset was limited to date, loca-
tion, and species, analyses were restricted to presence/
absence and a crude estimate of density in terms of
animals/trail-camera-night. The data were standardized
to provide presence indices by dividing the number of
photographs per species by the number of trail-camera-
nights. The locations of the photographed mammals
were plotted and compared to range and distribution
maps in Dobbyn (1994), Whitaker (1996), and Feld-
hamer et al. (2003) to determine whether the locations
were within the species’ present ranges as indicated
on the published maps. 

Results
A total of 56 cameras recorded 154736 photographs

during17308 trail-camera-nights in Ontario from April
1, 2008, to March 31, 2010. About 96% of the photo-
graphs were either false triggers caused by the move-
ment of vegetation on windy days or multiple photo-
graphs of the same animal that had remained within
the range of a camera for several minutes, resulting in
several hundred photographs being taken of the same
individual. 
In total, 27 species of wild mammals were photo -

graphed by the trail cameras: White-tailed Deer
(Odocoileus virginianus), Raccoon (Procyon lotor),
Coyote (Canis latrans), Eastern Gray Squirrel (Sciurus
carolinensis), American Black Bear (Ursus ameri-
canus), Red Squirrel (Tamiasciurus hudsonicus), Euro-
pean Hare (Lepus europaeus), Snowshoe Hare (Lepus
americanus), Red Fox (Vulpes vulpes), Moose (Alces
alces), Gray Wolf (Canis lupus), Canada Lynx (Lynx
canadensis), North American Elk (Cervus elaphus),
Striped Skunk (Mephitis mephitis), Northern Flying
Squirrel (Glaucomys sabrinus), Eastern Cottontail
(Sylvilagus floridanus), North American Porcupine
(Erethizon dorsatus), Virginia Opossum (Didelphis
virginiana), Fisher (Martes pennanti), American
Marten (Martes americana), Muskrat (Ondatra zibethi-
cus), American Mink (Neovison vison), Wolverine
(Gulo gulo), American Beaver (Castor canadensis),
Woodchuck (Marmota monax), Ermine (Mustela
erminea), and Bobcat (Lynx rufus) (Figures 1a to 1g).
All locations fell within the published distribution
ranges for each species, with the exception of the loca-

FIGURE 1A. Photograph of American Black Bears on a snowmobile trail near Sunderland, southern Ontario, September 26,
2008. Photo by R. Rosatte.
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tions of the North American Elk, which was restored to
northern Ontario during 2000 and 2001, as described by
Rosatte et al. (2007).
The presence indices (photographs per trail-camera-

night) for the areas of southern Ontario that were sam-
pled were highest for the following species: White-
tailed Deer, Raccoon, Coyote, Eastern Gray Squirrel,
and Red Squirrel (Table 1). Presence indices for the
areas sampled in northern Ontario were highest for

White-tailed Deer, American Black Bear, Moose,
Snowshoe Hare, and Red Squirrel (Table 2). 
There was also extensive use of snowmobile trails

by wildlife in southern Ontario during all seasons,
2008 to 2010. A total of 4465 trail-camera-nights in
the Lindsay, Ontario, area resulted in 85760 photo-
graphs showing 15 species of wildlife using the trails
as travel corridors. Species photographed using snow-
mobile trails included Coyote (n = 574), Raccoon 

FIGURE 1B. Photograph of a male White-tailed Deer in the Peterborough area, southern Ontario, September 9, 2010. Photo
by Rick Rosatte.

FIGURE 1C. Photograph of a Coyote in the Lindsay area, south-
ern Ontario, January 6, 2010. Photo by Rick Rosatte.

FIGURE 1D. Photograph of a European Hare in the Can nington
area, southern Ontario, December 20, 2009. Photo by
Rick Rosatte.
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(n = 481), White-tailed Deer (n = 183), Red Fox (n =
72), Striped Skunk (n = 39), American Black Bear 
(n = 38), European Hare (n = 23), Eastern Gray Squir-
rel (n = 23), and Fisher (n = 10) (Figure 2). Six other
species that were photographed using snowmobile
trails are noted in Figure 2.

Discussion
In the past, researchers have used photographs

acquired by cameras set up on trails to estimate the
abundance and relative density of certain mammalian
species (Kelly et al. 2008; Negroes et al. 2010). How-
ever, in those studies, individual animals were identi-
fied in the photographs and were used to estimate ani-
mal density. Even though camera study locations were
separated by several animal home ranges, individual
animals could not be identified in this study because of
the large volume of photographs. In addition, some
species do not have significant variation in attributes,
such as fur coloration or markings that would allow
individuals in photographs to be differentiated. Since
individual animals in this study could not be identified
with any certainty, an indicator of presence in terms of
animals per trail-camera-night was the only practical
approach. It was not possible, given the limitations of
the dataset, to examine other aspects of Ontario mam-
malian ecology, such as temporal behaviour patterns.
A significant number of photographs of White-tailed

Deer, Raccoons, and Coyotes were acquired in south-
ern Ontario; however, one should not infer from these
data that these three species exist in high densities.
Nevertheless, one can infer a significant presence of
those species based on the sheer magnitude of the pho-
tographs. In some instances during this study, there were
four or five different individuals of the same species in
a single photograph at several camera locations spaced
several home ranges apart in southern Ontario (e.g.,
this was true for White-tailed Deer, Raccoons, and
Coyotes). This is indicative of a significant presence

on the landscape. At the other end of the spectrum,
species that were seldom photographed in this study
do not necessarily exist at low densities in the province.
This could merely be a function of the fact that cam-
eras may not have been placed in the habitats preferred
by those species. 
The trail cameras photographed about 31% of the

wild mammalian species that are thought to be pres-
ent in Ontario. There are 86 species of mammals in
Ontario (Dobbyn 1994), and about 38% of those are
small mammals, such as mice, moles, voles, shrews,
and bats, which would not be expected to trigger the
trail cameras due to their small body size. In addi-
tion, there was no possibility that another 11% of the
mammalian species in Ontario would be photographed,
as cameras were not placed in their ranges. Polar Bears
(Ursus maritimus), seals, and whales fall into this cat-
egory. Some of the other species present in Ontario
that were not photographed include American Badg-
er (Taxidea taxus) (which is a species at risk), Cari-

FIGURE 1E. Photograph of a Fisher in the Sunderland area,
southern Ontario, August 23, 2009. Photo by Rick
Rosatte.

FIGURE 1F. Photograph of a Canada Lynx in the Red Lake
area, northern Ontario, September 1, 2009. Photo by
Kim Austen.

FIGURE 1G. Photograph of a Wolverine in the Red Lake area,
northern Ontario, July 8, 2009. Photo by Kim
Austen.



bou (Rangifer tarandus), and Arctic Fox (Vulpes lago-
pus), because few or no cameras were placed within
their ranges. No photographs of the North American
River Otter (Lontra canadensis) were acquired because
cameras were not set up in aquatic habitats, and no
photographs of the Eastern Chipmunk (Tamias stria-
tus) were acquired because it would likely be too
small to trigger the cameras.
The presence indices (animals per trail-camera-

night) do not reflect actual density of animals but
rather provide an indication of the presence of these
species on the Ontario landscape. The presence and
range of mammals in Ontario are affected by many
factors, including climatic conditions, habitat (includ-
ing forest type), land-use (e.g., agriculture), food avail-
ability, predation, and disease. For example, Virginia
Opossums were photographed in southern Ontario
only. This species is a recent immigrant to southern
Ontario. The Virginia Opossum is not very hardy and

it has not yet adapted to severe winters, so it would not
be expected to be present in northern Ontario. Another
example is Raccoons and Striped Skunks, which do
well in the agricultural and urban regions of southern
Ontario. However, the boreal forest of northern Ontario
is generally unsuitable habitat for Raccoons and Striped
Skunks, and densities of these species are low in the
north (Rosatte 2000; Rosatte and Larivière 2003;
Rosatte et al. 2010). 
Trail cameras proved to be a valuable and non-

invasive wildlife research tool for recording the pres-
ence of medium and large-sized animals in Ontario.
Cameras were able to operate year round in tempera-
tures colder than −20°C when batteries and memory
cards were changed every one to two months. Trail
cameras with appropriate experimental designs are cur-
rently being used in Ontario for such diverse projects
as estimating the density of North American Elk in
northern Ontario, determining their calving sites in the

198 THE CANADIAN FIELD-NATURALIST Vol. 125

FIGURE 2. Number of photographs of mammals taken by trail cameras on snowmobile trails in southern Ontario
between April 1, 2008, and December 31, 2010.1

1 Other mammals included Eastern Cottontail (n = 8), North American Porcupine (n = 7), Virginia Opossum (n = 7), Red
Squirrel (n = 1), American Mink (n = 1), and Woodchuck (n = 1). Deer = White-tailed Deer, fox = Red Fox, skunk = Striped
Skunk, bear = American Black Bear, hare = European Hare, squirrel = Eastern Gray Squirrel. N = number of photographs
of each species.



southern part of the province, and determining the
presence of an endangered species, Puma concolor
(Rosatte et al. 2007; Rosatte, 2011).
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Sable Island is located in the open Atlantic Ocean
about 150 km east of the land mass of Nova Scotia,
Canada. The island is an important location for the
conservation of Canadian biodiversity. It supports sev-
eral endemic taxa, including the princeps subspecies
of the Savannah Sparrow (the Ipswich Sparrow) (Pas -
serculus sandwichensis princeps Maynard) and several
plants and invertebrates (Howden et al. 1970; Catling
et al. 1984; Wright 1989). There are additional species
of plants and animals on the island that are otherwise
rare in Nova Scotia and/or Canada, as well as region-
ally important breeding populations of the Gray Seal
(Halichoerus grypus (Fabricius)), the Harbor Seal (Pho-
ca vitulina Linnaeus), and seabirds. Particularly well
known is a population of wild horses (Equus cabal-
lus Linnaeus). Although it was established from feral
animals, this herd is genetically distinct from 15 other
horse breeds in eastern Canada and 5 Spanish ones,
and it is therefore of conservation interest (Plante et
al. 2007).
In view of these biodiversity values, substantial loss-

es of vegetated terrain and freshwater ponds caused by
erosion are serious threats to the conservation of the
natural heritage of Sable Island. This concern has been
heightened as a result of predictions of rising sea levels
and an increasing frequency of severe storms in the
North Atlantic. These could potentially reduce the veg-

etated area of the island. Moreover, in October 2011, it
was announced that Sable Island would be protected
as a national park reserve. Conservation of its natural
and cultural heritage will be key aspects of its manage-
ment plan.
A number of non-native mammals as well as many

alien plants have been introduced onto Sable Island
(Catling et al. 1984; Wright 1989). Cattle (Bos taurus
Linnaeus) were introduced around 1550 as food for
shipwrecked mariners. In the mid-17th century there
may have been as many as 800 free-ranging cattle, but
they were eliminated by a commercial harvest and have
not been present for at least two centuries (Nova Scotia
Museum of Natural History 2001*). Horses were intro-
duced onto the island in the mid-18th century and pigs
(Sus scrofa Linnaeus) and sheep (Ovis aries Linnaeus)
were released in 1801, but these latter species did not
become established or were soon eliminated by hunt-
ing. Today, feral horses are the only terrestrial mammals
on Sable Island (Welsh 1975*; Christie 1995). These
animals are descended from the mid-18th century intro-
duction, supplemented by sporadic releases of a few
additional animals in the 1800s and early 1900s with
the intent of “improving” the breeding stock.
Trampling and feeding activities of introduced large

mammals have influenced the vegetation of Sable
Island, and feral horses continue to exert an effect. In
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To provide necessary information for the management of biodiversity on Sable Island, Nova Scotia, we studied the effects
of feral horses on vegetation using exclosures and ancillary observations. Nine plant communities inside and outside of six
exclosures were compared using various vegetation parameters and Mann-Whitney tests to evaluate the significance of dif-
ferences. The most important findings were as follows: (1) effects of horses were greatest in the Marram (Ammophila bre-
viligulata) grassland and much less in the communities that were not dominated by Marram Grass; (2) effects on Marram
grassland varied substantially among sites; (3) the cover of standing litter of herbaceous plants was on average of 9.3 times
greater inside exclosures in grassland habitats; (4) the cover of living foliage was usually higher inside exclosures, but not
all differences were significant; (5) species richness and species diversity were not substantially affected; (6) the average
cover of Marram Grass, the most abundant plant and a key sand binder on the island, was greater inside exclosures in six of
seven study sites, significantly so in three of them; and (7) there were inconsistent differences in cover of other species at
different sites. Wetland habitats cover a relatively small portion of Sable Island, but they support much of the plant biodiver-
sity. There is evidence of strong but variable effects of horses on wetland vegetation. “Horse lawns” are littoral habitats
dominated by Agrostis stolonifera (Carpet Bentgrass) and other low-growing plants. The lawn habitats represent less than
1% of the island’s vegetation, and their presence is believed to be due to grazing and trampling by horses.
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addition, native vegetation was disturbed during a peri -
od of subsistence and market gardening and other activ -
ities by the personnel of several life-saving stations
(Catling et al. 1984). More recently, only small numbers
of people have been resident on Sable Island (typically
fewer than 10), limited to personnel engaged in atmos-
pheric and ecological research and monitoring, in addi-
tion to maintaining an emergency-response capability.
During several decades prior to 1961, some horses

were removed from the island for use on the mainland
as working or riding animals. The intensity of this ex -
ploitation depended on the interest of the island super-
intendent of the time; under some superintendents, there
was extensive live-harvesting on an annual basis, while
others allowed only minor interventions. Since 1961,
however, the horses have been protected from harass-
ment or culling under provisions in the Sable Island
Regulations made under the Canada Shipping Act (cur-
rently, the Canada Shipping Act, 2001). Their legal pro-
tection arose as a result of a controversial plan in 1960
to remove all horses from Sable Island because of dam-
age they were presumed to be causing to its habitats as
well as popular conceptions about harsh living condi-
tions for the animals. Some people still advocate for a
cull of these animals, based on concerns that this alien
population might be damaging habitat, or due to unease
about suffering the animals are believed to experience
from injuries, illness, or other aspects of their wild cir-
cumstances. Recently, the horse population of Sable
Island has ranged in late-summer abundance from about
250 to 450 animals (including foals) (estimates based
on annual direct counts) (Z. Lucas, unpublished data).
Despite the ongoing controversy, there has been only

one published study that focused on the effects of feral
horses on habitats of Sable Island (Welsh 1975*). That
work was based on observational studies of horse feed-
ing and of seasonal forage biomass. Welsh (1975*) con-
cluded that the most important effects were caused by
localized trampling and destabilization of vegetation
rather than by overgrazing of forage. 
In North America, grazing by wild horses has been

shown to reduce the richness of plant species in some
situations (Beever and Brussard 2000; Beever et al.
2008) but not in others (Detling 1998), with the differ-
ences likely due to both ecosystem vulnerability and
varying intensities of grazing pressure. Assateague Is -
land on the Atlantic coast of Maryland has dune habitats
comparable to those of Sable Island, and there are con-
trasting reports of the effects of feral horses there. Eline
and Keiper (1979) reported little effect on dune vege-
tation, whereas De Stoppelaire et al. (2002*) suggest-
ed that “unless the size of the feral horse population is
reduced, grazing will continue to foster unnaturally
high rates of dune erosion.” 
In the present study we compare the abundance and

community structure of vegetation inside and outside
fenced areas established to exclude horses from the
vicinity of buildings and equipment. The exclosures

enabled us to examine the influences of horses, main-
ly grazing and trampling, on dominant plant species of
the major terrestrial community types of Sable Island.
This work is supplemented by additional observations
of habitat changes associated with horse activity out-
side the exclosures. The objective is to provide infor-
mation required for the management of biodiversity
on Sable Island.

Study Area
Sable Island is essentially a crescent-shaped, emer-

gent sandbar in the open ocean, with its long axis ori-
ented east to west. It is about 47 km in length and has
an area of 32.3 km2, of which 15.5 km2 is vegetated
(Catling et al. 1984; Freedman 2001*). The mean
annual temperature of Sable Island is 7.6°C (SD 1.5),
and the annual precipitation is 146 cm (92% wet, 8%
snow) (Environment Canada 2011*). All terrain on the
island is susceptible to the erosion and deposition of
sand, with non-vegetated habitat being especially vul-
nerable to these processes and mature shrub-heath habi-
tat the least susceptible. The dynamics of sand erosion
and deposition are related to the relative exposure of
habitats, particularly during wind- and rain-storms.
Catling et al. (1984) described the most prominent

terrestrial plant communities on Sable Island as fol-
lows: grassland dominated by Marram Grass (Ameri-
can Beachgrass) (Ammophila breviligulata Fern.), often
with abundant Beach Pea (Lathyrus japonicus Willd.
var. maritimus (L.) Kartesz & Gandhi), Seaside Gold-
enrod (Solidago sempervirens L.), and Common Yar -
row (Achillea millefolium L. var. occidentalis DC.);
mature heath dominated by Northern Bayberry (Morel-
la (Myrica) pensylvanica (Mirbel) Kartesz), Lowbush
Blueberry (Vaccinium angustifolium Ait.), Black
Crowberry (Empetrum nigrum L.), Creeping Juniper
(Juniperus horizontalis Moench), Common Juniper
(J. communis L. var. megistocarpa Fern. & St. John ),
and Virginia Rose (Rosa virginiana P. Mill. var. vir-
giniana); and an intermediate type, referred to as Mar-
ram-heath transitional.

Methods
Exclosures
We studied the three plant communities (Marram

grassland, mature heath, and Marram-heath transition-
al) in a total of nine stands in six exclosures. These
fenced areas have been constructed at various times to
prevent horses from utilizing habitat in the proximity
of buildings, wind turbines, or arrays of scientific
equipment used to monitor atmospheric conditions.
The locations of the exclosures are indicated with coor-
dinates in Table 1 and are clearly defined on the land-
scape by the fences, buildings, or other structures indi-
cated in their names. Of the two wind turbine sites, b is
the more westerly. At Main Station, the grassland site
was at the northwest corner of the compound, the mesic
heath on the west side, and the drier heath on the south-
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east side. The exclosures are constructed of wooden or
steel posts and steel-mesh fencing. They vary in size,
shape, and age (Table 1).
Horses occasionally enter some exclosures, and

small numbers of Gray Seals may enter when they
roam inland parts of the island during their breeding
season (December through February). However, such
entries are occasional (i.e., for short periods, no more
than several times a year), and so are considered to be
of minor importance with regard to analysis and inter-
pretation of our field data. In addition, terns nest in or
near several exclosures, in particular East Light-BIO
(Bedford Institute of Oceanograpy, Department of
Fisheries and Oceans), which has recently supported
about 500 nests inside and fewer outside. The largest
exclosure is at Main Station, with an area of 5.8 ha. It
supports three major terrestrial plant communities,
which were sampled separately. The other exclosures
are smaller, and each supports only a single communi-
ty. The exclosure at the Maritime Telegraph and Tele-
phone Company (Maritime Tel and Tel, now Aliant)
site and the exclosure at the Nova Scotia Camp have
relatively small areas of vegetated habitat and much of
the space is occupied by buildings, so we report sum-
mary data for the cover values for these exclosures
rather than by species.

Vegetation sampling at exclosures
Vegetation was sampled in mid-August 2009, using

quadrats of 1 m2 located at regular distances (usually at
intervals of 10 m, but less for the smallest exclosures)
along transects that ran parallel to the exclosure fences,
one quadrat on the inside and one on the outside. At
each sampling point, a quadrat was sampled 3 m inside
the fence and a paired set of quadrat was sampled 3 m
outside. The 3-m distance was chosen to reduce effects
of local trampling in the immediate external prox im -
ity of fences, which are often used as pathways and
scratch ing places by horses and are not typical of the
ambient habitat condition. For smaller exclosures, 10
quadrats were used; for larger ones, 20 quadrats were
used. Within each quadrat, the percentage foliage cov-
er was visually estimated for each species, as were

the standing litter of herbaceous plants (graminoids
plus forbs) and the total litter (including litter lying
on the ground). The cover estimates accounted for
foliage overlap, so the total cover in densely vegetat-
ed quadrats could ex ceed 100%.

Data analysis
For each paired quadrats (inside and outside each ex -

closure) and for each habitat type within Main Station,
the average cover and standard error were calculated
for each species, the sum of all species, standing litter
of herbaceous species, and total litter. Non-parametric
Mann-Whitney tests were used to compare the statis-
tical significance of differences of the most abundant
species inside and outside the exclosures. Quadrats in -
side and outside were also compared in terms of species
richness and diversity (the latter indicated by the Shan-
non-Wiener index, H� = −∑ pi log pi, with pi approxi-
mated by the relative cover of each species).

Additional observations 
Observations were also made in 2008 and 2009 in

relation to other habitat changes associated with feral
horses.
Horse lawns: These are smaller-scale vegetational

features that are commonly observed around the edge
of freshwater ponds outside exclosures, a habitat where
horses often spend time feeding. The vegetation is low-
growing almost to the degree of being two-dimension-
al, and is dominated by grasses. A selection of three
sites was sampled beside ponds at the east end of the
island, each using 10 quadrats of 1 m2 each placed
along a transect, supplemented by photography.
Trampling: Well-worn paths established by the ob -

served repeated passage of horses are common in all
plant communities, at scratching posts, and where ani-
mals dig to access groundwater for drinking. Vegetation
of these microhabitats was documented by notes and
photography.
Feeding in ponds: During the summer and autumn,

horses in areas with freshwater and brackish ponds are
often seen feeding on aquatic macrophytes. General
observations were made of this feeding and of the ap -
parent effects on vegetation. 

TABLE 1. Nine sampling sites with horse exclosures on Sable Island, showing the site acronym and name, age (number of
years horses have been excluded), area, and dominant vegetation. 

Site and name Age (years) Area (ha) Coordinates (°N, °W) Vegetation

East Light BIO (EL–BIO) >20 1.38 43.959733, 59.833233 Marram grassland
Main Station (MS) >20 5.80 43.930966, 60.008766
Grassland (MSgr) >20   na 43.933900, 60.006905 Marram grassland
Mesic heath (MSmh) >20 na 43.933606, 60.007543 Marram–heath transition
Drier heath (MSdh) >20 na 43.931912, 60.006120 mature heath
West Light BIO (WL–BIO) 10 0.19 43.932066, 60.023566 Marram grassland
Nova Scotia Camp (NSC) 30 0.14 43.934183, 60.047333 Marram grassland
Maritime Tel (MTT) 20 0.05 43.931866, 60.020450 Marram grassland
Wind Turbine (a) (WTa) 4 0.14 43.929883 60.002300 Marram–heath transition
Wind Turbine (b) (WTb) 4 0.21 43.929900, 60.003566 Marram–heath transition
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Results
Effects on major plant communities
With respect to the cover of both live foliage and lit-

ter (Table 2) and effects on individual species (Table 3),
the effects of horses were greatest in the Marram grass-
land and much less in the communities not dominated
by Marram Grass, based on 5 Marram and 4 non-Mar-
ram sites. However, effects on Marram grasslands var-
ied substantially between sites.

Effects on plant cover
The cover of standing litter of herbaceous plants was

consistently significantly higher inside than outside
exclosures. This was due to the presence of a larger
amount of litter of non-eaten graminoids and forbs
within the fenced areas. There was also a tendency for
plant communities to have a larger cover of living
foliage inside the exclosures, but only some of the
differences were significant (Table 2). Overall, in the
Marram grassland habitats, the cover of standing lit-
ter inside the exclosures was on average 9.3 times the
cover outside exclosures (Figure 1). In the Marram-
heath community, the cover of standing litter inside the
exclosures was on average 4.6 times the cover out-
side exclosures, and in the mature heath the cover of
standing litter inside the exclosure was on average 18
times the cover outside the exclosure (although the
absolute amount was relatively small in this habitat).

Effects on species richness and diversity
Differences in both species richness and species

diversity were small and inconsistent among the study
sites (Table 2). For grassland sites, the species diversity

averaged 1.96 outside and 1.75 inside, while richness
was 16 in both. For Marram-heath transition sites, spe -
cies diversity averaged 2.14 outside and 2.21 inside,
while richness was 25 and 22, respectively. For the one
site of mature heath, species diversity and richness were
similar inside and outside the exclosure (Table 2).

Effects on particular species 
The average cover data for 47 vascular species in -

side and outside exclosures are indicated in Appendix
1. While these data provide a useful perspective, more
important are the significance results for differences
within a species (Table 3). Of 57 instances where there
were sufficient data for a statistical test, 10 were sig-
nificant. 

Ammophila breviligulata is the most abundant plant
on Sable Island, the principal sand-binding agent, and
the key forage species for horses in terms of biomass
consumed and time spent feeding (Welsh 1975*). The
average cover of Marram Grass was less outside the
three Marram grassland exclosures, significantly so in
two of them (Table 3). The average cover of Marram
Grass was less outside two of the three Marram-heaths
sampled, but the differences were not significant. Mar-
ram Grass had significantly less cover outside the sin-
gle heath exclosure than inside. 
The only other instances of major vegetation dom-

inance (Appendix 1) being substantially affected were
as follows: there was significantly less cover of Poa
pratensis L. (Kentucky Bluegrass) and Solidago sem-
pervirens L. on the outside of one grassland exclosure
than on the inside, and there was significantly more
cover of Juncus balticusWilld. var. littoralis Engelm.

TABLE 2. Comparison of vegetation inside and outside horse exclosures. Cover data are in percentage and are the mean ±
standard error (SE), with the number of quadrats (n) indicated. Species richness is the number of species present, and diver-
sity is the Shannon–Wiener index (H′). Significant differences in cover between samples outside exclosures and samples
inside exclosures are marked as follows: * = P <0.05, ** = P <0.01, and *** = P <0.001.

Cover (%) Site-level 
Standing Species species

Habitat Site (n) Live litter diversity richness

Marram Grassland EL–BIO 20 Outside 63 ± 6 7 ± 1 2.14 20
20 Inside 115 ± 12*** 91 ± 11*** 1.66 19

MSgr 10 Outside 75 ± 14 19 ± 5 1.88 15
10 Inside 68 ± 13 132 ± 22*** 1.96 15

WL–BIO 20 Outside 54 ± 5 4 ± 1 1.90 17
20 Inside 95 ± 21* 26 ± 4*** 1.56 17

NSC 10 Outside 40 ± 8 4 ± 2 2.00 13
10 Inside 79 ± 6** 75 ± 7*** 2.18 16

MTT 10 Outside 43 ± 5 14 ± 4 1.90 17
10 Inside 62 ± 6 122 ± 20** 1.38 14

Marram–heath WTa 10 Outside 60 ± 12 5 ± 1 1.84 20
10 Inside 71 ± 9 32 ± 12*** 2.07 21

WTb 10 Outside 87 ± 15 4 ± 1 2.15 25
10 Inside 74 ± 9 31 ± 10** 2.05 21

MSmh 10 Outside 72 ± 7 17 ± 2 2.43 29
10 Inside 72 ± 5 48 ± 18* 2.52 23

Mature heath MSdh 20 Outside 77 ± 6 1 ± 0 2.08 27
20 Inside 107 ± 5* 18 ± 5** 2.13 27
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TABLE 3. Significance values from Mann–Whitney (Wilcoxon) tests comparing cover of vascular plant species inside and
outside exclosures at nine sites. A dash (–) means that there was no occurrence or the frequency was less than 50% for sites
with 20 quadrats or at least 25% for sites with 40 quadrats. Significant differences (P <0.05) are indicated in bold. Within
significant differences, the underlining indicates more cover inside than outside exclosures; no underlining indicates more
cover outside than inside exclosures. 

Mature
Marram grasslands Marram–heath transition heath

Species EL–BIO MSGr WL–BIO WTa WTb MSmh MSdh

Achillea millefolium 0.0000 0.593 0.3468 – – – –
Agrostis stolonifera – – – – – – –
Ammophila breviligulata 0.0019 0.2676 0.0000 0.3532 0.3586 0.9086 0.0192
Anaphalis margaritacea – – – 0.8081 0.5409 – 0.0026
Anthoxanthum odoratum – – – – – – –
Arenaria lateriflora 0.0005 – – – – – 0.0056
Aronia prunifolia – – – – – 0.3375 –
Symphytotrichum novi–belgii – – 0.1656 – – 0.0908 0.1501
Carex silicea – – – – – – –
Cerastium fontanum var. 
vulgatum 0.4375 – – – – – –

Cladina rangiferina – – – – – – –
Calystegia sepium – – – – – – –
Danthonia spicata – – – – – – –
Deschampsia flexuosa – – – – – – –
Empetrum nigrum – – – – – 0.5616 0.2368
Festuca rubra 0.0744 – 0.6341 0.6155 0.5627 0.6369 0.8935
Fragaria virginiana 0.0032 – – 0.7006 0.0783 0.8182 0.0656
Hieracium scabrum. – – – – – – –
Ilex verticillata – – – – – – –
Juncus balticus – – 0.0000 – – – –
Juniperus communis – – – – – – –
Juniperus horizontalis – – – – 0.5674 – 0.8048
Lathyrus japonicus – 0.2102 – – – – –
Leontodon autumnalis – – – – – – –
Linaria vulgaris – – – – – –
Linnaea borealis – – – – – – –
Luzula multiflora – – – – – – –
Maianthemum stellatum – – – – – 0.1463 0.8657
Mitchella repens – – – – – – –
Morella pensylvanica – – – 0.6756 0.2093 0.7019 0.3274
Oenothera parviflora – – – – – – –
Poa annua – – – – – – –
Poa pratensis – – 0.0006 – – – –
Plantago lanceolata – – – – – – –
Rhinanthus crista–galli 0.1474 – – – – – –
Rosa virginiana 0.0637 – 0.3279 – 0.7578 0.0838 0.0191
Rubus arcuans – – – – – – –
Rumex acetosella 0.0478 – – 0.9672 – – –
Solidago rugosa – – – – – – –
Solidago sempervirens 0.0109 – 0.3975 0.1925 – – –
Spartina pectinata – – – – – –
Stellaria graminea – – – – – –
Thalictrum pubescens – – – – – – –
Trientalis borealis – – – – – – 0.0604
Trifolium repens – – – – – – –
Vaccinium angustifolium – – – – – – 0.4722
Vaccinium macrocarpon – – – – – – –
Viburnum nudum – – – – – – –

EL–BIO = East Light BIO; MSgr = Main Station grassland; WL–BIO = West Light BIO; WTa = Wind Turbine (a); WTb =
Wind Turbine (b); MSmh = Main Station mesic heath; MSdh = Main Station drier heath. See Table 1 for description of sites.
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(Baltic Rush) on the outside of another grassland ex -
closure than on the inside. The dominant species of
heathlands were not affected significantly at the single
heathland exclosure. 
Among the less dominant species, there was signif-

icantly more cover of Moehringia (Arenaria) lateri-
flora (L.) Fenzl. (Blunt-leaf Grove-sandwort) inside
two exclosures than outside. Several other instances of
significant effect were as follows: there was signifi-
cantly more cover of Rosa virginiana and the annual
alien Rumex acetosella L. (Common Sheep Sorrel) on
the outside of exclosures than on the inside (Table 3),
and at some sites there was significantly more cover of
Anaphalis margaritacea (L.) Benth. (Common Pearly -
everlasting) and Fragaria virginiana Duchesne (Vir-
ginia Strawberry)—both of which provide abundant
nectar and pollen for insect pollinators on the island
—outside exclosures. Both Anaphalis margaritacea
and Fragaria virginiana may be promoted by horse
activity. 

Additional observations 
Horse lawns: The sandy shoreline of ponds on Sable

Island is mostly gently sloping, and during the grow-

ing season this littoral habitat progressively drains to
a mesic-hydric condition. The pond-edge habitats often
have a lawn-like community that is apparently produced
by horses as a result of frequent close cropping and
trampling (Figure 2). These “horse lawns” are domi-
nated by alien species, particularly Agrostis stolonifera
L. (Carpet Bentgrass) (Table 4). The horse lawns have
a low, almost two-dimensional structure, in that they
are dominated by prostrate graminoids and forbs no
more than a few centimetres tall, and they are main-
tained in that condition by frequent grazing. Some
members of this community are capable of growing
much taller but are maintained in a prostrate condi-
tion by close cropping, and they may even flower and
set seed in that low growth form. The horse lawns
support relatively high species richness but low het-
erogeneity due to the single dominant. Although the
horse-lawn habitats cover a small part of Sable Island
(less than 1% of its area), they are disproportionately
well used by horses. In places less intensively affected
by horses, pond margins support nutrient-poor com-
munities dominated by a sparse cover of graminoids,
hydric and mesic forbs, and Vaccinium macrocarpon
Aiton. (Cranberry). 

FIGURE 1. Marram-dominated grassland outside a horse exclosure at East Light BIO (to the left of the exclosure fence) and
inside (to the right of the exclosure fence). The key difference is in the amount of standing dead biomass of Marram
Grass and other forbs inside the exclosure. Photo: Freedman, July, 2009.



Trampling by horses: Horses wander extensively
over Sable Island and utilize all of its terrestrial area,
although they spend disproportionately more time in
habitats with abundant forage, such as Marram grass-
land. The horses tend to utilize an extensive network
of paths, which are well trampled and support greatly
diminished or no vegetation over a width of typically
20–50 cm (Figure 3). There are also sparsely vegetat-
ed areas of trampled habitat, typically of 1–10 m2, in
the immediate vicinity of erect features that horses use
for scratching, including posts, fences, and the blown-
out edges of vegetated dunes. In addition, there are no
ponds over about half of the length of the island, par-
ticularly in the eastern end. In those areas, horses dig
in low places to expose fresh groundwater for drink-
ing, and those waterholes have numerous radial trails
leading to them. Overall, the horse trails cover an esti-
mated 1–2% of the vegetated area of Sable Island. A
minor amount of wind erosion is associated with the
many horse trails, and increased sand deposition may
be apparent in adjacent areas. 
Feeding in ponds: Horses feed in all of the approx-

imately 35 freshwater ponds during the summer, when
the biomass of aquatic macrophytes is relatively large
(Figure 4). They eat a variety of aquatic and wetland
plants. Species of pondweeds, especially Stuckenia
(Potamogeton) pectinata (L.) Boerner (Broadleaf Pond -
weed) and Potamogeton pusillus L. ssp. tenuissimus
(Mert. & Koch) Haynes and C.B. Hellquist (Small
Pondweed), appeared to be eaten more frequently than
other macrophytes during our late-summer surveys in
2008 and 2009. Also eaten were (alphabetically by
genus): Lysimachia terrestris (L.) Britton, Sterns &
Poggemb. (Bog Loosestrife), Nuphar lutea (L.) Sm.
ssp. variegata (Dur.) E. O. Beal (Variegated Yellow
Pond-lily), Polygonum hydropiperoides Michx. (Swamp
Smartweed), Potamogeton perfoliatus L. (Claspingleaf
Pondweed), and Schoenoplectus (Scirpus) americanus
(Pers.) Volk. ex Schinz & R. Keller (American Bul-
rush). As well as loss of vegetation cover and likely a
selective removal of certain species, aquatic habitats
that are used by horses for feeding may experience con-
siderable disturbance caused by trampling and defeca-
tion. Ponds less visited by horses appear to have more
of the rarer wetland species of the island.
Manure and urine: Horse manure is widespread on

Sable Island, being present even in non-vegetated sandy
plains, although it is most abundant in habitats that are
well used for grazing, such as Marram grassland. The
manure occurs mostly as sporadic defecations by ani-
mals as they move about, as well as larger mounds
known as “stud piles” that are created by stallions in
their social interactions, such as to demarcate territory
and defend a herd of mares (Welsh 1975*; Beever
2003). 
Although the widespread occurrence of partly digest-

ed and composted manure was not directly studied by
us, it undoubtedly has an influence on nutrient cycling

in terrestrial and freshwater habitats, and manure may
stimulate the overall productivity of vegetation. In the
absence of horses, dead forage accumulates as stand-
ing litter, which we observed inside all of the exclo-
sure plots. Although the litter eventually decomposes,
it may do so more slowly than manure. In this sense,
horses may increase the rates of decomposition and
nutrient cycling on Sable Island, and these processes
may enhance the productivity of affected vegetation.

Discussion
The largest and most consistent effect of horse graz-

ing that we observed on vegetation of the major ter-
restrial communities of Sable Island was a decrease
in the biomass of standing litter in all habitats and a
decrease in live Marram Grass in grassland. Various
other studies of wild horses have found that, at high
population levels, they may degrade their habitat by
trampling and overgrazing. 
Several studies have been made at Assateague Island

National Seashore, a sandy barrier island in Maryland.
De Stoppelaire et al. (2002*, 2004) and Seliskar (2003)
examined as many as 17 exclosure plots and found that
non-grazed habitat had more plant cover, taller grasses,
larger biomass, and greater frequency of flowering of
Ammophila breviligulata and Spartina patens (Ait.)
Muhl. (Marshhay Cordgrass), the principal foods of the
feral horses. Also working on exclosures on Assateague
Island, Sturm (2007*) found that horses reduced the
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FIGURE 2. Horse lawns are decumbent, almost two-dimension-
al communities beside ponds that are created by close-
cropping and trampling by feeding horses. Photo:
Freedman, July, 2009.



abundance of forage species and the species richness,
evenness, and diversity of their communities. On a bar-
rier island at Cape Lookout National Seashore, North
Carolina, Barber (2001) found that grazing by horses
and cattle resulted in grasslands that are relatively short-
statured and of sparse cover compared with habitat pro-
tected by fencing. De Bonte et al. (1999) examined a
coastal dune system in the Netherlands, and they found
that areas newly grazed by horses and cows had a re -
duced abundance of palatable species and an increase
in the abundance of less-palatable ones, although there
was an overall increase in species richness.
Studies have also been made in inland habitats,

where wild horses maintain much larger and wider-
ranging populations than on coastal islands. Beever
and Brussard (2000) used exclosures to study the ef -
fects of feral horses on montane vegetation in Nevada,
and they found greater plant cover, height, and species
richness where grazing had been prevented. In a larger-
scale study of 19 montane sites across nine mountain
ranges in the Great Basin of the southwestern U.S.,

Beever et al. (2003, 2008) found greater plant cover
and species richness at sites from which wild horses
had been removed, especially of species that the ani-
mals prefer as forage. Studies at the Sheldon National
Wildlife Refuge in Nevada found a greatly increased
biomass of forage species in exclosure plots for wild
horses and burros (Equus africanus asinus Linnaeus),
as well as a rapid recovery of vegetation after these
animals were removed from the greater habitat (U.S.
Fish and Wildlife Service 2010*). Abella (2008) re -
viewed the effects of wild burros on vegetation in the
Mohave Desert of the southwestern U.S. and found
that forage grasses were 3 to 9 times more abundant
inside exclosures that excluded large herbivores (of
which burros were the most abundant).
Our observation of “horse lawns” is comparable to

reports of lawn-like habitats elsewhere created by close
cropping by feral sheep, such as the “biotic grasslands”
on the island of Hirta off northwestern Scotland
(Gwynne et al. 1974). We have also observed coastal
lawn-like habitats created by sheep on islands off Nova
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TABLE 4. Community composition of three horse lawns. Cover data are in percentage and are the mean ± SE (10 quadrats
per site).

Horse lawn
Species 1 2 3

Achillea millefolium 0 <0.1 0
Agalinis neoscotica <0.1 0 0
Agrostis stolonifera 106 ± 14 67 ± 12 77 ± 10
Anthoxanthum odoratum 0 <0.1 0
bryophytes 0 2.0 ± 1.2 7.1 ± 3.2
Centunculus minimus 3.4 ± 1.5 3.8 ± 3.1 6.3 ± 3.3
Cerastium fontanum var. vulgatum 0 <0.1 0
Eleocharis sp. <0.1 0 0.1 ± 0.1
Hypericum boreale 0.3 ± 0.2 0.1 ± 0.1 0.1 ± 0.0
Juncus articulatus 0.4 ± 0.2 0 0
Juncus balticus <0.1 <0.1 0
Juncus bufonius 0.1 ± 0.1 <0.1 0
Juncus canadensis 0.1 ± 0.1 0 <0.1
Leontodon autumnalis <0.1 0.2 ± 0.2 <0.1
Lycopus uniflorus 0 0 0.8 ± 0.8
Lysimachia terrestris 0 0 <0.1
Panicum dichotomiflorum 0.2 ± 0.2 0 <0.1
Plantago lanceolata <0.1 1.1 ± 1.0 0
Plantago major 0 0.1 ± 0.1 0
Poa annua 3.6 ± 2.6 3.8 ± 1.6 1.6 ± 1.0
Polygonum hydropiper 0.3 ± 0.3 <0.1 <0.1
Ranunculus flammula 0 0 <0.1
Ranunculus repens 0.2 ± 0.2 0 0
Rumex acetosella 0 <0.1 0
Sagina procumbens <0.1 1.6 ± 1.0 <0.1
Schoenoplectus americanus 0.4 ± 0.3 0.5 ± 0.5 0.1 ± 0.1
Solidago sempervirens 0 <0.1 0
Sphagnum sp. 0 0 0.5 ± 0.3
Taraxacum officinale 0 <0.1 0
Trifolium repens 2.3 ± 1.6 5.0 ± 1.7 0
Vaccinium macrocarpon 0 <0.1 0
Viola lanceolata 0 <0.1 0.3 ± 0.2
Total cover 117 ± 42 86 ± 26 94 ± 25
Species richness 18 22 17
Species diversity (H�) 0.7 1.3 1.1
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FIGURE 3. A path through mature heath created by frequent passage of horses. Photo: Freedman, July, 2009.

FIGURE 4. Horses feeding in a freshwater pond. Horses cause disturbance by trampling, removing forage, and defecating. Photo:
Freedman, July, 2009.
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Scotia where the terrain is rocky drumlin with a natu-
ral cover mostly of conifer forest and heath, rather than
sandy grasslands as on Sable Island (unpublished ob -
servations). 
Our most important observations with respect to

exclosures were as follows: (1) effects of horses were
greatest in the Marram grassland and much less in
the communities not dominated by Marram Grass;
(2) effects on Marram grassland varied substantially
between sites; (3) there was a larger accumulation of
standing litter of herbaceous plants inside all horse ex -
closures; (4) a higher cover of living foliage occurred
inside of most exclosures, although not all differences
were significant; (5) there were no substantial effects
on species richness and diversity; (6) the cover of
Ammophila breviligulata, the most abundant plant and
the key forage species for horses, was greater inside
six of the seven exclosure habitats, significantly so in
three of them, two of which were in Marram grass-
land; and (7) there were inconsistent differences in the
cover of other species at different sites. Although wet-
land habitats did not occur in the exclosures, there is
evidence of a strong but variable effect on these habi-
tats caused by feeding and trampling by horses. 
Because of the unique biodiversity values of Sable

Island and the fact that it is to become a national park,
there is a need for information to guide its stewardship.
The Canada National Parks Act states that the “main-
tenance or restoration of ecological integrity, through
the protection of natural resources and natural process-
es, shall be the first priority of the Minister when con-
sidering all aspects of the management of parks.” The
Canada National Parks Act defines ecological integrity
as follows: “ecological integrity means, with respect
to a park, a condition that is determined to be character-
istic of its natural region and likely to persist, including
abiotic components and the composition and abundance
of native species and biological communities, rates of
change and supporting processes.”
In this context, the horses of Sable Island, being a

feral population of an alien large mammal, might be
viewed as posing a challenge to the ecological integri-
ty of the island. However, managing the presence or
abundance of the wild horses of Sable Island would be
highly controversial. In any event, such a judgment
would need to be informed by reliable information
about the ecological effects of these animals.
In fact, it is likely that horses and other non-native

biota have caused substantial changes to Sable Island
since they were introduced several centuries ago, as
have disturbances associated with other anthropogenic
influences, such as the cultivation of food crops and
the passage of vehicles over sensitive terrain. These
various influences have undoubtedly contributed to the
destabilization of dunes, leading to increased erosion
and blowouts and effects on the species composition,
relative abundance, and productivity of plant commu-
nities. There are no studies of the earlier changes, al -

though relevant comments were made about vegetation
damage by large mammals in some historical journals
(Catling et al. 1984). It seems, however, that ecological
changes caused by horses on Sable Island have stabi-
lized in recent decades, during which time their abun-
dance has ranged from about 250 to 450 animals. 
To provide a more complete understanding of the

effects of horses on the vegetation of Sable Island, we
recommend monitoring of the existing exclosures over
the long term and perhaps the installation of addition-
al exclosures in key habitats, as well as focused studies
of the effects of horses on freshwater wetlands, which
support much of the rarer biodiversity of the island.
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Mammals are among the best known and recog-
nizable groups of animals on the planet, and they are
more readily studied than other organisms. People’s
attitudes toward other mammals have changed signif-
icantly since historical times. Local people predomi-
nantly used mammals for food or various artifacts (e.g.,
Robinson and Redford 1991), and mammals often
formed an important component of culture or religion
(Cuarón 2008). 
Increasing global human populations have been

associated with extensive habitat disturbance related to
changes in land cover, agriculture, rampant resource
extraction, and extensive fragmentation of the remain-
ing forests. Habitat loss and modification are consid-
ered among the leading threats to all species globally,
including mammals (Primack 2006). Mammalian
species diversity, abundance, and total and mean bio-
mass tend to decrease with increasing human distur-
bance of the landscape (Chiarello 2008; Laurance et
al. 2008; Lopes and Ferrari 2008). In addition to the
indirect negative effect of human activities through
habitat disturbance, humans in many poor areas of the
world rely to an ever increasing extent on hunting and
poaching of mammals for food or trade. For exam-
ple, the multibillion-dollar trade in bushmeat, i.e., the
meat of terrestrial wild animals (including primates),
hunted and killed for subsistence (food) or for com-
mercial purposes, is an important contribution to the
economy of the developing world, and hunting for
bushmeat is considered one of the most important
threats to the survival of tropical vertebrates, includ-
ing mammals (Brashares et al. 2004). Similarly, poach-
ing has been shown to reduce substantially the abun-
dance of mammal populations in high demand (Wright
et al. 2001). 
There are now more than 45 000 animal species of

concern listed on the Red List of the International

Union for Conservation of Nature (International Union
for Conservation of Nature 2011). Largely due to influ-
ences related to dramatic growth in the human popu-
lation, threats to many species are on the rise global-
ly. Currently, it is estimated that 1.6% of the world’s
mammal species have become extinct since the year
1600 (Primack 2006), a period associated with the
advent of the industrial revolution and marked increas-
es in global human populations. The analysis of 114
countries done by McKee et al. (2003) revealed that the
number of species classified by the IUCN as threat-
ened (i.e., critically endangered, endangered, or vulner-
able) in the average nation would rise roughly 14% by
the year 2050 as a direct result of human population
growth alone, further indicating the trend in species
extinctions is expected to continue into the future. 
While the IUCN is the watchdog of the status of

wildlife populations worldwide, the Committee on the
Status of Endangered Wildlife in Canada (COSEWIC)
is responsible for monitoring species at risk of extinc-
tion in Canada. In 2003, the Canadian government
passed the Species at Risk Act (SARA), which pro-
vides the legal means through which species assessed
by COSEWIC are afforded protection and targeted for
recovery. By examining the species in the COSEWIC
database and the information on the Species at Risk
Public Registry, we investigated the types of threats
facing terrestrial mammal populations in Canada and
determined which categories of threat were posing
the most substantial risk to these animals. Further, to
determine whether types of threats facing different
groups of animals differ, we compared carnivores and
rodents and large-bodied mammals with small-bodied
mammals. Finally, we evaluated the conservation meas-
ures implemented under the Species at Risk Act in
Canada to see whether they are likely to address the
negative trends noted in Canadian mammals at risk. 
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Materials and Methods
To determine the types of threats facing terrestrial

mammals in Canada, we retrieved data from the
COSEWIC database (http://www.cosewic.gc.ca/eng/
sct5/index_e.cfm). Using the search engine provided,
we obtained a list of species assessments that included
extirpated, endangered, threatened, and special con-
cern. All status categories were defined by COSEWIC.
The extirpated designation is given to a species that
no longer exists in the wild in Canada but that occurs
elsewhere. Endangered species face the immediate
threat of extirpation or extinction within Canada.
Threatened species include those organisms that can
be expected to become endangered if limiting factors
are not mitigated. Lastly, species of special concern
include species that may become threatened or endan-
gered because of a combination of biological charac-
teristics and identified threats. Mammals that are ex -
tinct or extirpated were not included in this study, as
current threats to extant mammals were desired rather
than historical factors. 
After the list had been compiled, we obtained spe-

cific threat data for each species from the Species at
Risk Public Registry (http://www.sararegistry.gc.ca/
default_e.cfm), which describes the threats currently
affecting each species. Broad categories of threat were
designated, as identified in each of the website’s threat
descriptions. A frequency distribution table of species
by threat category was generated using a designation
of 1 to indicate impact by a particular threat category
or left blank to indicate no impact. A species could be
affected by a particular threat category only once, even
if multiple threats described were identified within the
same category. 
We used the designatable units (sensu Green 2005)

as specified on the Species at Risk Public Registry. It is
important to note that these units can be certain pop-
ulations of a species or a subspecies, but will be referred
to as “species” in this study. For example, four differ-
ent populations of the Woodland Caribou (Rangifer
tarandus caribou) are listed as designatable units, with
different levels of endangerment: the Northern Moun-
tain population is of special concern, the Boreal and
Southern Mountain populations are threatened, and
the Atlantic-Gaspésie population is endangered. 
Threat data were collected from species assessment

reports prepared by COSEWIC as well as the shorter
species accounts provided on the Species at Risk Pub-
lic Registry. The data collection and analyses were
limited to actual and imminent threats. For example,
the Plains Bison is not currently affected by disease,
but the likelihood of Plains Bison contracting tuber-
culosis, brucellosis, or anthrax from nearby domestic
cattle herds is very high; therefore, disease was includ-
ed as an imminent threat for this species. Species with
no current threats or imminent threats were not includ-
ed in the analysis. For example, the Spotted Bat (Eud-
erma maculatum) was removed from our list because

there is no strong evidence supporting the threats in its
species account. 
A total of 11 categories of threat were identified as

affecting mammals at risk assessed by COSEWIC in
Canada: 1) habitat alteration or loss, 2) direct human-
caused mortality, 3) habitat fragmentation, 4) preda-
tion, 5) loss of food resources, 6) climate change, 7)
small population size, 8) invasive species, 9) disease,
10) hybridization, and 11) northern extent of range.
Included under Habitat alteration or loss were such
threats as urban development, agriculture, deforesta-
tion, and human population growth that have reduced
the overall land base available for habitat and/or have
altered the system in such a manner that it is no longer
suitable for species habitation. Direct human-caused
mortality involved threats such as hunting, trapping,
motor vehicle collisions, and targeted exterminations.
Habitat fragmentation was included as its own threat
category because of its frequent appearance in species
accounts. Habitat fragmentation represents a very spe-
cific circumstance of habitat alteration where habitat
has been increasingly divided into smaller and smaller
units. The Predation category of threat included pres-
sures from naturally established predator–prey rela-
tionships that may have been exacerbated by other
human-induced impacts. Threats under Loss of food
resources are the result of the loss of prey organisms
and plants. This threat affects both carnivores/omni-
vores and herbivores, and these losses may be a direct
result of impacts caused by humans. Threats from Cli-
mate change were broadly inclusive and not well de -
fined in species accounts, but generally were expect-
ed to contribute to habitat alteration. Threats under
Small population size stemmed from loss of genetic
variability, demographic variation, and magnitude of
natural catastrophes. Invasive species threatened mam-
mals by directly competing for resources or by prey-
ing directly upon them. Disease was reported as a
native threat that could exacerbate species decline.
Hybridization included interbreeding with related
species, resulting in reduced vigour and introgression.
Lastly, Northern extent of range was reported as a
threat to those species with populations struggling at
their northernmost tolerance limits. 
The taxonomic order was also identified for each

species, along with the average adult body mass. Body
mass data were collected from the COSEWIC assess-
ment reports or the species accounts on the Species at
Risk Public Registry or from Banfield (1977). Where
differences in average body mass were reported by
sex, mass was determined by averaging the mass of
adult males and females. 
Collected frequency data were summarized to show

the overall proportion of impacts that each threat cate-
gory posed for mammal species at risk in Canada.
Total frequency data were also summarized to show
the percentage of all species that was reported as being
affected by each threat category. Frequency data were
likewise summarized for large mammals (>10.0 kg)
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and small mammals (<10.0 kg) and for mammals in
the orders Carnivora and Rodentia. Body size thresh-
old was selected based on clustering of the data. 
We compared the proportion of affected carnivores

and rodents and large and small mammals, respective-
ly, for any given threat category using 2 × 2 contin-
gency tables. On several occasions, more than 20% of
the categories contained frequencies less than about
five; therefore, in addition to the χ2 analyses, we also
computed Yate’s correction for continuity as well as
Fisher’s exact test (Quinn and Keough 2002). The lat-
ter two tests supported the findings of the regular χ2
test in all instances; hence we reported only the results
of the χ2 tests. The value of α was set at 0.05.

Results
In Canada, there are 32 terrestrial mammal species

and subspecies at risk (including the Spotted Bat)
assessed by COSEWIC. Excluding the Spotted Bat,
there were 10 endangered, 9 threatened, and 12 species
of special concern (Table 1). The order Carnivora had
the most species in this study, with 11. Artiodactyla
was second with 8 species, followed by Rodentia with
7, Soricomorpha with 3, and Chiroptera and Lago-
morpha with 1 each (Table 1). A total of 13 large-
bodied mammal species (>10 kg) and 18 small bod-
ied animals (<10 kg) were examined in this study, with
average body weights (SD) of 231.8 kg (SD 239.9)
and 1.44 kg (SD 2.09), respectively (Table 1). 
On average, 2.7 categories of threat (SD 1.1) affect-

ed each of the identified terrestrial mammal species
at risk. Threats in the Habitat loss category affected
84% of species (Figure 1). Direct human-caused mor-
tality ranked second, with 58% of species experienc-
ing this threat type (Figure 1). 
Several differences in the frequency of reported

threats to species in Carnivora and Rodentia appeared
to be substantial upon visual inspection (Figure 2).
Direct human-caused mortality affected a significant-
ly higher proportion (χ2 = 10.57, df = 1, P = 0.001) of
carnivores (91%) than rodents (14%) in Canada. Fur-
thermore, a large proportion of carnivores (55%) were
threatened by Loss of food resources but no rodents
were reported as being affected by this threat type (χ2
= 5.73, df = 1, P = 0.017). Differences in the other
threat categories were not significant (data not shown). 
Some differences in reported threat frequencies also

appeared in the comparison of large-bodied and small-
bodied mammals (Figure 3). Climate change affected
a significantly larger proportion (χ2 = 6.36, df = 1, P
= 0.012) of large-bodied mammals (31%) than small-
bodied mammals (0%). Differences in the other threat
categories were not significant (data not shown). 

Discussion
Data from the International Union for Conserva-

tion of Nature, which examines 245 countries for the
number of critically endangered, endangered, or vul-
nerable species, showed that Canada had more mam-

mal species in these categories than 69% of examined
nations worldwide (table 5, International Union for
Conservation of Nature 2011). Interestingly, this placed
Canada at par with several third world nations, such as
Guinea Bissau, Mali, Mozambique, Namibia and Niger.
However, it is likely that different levels and quality of
documentation in different countries may influence
these data. In comparison with large developed coun-
tries with conservation data of similar quality to those
from Canada, like Australia (55 mammals) and the
United States (37 mammals), Canada had a markedly
lower number of critically endangered, endangered, or
vulnerable mammals (12) (table 5, International Union
for Conservation of Nature 2011). In addition, it is
important to note that there are substantial differences
among these countries in population density and
overall area.
McKinney (2002) observed that human population

size increases with land area and is strongly correlat-
ed with the proportion of species classified by the
IUCN as threatened (i.e., critically endangered, endan-
gered, or vulnerable) among nations. It is reasonable to
expect that both habitat loss and direct human-caused
mortality would also rise with increasing population
density, both of which represented the most signifi-
cant reported threats to mammals at risk in this paper.
In another study examining 114 continental nations,
approximately 88% of the variation in the number of
mammal and bird species at risk was explained by
human population density and species richness vari-
ables (McKee et al. 2003). Population extinctions
have been linked to population density and the asso-
ciated impacts of agriculture, hunting, and grazing,
particularly in Southeast Asia, where more than half
of its examined land base had lost 75% to 100% of its
mammal species (Ceballos and Ehrlich 2002). Habi-
tat loss and fragmentation are also significant threats
to mammals in Brazil, which boasts the world’s largest
diversity of known mammals, with 530 described
species (Costa et al. 2005). 
Canada is one of the last places on Earth with large

wilderness areas and a small average human popula-
tion density, yet the number of species classified by
the IUCN as threatened (i.e., critically endangered,
endangered, or vulnerable) continues to rise. Kerr and
Deguise (2004) measured habitat loss within the ranges
of 243 terrestrial species (including mammals) assessed
by COSEWIC as endangered, threatened, or special
concern across Canada and found that less than 50% of
the species’ ranges was still natural habitat; no detec t -
able natural habitat remained for 16 of the 243 species.
In addition, the authors found that habitat loss ex -
plained most of the variation in the number of en dan -
gered species per ecozone in Canada and concluded
that habitat loss within a species’ range is likely to be
the most important factor that prevents its recovery
(Kerr and Deguise 2004). 
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Another recent study used remote sensing and
species distribution datasets to examine the influence
of natural and anthropogenic factors on the density of
species assessed by COSEWIC as endangered (includ-
ing terrestrial mammals) in Canada (Kerr and Cihlar
2004). In addition, Kerr and Cihlar (2004) examined
the capacity of protected areas to shelter endangered
species. The authors found a strong positive relation-

ship between the density of terrestrial endangered
species and agricultural land use, with the latter relat-
ing strongly to habitat loss as well as land use intensity.
There was no relationship between densities of endan-
gered species and the extent of protected area in water-
sheds. However, there are virtually no protected areas
in the watersheds with the highest concentration of
endangered species (Kerr and Cihlar 2004). The latter
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FIGURE 1. Percentage of terrestrial mammal species at risk (assessed by the Committee on the Status of Endangered Wildlife
in Canada) impacted by different threat types.

FIGURE 2. Percentage of terrestrial carnivore and rodent species at risk (assessed by the Committee on the Status of Endangered
Wildlife in Canada) impacted by different threat types.



findings suggest that existing protected areas have lit-
tle, if any, potential to reduce extinction rates in Cana-
da (Kerr and Cihlar 2004). The authors concluded that
the Species at Risk Act appears to provide habitat pro-
tection in an inverse proportion to the needs of endan-
gered species in Canada, with federal lands (which are
most readily protected under the Act) being extensive
in areas with few endangered species and being very
rare in areas with a high number of endangered species. 
Can the Species at Risk Act address the leading

threats identified in this study? The Act has a limited
ability to provide for habitat protection in areas that
have already undergone extensive habitat changes due
to urbanization and agriculture. Improvement to re -
serve networks as well as cooperative conservation
activities with private landowners are possible avenues
for avoiding the rapid extinction of endangered species
in Canada (Kerr and Deguise 2004). In terms of mor-
tality caused by humans, the Act is sufficient to stop
overexploitation or targeted extermination of a species
because it prohibits the killing, harming, or capturing
of species declared to be threatened, endangered, or
extirpated; however, it cannot prevent indirect sources
of human-caused mortality, such as trapping by-catch
or collisions with automobiles. 

Carnivores and rodents
Resiliency to interaction with human populations

will be an increasingly important trait in determining
survival of species into the future. Cardillo et al. (2004)
pointed out the importance of biology in the persist-
ence of species faced with increasing human popula-
tion densities and cited carnivores as being particularly
at risk for future extinctions. Biological traits, includ-
ing small geographic range size, low species popula-

tion density, and high trophic level, explained approx-
imately 45% of the variation in extinction risk in car-
nivores. For carnivore species with high exposure to
human populations, however, the addition of gestation
length as a factor increased the explanatory power of
the model to 80% (Cardillo et al. 2004). Although
Cardillo et al. (2004) studied species of carnivores in
Africa, their findings are relevant to Canada: carnivores
had the most species in the current study. Further, for
91% of the carnivores at risk assessed by COSEWIC,
threats related to direct mortality caused by humans
were cited as a reason for reduced abundance. Habi-
tat loss was also a factor in 82% of carnivores at risk
assessed by COSEWIC.
Some interesting differences in threat categories

were observed between carnivores and rodents in this
study. While direct human-caused mortality was
reported in almost every instance for carnivores, there
were far fewer rodents that were affected by threats
in this category. This observation is not surprising, as
many large carnivorous mammals are hunted for tro-
phy sport or eradicated due to livestock predation, as
is the case for Jaguars (Panthera onca) in Brazil (Cos-
ta et al. 2005). Certainly, this has been the case for
Grizzly Bears (Ursus arctos) and Eastern Wolves
(Canis lupus lycaon) in Canada (Species at Risk Pub-
lic Registry 2011). Even subsistence hunting has been
shown to have a negative impact on mid-sized and
large vertebrates, particularly when habitats become
fragmented by human activity (Peres 2001). 
Another observation of note showed loss of food

resources as a threat in 55% of carnivore species, while
rodents were not affected at all by this category of
threat. Brashares (2003) also found mammals with
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FIGURE 3. Percentage of terrestrial large and small mammals at risk (assessed by the Committee on the Status of Endangered
Wildlife in Canada) impacted by different threat types.



larger home ranges were more prone to extinction. Car-
nivores require more extensive home ranges over which
prey must persist or be accessible, and this may explain
the significance of this threat to these mammals.
Rodents on the other hand have smaller home ranges
and generally less specific diets than carnivores. 
Cardillo et al. (2005) reported that body size was

another trait positively associated with high risk of
extinction for mammals larger than 3 kg. However,
Brashares (2003) found no relation between body size
and the persistence of species in the wild. We observed
no significant difference in the two major categories
of threat between large and small-bodied mammals,
suggesting that smaller body size may indeed provide
very little protection against major species threats. 
One limitation of our data is that the sample size is

quite small for broad generalizations, and caution is
therefore recommended in the application of these
findings. Better data on threats to species at risk would
require more research on existing levels of threat.
However, these data appear overall to be representa-
tive of the major threats that exist elsewhere in the
world and point to the need for better understanding
of these threats and how they can be mitigated within
Canada and globally. A major obstacle to mitigation
is that many threats to mammals are correlated with
one another, and synergistic effects are highly proba-
ble in most circumstances. What cannot be denied is
that the origin of these increasing impacts is growth of
human populations and the resulting pressures people
are placing on global resources. 
In conclusion, the major threats facing species at

risk in Canada are habitat loss and alteration and direct
human-caused mortality. Carnivores and rodents
showed substantial differences with respect to direct
human-caused mortality and loss of food resources.
Differences in threat based on body size did not appear
significant for the two major threats identified in this
study, but were more substantial for threats due to
climate change. 
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The Western Chorus Frog (Pseudacris triseriata) is
a small hylid treefrog. It has declined in southern Que-
bec (Daigle 1997), northern New York (Gibbs et al.
2005), and southeast of Ottawa in eastern Ontario
(Seburn et al. 2008). These declines have all occurred
in an area where the mitochondrial DNA of specimens
resembles that of the Boreal Chorus Frog (P. maculata)
rather than that of the Western Chorus Frog (Lemmon
et al. 2007). Morphologically, however, individuals
resemble the Western Chorus Frog, and to date they
have retained this species name (COSEWIC 2008*).
According to Marsh Monitoring surveys conducted
across the Great Lakes region, the Western Chorus Frog
declined significantly between 1995 and 2007 (Archer
and Jones 2009). Largely as a result of declines in Que-
bec, the Great Lakes/St. Lawrence–Canadian Shield
population of the Western Chorus Frog in Canada has
been designated threatened by the Committee on the
Status of Endangered Wildlife in Canada (COSEWIC
2008*). 
The Ottawa area is adjacent to the Outaouais region

of Quebec, where declines in the Western Chorus Frog
have been observed (COSEWIC 2008*). Our objec-
tives were threefold: to assess whether the Western
Chorus Frog persisted at historical sites in the Ottawa
area, to determine the extent of its current distribution
and to examine the effect of habitat variables on its
distribution.

Study Area and Methods
All surveys were conducted in suburban and rural

western Ottawa (Figure 1), an area of approximately

600 km2. Records of calling Western Chorus Frogs
were obtained from the Ontario Herpetofaunal Atlas
(Oldham and Weller 2000*). The year 1990 was select-
ed as a cut-off date for historical records, as this is
before Western Chorus Frogs declined in eastern On -
tario (Seburn et al. 2008). A number of records were
excluded because of a lack of precise locality informa-
tion. Additionally, a few records with locations less
than 500 m apart were not considered separate loca-
tions. This resulted in a total of 18 historical locations
with observations dating from 1977 to 1990 (Table 1,
Figure 1).
Daytime auditory surveys were conducted during

the calling season of the Western Chorus Frog (early
to late April) from 2006 to 2010. A known site with
Western Chorus Frogs was visited at the start of each
survey to confirm calling was occurring that day. His-
torical locations were relocated using a GPS. Audito-
ry surveys were conducted from roadside locations,
with the exception of a few locations in public parks
where the location of the historical record was away
from a road. Auditory surveys lasted from 1 to 5 min-
utes, depending upon weather conditions (e.g., strong,
temporary wind) and traffic noise. All historical loca-
tions where Western Chorus Frogs were not confirmed
on the first survey were surveyed in a subsequent year
to increase the detection probability. Additional sites
were surveyed by listening at wetlands visible from
roads and, at one location, on foot in a park.
The degree of isolation for historical sites where

Western Chorus Frogs were detected and not detected
was tested by measuring the distance from each site to
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To determine whether the Western Chorus Frog has declined in western Ottawa, we conducted auditory surveys at historical
locations as well as at various other wetlands. Western Chorus Frogs were detected at 12 of 18 historical locations. Wetland habi-
tat remained at all historical locations where the species was not detected. There was no difference in the year of historical
records for sites where Western Chorus Frogs were  (median 1987.5) and were not (median 1987.5) detected. In the present
study, Western Chorus Frogs were also detected at 30 locations where they had not been previously reported. Historical sites
where Western Chorus Frogs were not detected were not significantly farther away from known Western Chorus Frog sites
(median distance: 2.2 km) than historical sites where Western Chorus Frogs were detected (median distance: 1.4 km). Land
use variables for historical sites where Western Chorus Frogs were and were not detected did not vary significantly at any
spatial scale from 0.5 to 2.0 km. Western Chorus Frogs were detected in areas with up to 50% forest cover and up to 86%
agricultural cover at the 1.0-km radius. The lack of historical data makes it difficult to assess the current status of the Western
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breeding sites), or even increased its distribution (by colonizing additional sites).
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the closest known occupied site. The two groups (his-
torical sites where Western Chorus Frogs were detected
and historical sites where Western Chorus Frogs were
not detected) were compared using the non-parametric
Mann-Whitney test. Land use information was obtained
from the Southern Ontario Land Resource Information
System (SOLRIS). The layer represents the landscape
in 15 × 15 m pixels from 2000 to 2003, and it is derived
from a combination of satellite imagery, topographic
maps, and aerial photography (Ontario Ministry of
Natural Resources 2007). Land use was separated into
the following classes for analysis: forest cover (>60%
tree cover, including plantations), built-up area (includ-
ing residential, commercial, and industrial areas, and
outdoor recreation areas, such as golf courses), wet-
lands (≥ 0.5 ha in area), and agriculture (a broad cat-
egory that includes intensive croplands as well as old
fields and forest clearings). Road information was ob -
tained from the Ontario Roads Network vector layer
(Ontario Ministry of Natural Resources). 
We calculated the proportional area for each land

use class (expressed as a percentage) and the length
of road (in km) surrounding each site at radii of 0.5,
1.0, 1.5, and 2.0 km. Land use variables at a larger spa-
tial scale may be correlated with frog landscape ecol-
ogy (e.g., Gibbs et al. 2005), but, in this case, a larger
radius would result in some areas extending across the
Ottawa River into adjacent Quebec. The proportional
area for each land use class was also calculated for 104
random, non-overlapping sites at a 1.0-km radius to
describe the variability in the land use data across the
study area. We used binary logistic regression to test
whether land use classes could be used to distinguish

occupied Western Chorus Frog sites from random sites.
ArcMap 10.0 was used for all spatial analyses and
Minitab and R for all statistical analyses. 

Results
Western Chorus Frogs were heard calling at 12 of

18 historical locations (Table 1, Figure 1), a 33%
decline in detection. Wetland habitat remained at all 6
historical locations where Western Chorus Frogs were
not detected. There was no difference in the year of his-
torical records of sites where Western Chorus Frogs
were (median 1987.5) and were not (median 1987.5)
detected. Additional surveys confirmed Western Cho-
rus Frogs at 30 new locations (Table 2, Figure 1). 
Historical sites where Western Chorus Frogs were

not detected had a median distance of 2.2 km (range
0.8–4.4 km) from any known extant Western Chorus
Frog location, while historical sites where Western
Chorus Frogs were detected had a median distance of
1.4 km (range 0.8–5.1 km). This difference was not
significant (W = 105.0, P = 0.43). 
Land use variables for historical sites where West-

ern Chorus Frogs were and were not detected did not
vary significantly at any spatial scale (P > 0.05). Habi-
tat variables at 1.0 km are presented to illustrate the
range of the data (Table 3). Land use variables for for-
est (P = 0.36), wetland (P = 0.24), and agriculture 
(P = 0.67) were not significant in the logistic regres-
sion analysis comparing sites where Western Chorus
Frogs were detected to random sites. Western Chorus
Frogs were detected in areas with forest cover ranging
from <1 to 50%, reflecting, essentially, the full range
of habitat variation found within the study area (Table

TABLE 1. Location of historical sites with Western Chorus Frogs (Pseudacris triseriata) in western Ottawa pre-1991, show-
ing those sites where Western Chorus Frogs were detected/not detected in follow-up surveys between 2006 and 2010. ID is
the Ontario Herpetofaunal Atlas record number.

Follow-up Western Chorus 
ID Latitude (°N) Longitude (°W) Year year Frogs present

52915 45.3778 76.2644 1990 2008, 2009 N
48634 45.4375 76.2351 1990 2008 Y
10203 45.4495 76.2149 1988 2008 Y
48573 45.2632 76.1230 1990 2007, 2009 N
48570 45.2445 76.0971 1990 2007 Y
48567 45.2365 76.0868 1990 2007 Y
48560 45.1685 76.0473 1990 2008 Y
10204 45.1520 75.9796 1988 2008, 2009 N
10205 45.2502 75.9698 1985 2006 Y
10206 45.3466 75.9600 1988 2007 Y
123366 45.3952 75.9582 1982 2007 Y
10214 45.3607 75.8823 1987 2009 Y
10215 45.3509 75.8745 1987 2006 Y
10217 45.3401 75.8705 1987 2009 Y
10216 45.3520 75.8464 1987 2006 Y
10208 45.3026 75.8304 1987 2006, 2009 N
123356 45.3000 75.8214 1977 2006, 2009 N
10209 45.3235 75.8051 1987 2006, 2009 N
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4). Western Chorus Frogs were detected in areas with
up to 86% agricultural land, whereas over 12% of the
landscape sites had greater agricultural cover (Table 4). 

Discussion
There are a number of limitations to this study. The

historical data were not collected systematically, but
opportunistically, as part of the Ontario Herpetofau-
nal Atlas (Oldham and Weller 2000*). The data were
collected by multiple people and it is possible that
some auditory reports were confused with the ago-
nistic or territorial call of a Spring Peeper (Pseudacris

crucifer) which is also a trill (COSEWIC 2008*). In
addition, locality information may not have been cor-
rectly recorded. While these errors may have occurred,
the historical data for the 6 locations where Western
Chorus Frogs were not detected in the current survey
were all submitted by known and experienced ob -
servers. It is unlikely that the Western Chorus Frogs
were misidentified or that erroneous locality informa-
tion from the past would correspond to an existing
wetland. 
An additional limitation is that the historical data

are not geographically well dispersed. Historical sites

FIGURE 1. Distribution of Western Chorus Frog (Pseudacris triseriata) locations in western Ottawa. Circles represent histor-
ical locations (pre-1991). Filled circles: Western Chorus Frogs detected on follow-up surveys between 2006 and
2010; open circles: Western Chorus Frogs not detected on follow-up surveys between 2006 and 2010. Triangles rep-
resent additional locations where Western Chorus Frogs were detected between 2006 and 2010.
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are clustered in some areas and completely lacking in
other areas (Figure 1). Another limitation is the lack
of historical data on wetlands where Western Chorus
Frogs were known to be absent in the past. Natural
succession can lead to amphibians selecting different
breeding sites. This may result in no net loss in the
number of breeding populations, but resurveys of only
historical sites would detect a decline (e.g., Skelly et
al. 2003). 
It seems unlikely that Western Chorus Frogs persist

at any of the 6 historical locations where they were
not detected in the current survey period, as a follow-
up survey was carried out in a subsequent year and the
species was not detected at any of the 6 sites (Table 1).
The level of apparent decline detected in the current

study is comparable to that reported elsewhere: West-
ern Chorus Frogs are now absent at 34.6% of histori-
cal locations in northern New York state (Gibbs et al.
2005) and approximately 30% of known locations in
the Outaouais area of Quebec (across the Ottawa River
from Ottawa) (COSEWIC 2008*). In contrast, the
Western Chorus Frog was not detected at 95% of his-
torical locations in eastern Ontario southeast of Ottawa
(Seburn et al. 2008) and is gone from approximately

90% of its range in the Montérégie area, south of the
St. Lawrence River, in Quebec (COSEWIC 2008*). 
The cause or causes of declines in the Western Cho-

rus Frog remain speculative. Destruction of wetlands
is a major threat in some areas of Quebec (Daigle
1997; Picard and Desroches 2004*); however, Western
Chorus Frogs have also disappeared from areas where
wetlands remain (Gibbs et al. 2005; Seburn et al. 2008;
current study). The presence of wetlands during the
breeding season may not be sufficient, as changes in
precipitation can lead to ponds drying earlier and the
loss of some amphibian species (McMenamin et al.
2008). Regional decline in total precipitation does not
appear to be the issue in Ottawa, as the wettest 5-year
period in the last 25 years was from 2006 to 2010
(Environment Canada 2011*). 
There may be large-scale landscape differences be -

tween western Ottawa and the area east of Ottawa
where Western Chorus Frogs are known to have de -
clined (Seburn et al. 2008). For example, in eastern
On tario soils are generally less acidic in western
Ottawa and to the west (Marshall et al. 1979). West-
ern Chorus Frogs in New York state were also more
likely to persist in areas with less acidic soil (Gibbs

TABLE 2. Location of additional sites in western Ottawa surveyed between 2006 and 2010 where Western Chorus Frogs
(Pseudacris triseriata) were detected. 

Latitude (°N) Longitude (°W) Location Year

45.2752 76.0875 South March Road 2006
45.2739 76.0327 Old Almonte Road 2007
45.3986 75.9813 Constance Lake Road 2007
45.3389 76.0160 March Road 2007
45.2818 76.1463 Upper Dwyer Hill Road 2008
45.3130 76.1826 Upper Dwyer Hill Road 2009
45.2926 75.8404 Stony Swamp 2009
45.4021 75.9954 March Road 2009
45.4381 75.9960 Thomas Dolan Parkway 2009
45.4576 76.0245 Vance’s Sideroad 2009
45.4476 76.0409 Vance’s Sideroad 2009
45.4999 76.1264 Dunrobin Road 2009
45.4453 76.1867 Carp Road 2009
45.4114 76.2371 Mohrs Road 2009
45.4230 76.2539 Mohrs Road 2009
45.4677 76.1884 Galetta Sideroad 2009
45.1592 75.9822 Dwyer Hill Road 2010
45.4386 76.2223 John Shaw Road 2010
45.4280 76.2093 John Shaw Road 2010
45.4128 76.1898 John Shaw Road 2010
45.4241 76.1389 Kinburn Road 2010
45.4121 76.0799 Stonecrest Road 2010
45.3979 76.0605 Stonecrest Road 2010
45.3363 76.1869 Breezy Hills Road 2010
45.3458 76.1425 Panmure Road 2010
45.3136 76.1188 Vaughn’s Sideroad 2010
45.3644 75.9794 March Road 2010
45.4053 76.1334 Carp Road 2010
45.2205 76.0661 Dwyer Hill Road 2010
45.2470 75.9162 Fernbank Road 2010
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et al. 2005); however, studies have suggested that re -
duced pH has no effect on growth or development of
Western Chorus Frog tadpoles (Kiesecker 1996).
As Western Chorus Frog populations are extirpat-

ed, remaining populations may be more at risk of extir-
pation as a result of increased geographic isolation and
reduced connectivity across the landscape (COSEWIC
2008*). This may be exacerbated by the fact that pop-
ulations of the short-lived Western Chorus Frog are
likely to be relatively prone to extirpation as the result
of even a single extreme event (e.g., premature drying
up of a breeding pond). 
Western Chorus Frogs typically remain within 275 m

of the breeding pond (Desroches et al. 2001*), sug-
gesting that dispersal is relatively limited. Historical
sites where Western Chorus Frogs were not detected
were not farther away from extant Western Chorus
Frog sites than currently occupied sites were, although
there are limitations to our isolation analysis. It is un -
likely that all sites with Western Chorus Frogs were
detected, given the fact that surveys were largely
restricted to wetlands visible from roads. The proba-
bility of extirpation also likely varies between small
isolated wetlands and areas with multiple wetlands
(e.g., Trenham et al. 2003). In addition, while distance
is a measure of isolation, the type of intervening habi-
tat is likely just as important for dispersal (e.g., Seburn
et al. 1997), and it is known that roads impede the dis-

persal of Western Chorus Frogs (Picard and Desroches
2004*; Whiting 2004). 
Isolation may be a significant factor for at least two

historical sites where Western Chorus Frogs were not
detected in the current survey. The most eastern his-
torical location where Western Chorus Frogs were not
detected has urban landscape to the east and a major
highway directly to the west. It had the highest values
for roads and built-up areas at all spatial scales, mak-
ing it highly unlikely that Western Chorus Frogs could
recolonize the site. Similarly, the most western histor-
ical site where Western Chorus Frogs were not detect-
ed is now surrounded by a landscape of intensive agri-
cultural croplands. This site had the lowest forest cover
and highest agricultural cover at all spatial scales, and
it has apparently little suitable habitat for Western
Chorus Frogs. 
Western Chorus Frogs occupied a wide range of

habitats in the study area, occurring in areas with for-
est cover ranging from <1 to 50% at a radius of 1.0 km
(Table 4). Given that most of the study area had less
than 50% forest cover, this maximum value likely does
not reflect a true threshold limit for the species. In
addition, Western Chorus Frogs were found in areas
with up to 86% agricultural cover. Their absence from
areas with greater agricultural cover may indicate that
such areas are inhospitable to Western Chorus Frogs.
Future studies should continue to determine threshold

TABLE 3. Land use variables associated with historical sites (pre-1991) where Western Chorus Frogs (Pseudacris triseriata)
were detected/not detected in follow-up surveys between 2006 and 2010 at the 1.0-km radius (range in parentheses). Land
use variables (except roads) are expressed as a percentage of the total area from each observation point. Road data are pre-
sented in kilometers of road. Land use variables were compared using the non-parametric Mann-Whitney test (W).

Historical sites resurveyed, 2006–2010
Western Chorus Western Chorus 
Frogs detected Frogs not detected

Land use 2006–2010 median (range) median (range) W P

Forest (%) 28.0 (7.9–50.2) 16.7 (7.0–37.4) 44.0 0.2417
Built-up (%) 0.8 (0–36.5) 0.1 (0–14.0) 46.5 0.4824
Wetlands (%) 26.9 (12.5–51.9) 28.8 (18.3–63.3) 65.0 0.4824
Agriculture (%) 41.8 (8.3–67.9) 34.7 (5.3–72.5) 54.0 0.8149
Roads (km) 4.4 (1.6–10.9) 4.0 (2.8–13.5) 59.0 0.8883

TABLE 4. Land use variables (expressed as a percentage) associated with all sites where Western Chorus Frogs (Pseudacris
triseriata) were detected during surveys between 2006 and 2010 (n = 42) and at random locations across the landscape (n =
104) at the 1.0-km radius (range in parentheses). Threshold indicates the percentage of landscape sites that exceeded the
maximum land use value for Western Chorus Frog sites (e.g., 2.9% of landscape sites have >50.2% forest cover).

Sites where Western Random locations 
Chorus Frogs were detected across the landscape

Land use (%) median (range) median (range) Threshold (%)

Forest 17.8 (0.3–50.2) 16.7 (0–69.1) 2.9
Wetlands 18.6 (2.8–66.7) 12.0 (0–74.3) 1.9
Agriculture 46.5 (8.1–86.4) 50.8 (5.2–95.8) 12.5



2011 SEBURN AND GUNSON: CHORUS FROG DECLINE 225

values for land use variables in a variety of landscapes
so that habitat-predictive models for Western Chorus
Frogs can be developed.
Surrounding agricultural land use at a 1-km scale

was not a significant factor influencing Western Chorus
Frog distribution in our study. In contrast, in upstate
New York, Western Chorus Frogs were found to decline
in areas with greater cultivated land (Gibbs et al. 2005);
however, this relationship was documented at a 5–
10 km scale. This apparent contradiction is possibly
due to differences in scale as well as a difference in the
way agricultural land use was classified in the two
studies. In the present study, the land classification
pooled data for habitats that are likely to be suitable
for Western Chorus Frogs (e.g., old field) with inhos-
pitable habitats (e.g., intensive cropland) into one broad
category, while the New York study differentiated agri-
culture into cultivated grasses, row crops, and pasture. 
If surveys had been conducted at historical locations

only, it would appear that the Western Chorus Frog had
declined by 30% in western Ottawa. The additional
surveys indicated that it remains widespread across
most of the region. Although the Western Chorus Frog
may have declined, there are two other ways the data
can be interpreted: 1) the number of Western Chorus
Frog sites remained essentially unchanged over time,
with a shift to different breeding sites but with no net
loss of sites; or 2) the number of Western Chorus Frog
sites increased, with a shift to different breeding sites
resulting in a net increase in the number of sites. A key
question is how many of the 30 new Western Chorus
Frog sites are newly colonized breeding sites and how
many are just newly documented. Without historical
data on these 30 sites, it is difficult to know whether the
Chorus Frog has truly declined. Given the declines in
other areas, future monitoring is warranted.
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Collections of the alpine flora of northern British
Columbia have been limited because of poor access
and rugged terrain. To improve our understanding of
the distribution of alpine species, we carried out sys-
tematic sampling of vascular plants on 65 mountains
or high plateaus between the years 2002 and 2011
(Figure 1). At each site, we spent one to three days
collecting all vascular plants within each distinct
habitat type, from the upper krummholz zone to the
high alpine nival zone. We acquired more than 10 000
specimens representing approximately 440 species.
These are deposited in the herbarium of the Royal
British Columbia Museum (V) (herbarium acronyms
follow Thiers 2011*).
In this paper, we report two new species for the

province, significant range extensions for three species,
a corrected distribution map for a sixth species, and
brief comments about smaller range extensions for four
species. We present the North American distribution of
these species based on specimens from the following
herbaria: University of Alaska Museum of the North
in Fairbanks (ALA), the University of Alberta (ALTA),
the B. A. Bennett Herbarium, Yukon Government
(BABY), the National Herbarium of Canada at the
Canadian Museum of Nature (CAN), the National Col-
lection of Vascular Plants at Agriculture and Agri-Food
Canada (DAO), the Prince Rupert Forest Region of the
B.C. Ministry of Forests in Smithers (SMI), the Uni-
versity of British Columbia (UBC), the University of
Calgary (UAC), the University of Victoria (UVIC), the

Royal British Columbia Museum (V), and the Burke
Museum of Natural History and Culture at the Univer-
sity of Washington (WTU). These distribution maps
include recent collections in addition to our own that
have not been presented on previously published floras
of Alaska (Hultén 1968), Yukon (Cody 2000), or B.C.
(Douglas et al. 2002b). With the exception of Phippsia
algida, whose range extends outside western North
America, these maps present the entire known distri-
bution of these species in North America. The data,
including nomenclature of associated species, for each
specimen that is cited below is repeated as it appears
on the label itself.

Asteraceae 
Tephroseris yukonensis (A. E. Porsild) Holub (Yukon

Groundsel) — BRITISH COLUMBIA: Teslin Plateau,
Llangorse Mountain W side of summit area, occasion-
al in hygric-mesic alpine turf meadow on block field
talus, organic soil, W-facing 0–10 degree upper slope,
with Salix polaris, Carex microchaeta, Luzula sp.,
59°23'57"N, 132°48'35"W, 1820 m, 8 August 2008, K.
Marr, R. Hebda, W. MacKenzie 08-1373 (V 203992);
Cassiar Mountains, Dease Plateau, N end Horseranch
Range, W side, uncommon in mesic alpine gravel and
silt scree among blocks shattered by frost, 59°28'35"N,
128°54'20"W, 1920 m, 6 August 2004, K. Marr, R.
Hebda, W. MacKenzie, A. Banner 04-1104 (V 193214);
Stikine Ranges, slopes E of “Little Blue Sheep” Lake,
nearly level alpine meadows near summit, granitic
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bedrock, with thick lichens, Carex microchaeta, Hie-
rochloe alpina, Salix stolonifera, Antennaria mono-
cephala, 58°43'17"N, 128°13'48"W, 1992 m, 12 August
2007, K. Marr, R. Hebda, W. MacKenzie 07-1676 (V
202011).
According to Douglas et al. (2002a) and Cody

(2000), Tephroseris yukonensis (syn. Senecio yuko-
nensis A. E. Porsild) is endemic to B.C., Yukon, the
western Northwest Territories, and Alaska; however,
the occurrences in the Northwest Territories and B.C.
were evidently overlooked by Barkley and Murray
(2006). Based on the key and descriptions in Barkley
and Murray (2006), five species of Tephroseris that
bear four or fewer heads occur in northwestern North
America, and we used this treatment to identify T.
yukonensis. Involucral hairs are yellow in T. yukonen-
sis, whereas they are white or white with purple cross-
walls in Tephroseris frigida (Richardson) Holub,
Tephroseris tundricola (Tolmatchew) Holub, and
Tephroseris lindstroemii (Ostenfeld) Á. Löve and D.
Löve. Involucral hairs of Tephroseris kjellmanii (A.
E. Porsild) Holub are distinctly brown as compared to
the above species. All of the specimens at V that we
have identified as T. yukonensis appear to lack ray
flowers; however, these flowers are actually present,
but the strap is very short, nearly as short as the adja-
cent phyllaries.
Our work to document the range of this species (Fig-

ure 2a) corrects the distribution maps of Douglas et al.
(2002a and 2002b). Tephroseris yukonensis does not
occur as far south as these maps indicate because the
southernmost record is an error based upon the wrong
coordinates for one if not two specimens (a difference
of approximately 300 km). According to the label of
K. I. Beamish and J. Pojar 730435 (UBC V145162,
DAO 208382), the plant was collected from “Table
Mt., Cassiar area” with the coordinates as 56°N and
126°W. This location is far south of the town site of
Cassiar at 59°17'N, 129°50'W, and J. Pojar (personal
communication) has confirmed that the “Table Mt.”
referred to on the label is near Cassiar. 
The label of a second specimen at V (17874) lacks

geographical coordinates, but states the following:
“Cam brey Mt., A. G. Slocombe, 8 July 1945”. No such
location exists in either printed or online gazetteers,
although there is a “Cambria Peak” at 56°03'N,
129°43'W. However, other specimens collected by A.
G. Slocombe on that date come from the Alaska High-
way in the vicinity of 59°59'N, 131°32�'W. Therefore,
it is most likely that the “Cambrey Mt.” referred to
on the label is along the Alaska Highway. 
After correcting for the above two records, our col-

lections extend the range of Tephroseris yukonensis
approximately 100 km south of previous collections
and document the presence of this species in the Cas-
siar Mountains of north-central B.C. There are also
previous collections from the Liard Plateau and north-
western B.C.

Brassicaceae
Aphragmus eschscholtzianusAndrz. ex DC. (Aleut-

ian Cress) — BRITISH COLUMBIA: Cassiar Moun-
tains, Stikine Ranges, Mount Shea, in valley approxi-
mately 2 km S of summit, alpine hydric seep meadow,
organic soil > 10 cm, W-facing 0–10 degree slope,
58°18'41"N, 128°56'28"W, 1818 m, 9 August 2007,
K. Marr, R. Hebda 07-1316 (V 201317); Stikine
Ranges, gentle slopes 4 km NE of “Little Blue Sheep”
Lake, mossy alpine rivulet on cobbles, SE-facing 0–5
degree upper slope, with Poa alpina, Saxifraga nelso-
niana, and Eriophorum, 58°44'37"N, 128°12'49"W,
1836 m, 13 August 2007, K. Marr, R. Hebda, W.
MacKenzie 07-1782 (V 202067); Stikine Ranges, Cas-
siar Mountains, eastern part of Spatsizi Plateau between
2 small, 1 km long lakes, 13 km S of Pitman River,
uncommon in alpine hydric-mesic alpine meadow, low-
er slope, NW-facing 0–10 degree mossy runnel with
Salix reticulata, Claytonia sarmentosa, Carex podo -
carpa, Corydalis pauciflora, Polygonum viviparum,
57°51'44"N, 127°55'46"W, 1623 m, 22 July 2009, K.
Marr, R. Hebda, W. MacKenzie 09-0242 (V 204869).
Aphragmus eschscholtzianus is an amphiberingian

species occurring in B.C., Yukon, Alaska, and eastern
Russia. It is considered to be rare in B.C. (Douglas et
al. 2002a). Plants somewhat resemble Cardamine bel-
lidifolia L., with their low stature (less than 5 cm tall)
and petiolate basal leaves, as well as habitat preference.
They differ in that the fruit of A. eschscholtzianus is
shorter and more elliptical and the inflorescence is
immediately subtended by a few leaves, whereas in C.
bellidifolia the fruit is linear and the flowering stalk
is naked. 
We have added three new locations for north-central

B.C. (Figure 2b) approximately 420 km southeast of
the previous single collection from the “Haines Tri-
angle” (Tatshenshini-Alsek Park in the northwestern
corner of B.C). The single collection from the Brooks
Range, Alaska, far from other collections, has been
verified by Jordan Metzgar (personal communication).
Al-Shehbaz (2010) did not record the species for B.C.

Papaveraceae
Papaver alboroseumHult. (Pale Poppy) — BRITISH

COLUMBIA: Nass River, Mount Beirnes, along SW
ridge 1 km S of peak, rare on alpine scree, SW-facing
10–35 degree upper slope, soil of sand and gravel from
shale, less than 10 cm, wind exposed, with Polemoni-
um and Trisetum, 56°57'42"N, 128°33'30"W, 1977 m,
29 July 2005, K. Marr, R. Hebda, W. MacKenzie 05-
0360 (V 194657); Nass River, Mount Beirnes, along
SW ridge 1 km S of peak, rare, E-facing sparsely veg-
etated alpine scree, 10–35 degree slope, mesic-hygric
silty soil on sedimentary rocks, with Potentilla diver-
sifolia, Poa alpina, Artemisia norvegica, Oxyria, Myo -
sotis, 56°57'09"N, 128°32'46"W, 1771 m, 29 July
2005, K. Marr, R. Hebda, W. MacKenzie 05-0253 (V
194605); Skeena Mountains, Spatsizi Plateau, NW of
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Brothers Lake, mesic-xeric sparsely vegetated alpine
fine scree, late snow, silty soil with gravel and boulders,
N-facing 10–35 degree mid-slope, sliding, with Myoso-
tis asiatica, Silene acaulis, Artemisia norvegica, Luzula
spicata, Oxyria digyna, 57°13'23"N, 127°25'50"W,
1950 m, 26 July 2009, K. Marr, Hebda, Richard, W.
MacKenzie 09-0770 (V 205481); Omineca Mtns.,
Hogem Ranges, massif W of Two-Mile Cr., 10–20
degree NE-facing upper slope, sparsely vegetated al -
pine sedimentary fine scree 0–15 cm deep over bed -
rock with Oxyria, Ranunculus eschscholtzii, Carex
pyrenaica, Epilobium anagallidifolium, Saxifraga
nelsoniana, 56°41'06.0"N, 127°00'05.7"W, 1847 m,
August 19, 2011, K. Marr, R. Hebda, N. Hebda 11-
715 (207187).
Papaver alboroseum occurs in B.C., Yukon, Alaska,

and far eastern Russia, including Kamchatka (Kiger
and Murray 1997). It is easily recognized by its white
petals—unique among B.C. Papaver—that yellow to -

wards the base and the decumbent habit (Figure 3a).
This species is rare and was previously known from
only three locations within B.C. (Douglas 2002a) (Fig-
ure 2c). We have added three additional locations. In
addition to the Brothers Lake population noted above,
we also noted a population on the southeastern side
of the lake (57°08'46.4"N, 127°21'06.2"W, 1928 m, on
27 July 2009), but did not collect a specimen.
Despite our widespread and comprehensive collect-

ing, this species occurs in only a cluster of locations in
north-central B.C. to date. This cluster is approximate-
ly 420 km from the nearest locality to the northwest
and may represent a genuine disjunct distribution. The
area near these southern collections is poorly surveyed,
and additional populations may be expected. The habi-
tat for this species appears to be quite specific and is
restricted to high-elevation, unstable, fine-textured sed-
imentary scree. The persistence of Papaver alboroseum
in these sites may be dependent upon the instability of

FIGURE 1. Alpine plant collection localities in northern British Columbia, 2002–2011. Selected locations noted in text abbre-
viated as follows: BL, Brothers Lake; HM, Hogem Mountains; HR, Horseranch Range; HT, Haines Triangle; LBS,
Little Blue Sheep Lake; LM, Llangorse Mountain; LP, Liard Plateau; LuP, Ludington Peak; MB, Mount Beirnes; PP,
Paddy Pass; QM, Quintette Mine; SP, Spatsizi Plateau.



the substrate. This instability prevents other species
from becoming established and overtopping P. alboro-
seum, a nearly prostrate plant whose flowers typically
are decumbent, resting upon the ground.

Poaceae
Phippsia algida (Soland.) R.Br. (Icegrass) — BRI -

T ISH COLUMBIA: Level Mountain Range, Meszah
Peak, rounded plateau surface on mountain 2 km S of
summit, uncommon, on sparsely vegetated, mesic NW-
facing alpine scree/gravel 10-degree mid-slope, soil less
than 10 cm deep, 58°27'49"N, 131°26'03"W, 1933 m,
2 August 2004, R. Hebda, K. Marr, W. MacKenzie
04-0593 (V 192155); Level Mountain Range, Meszah
Peak, small valley 2 km S of summit, occasional in
an alpine, level fen in valley bottom, with Petasites,
Ranunculus, organic, silty, hygric soil less than 10 cm
deep, 58°28'24"N, 131°26'52"W, 1881 m, 2 August
2004, R. Hebda, K. Marr, W. MacKenzie 04-0621 (V
192157); Nimbus Mountain, SW of summit, low cov-
er and rare in level, mesic-hygric, gravelly edge of
alpine fen meadow, organic soil > 10 cm on gravel, with
Carex, Aconitum delphiniifolium, Polemonium, moss-
es, 59°02'16"N, 132°31'18"W, 1637 m, 6 August 2008,
K. Marr, R. Hebda, W. MacKenzie 08-1180 (V 203806);
Nimbus Mountain, N of summit, occasional in hygric,
alpine rivulet below melting snow, 0–10 degree N-
facing mid-slope, fine soil, with Poa alpina, mosses,
59°02'29"N, 132°30'23"W, 1853 m, 6 August 2008, K.
Marr, R. Hebda, W. MacKenzie 08-1199 (V 203816);
Mount Brown, 2 km W of summit, SW of “Lanning
Lake”, moss covered alpine seep, N-facing 0–5 degree
lower slope, with Oxyria digyna, Poa paucispicula,
Ranunculus pygmaeus, 59°48'07"N, 134°27'32"W,
1536 m, 4 August 2008, K. Marr, R. Hebda, W.
MacKenzie 08-0959 (V 203670); Teslin Plateau, Llan-
gorse Mountain, S of summit, occasional in hygric-
mesic alpine runnel meadow below melting snow,
granitic soil amidst stone stripes, 20 degree, W-facing,
mid-slope, with mosses, lichens, Poa, 59°22'53"N,
132°48'30"W, 1572 m, 8 August 2008, K. Marr, R.
Hebda 08-1414b (V 204033); Teslin Plateau, Llan-
gorse Mountain, NW of summit, low cover but fre-
quent in hygric-hydric alpine late snow meadow on wet
granite cobbles/gravel, level at base of slope, with
Saxifraga ferruginea and mosses, subject to freeze-
thaw, 59°24'11"N, 132°49'09"W, 1717 m, 8 Au gust
2008, K. Marr, R. Hebda 08-1378 (V 203997); Cas-
siar Mountains, Stikine Ranges, Mount Shea, in val-
ley approximately 2 km S of summit, uncommon in
alpine hydric seep meadow, organic soil greater than
10 cm, W-facing 0–10 degree slope, 58°18'41"N,
128°56'28"W, 1818 m, 9 August 2007, K. Marr, R.
Hebda 07-1314 (V 201315); Stikine Ranges, gentle
slopes 4 km NE of “Little Blue Sheep” Lake, mossy
alpine rivulet on cobbles with flowing water, SE-facing
0–5 degree upper slope, with Poa alpina, Saxifraga nel-
soniana, and Eriophorum (single head), 58°44'33"N,

128°12'49"W, 1886 m, 31 August 2007, K. Marr, R.
Hebda, W. MacKenzie 07-1781 (V 202066); Stikine
Ranges, slopes of peak north of “Little Blue Sheep”
Lake, uncommon in level mesic-xeric alpine summit
on shattered rock surface subject to cryoturbation, lime -
stone gravel less than 10 cm, 58°45'07"N, 128°13'12"W,
2105 m, 11 August 2007, K. Marr, R. Hebda, W.
Mac Kenzie 07-1607 (V 201952); Stikine Ranges,
gentle slopes NE of “Little Blue Sheep” Lake, hygric
alpine rivulet at base of E-facing late snow melt hollow,
on limestone, possibly metamorphosed, with Saxifraga
ly al lii, Poa alpina, mosses, 58°43'46"N, 128°14'19"W,
1703 m, 13 August 2007, K. Marr, R. Hebda, W.
Mac Kenzie 07-1770 (V 202060); Stikine Ranges,
slopes north of “Little Blue Sheep” Lake, low cover but
frequent on limestone gravel of alpine late snow slope,
10–20 degree NE-facing upper slope, 0–2 cm organic
soil, with Saxifraga lyallii, 58°44'27"N, 128°14'47"W,
1871 m, 11 August 2007, K. Marr, R. Hebda, W. Mac -
Kenzie 07-1519 (V 201811); French Range, W of Dease
Lake, Mount Rath, S of summit, low cover in alpine
gravel bar subject to flooding, N-facing, 1–2 degree
slope, 58°43'40"N, 130°24'38"W, 1662 m, 10 August
2007, K. Marr, R. Hebda, W. MacKenzie 07-1440 (V
201562); Cassiar Mountains, Stikine Ranges, Mount
Shea, approximately 1 km S of summit, alpine hygric-
hydric, gentle N-facing seep meadow subject to flood-
ing, with Ranunculus, Caltha leptosepala, Petasites
frigidus, 58°18'55"N, 128°56'34"W, 1816 m, 9 Au -
gust 2007, K. Marr, R. Hebda, 07-1241 (V 201243);
Cassiar Mountains, Stikine Ranges, Mount Shea, ap -
proximately 1 km S of summit, uncommon in runnels
of alpine, level, mesic-hygric turf meadow over angular
gravel/boulders, with lichens, mosses, Festuca altaica
tussocks with scattered Cassiope tetragona, 58°19'06"N,
128°56'42"W, 1860 m, 9 August 2007, K. Marr, R.
Hebda, 07-1231 (V 201236); Stikine Ranges, Cassiar
Mountains, Spatsizi Plateau, eastern part of plateau,
between 2 small 1 km long lakes 13 km S of Pitman R.,
low cover and rare, level alpine hygric-hydric meadow
at edge of lake, organic soil with gravel, subject to flood-
ing, with Salix reticulata, 57°51'15"N, 127°55'43"W,
1606 m, 22 July 2009, K. Marr, R. Hebda, W. MacKen-
zie 09-0176 (V 204839); Stikine Ranges, Cassiar
Mountains, Spatsizi Plateau, eastern part of plateau,
above 1 km long lake 13 km S of Pitman R., low cover
and rare in alpine snow-melt seep in standing or gently
flowing water, level bench on ridge top, with mosses,
Claytonia sarmentosa, Salix polaris, 57°51'06"N,
127°52'54"W, 1946 m, 22 July 2009, K. Marr, R.
Hebda, W. MacKenzie 09-0264 (V 204883); Skeena
Mountains, Spatsizi Plateau, Brothers Lake, NW of
lake, low cover and rare in hygric, alpine meadow sub-
ject to flooding at edge of pond, S-facing, mid-slope,
muddy, ephemeral, with Koenigia islandica, Phipp-
sia algida, Eriophorum, Ranunculus eschscholtzii,
57°13'16"N, 127°26'34"W, 1935 m, 26 July 2009, K.
Marr, R. Hebda, W. MacKenzie 09-0838 (V 205551);
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Skeena Mountains, Spatsizi Plateau, Brothers Lake,
NW of lake, alpine fine scree, S-facing, 10–35 degrees,
upper slope and ridge apex, 57°13'30"N, 127°28'W,
2000 m, 26 July 2009, K. Marr, R. Hebda, W. MacKen-
zie 09-0856 (V 205570).
Phippsia algida occurs throughout the circumpo-

lar Arctic (Consaul and Aiken 2007; Hultén 1968). It
is a diminutive plant, often less than 2 cm tall, with

relatively narrow leaves, and it is easy to overlook. One
species of similar habitats is Poa paucispicula Scribn.
and Merr., from which Phippsia algida differs in hav-
ing a more compact panicle with more rigid branches
and a single floret per spikelet rather than two or more.
Both Phippsia and Poa have prow-like leaf tips that
are easily discerned by running a leaf between thumb
and finger and noting whether the tip splits in two. 
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FIGURE 2. Species discussed in the text collected between 2002 and 2011 and deposited at the Royal British Columbia
Museum herbarium. Triangles represent collections made by Marr, Hebda, and MacKenzie (MHM); circles represent
collections made by other collectors.



Phippsia algida is not listed in the comprehensive
Illustrated Flora of B.C., where it is given as an “ex -
cluded species” (Douglas et al. 2001). Citing Taylor
and MacBryde (1977), Douglas et al. (1981) reported
it as “rare in British Columbia.” However, we have not
found any specimens that were collected prior to our
2004 collection from northwestern B.C. in the Level
Mountain Range. We have since collected it from
nine locations (Figure 2d) in B.C. west of the Rocky
Mountain Trench to as far south as Brothers Lake
(57°13'16"N), a southward range extension, with local-
ities in between, of approximately 630 km from the
nearest previous collections, in southwestern Yukon.
This species is one of several arctic-alpine plants with
a disjunct distribution that includes northern B.C.,
the Beartooth Plateau (on the Montana-Wyoming bor-
der just east of Yellowstone), and northern Colorado
(Marr et al., in press)

Portulacaceae
Montia bostockii (Porsild) Welsh (Bostock’s Min-

erslettuce) — BRITISH COLUMBIA: Stikine Ranges,
gentle slopes 4 km NE of “Little Blue Sheep” Lake,
mesic alpine S-facing thick turf meadow, 10–35 degree
mid-slope, metamorphosed limestone gravel and cob-
bles, with Salix reticulata, cryptogams, Dryas integri-
folia, Carex, Polygonum viviparum, Potentilla biflo-
ra, 58°44'37"N, 128°12'49"W, 1836 m, 13 August
2007, K. Marr, R. Hebda, W. MacKenzie 07-1784 (V
202068); Stikine Ranges, Cassiar Mountains, eastern
part of Spatsizi Plateau, NE of small lake 10 km S of
Pitman R., uncommon, S-facing, lower slope 0–10
degrees, meadow patches and gravel runnels among
Betula nana–Pentaphylloides, with Sphagnum, Arte -
misia norvegica, Festuca altaica, Salix reticulata,
Senecio triangularis, Sanguisorba canadensis, Poly-
gonum viviparum, 57°53'10"N, 127°57'40W, 1394 m,
21 July 2009, K. Marr, R. Hebda, W. MacKenzie 09-
0085 (V 204773).
Montia bostockii is endemic to northern B.C.,

Yukon, and eastern Alaska (Miller 2003). It is consid-
ered to be rare in B.C. (Douglas 2002a). Other Portu -
lacaceae species also occur in alpine habitats; however,
these all belong to Claytonia, a genus with opposite
stem leaves, whereas those of Montia are alternate.
Our two collections extend the range to the south and
east by approximately 600 km from the previous sin-
gle B.C. location, in the Haines Triangle (Figure 2e).

Ranunculaceae
Delphinium brachycentrum Ledebour (syn. Del-

phinium chamissonis Pritzel ex Walpers) (Northern
Larkspur) — BRITISH COLUMBIA: Rocky Moun-
tain Foothills, Roman Mountain, 5 km WNW of Quin-
tette Mountain, S of Babcock Creek, occasional in
alpine meadow heath with Empetrum nigrum, Cas-
siope sp. and cryptogams, weakly terraced NE-facing
mid-slope, less than 10 degrees, soil 1–10 cm deep

cryptogamic humus on gravel and conglomerate out-
crops, 54°53'13"N, 120°56'56"W, 1692 m, 11 August
2003, R. Hebda, K. Marr, R. Forsyth, KM5492 (V
191306); Rocky Mountain Foothills, saddle 2 km WSW
of Mt. Spieker summit, in a SE-facing upper sub-
alpine mesic meadow with rivulets, beside road, dis-
turbed by digging, mid-slope, 10–35 degrees, Abies
lasiocarpa, Picea engelmannii forest with Artemisia
norvegica, Poa sp., Trisetum spicatum, Epilobium
angustifolium, 55°07'21"N, 121°25'30"W, 1700 m, 12
August 2003, R. Hebda, K. Marr, R. Forsyth KM5675
(V 191032); Rocky Mountains, Mount Ludington,
next major ridge to theW, rare on S-facing 10 degree
slope near top of ridge, mesic to xeric rocky alpine
meadow with Dryas, soil gravelly, less than 1 cm deep,
56°28'14"N, 123°23'24"W, 1915 m, 6 August 2003,
R. Hebda, K. Marr, W. MacKenzie, R. Forsyth KM4681
(V 191285); Paddy Pass, E of Bennett Lake, peak on
plateau 7–8 km N of pass, uncommon in xeric, alpine
S-facing, 10–35 degree rocky slope, with Saxifraga
bronchialis, Carex, Poa, Potentilla, organic soil 0–5 cm,
59°56'03"N, 134°51'46"W, 1789 m, 1 August 2008, K.
Marr, R. Hebda, W. MacKenzie 08-0433 (V 203428);
Omineca Mountains, Samuel Black Range, Sable Mine
area, 6–8 km N of Black Lake, mesic alpine Festuca
altaica meadow, greater than 10 cm organic soil on
limestone bedrock, 0–10 degree SW-facing mid-slope,
with Salix stolonifera, Erigeron peregrinus, Artemisia
norvegica, Myosotis asiatica, 57°17'10"N, 127°06'50"W,
1756 m, 29 July 2009, K. Marr, R. Hebda, W. MacKen-
zie 09-1174 (V 205901); Omineca Mountains, Swan-
nell Ranges, N of Johanson Lake, valley and slopes at
SE end of Wrede Range, mesic alpine Festuca altaica-
Salix arctica meadow, less than 10 cm organic soil on
gravel boulder till, W-facing mid-slope; with Artemisia
norvegica, Pedicularis bracteosa, Juniperus communis,
56°38'13"N, 126°12'35"W, 1750 m, 30 July 2009, K.
Marr, R. Hebda, W. MacKenzie 09-1218 (V 205952).
Delphinium brachycentrum is an amphiberingian

species (Cody 2000) that has not previously been
reported to occur in B.C.; however, at least three
specimens at V (V078288, V094471, V089553) that
were initially identified as D. glaucum S. Wats. have
now been identified as D. brachycentrum. Our collec-
tions, together with those previously determined as D.
glaucum, constitute a major range extension southward
into the Rocky Mountains (Figure 2f). The southern-
most collection is approximately 1200 km south of
the nearest previously known locality, in the Yukon,
where it is considered to be rare (Cody 2000).
In B.C., the distribution of two other species of

Delphinium—Delphinium glaucum (throughout B.C.
east of the coastal ranges) and Delphinium glareosum
Greene (southwestern B.C. only)—includes alpine
habitats (Douglas and Meidinger 1999). Delphinium
glareosum is glabrous, whereas D. brachycentrum is
pubescent (Warnock 1997). Compared to D. glaucum,
D. brachycentrum is a smaller plant 20-50(-80) cm tall,
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often pubescent, with fewer flowers (5–18), leaves on
the lower fifth of the stem and with the ultimate lobes
1-7(-15) mm wide, and pubescent follicles. In D. glau-
cum, plants are (60-)100-200(-300) cm tall, glabrous
to puberulent, have more flowers ((13-)40-90(-140)),
leaves the full length of the stem, the ultimate lobes
5-24 (-35) mm wide, and with glabrous to puberulent
fruit (Warnock 1997). 
Following the key and descriptions of Warnock

(1997), specimens that we have identified as D. brachy-
centrum are less than 50 cm tall, bear 13 or fewer flow-
ers, have densely pubescent follicles, glabrous to pubes-
cent stems, and the leaves mostly on the lower fifth of
the stem (Figure 3b). Hybrids between D. brachycen-
trum and D. glaucum evidently occur and have been
named D. × nutansA. Nelson (Warnock 1997). Some
of our six collections may be a result of hybridization
or even introgression between these two species, as
they are intermediate in some characters between D.
brachycentrum and D. glaucum, with some specimens
bearing leaves above the lower fifth of the stem, but in
all other characters they much more closely resemble
D. brachycentrum.
A thorough morphometric/genetic analysis of alpine

Delphinium species in B.C. would be helpful to more

clearly delineate the characters by which D. brachy-
centrum can be distinguished, to evaluate the possi-
bility of hybridization/introgression with D. glaucum,
and thus to more fully understand the distribution of
D. brachycentrum. Existing collections of D. glaucum
from mountains of B.C., Yukon, and Alberta should be
checked to see if some of these are D. brachycentrum.

Discussion
In general, most of our collections extend the range

of the species reported southward and eastward into
areas with limited or no collections. We expect that
further collecting in the high elevations of the north-
ern interior of B.C. will add more localities for some
of these species. With the exception of D. brachycen-
trum, the focus of collecting should be on relatively
restricted habitats of limited distribution, e.g., flowing
water and shallow lakes, wind-blown ridges, scree, and
gravelly seepages sites, especially near melting snow
beds.
Our work also resulted in interesting but much short-

er range extensions for four other species. Hippuris
montana Ledebour is more widespread east of the
Coast Mountains and further north in British Columbia
than previously documented; the range of Potentilla
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FIGURE 3. a) Papaver alboroseum (photo of K. Marr, R. Hebda, N. Hebda 11-715 — Omineca Mountains, Hogem Ranges, massif
west of Two Mile Creek); b) Delphinium brachycentrum (R. Hebda, K. Marr, W. MacKenzie, R. Forsyth KM4681 —
Rocky Mountains, Mount Ludington, next major ridge to the west). See entries for each species for more complete
collection location information. Photos: a) Kendrick Marr; b) Carlo Mocellin, Royal British Columbia Museum.



elegans Cham. & Schlecht., an amphiberingian species
rare in B.C. (Douglas et al. 2002a), is extended south-
ward by approximately 70 km; Gentiana platypetala
Griseb., endemic to Pacific coastal North America
(Hultén 1968), is more widespread in the eastern slopes
of the Coast Mountains than was previously known;
and we found three new locations of Arctophila fulva
(Trin.) Andersson, rare in British Columbia (Douglas
et al. 2002a).
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The invasive Eurasian grass species Brachypodium
sylvaticum (Huds.) P. Beauv. (Slender False Brome)
was recently discovered in Ontario, and is here report-
ed as new to the flora of the province and eastern Cana-
da. On 5 and 19 August 2011, Brian Miller and Robert
Aitken encountered an unfamiliar grass species while
conducting a volunteer vascular plant inventory of the
Nordin Nature Reserve, a 13.5 ha parcel of land
owned by the Escarpment Biosphere Conservancy in
Grey County, Ontario. A specimen was collected and
photographs were taken (Figure 1). Photographs were
emailed to Michael Oldham of the Ontario Natural
Heritage Information Centre, who was also unfamil-
iar with the grass. Oldham forwarded the photographs
to Anton Reznicek of the University of Michigan.
Reznicek provided a tentative identification of Brachy-
podium sylvaticum, a species previously unreported in
Ontario. Miller, Aitken, and Oldham visited the site on
18 October 2011 and confirmed that the unknown grass
was B. sylvaticum. Additional specimens were col-
lected by Oldham at this time and have been deposit-
ed in regional herbaria (herbarium acronyms follow
Thiers 2011*) (see voucher specimens below). The
general location of Brachypodium sylvaticum collect-
ed in Grey County, southern Ontario, is plotted on the
map in Figure 2.
Brachypodium sylvaticum (Huds.) P. Beauv. is a

perennial grass native to Europe, Asia, and North Africa
(Piep 2007). Only subspecies sylvaticum is known to
be present in North America (Piep 2007). The species
was first found in North America near Eugene, Lane
County, Oregon, in 1939 (Kaye 2001*), and by 1966
it was thoroughly naturalized and formed at least two
large colonies in the Corvallis-Albany area of Benton
County, Oregon (Chambers 1966). In western North

America, it was subsequently discovered in San Mateo
County, California, in 2003 (Johnson 2004) and near
Cowichan Lake, Vancouver Island, British Columbia,
in 2008 (Fenneman 2010*). It is now also known from
the state of Washington (Daniel and Werier 2010).
Unconfirmed reports exist for Colorado and Utah
(Kaye 2001*; Piep 2007). Brachypodium sylvaticum
is highly invasive in the Pacific Northwest. It current-
ly covers an estimated 10 000 ha of forested and open
habitats in Oregon (Kaye 2003*). By examining nu -
clear microsatellites and chloroplast haplotype varia-
tion in 23 introduced populations of B. sylvaticum in
western North America and 25 native populations of
B. sylvaticum in western Europe, Rosenthal et al. (2008)
suggested that there were two independent historical
introductions of the species in Oregon and a separate
introduction in California. 
Brachypodium sylvaticum is rare in eastern North

America. There are no previous reports of B. syl-
vaticum from Ontario (Dore and McNeill 1980; Mor-
ton and Venn 1990; Newmaster et al. 1998) or else-
where in Canada east of Vancouver Island (Scoggan
1978-1979; Kartesz 1999; Brouillet et al. 2011*). In
the eastern U.S.A., B. sylvaticum is currently highly
localized. It was first reported in Virginia (Piep 2007)
and has recently been reported from Genesee County
and Tompkins County in New York State (Daniel and
Werier 2009, 2010). It is well established at Bergen
Swamp in Genesee County, where it has been present
since at least the mid-1990s (Daniel and Werier 2010).
In Michigan, B. sylvaticum is known from Benzie
County, where it was first collected in 1984 (Reznicek
et al. 2011*). 
The Ontario population of Brachypodium sylvaticum

is located between Priceville and Flesherton in Grey

Slender False Brome (Brachypodium sylvaticum, Poaceae), an 
Invasive Grass New to Ontario, Canada

BRIAN M. MILLER1, ROBERT J. AITKEN1, MICHAEL J. OLDHAM2, and ANTON A. REZNICEK3

1 Aboud & Associates Inc. (Consulting Arborists, Ecologists and Landscape Designers), 591 Woolwich Street, Guelph, Ontario
N1H 3Y5 Canada; email: brian.miller063@gmail.com and robaitken@trentu.ca

2 Ontario Natural Heritage Information Centre, Ontario Ministry of Natural Resources, 300 Water Street, Peterborough, Ontario
K9L 1C8 Canada; email: michael.oldham@ontario.ca

3 University of Michigan Herbarium, 3600 Varsity Drive, Ann Arbor, Michigan 48108-2287 USA; email: reznicek@umich.edu

Miller, Brian M., Robert J. Aitken, Michael J. Oldham, and Anton A. Reznicek. 2011. Slender False Brome (Brachypodium
sylvaticum, Poaceae), an invasive grass new to Ontario, Canada. Canadian Field-Naturalist 125(3): 235–240.

Brachypodium sylvaticum, Slender False Brome, an invasive Eurasian grass, is reported for the first time in Ontario and eastern
Canada from Grey County, southern Ontario. The only previous Canadian record is from Vancouver Island, British Columbia.
The species is widespread in the U.S. Pacific Northwest, where it is spreading aggressively throughout much of western Oregon.
In the eastern U.S.A., known populations are few and localized, although the species will likely spread.

Key Words: Brachypodium sylvaticum, Slender False Brome, Poaceae, invasive, new record, Grey County, Ontario, Canada.



236 THE CANADIAN FIELD-NATURALIST Vol. 125

FIGURE 1. Spikelets of Brachypodium sylvaticum in Grey County, Ontario, 19 August 2011. Photo: Brian Miller.
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County south of Grey Road 4 (44.217°N, 80.597°W).
In the Nordin Nature Reserve, the population occurs on
a small wooded upland knoll dominated by an under-
story of Eastern White Cedar (Thuja occidentalis) and
Balsam Fir (Abies balsamea) and a semi-open canopy
of Sugar Maple (Acer saccharum), Paper Birch (Betu-
la papyrifera), Yellow Birch (B. alleghaniensis) and
Eastern Hop-Hornbeam (Ostrya virginiana). The knoll

is surrounded by a large swamp dominated by Eastern
White Cedar, Black Ash (Fraxinus nigra), and Red
Maple (Acer rubrum). Several thousand plants of
Brachypodium sylvaticum were estimated to occur on
the upland knoll; none were observed growing in the
surrounding wetland (Figure 3). All vascular flora ob -
served growing on the knoll with B. sylvaticum is
listed in Table 1.

FIGURE 2. General locations of Brachypodium sylvaticum in Grey County (Ontario), Benzie County (Michigan) and Gene-
see and Tompkins Counties (New York). Base map source: Dore and McNeill (1980).

TABLE 1. Plant species observed growing with Brachypodium sylvaticum in Grey County, Ontario, in 2011.

Scientific name (common name)Scientific name (common name)

Abies balsamea (Balsam Fir) Fraxinus sp. (ash species)
Acer saccharum (Sugar Maple) Leucanthemum vulgare * (Oxeye Daisy)
Actaea pachypoda (White Baneberry) Ostrya virginiana (Hop Hornbeam)
Agrimonia gryposepala (Tall Agrimony) Polygala paucifolia (Gaywings)
Betula alleghaniensis (Yellow Birch) Polygonatum pubescens (Hairy Solomon’s-seal)
Betula papyrifera (Paper Birch) Prunella vulgaris (Heal-all)
Brachyelytrum sp. (Shorthusk) Pteridium aquilinum (Bracken Fern)
Carex arctata (Drooping Woodland Sedge) Schizachne purpurascens (False Melic Grass)
Carex gracillima (Graceful Sedge) Solidago canadensis (Canada Goldenrod)
Carex pedunculata (Long-stalked Sedge) Solidago rugosa (Rough-stemmed Goldenrod)
Clinopodium vulgare (Wild-basil) Symphyotrichum urophyllum (Arrow-leaved Aster)
Danthonia spicata (Poverty Oat Grass) Thuja occidentalis (Eastern White Cedar)
Diervilla lonicera (Northern Bush-honeysuckle) Viola cf. labradorica (Violet)
Epipactis helleborine * (Helleborine)

* Non-native (exotic) species



In the flora of Ontario, Brachypodium sylvaticum
most closely resembles species in the genus Bromus,
particularly Bromus pubescens (Hairy Woodland
Brome), due to its hairy leaves and spikelets. Howev-
er, Brachypodium can be distinguished from Bromus
by its open leaf sheaths (closed in Bromus) and spike -
lets arising singly from the rachis on short pedicels
(branched inflorescences in Bromus). The only other
Brachypodium species in eastern North America,
Brach y podium pinnatum (Heath False Brome), is rare
in disturbed ground and waste areas in Massachusetts
(Haines 2011). It can be distinguished from Brachy-
podium sylvaticum by its rhizomes, usually hairless
culms and leaf sheaths, stiffer racemes, and short or
absent lemma awns (Piep 2007; Paszco 2008). 
In its native range in Eurasia, Brachypodium syl-

vaticum is a forest understory plant, but it also occurs
in open grassland (Shouliang and Phillips 2006; Stace
2010). B. sylvaticum is considered highly invasive in
the U.S. Pacific Northwest, where it has rapidly ex -
panded its range, thrives in a variety of ecological con -
di tions, and often forms dense monospecific stands
(Kaye 2001*, 2003*; Johnson 2004). Preliminary ob -
ser vations suggest this plant is quite invasive in New

York State as well (Daniel and Werier 2010). Obser-
vations of the Ontario population, where B. sylvaticum
forms a dense, monospecific stand on the east side of
the knoll and appears to be spreading to other areas
of the knoll, support this suggestion. Although new
aliens appear regularly in the flora of eastern Canada,
many are highly localized and do not pose a threat to
native biodiversity. Brachypodium sylvaticum is a
potentially serious invader of natural communities in
Ontario. A variety of control methods are being re -
searched and used in the U.S. Pacific Northwest to try
to control the species (see the web page of the False-
brome Working Group: http://www.appliedeco.org/
invasive-species-resources/FBWG).
The origin of the Grey County, Ontario, population

of Brachypodium sylvaticum is unknown. Invasion via
an abandoned railway line (now a walking trail) that
runs approximately 100 m south of the population is
possible; however, no sign of B. sylvaticum was ob -
served along the former railway or along Grey Coun-
ty Road 4, located approximately 350 m to the north-
east. Additionally, recreational activities (e.g., hiking)
do not appear to have initiated this population—the
vegetation surrounding the knoll is thick and undis-
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FIGURE 3. Brachypodium sylvaticum (Slender False Brome) population in Grey County, Ontario, 18 October 2011. The
graminoid vegetation in the foreground and right side of the photo is almost entirely Brachypodium sylvaticum. Photo:
Michael Oldham.



turbed, and there are no formal or informal footpaths.
Seeds may have been dispersed to the site from an un -
discovered population in the general area. In the U.S.
Pacific Northwest, long-distance seed dispersal of B.
sylvaticum is usually associated with logging activi-
ties, roadside maintenance, and recreational activities
(e.g., hiking), with short-distance dispersal occurring
via wildlife, particularly ungulates (Fenneman 2010*).
White-tailed Deer (Odocoileus virginianus) are com-
mon in the vicinity of the Grey County population, and
they may be responsible for local dispersal. 
Brachypodium sylvaticum should be watched for

elsewhere in southern Ontario and eastern Canada.
Populations should be controlled wherever possible in
order to prevent the widespread invasion of the species
in eastern North America, as has occurred in Oregon
and other areas of the Pacific Northwest.

Voucher specimens
Poaceae
Brachypodium sylvaticum (Huds.) P. Beauv. (Slen-

der False Brome)—ONTARIO: Grey County, Munici-
pality of Grey Highlands (former Township of Arteme-
sia), Nordin Nature Reserve (Escarpment Biosphere
Conservancy), ~2.5 km northeast of Priceville (or 6 km
southwest of Flesherton) south of Grey Road 4 and
north of Durham Road, patches of this grass in the
bottom to mid-slope section of a distinct wooded knoll
surrounded by Thuja occidentalis swamp and Fraxi-
nus nigra swamp, associated species observed at this
location were Pteridium aquilinum, Carex gracillima,
Carex arctata, Actaea pachypoda, Polygonatum pubes-
cens, and Polygala paucifolia, 44.217°N, 80.597°W,
19 August 2011, B. Miller (OAC); ONTARIO: Grey
County, Municipality of Grey Highlands (former Town-
ship of Artemesia), Nordin Nature Reserve (Escarp-
ment Biosphere Conservancy), ~2.5 km northeast of
Priceville (or 6 km southwest of Flesherton) south of
Grey Road 4 and north of Durham Road, locally com-
mon, several thousand plants estimated on wooded
knoll dominated by Eastern White Cedar and Balsam
Fir, with Pteridium aquilinum, Brachyelytrum sp.,
Schizachne purpurascens, Epipactis helleborine, Sol-
idago rugosa, Prunella vulgaris, 44.217°N, 80.597°W,
18 October 2011, M. J. Oldham, B. M. Miller, and R. J.
Aitken 39441 (CAN, DAO, MICH, NHIC, TRT, UWO).
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Fieldwork in northern Ontario was conducted by
Ontario Ministry of Natural Resources staff as part of
the provincial Far North community-based land use
planning initiative. This fieldwork is aimed primarily
at improving our knowledge of the natural features and
biodiversity values of potential protected areas and 
is being conducted in collaboration with local First
Nations communities. Some of the work in 2010 took
place in the Sutton Ridges, a series of Precambrian
granitic outcrops in the Hudson Bay Lowland. The Sut-
ton Ridges are an unusual geological feature in the oth-
erwise largely flat and wet Phanerozoic Hudson Bay
Lowland (Riley 2011). Several other vascular plant
species are known largely or exclusively from these
acidic bedrock outcrops in Ontario, e.g., Northern
Bentgrass (Agrostis mertensii), Alpine Sweetgrass
(Anthoxanthum monticola), Northern Woodrush (Luzu-
la confusa), and Greenland Stitchwort (Minuartia
groenlandica) (Riley and Walshe 1985; Riley 2003).
Continentally, these acidic granite upland habitats are
isolated from equivalent Precambrian subarctic habi-
tats at least 400 km to the west and east by Paleozoic
lowlands, marine clay flats, peatlands, and ocean, and
from boreal habitats 200 km to the southwest by Pale-
ozoic lowlands, marine clay flats, and peatlands. These
disjunct habitats were also among the earliest upland
islands to emerge above the postglacial Tyrrell Sea
8500 YBP (McAndrews et al. 1982). 
During the 2010 field studies, four vascular plant

species not previously documented from Ontario (Scog-
gan 1978, 1979; Morton and Venn 1990; Newmaster
et al. 1998; Kartesz 1999; Riley 2003; Brouillet et al.
2011*) were encountered in the Sutton Ridges area
(Figure 1). All four species have been added to the list

of provincially significant species tracked by the On -
tario Natural Heritage Information Centre (NHIC).
They are ranked S1 (critically imperilled) in the prov -
ince (Ontario Ministry of Natural Resources 2012*). 
Details on the additions are presented below. Herbar-

ium acronyms follow Thiers (2011*). 

Campanulaceae
Campanula uniflora L. (Arctic Bellflower)—

KENORA DISTRICT: Precambrian bedrock out-
crop, ca. 65 km S of Hudson Bay coast, ca. 83 km
ESE of Peawanuck, shaded, moist north-facing cliff
base, flowering (but mostly in bud) patch of ca. 100
plants, with Fragile Fern (Cystopteris fragilis), Black
Crowberry (Empetrum nigrum), Bog Labrador Tea
(Rhododendron groenlandicum), and Rusty Woodsia
(Woodsia ilvensis), 54.689, −84.262, 6 July 2010, M.
J. Oldham & C. Latremouille 37798 (TRT); Precam-
brian bedrock outcrop, 98 km SE of Peawanuck Air-
port, 5 km E of Aquatuk Lake, Sutton Ridges, 12 flow-
ering clumps on cool, dry, shaded shale and sandstone
cliff base overlain by diabase with Bog Birch (Betula
pumila), Northern Sedge (Carex deflexa), Northern
Single-spike Sedge (C. scirpoidea), Cystopteris frag-
ilis, Rhododendron groenlandicum, Lapland Rosebay
(R. lapponicum), Hairy Willow (Salix vestita), Bog
Blueberry (Vaccinium uliginosum), and Lingonberry
(V. vitis-idaea), 54.304, −84.488, 7 July 2010, S. R.
Brinker 1640 (CAN, MICH).
In 2010, Arctic Bellflower (Figure 2) was located

at two sites on the Sutton Ridges. Arctic Bellflower
is a showy perennial wildflower that is a widespread
species in the High Arctic. It is rare in large parts of its
range (Ægisdóttir and Thórhallsdóttir 2006). It occurs
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in arctic North America as well as western Europe and
eastern Asia (Hultén 1968). In the southern Hudson Bay
region, it is also known from Churchill, Manitoba, the
coast of Hudson Strait, and the eastern Hudson Bay
coast, south to Pointe Louis-XIV (Cape Jones), 54°37'N
(Scoggan 1979; Blondeau and Cayouette 2002). Cam-
panula uniflora is uncommon to rare in the Churchill
area (Johnson 1987).
With its single, nodding, pale blue flowers, Cam-

panula uniflora is unlikely to be confused with other
species in the flora of the Hudson Bay Lowland, except
for Bluebell (C. rotundifolia), which has a glabrous
calyx (pubescent in C. uniflora) and often multiple
flowers per stem.

Diapensiaceae
Diapensia lapponica L. (Lapland Diapensia)—

KENORA DISTRICT: Precambrian bedrock outcrop,
ca. 65 km S of Hudson Bay coast, ca. 83 km ESE of
Peawanuck, mossy, exposed ledge, north-facing, rare
and local, with Empetrum nigrum and Vaccinium uligi-
nosum, 54.689, −84.258, 6 July 2010, M. J. Oldham &
C. Latremouille 37780 (CAN, MICH, NHIC, TRT);
Precambrian bedrock outcrop, 84 km ESE of Pea -
wanuck Airport, 27 km ENE of Hawley Lake, exposed
rocky outcrop with Bigelow’s Sedge (Carex bigelowii),
Tufted Bulrush (Trichophorum cespitosum), Vaccinium

uliginosum, and V. vitis-idaea, 54.703, −84.222, 11 July
2010, S. R. Brinker 1723 (DAO, TRT).
In 2010, Diapensia lapponica (Figure 3) was col-

lected at two sites on the Sutton Ridges. It was also
noted at a third site growing on a low north-facing
cliff above wetland, with Capitate Sedge (Carex cap-
itata), Rhododendron groenlandicum,Marsh Labrador
Tea (R. tomentosum), and Vaccinium uliginosum (M.
J. Oldham, sight record). Diapensia lapponica is an
arctic and subarctic low shrub restricted to high-latitude
areas of the Northern Hemisphere (Nesom 2009). Day
and Scott (1981, 1984) studied the autecology and
biology of Diapensia lapponica in Newfoundland and
provided a map of its North American distribution
(Day and Scott 1984). Although Diapensia lapponica
is known from northern Manitoba (Baralzon Lake,
60°N) and the eastern James Bay coast in Quebec
(Scoggan 1979), it has not been previously reported
from Ontario or from the Hudson Bay Lowland. In
2010, populations of Diapensia lapponica were locat-
ed on two Precambrian Shield granitic rock outcrops
close to each other in the Sutton Ridges area, adding
a new species and a new family to the Ontario flora.

Ericaceae
Kalmia procumbens (L.) Gift & Kron (Alpine Azal-

ea)—KENORA DISTRICT: Precambrian bedrock out-

FIGURE 1. Map showing general location of study area within the Hudson Bay Lowland ecoregion, northern Ontario. Num-
bered triangles represent locations of vascular plant additions: (1) Arctic Bellflower (Campanula uniflora), (2) Lap-
land Diapensia (Diapensia lapponica), (3) Alpine Azalea (Kalmia procumbens), and (4) Alpine Brook Saxifrage
(Saxifraga rivularis).  
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crop, 75 km SE of Peawanuck Airport, 1.6 km SE of
Raft Lake, Sutton Ridges area of interest, over shallow
mossy bedrock in perched fen with Northern Bog Sedge
(Carex gynocrates), Tussock Cottongrass (Eriophorum
vaginatum), and Alpine Bulrush (Trichophorum alpi -

num), 54.439, −84.761, 3 July 2010, S. R. Brinker 1540
(CAN, TRT); Precambrian bedrock outcrop, ca. 65 km
S of Hudson Bay coast, ca. 83 km ESE of Peawanuck,
moss-covered edges of exposed bedrock, with Bog
Rosemary (Andromeda polifolia), Empetrum nigrum,

FIGURE 2. Arctic Bellflower (Campanula uniflora) on the Sutton Ridges, Ontario, 7 July 2010. Photo: S. R. Brinker.



Black Spruce (Picea mariana), Rhododendron tomen-
tosum, Cloudberry (Rubus chamaemorus), and Vaccini-
um vitis-idaea, 54.688°, −84.257°, 6 July 2010, M. J.
Oldham & C. Latremouille 36682 (NHIC, TRT); Pre-
cambrian bedrock outcrop, 84 km ESE of Peawanuck
Airport, 27 km ENE of Hawley Lake, exposed rocky
outcrop with Agrostis mertensii, Carex capitata, C.
deflexa, and Vaccinium vitis-idaea, 54.704, −84.222,
11 July 2010, S. R. Brinker 1717 (MICH).
In 2010, Kalmia procumbens (Figure 4) was collect-

ed at three sites close to each other on the Sutton Ridges
(Figure 5). Kalmia procumbens was also noted at two
other sites growing on the edges of rock outcrops with
reindeer lichen (Cladina sp.), Empetrum nigrum,
Kalmia polifolia, Stiff Clubmoss (Lycopodium annot-
inum), Rhododendron tomentosum, and Vaccinium
uliginosum (M. J. Oldham, sight record); and several
small patches were observed on shallow, moist mossy
bedrock with Loose-flowered Alpine Sedge (Carex
rariflora), Empetrum nigrum, and Kalmia polifolia
(S. R. Brinker, sight record).
Kalmia procumbens is a circumpolar arctic and sub-

arctic low shrub, widespread in northern North Ameri-
ca and also occurring in northern Eurasia (Liu et al.
2009). This plant was traditionally placed in the genus
Loiseleuria (Loiseleuria procumbens), but Kron et al.
(2008) recently included Loiseleuria within Kalmia
based on genetic evidence (e.g., Kron 1997), a treat-

ment followed by Liu et al. (2009). Although it has
been mapped from Ontario by Liu et al. (2009), we
are not aware of the basis for this report; the species
is not attributed to the province by Scoggan (1979),
Morton and Venn (1990), Newmaster et al. (1998),
Kartesz (1999), or Riley (2003). Soper and Heimburg-
er (1982) suggested that K. procumbens should be
expected in Ontario, based on its distribution in adja-
cent Manitoba and Quebec. An earlier literature report
from Hawley Lake, Kenora District, Ontario, by Ker-
shaw and Rouse (1971) was excluded by Riley (2003)
because it was not based on any collected voucher spec-
imens, nor was Riley aware of any Ontario collections
or other reports. 

Kalmia procumbens is known elsewhere in the Hud-
son Bay region from northeastern Manitoba, south to
Churchill, and from islands in James Bay, Quebec
(Scoggan 1979). According to Johnson (1987), it is
locally common on dry peat in the Churchill area.
Riley (2003) provided a distribution map of the east-
ern Canadian distribution. 

Saxifragaceae
Saxifraga rivularis L. (Alpine Brook Saxifrage)—

KENORA DISTRICT: Precambrian bedrock outcrop,
ca. 65 km S of Hudson Bay coast, ca. 83 km ESE of
Peawanuck, cool, moist, shaded talus at north-facing
base of outcrop, in moss mat with Cystopteris fragilis
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FIGURE 3. Lapland Diapensia (Diapensia lapponica) on the Sutton Ridges, Ontario, 11 July 2010. Photo: S. R. Brinker.
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FIGURE 4. Alpine Azalea (Kalmia procumbens) on the Sutton Ridges, Ontario, 3 July 2010. Photo: S. R. Brinker.

FIGURE 5. Sutton Ridge Precambrian granitic inlier, with talus, cliff, and rim communities, noted for their concentrations of
rare species, 9 July 2010. Photo: S. R. Brinker.



and Rubus chamaemorus, with Rhododendron groen-
landicum nearby, 54.689, −84.263, 6 July 2010, M. J.
Oldham & C. Latremouille 37801 (NHIC, TRT, deter-
mined by R. Elven, March 2011); Precambrian bed -
rock outcrop, 84 km ESE of Peawanuck Airport, 27 km
ENE of Hawley Lake, 20 mostly non-flowering plants
in moist, shaded north-facing moss-covered rock cre -
vice and talus with Spreading Woodfern (Dryopteris
expansa), Empetrum nigrum, Rhododendron tomento-
sum, Skunk Currant (Ribes glandulosum), and Long
Beechfern (Phegopteris connectilis), 54.703, −84.225,
11 July 2010, S. R. Brinker 1728 (CAN, MICH). 
In 2010, Saxifraga rivularis (Figure 6) was located

at two sites on the Sutton Ridges. Saxifraga rivularis
presents one of the most extreme disjunctions known
in the arctic flora: it has a small amphi-Beringian range
(Saxifraga rivularis subsp. arctolitoralis) and a larger
amphi-Atlantic one (Saxifraga rivularis subsp. rivu-
laris) (Westergaard et al. 2010). Ontario plants belong
to subsp. rivularis (Brouillet and Elvander 2009). Sax-
ifraga rivularis belongs to a taxonomically complex
group of arctic-alpine plant species (Jørgensen et al.
2006) found in northern areas of North America and
Europe (Hollingsworth et al. 1998). The group consists
of small perennial herbs with palmate leaves, round-
ed leaf lobes, and small white or pink flowers. Scog-
gan (1978), Johnson (1987), Blondeau and Cayouette
(2002), and Riley (2003, based on Brown 695, 1951,

CAN) report the species from Churchill, Manitoba,
although Brouillet and Elvander (2009) do not map it
from the province and Brouillet et al. (2011*) exclude
the species from Manitoba. It is known from nearby
Quebec at Pointe Louis-XIV (Cape Jones) in south-
eastern Hudson Bay (Scoggan 1978) and elsewhere
along the east coast of James and Hudson bays (Blon -
deau and Cayouette 2002). Reidar Elvin (personal com-
munication, 18 March 2011) confirmed the identifica-
tion of one of the Ontario S. rivularis specimens (M.
J. Oldham & C. Latremouille 37801).
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FIGURE 6. Alpine Brook Saxifrage (Saxifraga rivularis) on the Sutton Ridges, Ontario, 11 July 2010. Photo: S. R. Brinker.
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Biological inventories by the Toronto and Region
Conservation Authority in 2008 and 2011 led to the
discovery of Hairy St. John’s-wort (Hypericum hirsu-
tum L.), a new record for the North American continent.

On 2 October 2008, while conducting a vegetation
survey adjacent to the Pickering Nuclear Generating
Station, P. A. H. (at that time a staff biologist with the
Toronto and Region Conservation Authority) discov-
ered two patches of an unfamiliar species of Hyper-
icum (St. John’s-wort) in Pickering, Durham Region-
al Municipality, Ontario (43.813, −79.053). It could
not be identified at that time using literature on local
and regional floras. Seeds were collected in 2008 and
grown at Grow Wild Native Plant Nursery in Omemee,
Ontario. A voucher specimen was prepared in Sep-
tember 2011 from the cultivated material (M. J. Old-
ham & P. Heydon 39413; CAN, DAO, HAM, MICH,
NHIC, TRT, UWO) (herbarium acronyms follow Thiers
2011*). The Pickering site was revisited on 19 Septem-
ber 2011 by P. A. H. and M. J. O., and no plants were
found during a brief search. However, the site is quite
overgrown and it is possible the species still persists at
that location. 

On 20 July 2011, G. C. M. discovered and photo -
graphed the same species at the Guild Inn property in
Scarborough (east Toronto), Ontario (43.748, −79.190),
approximately 18 km west of the Pickering site. On
13 September 2011, a voucher specimen was collect-
ed from the Scarborough population (G. Miller 131;
CAN). The species was tentatively identified as Hyper-
icum hirsutum by G. C. M., and photographs were
sent to Peter Ball (University of Toronto) and Anton
Reznicek (University of Michigan), both of whom

agreed with this identification. Norman Robson (Nat-
ural History Museum, London, U.K.) provided final
confirmation based on these photographs. 

Hairy St. John’s-wort has not been previously report-
ed from Ontario (Morton and Venn 1990; Newmaster
et al. 1998), Canada (Scoggan 1978-1979; Gillett and
Robson 1981; Brouillet et al. 2011*), or North America
(Kartesz 1999; Robson, in preparation). A 19th-century
North American reference (Strong 1850) fits the des -
cription of the plant only in part and is likely spurious
and based on another Hypericum species. Hypericum
hirsutum will be placed in the family Hypericaceae in
the upcoming Flora of North America treatment (Rob-
son, in preparation). Hypericum hirsutum is placed in
section Taeniocarpium and is native to China, Europe
(except the Mediterranean region), northwestern
Africa, and southwestern Asia (Xiwen and Robson
2007; Robson 2010). Section Taeniocarpium consists
of 28 Eurasian and North African Hypericum species,
none of which has previously been reported from North
America (Robson 2010).

Superficially, Hypericum hirsutum is similar to
Common St. John’s-wort (H. perforatum) and Spotted
St. John’s-wort (H. punctatum), but it can be distin-
guished from these and from other North American
Hypericum species by its combination of conspicu-
ously hairy stems and leaves (Figure 1) and stalked,
black glands on the sepals and petals (Figure 2). Hyper-
icum hirsutum is a perennial with stems to 1 m and yel-
low petals 15 to 22 mm across.

Both of the sites in Ontario where Hypericum hirsu-
tum was found were fairly disturbed but there was no
evidence of deliberate planting or escape from adjacent
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gardens (the species is not known to be in cultivation
in southern Ontario). Of the two patches at Pickering,
one was in a hedgerow with associated species, includ-
ing Trembling Aspen (Populus tremuloides), Common
Buckthorn (Rhamnus cathartica), Bell’s Honeysuckle
(Lonicera × bella), Red-osier Dogwood (Cornus
stolonifera), Smooth Brome (Bromus inermis) and
Tall Goldenrod (Solidago altissima). The other patch
was in an adjacent old-field meadow dominated by Tall
Goldenrod and Smooth Brome, with associated species
such as Red-osier Dogwood, asters (Symphyotrichum
spp., especially S. ericoides, White Heath Aster), and
Purple Crown-vetch (Securigera varia).

In Scarborough, about 30 plants of H. hirsutum
were found in a strip about 15 m long at the edge of a
young forest dominated by Red Ash (Fraxinus penn-
sylvanica). The shrub layer in the vicinity is largely
Common Buckthorn and Choke-cherry (Prunus vir-
giniana). Ground vegetation consists of Yellow Trout-
lily (Erythronium americanum), Dog-strangling Vine
(European Swallow-wort) (Cynanchum rossicum),
and Garlic Mustard (Alliaria petiolata). Common St.
John’s-wort, Heal-all (Prunella vulgaris), Wood Avens
(Geum urbanum), and Erect Hedge-parsley (Torilis

japonica) are also present. The soils in the vicinity of
the Scarborough site were moderately moist silty clay
loams. 

In the British Isles, where it is native, H. hirsutum
grows in semi-wooded successional areas, riverbanks,
and damp grasslands (Stace 1997).

The origin of the Ontario populations of Hypericum
hirsutum is unknown. Hypericum perforatum is abun-
dant in eastern North America and is frequently used
for its medicinal properties. It is possible that H. hirsu-
tum is also occasionally used for such purposes, delib-
erately or accidentally mixed or confused with H. per-
foratum. The plant is possibly overlooked and could be
present in other locations in the region or elsewhere in
North America, where it should be watched for.

As a new introduced exotic species, this plant should
also be assessed for invasive potential. It did not appear
to be aggressively spreading in the two locations in the
Toronto area where it was observed, but it was well
established and was spreading locally at the Scarbor-
ough site, which is municipally owned. The Pickering
population does produce viable seed, as approximately
70% of the seed germinated after a period of 90 days
of moist-cold stratification.

FIGURE 1. Stem and leaves of Hairy St. John’s-wort (note conspicuously pubescent stems and leaves), Guild Inn, Toronto,
20 July 2011. Photo: Gavin Miller.



250 THE CANADIAN FIELD-NATURALIST Vol. 125

We hope that Hypericum hirsutum will not become
a major threat to ecosystems, but invasiveness can
sometimes manifest itself only after a long latency
period. For example, Cynanchum rossicum, which is
one of the worst invasive species in natural areas in
southern Ontario, became evident as a problem only
decades after it had first appeared (Kricsfalusy and
Miller 2008; Miller and Kricsfalusy 2008*). Cappuc-
cino (2004) attributed this to a positive feedback situ-
ation (the Allee effect), whereby plant vigour and com-
petitive ability increase as populations increase.

Voucher specimens 
ONTARIO, Durham Regional Municipality, Pick-

ering, Montgomery Park Road, adjacent to Pickering
Nuclear Generating Station, overgrown old field dom-
inated by Solidago canadensis, Symphyotrichum lance-
olatum, S. novae-angliae (New England Aster), Vicia
cracca (Tufted Vetch), Epilobium parviflorum (Small-
flowered Willowherb), Securigera varia, and Poa pra -
tensis (Kentucky Bluegrass), plant grown from seed
collected in 2008 by Paul Heydon, 4 or 5 plants orig-

inally seen at site in 2008, 43.813, −79.053, 19 Sep-
tember 2011, M. J. Oldham & P. Heydon 39413 (CAN,
DAO, HAM, MICH, NHIC, TRT, UWO); Metropoli-
tan Toronto, Scarborough, Guild Inn/Guildwood Park
(Scarborough Waterfront block ‘B’), about 30 plants
seen at edge of somewhat disturbed forest of Red Ash
by parking lot, with Fraxinus pennsylvanica, Rhamnus
cathartica, Cynanchum rossicum, Torilis japonica,
Hypericum perforatum, 43.748, −79.190, 13 Septem-
ber 2011, G. Miller 131 (CAN).
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Radio-telemetry is one of the most common methods
of monitoring translocated animals following release
into an area. Several different types of radio-transmitters
may be used, depending on factors such as cost, inva-
siveness, and species morphology and behavior. For
aquatic and semi-aquatic mammals, intraperitoneal
radio-transmitters are considered particularly practi-
cal biotelemetry devices (Smith and Whitney 1977;
Melquist and Hornocker 1979; Reid et al. 1986; Horn-
ing et al. 2008) because, unlike radio-collars and har-
nesses, they are appropriate for the lifestyle and body
shape of various species (Garshelis and Siniff 1983;
Reid et al. 1986; Rado and Terkel 1989; Van Vuren
1989). However, several complications can potentially
result from surgery and implantation of intraperitoneal
radio-transmitters, including infection, incision dehis-
cence, and blockage of internal organs. Moreover, biol-
ogists are often concerned about the potential effects
of intraperitoneal transmitters on long-term survival,
growth, and reproduction (e.g., Van Vuren 1989).
Several studies have investigated the effects of intra -

peritoneal radio-transmitters on survival and reproduc-
tion in aquatic and semi-aquatic mammals (Reid et al.
1986; Horning et al. 2008). Ralls et al. (1989) found no
complications associated with intraperitoneal implan-
tation of radio-transmitters in adult Sea Otters (Enhy-
dra lutris) and documented normal reproductive per-
formance in females. Similarly, Horning et al. (2008)
studied captive California Sea Lions (Zalophus cali-
fornianus) and Steller Sea Lions (Eumetopias jubatus)
that had been surgically equipped with radio-transmit-
ters and tracked them post-release. After observing low
morbidity and zero mortality, Horning et al. (2008)

concluded that intraperitoneal radio-transmitters are
viable radio-tracking devices. 
Reid et al. (1986) assessed the reproductive perform-

ance of 7 adult female North American River Otters
equipped with intraperitoneal radio-transmitters. Six of
the North American River Otters in their study were
pregnant at the time of implantation, and they pro-
gressed successfully through parturition, with 2 of the
females giving birth again in the following season. No
adverse effects of the implants were documented at any
stage of the reproductive cycle (Reid et al. 1986). 
Hernandez-Divers et al. (2001) investigated survival

and reproduction in 22 North American River Otters
surgically equipped with intra-abdominal radio-trans-
mitters and released in western New York. Although 2
of the North American River Otters experienced sur-
gical complications, both recovered. Three individuals
died within the first year of monitoring (1 from an auto-
mobile collision and 2 from unknown causes); the
remaining 19 North American River Otters in their
study established new home ranges. No reproduction
was documented during the post-release radio-telemetry
monitoring period; however, biologists subsequently
observed a pair of the reintroduced North American
River Otters in a den with young and received reports
of other released individuals having successfully repro-
duced. 
Despite the concern that intraperitoneal radio-trans-

mitters may be harmful, long-term data are not avail-
able for most studies of animals surgically equipped
with a transmitter. As a result of the relatively short
battery life of traditional internal radio-transmitters,
researchers cannot generally monitor survival or repro-

Long-term Survival and Reproduction in a North American River Otter
(Lontra canadensis) with an Intraperitoneal Radio-Transmitter
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Bohrman, Jennifer A., Sadie S. Stevens, and Thomas L. Serfass. 2011. Long-term survival and reproduction in a North American
River Otter (Lontra canadensis) with an intraperitoneal radio-transmitter. Canadian Field-Naturalist 125(3): 252–254.

Intraperitoneal implantation of radio-transmitters is a useful method of monitoring free-ranging aquatic and semi-aquatic mam-
mals; however, some researchers are concerned about the physiological effects of such implants. Few studies have investigated
the long-term consequences of intraperitoneal implants on survival or reproductive performance. An adult female North
American River Otter (Lontra canadensis) surgically equipped with an intraperitoneal radio-transmitter and released in north-
western Pennsylvania in June 1990 as part of a reintroduction project was killed in March 1999. The North American River
Otter was estimated to be 10 years old and was pregnant with two fetuses at the time of her death. Our observation suggests
that wild North American River Otters surgically equipped with intraperitoneal radio-transmitters can live long after implan-
tation of the radio-transmitter and continue to reproduce successfully. 

Key Words: intraperitoneal, North American River Otter, Lontra canadensis, radio-telemetry, radio-transmitter, reproduction,
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ductive performance for periods longer than three years
(Horning et al. 2008). We present a case study of a
North American River Otter that carried an intraperi-
toneal radio-transmitter for nearly 10 years and suc-
cessfully reproduced.
From 1982 to 2003, 153 North American River

Otters were reintroduced into areas in Pennsylvania
where the species had been extirpated. Several of the
North American River Otters were surgically equipped
with intraperitoneal radio-transmitters prior to release
(Serfass et al. 1996). In March 1999, a North American
River Otter surgically equipped with an intraperitoneal
radio-transmitter (field ID: TC-1-99a) was acciden-
tally killed near Kellettville, Pennsylvania (41.55°N,
79.26°W), approximately 3 km from her release site,
by a fur trapper using a #330 Conibear® trap (Onei-
da Victor, Cleveland, Ohio) set for American Beaver
(Castor canadensis). 
The North American River Otter was originally cap-

tured in New York in June 1990 by a trapper and was
purchased from the trapper. She was then held in a lab
for 14 days to facilitate medical evaluations and sur-
gery to implant a radio-transmitter. She weighed 5.4 kg.
On 22 June 1990, TC-1-99a was sedated using an intra-
muscular injection of ketamine hydrochloride (Serfass
et al. 1993), and a region of her abdomen was shaved
in preparation for surgery. The radio-transmitter (IMP/
200/L, Telonics, Mesa, Arizona) was inserted into her
peritoneal cavity through a 4-cm lateral skin incision.
A lateral approach was chosen rather than a ventral
approach because of North American River Otters’
habit of dragging their abdomen along the ground (Ser-
fass et al. 1993). In June 1990, TC-1-99a was 1 of 4
North American River Otters to be surgically equipped
with an intraperitoneal radio-transmitter and released
at Tionesta Creek (41.61°N, 79.15°W) in northwestern
Pennsylvania. Radio-telemetry data collected from 29
June 1990 to 5 March 1991 indicated that TC-1-99a
remained within 7 km upstream and 30 km downstream
of her release site post-release. 
The carcass of TC-1-99a was retrieved in March

1999, and a necropsy was conducted. The necropsy
included inspecting the digestive tract for food con-
tent, checking for ear tags, evaluating the overall phys-
ical condition (weight, condition of teeth, etc.), and
extracting the lower canines for cementum aging by a
commercial laboratory (Matson’s Laboratory, Mill-
town, Montana). The North American River Otter
weighed 5.2 kg. Her radio-transmitter remained where
it had been inserted in the mid to caudal portion of the
abdominal cavity and was surrounded by the omentum.
There was no evidence of adhesion, inflammation, or
localized infection. Because TC-1-99a’s ear tags were
no longer present, her radio-transmitter was sent back
to the manufacturer so that she could be identified by
her radio-transmitter’s frequency. Both her upper and
lower canines were worn to the incisor level. Cemen-

tum aging of the lower canines estimated her to be 10
years old (± 1 year). At the time of her death, she was
pregnant with two fetuses. Inspection of the digestive
tract revealed a poorly masticated prey content of 7
Smallmouth Bass (Micropterus dolomieu) and approxi-
mately 20 Smoothbelly Darters (Etheostoma spp.). 
Our information represents the first long-term data

on survival and reproduction of a wild North American
River Otter surgically equipped with an intraperitoneal
radio-transmitter. At 10 years old, TC-1-99a was near
the maximum reported life span of a wild North Ameri-
can River Otter, reported by Kruuk (2006) as 14 years.
Her canines were severely worn, also indicating her
age as old. TC-1-99a appeared to be in good health,
and there were no indications of complications asso-
ciated with her implant. Despite her age, TC-1-99a
was reproductively active. TC-1-99a’s age and preg-
nancy demonstrate that her radio-transmitter implant
introduced no detriment to her longevity or reproduc-
tive performance. Our observations suggest that intra -
peritoneal radio-transmitters may not disrupt the life
history characteristics of North American River Otters,
lending more support to their efficacy as biotelemetry
devices.
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Several species of freshwater fish are known to con-
sume small mammals. For example, Cochran and
Cochran (1999) reported consumption of small mam-
mals by a Brown Trout (Salmo trutta), and Northern
Pike (Esox lucius) are well known as predators of
small mammals (Lawler 1965). The occurrence of
small mammals in the diet of Arctic Grayling (Thymal-
lus arcticus), however, is rare. Prey items found in the
stomachs of adult Arctic Grayling have largely been
aquatic invertebrates, but terrestrial invertebrates, fish
(including eggs), crustaceans, and molluscs have also
been identified (Miller 1946; Stewart et al. 2007*).
Moore and Kenagy (2004), however, found 2 Mon-
tane Shrews (also known as Dusky Shrews) (Sorex
monticolus) and 3 Masked Shrews (Sorex cinereus) in
the stomachs of 2 of 93 (2.2%) Arctic Grayling from
Alaska, and de Bruyn and McCart (1974*) reported 7
unidentified shrews (Sorex spp.) eaten by 136 Arctic
Grayling in northern Yukon. Moreover, in Russia,
Teplov (1943) reported that the Common Shrew (Sorex
araneus) was a significant prey item of the congeneric
European Grayling (Thymallus thymallus). Juvenile
collared lemmings (Dicrostoynx spp.) have also been
found consumed by Arctic Grayling in the Northwest
Territories (1 of 102 examined, 1.0%; Miller 1946).
Here, we report an American Pygmy Shrew (Sorex hoyi)
found eaten by an Arctic Grayling.

On 15 August 2010, we measured an average-sized,
adult female Arctic Grayling (mass = 400 g; fork
length = 342 mm) captured by an angler from Fish
Lake (60.60°W, 135.24°W, 1109 m above sea level),
in southern Yukon, Canada, and we collected the stom -
ach. Examination of the stomach contents revealed a
partially digested shrew and unidentified inverte-
brates, representing approximately 90% and 10% of
the stomach contents, respectively. Using the keys of
van Zyll de Jong (1983) and Nagorsen (1996), we read-
ily identified the specimen as an American Pygmy
Shrew (Sorex hoyi) based on dentition. This American
Pygmy Shrew was the only small mammal found in the
stomachs of 259 Arctic Grayling sampled in the Yukon

during the period 1992 to 2010. Terrestrial invertebrates
(i.e., bees, wasps, beetles, ants, spiders) were found in
the stomachs of many Arctic Grayling sampled (Yukon
Department of Environment, unpublished data).

Predators of American Pygmy Shrews are not well
known.Themain predators of American Pygmy Shrews
are likely terrestrial carnivores, such as weasels (Mus -
tela spp.), snakes, and owls (Long 1974; van Zyll de
Jong 1983; Nagorsen 1996). This is the first record of
an American Pygmy Shrew being consumed by an
Arctic Grayling; we are not aware of any other docu-
mented records of fish consuming American Pygmy
Shrews. 

Typically, shrews are found near water (e.g., Wrigley
et al. 1979; Doyle 1990), and they may occasionally
enter the water, either intentionally or accidentally.
Once in the water they are susceptible to predation by
fish, or they may drown and later be scavenged. With
regards to our observation, we do not know whether the
Arctic Grayling killed and ate the American Pygmy
Shrew or the Arctic Grayling found it al ready dead in
the water and scavenged it. Arctic Gray ling regularly
consume terrestrial invertebrates that fall onto the
water’s surface, and they may also readily take small
mammals in the water. However, we suspect that the
body size of prey is a limiting factor in Arctic Grayling
consumption of small mammals, with some species of
shrews being small enough for Arctic Gray ling to con-
sume. Larger bodied small mammals (≥10 g), such as
voles (Myodes and Microtus) and deermice (Pero -
myscus), are more abundant than shrews in the boreal
forest (e.g., Krebs and Wingate 1976), but Arctic Gray -
ling are likely limited by gape size from consuming
them, except, perhaps, for juvenile small mammals. 

Our observation is one of a few records of Arctic
Grayling consuming shrews (Sorex spp.), and it con-
firms that Arctic Grayling will occasionally consume
shrews when they are available in the water. Shrews
are several orders of magnitude larger than the inver-
tebrates that constitute the bulk of the diet of the Arc-
tic Grayling, and they would represent a substantial

American Pygmy Shrew, Sorex hoyi, Consumed by an Arctic Grayling,
Thymallus arcticus
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Arctic Grayling, Thymallus arcticus, are rarely reported to consume small mammals. We report an American Pygmy Shrew,
Sorex hoyi, consumed by an Arctic Grayling caught in southern Yukon, Canada. This is the first record of an American
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when they are available. We suspect that the body size of prey is a limiting factor in Arctic Grayling consuming small mam-
mals, with some species of shrews being small enough for Arctic Grayling to consume. 
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amount of energy for the effort expended to consume
them. Thus, we expect Arctic Grayling would con-
sume shrews as opportunity allows. 
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White-nose syndrome (WNS) is a disease of hiber-
nating vespertilionid bats first identified at Howes Cave,
Albany, New York, in 2006 (Blehert et al. 2009). Since
then, the U.S. Fish and Wildlife Service has estimat-
ed that 5.7-6.7 million North American cavernicolous
bats have died following infection with the causative
agent, the recently described ascomycete, Geomyces
destructans (Lorch et al. 2011). Geomyces destructans
is a slow-growing, psychrophilic (cold-adapted) fungus
particularly well adapted to the cool, humid conditions
characteristic of bat hibernacula. The disease has been
described as the first sustained epizootic affecting bats
in recorded history, with deaths far exceeding the rate
and magnitude of any previously known natural or
anthro pogenic mortality event in bats (Cryan et al.
2010). The disease has spread rapidly from its appar-
ent epicentre at a single cave and as of December 2011
has been confirmed in 17 U.S. states and 4 Canadian
provinces. 
Currently, the means of transmission and spread of

Geomyces destructans are unknown (Foley et al. 2011).
Although bat-to-bat contact appears to be the most
likely means of routine dispersal (Lorch et al. 2011),
ectoparasites have also been suggested (Foley et al.
2011). Wildlife managers currently have few strate-
gies for controlling WNS that might reduce mortality
(Foley et al. 2011). Nevertheless, in an effort to slow the
spread of the disease, the U.S. Fish and Wildlife Serv-
ice and state agencies have closed caves on public lands
to recreational caving, and a detailed biosecurity proto-
col for those entering caves is now recommended

(U.S. Fish and Wildlife 2011*). In New Brunswick, the
Department of Natural Resources is asking people to
avoid entering caves and abandoned mines that are
known overwintering sites for bats (New Brunswick
2011*).
Here we examine the implications of opportunistic

predation and scavenging by Raccoons on dying and
dead bats (Myotis spp.) for estimates of mortality due
to WNS. We also comment on the possibility that bat
mortality coupled with opportunistic feeding by Rac-
coons (and other mammals) on bats infected with WNS
could play a role in cave-to-cave transmission of Geo -
myces destructans. 

Methods
WNS was first confirmed on hibernating vespertil-

ionid bats (Myotis lucifugus and M. septentrionalis)
in New Brunswick (Canada) at Berryton Cave
(45'52.524°N, 64'52.271°W), south of Moncton, on 15
March 2011. We made multiple visits to the site (six
visits between October 2010 and June 2011). During
our first encounter with bats with WNS (15 March
2011), we estimated mortality at 20% among the 6084
bats present in the hibernaculum. On the third and
fourth visits (20 and 21 April 2011), with bat mortality
estimated at 83%, we noted large quantities of Rac-
coon (Procyon lotor) fæces at several sites starting at
the cave entrance and extending to 150 m into the cave,
which is 300 m long (Arsenault et al. 1997). Most of the
fæces were concentrated within 50 m of the entrance
in latrines, with scat of uniform diameter and blunt-
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by Raccoons (Procyon lotor) during an outbreak of white-nose syndrome in New Brunswick, Canada: implications
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Across their range, Raccoons (Procyon lotor) will opportunistically exploit bats (Chiroptera) roosting in caves as a source
of food. During a significant mortality event associated with white-nose syndrome (WNS) at a cave in eastern Canada, we esti-
mate that Raccoons consumed 3169–3827 dead and dying Little Brown Bats (Myotis lucifugus) and Northern Long-eared
Bats (M. septentrionalis) infected with white-nose syndrome, equivalent to 62.0–74.9% of the total bat mortality at this site.
However, the generally small dispersal distances of Raccoons and their reduced activity during the period when bats are hiber-
nating suggest that Raccoons are likely not a significant vector for moving the fungus associated with white-nose syndrome,
Geomyces destructans, between most caves at this latitude. Nevertheless, since we show that significant numbers of bats can
be consumed in hibernacula through opportunistic feeding by Raccoons, estimates of in-cave mortality due to white-nose syn-
drome should incorporate any evidence of consumption of bats by Raccoons and other predators. 
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ended, features typical for Racoon. The state of the
fæces (some fresh, some frozen into ice in the front of
the cave) and the overgrowth of fungi suggested one
or more animals had been resident in the cave or had
visited on multiple occasions over the previous month.
Tracks evident on the cave floor suggested much recent
Raccoon activity at the site (Figure 1). On 21 April we
collected 3100.3 g of Raccoon fæces. On 10 June,
with only a small amount of ice still present in the
cave, we removed a further 1266.9 g of Raccoon fæces
from the cave. 
Pure cultures of G. destructans from samples collect-

ed from the Berryton Cave were established on mod -
ified (without oxgall and sodium propionate) dextrose-
peptone-yeast extract (DPYA) agar (Papavizas and
Davey 1958) and incubated at 7°C in a low-temperature
incubator. About 8 g of Raccoon fæces collected from
the cave were sterilized in an autoclave and inoculat-
ed from lab cultures with G. destructans and tracked
to observe growth and sporulation. 
Samples of Raccoon fæces collected from the cave

were macerated in water under a dissecting microscope
and examined for content. All fæces collected were then
washed through a 36-mesh/cm2 sieve (No. 40 USA
Standard Test Sieve), oven-dried (~60°C), and weighed
to the nearest 0.1 g, after the method of Greenwood
(1979). 
We used the wet weight digestibility coefficients

presented by Greenwood (1979) for small mammals
(based on Peromyscus sp. and Microtus sp.) and a song-
bird (Agelaius phoeniceus) to convert the dry weight
of faecal residue to estimated total wet weight (g) of
bat tissue consumed. Using this conversion, we esti-
mated the actual number of bats consumed, based on a
mean body weight of 5.7 g (SD ± 0.82), derived from
a sample of 366 Myotis lucifigus/M. septentrionalis
collected from the floor of Berryton Cave on 17 March
2011.

Results
We examined collected faecal samples under a dis-

secting microscope and found them to be composed
entirely of Myotis spp. hair, bone, fragments of wing,
and tail membrane. Rarely was a near-intact or only
partially digested bat found in the fæces. Some fæces
were moist and appeared fresh, some were dry and
dehydrated, and others supported extensive fungal
growth (mostly Mucor sp. and Mortierella sp.). Geo -
myces destructans grew readily on autoclaved samples
of Raccoon fæces, sporulating at 7°C in <21 days.
Greenwood (1979) found food residues (i.e., fæces)

were usually expelled by Raccoons within two days.
Although phalanges and radii-ulnæ were common in
fæcal remains (demonstrating that bat wings were con-
sumed), we also observed many wings scattered on the
cave floor, indicated that a scavenger was sometimes
preferentially eating the bodies and leaving the wings.
Table 1 provides the results of converting wet weight

of fæcal material collected in Berryton Cave to bat
num bers and suggests that Raccoons consumed 3169–
3827 individual Myotis spp., or an estimated 62.0–
74.9% of the calculated total bat mortality for Berry-
ton Cave in 2011. 

Discussion
Across their range, Raccoons will opportunistically

exploit bats as a source of food at cave sites. Winkler
and Adams (1972) found Raccoons the most frequent,
among several predatory mammals, utilizing Brazilian
Free-tailed Bats (Tadarida brasiliensis) at roosts in
Texas. Evidence presented showed that fallen bats were
a major seasonal food item for Raccoons in the vicin-
ity of the four caves studied. Munson and Keith (1984)
demonstrate a long-term predator-prey relationship be -
tween Raccoons and Myotis spp. in Wyandotte Cave,
Indiana, suggesting a consumption rate of 1150 bats/
year over a period as long as 1500 years. 
Although we have occasionally observed Raccoons

using bat hibernacula in New Brunswick as winter den-
ning sites (i.e., Markhamville Mine in 2010), we have
not previously observed predation on or scavenging of
bats overwintering in New Brunswick caves or mines.
This is probably because bats, which normally roost
high on the ceiling or walls, are not easily accessible
to predators in the hibernacula we have visited, and
winter mortality of bats is normally low. However, with
the onset of WNS in Berryton Cave, the roosting behav-
iour of bats during the winter changed dramatically, a
feature of the disease reported more generally (Foley
et al. 2011). Large numbers of bats moved to the front
50 m of Berryton Cave (in part, to an area near the
entrance where winter temperatures dropped below 0°C
and considerable ice was present). The bats were ob -
served roosting low on the walls, some at floor level.
In these areas, dying and dead bats also littered the
cave floor. The most significant deposits of Raccoon
fæces were found within this first 50 m of the passage
at the cave entrance, suggesting that Raccoon presence
in the cave was associated with the availability of food.
Scattered piles of isolated wings were likewise found
in this area. Bats were also observed flying from the
cave into the still snow-covered landscape. Although
approximately 50 bat carcasses were recovered outside
the cave near the entrance, no signs of scavenging were
observed there.
The ratio of pelage to muscle, bone, and viscera is

certainly higher in a bat than it is in either Peromyscus
or Microtus (probably even when bat wings are not eat-
en), meaning that when equivalent amounts of whole-
body bat and small rodent are consumed, a larger quan-
tity of bat fur and bone than small rodent fur and bone
should appear in the fæces. This suggests that the Per-
omyscus-Microtus coeffiecient of Greenwood (1979)
will likely lead to an overestimation of the quantity
of bat tissue consumed. However, none of the coeffi-
cients for whole vertebrates reported by Greenwood
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(1979) are below 18.3; even using the lower songbird
coefficient to reflect the suggested lower digestibility
of bats still indicates a consumption rate of bats infect-
ed with WNS by Raccoons in Berryton Cave of >60%. 
Clearly, significant numbers of bats can be removed

from hibernacula through Raccoon predation and/or
scavenging during WNS outbreaks. Had we not made
multiple visits to this site to track the progress of the
disease and to count bats, we would likely have signif-
icantly underestimated bat mortality. Estimates of in-
cave mortality due to WNS should therefore incorpo-
rate any evidence of predation on or scavenging of bats
by Raccoons and other predators. Accurate estimates

appear to require at least three visits spread across the
hibernation period. Although Raccoons do not range
widely during winter, it is also possible that not all
fæces derived from bats in Berryton Cave were deposit-
ed in this cave, so our lower consumption estimates
may be conservative. 
We determined that Raccoon fæces provide a suit-

able growth medium for Geomyces destructans in the
laboratory. In the cave habitat, however, fast-growing
fungi, such as Mucor sp. and Mortierella sp., were
promi nent on the older fæces and had overgrown (but
not necessarily destroyed) slower growing fungi such
as Geomyces destructans. Although it has yet to be

FIGURE 1. Tracks evident on the floor of a passage in Berryton Cave, New Brunswick, in April 2011 suggest much Raccoon
activity in the cave following an outbreak of white-nose syndrome in hibernating bats (Myotis lucifugus and M.
septentrionalis).

TABLE 1. Estimated number of Myotis lucifugus and M. septentrionalis infected with white-nose syndrome consumed by Rac-
coons in Berryton Cave, New Brunswick, between March and May 2011.

Faecal Faecal Coefficient of Approximate wet Approximate 
wet dry faecal dry weight weight of Myotis number of Myotis

weight (g) weight (g) to whole prey1 spp. consumed (g) spp. consumed2

4 367.2 987.1 18.3 (songbird) 18 063.9 3 169.1
4 367.2 987.1 22.1 (mouse) 21 814.9 3 827.2

1Greenwood (1979)
2Based on a mean body weight of 5.7 g (SD ± 0.82)



determined whether the spores of Geomyces destruc-
tans can survive passage through the Raccoon gut, the
significant consumption of bats infected by WNS
documented here suggests that Raccoons foraging in
multiple caves could play a role in transporting Geo -
myces destructans on their pelage across karst land-
scapes. Although Raccoons have been observed to
move several hundred km (Lotze and Anderson 1979),
most Raccoons disperse short distances (<3 km), with
only a small proportion moving distances >20 km
(Cullingham et al. 2008). In addition, Raccoon activity
and movements are reduced during the winter months
at northern latitudes (Peterson 1966), where resident
bats hibernate and when opportunistic consumption of
bats infected by WNS can occur. Although a small
number of long-distance Raccoon dispersers could
move WNS cave to cave, it would appear that WNS
dispersal by Raccoon predators would be important
only where bat hibernacula are clustered within 20 km
or less of each other and where Raccoons remain rel-
atively active during the winter months. This would not
include eastern Canada or the northeastern U.S., where
the Raccoon is near the northern limit of its range
(Forbes et al. 2010). Although the means of transmis-
sion and spread of WNS are still unknown, bat-to-bat
contact remains the most likely avenue.
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Book Review Editor’s Note: We are continuing to use the current currency codes. Thus Canadian dollars are CAD, U.S.
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ZOOLOGY

Birds of North America and Greenland

By Norman Arlott. 2011. Princeton University Press, 41 William Street, Princeton, New Jersey, 08540-5237. 224 pages.
15.95 USD. Paper.

North America has some very fine field guides to the
birds. After the original Peterson [and still the best for
beginners] we have been given Audubon, Golden,
Na tional Geographic, Sibley and Crossley Guides to
choose from. So why do we need another guide to
the birds of North America?
I have to admit I am a fan of Norman Arlott’s books.

I have used his guides in other parts of the world with
success. The author normally covers a larger range than
most books. By restricting the number and size of illus-
trations he keeps the books small and therefore more
portable. This applies to this his latest book that is only
19 cm ¥ 13 cm ¥ 1.5 cm.
Arlott’s illustrations are typically accurate. Birds are

the correct shape and posture showing the author has
field experience as an observer. He is careful and
detailed in depicting the finer points of the bird’s plu -
mage. However, I had only reached plate 2 when I saw
a critical error; the bill of the Snow Goose is missing
the gape, essential for separating it from Ross’s Goose.
As I poked on I noticed more inconsistencies, like the
wrong colour for American Woodcock and Upland
Sandpiper. In fact many of the plates are over coloured
[see Cedar Waxwing]. The critical beak shape is wrong
for Hoary Redpoll. The differential colour of House
and Purple Finch is non-existent. 
The author uses European names – but this is a

guide to North America. The Knot is not a Knot on this
side of the Atlantic – it is a Red Knot. Worse, Gavia
immer is not a diver but is a loon; ask any Canadian
[The index does list loon and diver]. Why write a book
and not use the official names?

The book is also out-of-date. Earlier this year I offi-
cially ticked the Pacific Wren, after it had been split
from Winter Wren. This is mentioned only as a sub-
species. Other splits, like Gallinule and Moorhen, are
also missed. AOU name changes like Nelson’s Spar-
row [changed in 2009] are incorrect. Tree Sparrow is
the European Tree Sparrow [the second name in paren-
theses]. 
The range maps are very small, about 1.4 cm square,

but readable. This is the only way you can define the
birds of Greenland, because they are rarely identified
in the text. A list of birds of Greenland would have been
most useful. Worse Snowy Owl has a winter and sum-
mer range, but the Hawk Owl has only a year-round
resident status. The southward drift in winter is ignored.
The text is short, but inconsistent. Some vagrants

have a short description [e.g., vagrant to Alaska], but
others do not. The Lapwing, for example, is listed as
a “vagrant from Europe.” It would have been easy and
useful to add “to north-eastern coast, primarily New-
foundland.” The Hawfinch is also designated a vagrant
from Europe, where as a rare bird in Alaska it is bet-
ter termed a vagrant from Asia.
It is sad that an author of Arlott’s ability has wasted

his talent on a error-filled book. He could have written
a portable guide to areas where the need is greater,
such as the Middle East or Brazil. These would have
filled in a real gap, rather than add to the over-stuffed
North American market. I do not recommend this book
to beginners, but experienced, travelling birders may
find the size convenient. Disappointing. 

ROY JOHN

2193 Emard Crescent, Ottawa, K1J 6K5
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Field Guide to the Birds of Trinidad and Tobago

By Martyn Kenefick, Robin Restall, and Floyd Hayes. 2011. A & C Black Ltd., 50 Bedford Square London WC1B 3DP,
UK. 288 pages. 40.00 USD. Paper.

For many years avid birders needed to take two
books when visiting Trinidad and Tobago. Birds of
Trinidad and Tobago by Richard ffrench is about the
best written field guide and provides excellent infor-
mation. However it is a little large for a pocket and has

few illustrations. You needed to take A Guide to the
Birds of Venezuela [by R. Meyer de Schauensee and
W. Phelps] to have good visual coverage.
In 2008 Kenefick et al. produced a compact guide

that solved this problem. However they used plates



from Birds of Northern South America: an identifica-
tion guide [by Robin Restall, Clemencia Rodner and
Miguel Lentino, Christopher Helm, London & Yale
University Press.] and these are poor for some species.
Now the authors have released a second edition that
contains many revised illustrations. This resolves most,
but not all, of my issues with the illustrations.
The book starts with a brief description of the geog-

raphy, habitats, and climate of the two islands. There
are descriptions of the best places to find birds which
are both accurate and realistic.
The book covers 470 species, both native and intro-

duced. The text is brief but informative, with a useful
section on similar species. The new plates are essential
for the difficult species, like elanias and flycatchers. I
would never have identified a Small-billed Elania with-
out Kenefick’s original book, and this revised edition
is an improvement. Most remarkable is the five plates
of New World warblers, that has the most detailed cov-
erage of any guide. Most species have several plumages,
ranging from the dullest immature to the brightest male.
For example, there are six plumages of Chestnut-sided
Warbler shown. In all 20 of the two dozen species I
see each year are illustrated, making this book useful
in Canada as well as Trinidad.
The taxonomy is up-to-date. The Blue-crowned

Motmot is now the Trinidad Motmot [Momotus baha -
mensis], but I wonder why it isn’t the Tobago or, at
least, the Trinibago Motmot. This year I saw 0.5 mot-
mots per day in Trinidad, while I hit four or more per
day on Tobago. Likewise Cayenne Tern is split from

Sandwich. Moorhen carries the new [old?] name –
Common Gallinule.
Some of the illustrations I did not like have been

retained. There are birds that look more like museum
specimens, than birds in the field. This is not critical
for a distinctive species like Crested Caracara, with its
odd, gangly pose. However I had great difficulty iden-
tifying an immature Ornate Hawk Eagle from this plate.
Birds of Venezuela shows more clearly the wing and
body shape and the description backs this up. I later
checked these characteristics against photos on the
internet. There are no range maps.
These criticisms notwithstanding this is now the

essential guide to these exotic islands. For the best part
it is accurate, easy to use and portable. The text while
short is useful. The text in french is more extensive
[and therefore worth having as a reference]. It is inter-
esting to note that Kenefick does not include Groove-
billed Ani [which does not occur in Trinidad] while
ffrench does. However ffrench says the lone record is
“certainly a mistake for [Smooth-billed Ani].” Why
then do I see this species recorded by many visitors on
their trip list. Clearly they need Kenefick et al’s book.
Note the publisher has changed from Yale University

Press to Christopher Helm of London, the natural his-
tory arm of A & C Black Ltd, I am not sure how this
will affect the North American distribution. If you are
going to T&T this well done book is a must have guide;
wherever you need to go to buy it.

ROY JOHN

2193 Emard Crescent, Ottawa, Ontario K1J 6K5
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Managed Annihilation: An Unnatural History of the Newfoundland Cod Collapse 

By D. Bavington. 2010. UBC Press, 2029 West Mall, Vancouver, British Columbia V6T 1Z2. 186 pages. 85.00 CAD. Paper.

The mismanaged cod stocks off Newfoundland
make for a global monument in time. But by now it’s
also a feast for environmental writers both local and
far away. This book by D. Bavington is one of those
books, and it must ‘swim among its competitors’. I
find, it barely floats.
The Foreword by G. Wynn (“This Is More Difficult

Than We Thought”) makes for an impressive stand-
alone read though. The subsequent 8 chapters then con-
tinue to re-tell us the story we all know (and which
many “lived”): A super abundant fish with a complex
and fascinating life history and of huge cultural value
(like most other fish and natural renewable resources,
for that matter) went lost. The book then moves into
a governmental and apologetic view, elaborates on self-
organizing, holarctic and open (SOHO) systems, pres-
ents a great review of ‘how cod is killed’, shows aspects
of managing fish and fishermen, displays some rarely
discussed issues of cod farming (“egg to plate”; as pro-
moted by the Norwegians and politicians), and from
there gives eventually common conclusions: the gov-
ernment messed it up, the resource and its culture is

destroyed for good, but nobody is personally to blame
(a widely found Canadian tradition that results in a
national blur and public guilt). I find that the book falls
somewhat short though on the implied promise of its
catchy title (it does not really cover the failure of the
individual managers, and the management-science
brotherhood).
People new to this subject will still find the facts

and details provided refreshing perhaps, e.g., that
China is processing shrimp from Newfoundland, the
‘underutilized species’ fisheries for krill and jellyfish,
and also that many of the inshore bays were (locally)
over-fished since the 18th century. But an audience
of Canadian naturalists and fishermen who know the
situation locally, or from similar experience elsewhere,
might be less enthused with this text. The social sci-
ence perspective might be interesting to some, but the
wordy and lengthy style without too much hard facts
is annoying to others. In times like this, and as natu-
ralists, perhaps we must be grateful for anything that
is not a resource-destroying propaganda? The role of
scientists gets widely delivered in the text, but it leaves



out the infighting and humiliation of “the researchers
and experts that actually suffered” but who were not in
the spotlight such as the now celebrated Ram Myers
and Jeff Hutchison. Of course, in a book like this, Max-
imum Sustainable Yield (MSY), the infamously dis-
astrous Beverton and Holt curves, and the tragic ITQ
and TAC quota systems are discussed, as well as the
impact of international fisheries. ‘Jiggers’, procedu-
ralism, and the royal crown and Canadanisation are
mentioned too. The efforts by the Norwegian fisheries
expert Adolph Nielsen in 1889 on Dildo Island pro-
vides for an informative lesson in fisheries history.
The question whether to fish for money or for food

makes for a central scheme indeed, and is of global
relevance. Granted, the author makes the brilliant point
that leisure fishing for cod is now basically illegal
(!“Criminalization of fishing as a way of life”). The
elaborations of political and imperial ecology provide
a nice new and needed angle in the public discussion.
For instance the statement that “management – an idea
rooted in the political and economic context of capi-
talistic resource extraction” still needs to be under-
stood by many. The same is true for the fact that “Fish-
eries science, technology, and management have all
been aimed at creating and sustaining this context of
capitalist resource extraction by transforming fisheries
around the world into an industrial sector”. Manage-
ment comes with a political and business ideology, and
which does not consider, nor mix with, wilderness and
natural resources. Personally, I also like the accumula-
tion of human impact and ethics literature references
and footnotes (among one of the best on the cod issue).
The index is crisp but helpful; 2 pages of abbreviations
are included. Cartoons, figures and many quotes are
presented, e.g., the one made by J.R. Saul: “Manage-
ment is a tertiary skill – a method, not a value. And yet
we apply it to every domain as if it were the ideal of
our civilization”, or by M. Parker “More than any other
form of knowing or practice, management is claimed
to be absolutely nomadic and universally useful”.
The notion of “success through failure” must come

as a cynical and inappropriate view and considering
all the loss our nature, society and the oceans went

through. Neither climate change nor UNCLOS, or off-
shore oil and gas exploration (or chronic oil spills)
are covered in this book though. Corruption is kindly
ignored once more (“Once the stock status was agreed
upon, TAC levels were secretly negotiated by DFO offi-
cials and hand-picked representatives from the fishing
industry”). It’s too bad that no true institutional, legal
and economic change was requested by the author.
Institutions like ICES, NAFO, ICNAF and certainly
DFO, and global seafood processing corporations got
away with the murder of fish and a fishery. This book
barely delivers on the DFO problem; the role of our
banking system gets ignored. And we all still eagerly
wait for a documented public review of the Memorial
University of Newfoundland (MUN) and its role in
the ‘cod game’.
The Newfoundland fisheries were one of the most-

advanced and well-funded fisheries, and with a huge
science-base right before it crashed to commercial
extinction. Many know the infamous citation by R.
de Soncino (London 18 Dec. 1497): “The sea is cov-
ered with fish which are caught not merely with nets
but with baskets”. But too bad that most ignore that
our western regime and lifestyle, the assumed man-
ageability of the world, resulted in “an ecological crime
comparable to the Soviet Union’s draining of the Aral
Sea” (and as also stated in this book). Which ideology
really is better for the natural resource and the world?
In conclusion, this book adds some new views, but

has many competitors in the published landscapes. It
adds to the long and tragic list of existing and forth-
coming environmental history publications in Canada
and the western world. Canada has unfortunately much
to write about and more is in stock. The author con-
firms what we already all know: a poor (Canadian)
governance and one that is bought out by other inter-
est than food, fishermen and long-term sustainability,
sets us all up for global bankruptcy (the type we just
experience in 2011). It’s time to change dogmas, again.

FALK HUETTMANN

Institute of Arctic Biology, Biology & Wildlife Department,
University of Alaska-Fairbanks (UAF), Fairbanks Alaska
99775 USA
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Ecosystem – Based Management for Marine Fisheries: An Evolving Perspective

By A. Belgrano and C. W. Fowler. 2011. Cambridge University Press, 32 Avenue of the Americas New York, New York, 10013-
2473 USA. 384 pages. 115.00 CAD. Cloth.

In the year 2011 it becomes clear that capitalism has
widely failed us financially, socially, in the atmosphere
and also when dealing with fisheries worldwide. This
book and its 12 chapters make the current global mis-
ery more obvious than ever. This text features many
truisms, and some text citations go like this “…over-
exploitation generally leads to depleted fish stocks…”,
“…interplay between prey and predators remains dyna -
mic and challenging given the complexities of marine

food webs…”, “we discuss the potential failure of sim-
ple management models” or “The dynamics, circum-
stances, and condition of ecosystems have a clear
impact on fisheries (and fish stock dynamics)” (!?)
Naturalists learn here that our governments and their
institutions and representatives have widely lost it, play
with words, and that ecosystem management is still
in its formative phase and infancy, at best. What has
the discipline of ecology, and its representatives, really



achieved during the last 100 years? By now, it just
turned into a common scheme to exploit the wilder-
ness (which evolved for millions of years), and then
once all is destroyed, we start talking and publishing
about complex intellectual schemes that our govern-
ments don’t want, or cannot, implement anyway (as
seen and expressed in virtually all chapters by the 36
worldwide contributors). From ‘no management’ to
adaptive management to ecosystem-based and systemic
management. What really works, and how much more
will the western philosophy and its related business
philosophy fail us any further?
This book of 384 pages, and with many species trend

and harvest figures and a few color maps, asks: what
does an Ecosystem Management, and based on holis-
tic principles, really look like? At minimum, it is clear
to us that a holistic view would include Deep Ecology,
Embodied Energy, Mother Earth Rights and Genera-
tional Justice, and that it must avoid climate change
and, thus man-made carbon pollution and ocean acid-
ification. How can this not mean massive changes in
the way we do business, and in society and (fisheries)
institutions, and certainly in our legal system and edu-
cation? And why are native and indigenous ways of
doing business (a concept that worked better for thou-
sands of years and without changing the climate etc.)
not celebrated or used as a role model? However, that
is the last thing these editors and contributors pro-
mote here and is the failure of this book. Instead they
just sail off on another new pipe-dream (= their defined
scheme of ecology) that sounds cosy in public. But, as
shown here, it has no solid footing, is to slow to catch
on, and just promotes business as usual and even to
increase fish harvest and money making for just a
few, e.g., the upper western society and its corporate
industry and the political and science support machin-
ery. Every naturalist sees it ‘out there’, daily and first-
hand. Only a few chapters, authors picked up on the
contradictory fact that when stakeholders are includ-
ed in resource decisions, industry will just grab it all
(“Stakeholder-based policy is not ecosystem-based
policy and makes holism impossible in conventional
management“). 
Every ecologist should balk at the use of linear man-

agement units, such as NAFO and PICES ones and non-
quantitative Large Marine Ecosystem (LME) units;
but this book and its authors do not. And some chap-
ters make reference to the U.S. Magnusson-Stevens
Act, but this policy tool cannot be a good global exam-
ple neither and includes a hardwired industrial and
bank overruling (and subsequently, this is not addressed
in this book neither. Management is linked to financial
institutions). Formulas that determine national harvest
quotas are only hinted at (but not shown in detail). This
publication falls entirely flat on elaborations about the
fallacies with the so-called ‘Tragedy of the Commons’
(where the destruction of a public good is invited and
actually caused by the framework and the governance

scheme, but not by the public user!). The ‘Tyranny of
the Locals’ (where locals demand all rights and grab
the resource until over-exploited) is also lacking. It is
widely puzzling that ICES, PICES and CCAMLR (a
founder of Ecosystem Management, but which widely
failed on its flagship species: the Toothfish) are not
reported on in this book even. And it is of uttermost
disappointment (but not really surprising) that the
editors, the Cambridge publisher and all chapter con-
tributors leave the disaster of Economic Growth, of
our Globalized Economy, as well as the bad role of
IUCN, FAO, The World Bank and WWF almost entire-
ly untouched (not to speak of the Tuna Commission, the
International Halibut Commission or Russian NIRO).
Native views are also ignored. Although this attitude
and approach of a ‘selected and convenient silence’ is
well in line with what Jane Lubchenco’s NOAA and
NMFS, as well as the EU, are promoting, it stands in
a wide conflict with common sense, human honesty,
humanity, the American Fisheries Society, the Ecolog-
ical Society of America, and ecological base-concepts,
e.g., as promoted in Ecological Economics (the inclu-
sion of such representatives in this book would have
been of huge value to the readers and the book scheme
overall). Thus, alone from the literature references it
can be seen that this books caters a political ideology.
It is entirely silent on the issue of corruption, crime,
drug abuse and smuggling, money making deals, cheap
labour and abuse in fisheries, in international waters
and with fisheries management and ocean planning.
The presented climate change and ocean acidification
details still underachieve, too. Nor is seabirds (eco-
logical indicators) part of this book. Apparently, many
managers and book authors want to implement an ecol-
ogy-based management without such issues (despite
their repeated statements about the supposed appreci-
ation of the ‘holistic’, social and human factors and
values in fisheries). I could go on here about ecologi-
cal sustainability shortcomings of this text (let alone
the lack of including third world nations, 101 ecolog-
ical key references and textbooks, and the many non-
sensical figures supposed to show ecosystem complexi-
ty, parsimony and how it is managed), but clearly this
is all very serious business and affecting us all. Con-
sidering that over 80% of the fish stocks of the world
are overfished, FIRING THE VAST MAJORITY OF
MANAGERS IMMEDIATELY and closing their insti-
tutions ‘for good’ makes for a decent conclusion and
can hardly be worse for all of us. Fisheries Manage-
ment is an extremely expensive business, draining pub-
lic budgets (an annual loss of 54 billion dollars is dis-
cussed by Dan Pauly; a subject most managers and
authors avoid like the plague, and so did this book).
The relevance of ‘ethical ports’, or at least ‘ecological
ports’ (the harbours which only land, process and cater
from approved fleets) is equally left undiscussed. Why
not simply recall all fishing vessels right now until the
overharvest problem is resolved (some book chapters
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call already for an 80% harvest reduction)? Consider-
ing that fisheries are a global subsidy business, fish-
eries is paid by, and belongs to the people and thus
should contribute to human and global well-being.
That statement would be radical, or not realistic? Try
to keep going otherwise; what is realistic there? Har-
vesting down all fish stocks, food webs and oceans any
further (as many book chapters clearly state and cite)?
We are ‘peak fish’, ‘peak soil’ (agriculture) and ‘peak
oil’ but have rising human populations and climate
change to come (these are all subjects this book wide-
ly ignores). And why would food conflicts then not
lead to armed tensions and world wars? This book pro-
vides us with no answer; the institutions represented
by the authors seem not to care. We would hope for a
better ecosystem-management than that.
Some managers and their institutions, and the corpo-

rate industry and their NGOs, play god here. However,
they widely failed and we all pay the prize. Managers
should be accountable (Eikeset et al. this publication).
Only in a few instances other management failures are
hinted at in the text, e.g., with the ‘big brother’ in agri-
culture. Naturalists already know first-hand that forest
resources, mining, oil sands, drinking water, epidemics,
DNA food and the atmosphere are also widely mis-
managed.
This book is showing us what the ‘modern’ western

society and their urbanized people with an 8h day job
can, and cannot produce. Turning Korea into a fish
ranch is a stunning feat (but certainly it is not ecolog-
ical). This publication is useful though in getting a
basic overview about world fisheries, about some of
the management attitudes, and their statistics, time
series and claimed achievements, and the missing ethics
on the agenda. Perhaps naturalists will enjoy some of
the international literature references (a minor and
repetitive selection of Pauly, Myers etc. is often includ-
ed). The index counts 22 (!) pages.
Despite its huge value for fisheries management,

the internet and open access data play no role to the
authors. Views from fisheries nations like Japan and
Iceland/Greenland are lacking in this publication. The
Bay of Fundy chapter I found disappointing. The Alas-
ka book chapter show us what some of the shortcom-
ings are: the ‘expert’ authors all come from outside of
the resource’s state, tend to live in urban centers (Seat-
tle), essential fish habitat (EFH) is not defined well,
Alaska’s cheap labour and drug issues are not dis-
cussed, overfishing is slightly mentioned but a com-
plete cumulative picture is not shown (e.g., that many

stocks are harmed, lack a thorough EIS, and stand in
concert with many other problems such as invasive
species, shipping, oil and gas development). Alaska still
gets cited as a good example and untouched wilder-
ness (this is far from true, and just when considering
already overfished crab, Pollock, Arctic cod, herring
and rockfish stocks and the deep sea coral problems).
Many authors further fell for the “fallacy of recov-

ery” and forgot that a rebuilding of fish stocks really
means a rebuilding of the global society (which is not
promoted here). So far, the industrial global society
clearly has a problem with fish, but also with ecology.
The failure of fisheries only means the failure of NGOs
and of civil society (a reality only touched upon mar-
ginally in this book). 
What do I like about this book? Perhaps the chapter

about the Baltic Sea and its ‘deadlock’ (irresolvable
problems one way or another, and “…irrefutable evi-
dence of the transformation of a formerly productive
eastern North Sea into an ichthyological desert due to
intense fishing.”) and the documented lack of vision
there. Further I like some of the sea mammal writ-
ings, the critique of “misdirected reductionism”, the
chapter about “…unintended consequences sneaking
in the back door”, and that “…we do know enough to
make decisions”. The relevance of making time-criti-
cal decisions is mentioned many times, that fishing for
some species now is 51 times higher than observed
among marine mammals, and that “…considering
greater levels of complexity is mostly rhetoric rather
than concrete actions”. Documenting and admitting
failure is useful to know for sure. Just give us our fish
back.
“We are witness to a history of management that

fails…, and results in more problems than are solved”.
In conclusion from this book: virtually all our fish

harvest rates are too high and must be immediately
reduced. Single species management should be a
thing of the past and outlawed. This book is still full
of real non-achieving but typical management slang
(ecological ‘posing’). It does not only harm us, but also
our children, and their children (and their fish stocks).
Such views and understanding of ecology as presented
here harm the ecosystem the most (one must think like
the universe). This publication will make every con-
cerned naturalist cry, guaranteed.

FALK HUETTMANN

Institute of Arctic Biology, Biology & Wildlife Department,
University of Alaska-Fairbanks (UAF), Fairbanks Alaska
99775 USA
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Decline and Recovery of the Island Fox: A Case Study for Population Recovery

By Timothy J. Coonan, Catherin A. Schwemm, and David K. Garcelon, with Linda Munson and Cheri Asa. 2010. Cambridge
University Press, Cambridge, UK. 212 pages. illus.

Decline and Recovery of the Island Fox is a love
story and a mystery story. Not in a romantic or detec-
tive way, but more in the sense of deep affection and

care, curiosity and concern, inquiry and responsibility,
and unwavering devotion. Nothing less would have
saved the island fox, Urocyon littoralis – a rapidly and



recently evolved species of carnivore smaller than its
mainland gray fox ancestor (actually the smallest canid
in North America), inhabiting only the Channel Islands
off the coast of Southern California. Before reading
this book, I didn’t know this distinct little fox existed.
How did such a unique species evolve so rapidly?

Chapter 2, “Evolution and genetics,” provides the
details. Interestingly, island foxes illustrate both (1)
dwarfism, a phenomenon sometimes found among
island species, which makes them smaller than their
mainland ancestors, and (2) the island syndrome which
makes the life history characteristics of island species
different from their mainland relations due to the limit-
ing factors of island environments. The island syndrome
not only made island foxes different from mainland
gray foxes, it also resulted in morphological distinc-
tions among the foxes inhabiting each of the six indi-
vidual Channel Islands – San Miguel, Santa Rosa,
Santa Cruz, San Nicolas, Santa Catalina, San Clemente
– resulting in six Urocyon littoralis sub-species!
Chapter 3 deals with social structure, reproduction,

population dynamics, and mortality and survivorship
of the island foxes. Research has revealed, for exam-
ple, that island foxes have lower litter sizes, smaller
territories, and higher densities than mainland foxes.
Their high survival rates result from the high quality
of the grassland, scrub and chaparral habitat, as well
as the typical absence of predation. Yet those survival
rates changed dramatically and mysteriously in the
1990s. Inquiry revealed that disease and golden eagle
predation were reducing island fox populations to
near-extinction levels. 
The discovery called for swift, complex, and dra-

matic measures, which I will not attempt to represent
accurately except to mention that they included cap-
ture and captive breeding. The fascinating and inter-
related story of foxes, golden eagles, feral pigs, dogs,
disease, bald eagles, humans, and more is told in Chap-
ters 5 to 11.
Chapter 4, “Food habits, habitat use, activity pat-

terns, and dispersal,” I found particularly interesting
because it helped me get to know the island foxes bet-
ter. They make opportunistic use, not surprisingly, of
a wide variety of plant and animal resources on the
islands. A curious animal resource is the introduced
garden snail, which may provide an easily caught and

consumed food source for older foxes, providing them
with essential nutrition they may not be able to obtain
otherwise. The authors observe that the snails are par-
ticularly abundant on San Nicolas Island, where the
fox population age structure is more skewed to older
age classes. The authors also note that because island
foxes are able to make use of so many different island
resources and habitats, the animals may be in a good
position to adapt to predicted effects of climate change.
Later chapters in the book discuss social, educa-

tional, and political aspects of the island fox recovery
story. Environmental groups – in particular “Save our
Species” (SOS) and “Friends of the Island Fox” (FIF)
– played important roles in raising awareness of island
foxes and related issues, in collaborating with govern-
ment and NGOs, and in raising funds for island fox
captive breeding and recovery efforts. 
The SOS group is particularly interesting. Organ-

ized and operated by children, SOS organized special
educational events and raised a total of $10,000 in sup-
port of island foxes. The group generated so much
visibility that it gained the attention of Jane Goodall,
eventually participating in her Roots and Shoots pro-
gram. “The once third graders are now in high school,”
write the authors, “but … these young adults will al -
ways know that they contributed to recovery of an
endangered species” (p. 145). 
The recovery of island foxes – their return from the

brink of extinction – is indeed something these young
people, and others involved in the “dramatic, heroic
and, at times, controversial” (p. xii) story can be proud
of. There is a lot to the story, and so much more to this
relatively short, but dense, complex and meticulously
referenced little book than I can possibly represent in
this book review. 
Suffice it to say that Decline and Recovery of the

Island Fox is indeed a mystery and love story – about
a unique little animal in difficulty, and about people
who were not only troubled enough to determine the
causes of its decline, but concerned enough to perform
heroic deeds to bring it back. In the end, the book is a
story of hope – hope that species loss is not inevitable,
and hope that people can care enough to take positive
action. 

RENATE SANDER-REGIER

3, 11th Line, Bristol, Quebec 
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Greater Sage-Grouse, Ecology and Conservation of a Landscape Species and Its Habitats

By Steven T. Knick and John W. Connelly, editors. 2011 Studies in avian biology No. 38. A publication of the Cooper Ornitho -
logical Society. xvii. 646 pages. 122.75 CAN.

This is an impressive book and a treasure trove of
information that I read with excitement and pleasure
for I study grouse, population dynamics, and know sev-
eral of the authors. I am greatly impressed by all that is
accomplished but left with some aspects still uncov-
ered. The book is 646 pages of packed print, maps,

diagrams, and graphs and ends with 1683 references.
The material presented ranges from grouse eggs to the
control of wild horses (Equus caballus) by the number
of harems removed. My abilities, time, and space for
this review compromise a more accurate, deeper, and
fuller explanation of the book. There are 24 chapters



by 38 authors, many leaders in their field. They are
from 20 institutions; state, federal, university, and
NGOs. The aim is to provide the best information for
the understanding and long-term survival of the Greater
Sage-Grouse (Centrocercus urophasianus) and the
Sagebrush (Artemisia spp.) Biome in as natural a state
as possible so “that generations long into the future will
be able to experience the sun rising on a vast open
landscape, smell the pungent scent of sagebrush, and
marvel at the centuries old rite of Greater Sage-Grouse
displaying on a lek.” Amen!
The book is a state of the art text on the biology,

ecology, and population dynamics of the sage-grouse
and their sagebrush habitat. But most important, it also
discusses the huge effort and difficulty in making fact
into value, influencing public policy, and obtaining
legality for action. The sage-grouse is in trouble with
generally declining numbers, shrinking distributions,
and deteriorating habitats. From 1999 to 2005, 9 peti-
tions to place Greater Sage-Grouse in protection under
the Endangered Species Act were submitted to the
United States Fish and Wildlife Service (USFWS). In
March 2010, the USFWS warranted the listing under
the Act but immediate action was prevented by high-
er priorities. Many people and agencies view the Act
as a loss of rights to land and revenue. I just recently
read that in 2010 the Governor of Wyoming issued an
order outlining a new strategy to protect Sage Grouse
while allowing a development in core area. The action
is to prevent an adverse effect upon the economy.
Clearly, science, resources, and politics are covered
and the information used to construct a road map
where all the many who are involved with or value
Sage Grouse and their habitat may plan and act for
their care. 
A Preface by the editors outlines aims and broad

limits. Next, a Foreward on thoughts on the role of sci-
ence in making public policy. Then the editors write
an introduction to the Greater Sage-Grouse and sage-
brush under the heading An Introduction to the Land-
scape. Knick begins the chapters with Historical Devel-
opment, Principal Federal legislation, and Current
Management of Sagebrush Habitats. Chapter two com-
pletes the first; The Legal Status of Greater Sage-Grouse
and the Organisational Structure of Planning Efforts.
Key points are: most sage-grouse are on unprotected
private lands, and legal status is by state law as wildlife
and game birds. However, many plans of stewardship
are acted upon.
Chapters three and fifteen are the heart of the matter

and deal with the biology, population dynamics, and
long-term trends of the populations of sage-grouse.
Here, the Greater-Sage-Grouse is called one of North
America’s most unique species of bird. It shares the
myth of the West in its sagebrush home on the range.
I claim the Blue Grouse (Dendragapus spp.) is at least
equal to the Sage Grouse in remarkable features
(Zwickel, F. C. and Bendell, J. F. 2004. Blue Grouse:
Their Biology and Natural History. NRC Research

Press, Ottawa, Ontario. 284 pages) and there is a great
similarity between the two genera. Most striking is the
migration between winter and summer ranges. Other
similar attributes include: natal down, secondary sex-
ual characteristics, behaviour, large size, long length
of life as adults, and habitats and foods used by hens
and chicks during the breeding season. A fundamental
difference is that Sage Grouse use sagebrush in rela-
tively flat, open landscape for winter food and cover.
Blue Grouse use conifer trees, generally in the alpine
zone. Most winter habitats of Blue Grouse are inacces-
sible to humans, but sage-grouse are exposed to human
throughout the year with generally destructive conse-
quences. 
The numbers of sage-grouse throughout their entire

range were measured by counting males on 9,870 leks
with a total of 75,598 counts since 1965. Many leks
were counted each year through 2007 yielding greater
than 30 years of abundance data. A minimum estimate
is 88,816 male sage-grouse on 5,042 leks over 530, 000
kilometres square where sagebrush is the dominant
cover. Leks with adequate data were grouped into 23
populations and analysed by several accepted mathe-
matical models to derive annual rates of population
change. A few populations are predicted to remain sta-
ble in number but most will decline. For example, 13%
of the analysed populations may decline below an effec-
tive size of 50 birds within the next 30 years. Clearly,
strong action must be taken to arrest the decline and
increase the numbers of sage-grouse.
Overall, 20 of the 24 chapters are devoted to envi-

ronmental and other factors that may be linked to the
abundance and distribution of Sage Grouse. Clearly
paramount, Sage Grouse need sagebrush; as goes the
sagebrush, so goes the Sage Grouse and a large com-
munity of desirable plant and animal associates. Many
pages are devoted to the kinds, ecology, and require-
ments of sagebrush. The abundance and distribution
of sagebrush is declining and shrinking. The causes
are complex and include: burning, conversion to crop
land, grazing by domestic stock and feral horses and
burros (Equus sp.), competition with invasive and exot-
ic plants, mineral and gas claims and extraction, and
the myriad impacts of human settlement.
An obvious need is to determine how the density

of Sage Grouse is set by their environment. Some of
the usual explanations for population limitations for
this and other species of grouse are hunting, predation,
and disease. Disease is given special attention with the
recent appearance, negative impact, and rapid spread
of the West Nile Virus. Gratefully, the long held belief
that the grouse generally cannot be reduced in breed-
ing density by hunting because of their high birth rate
is questioned. And numbers shot should be adjusted to
desired densities of breeders. Disease and predation
may cause local reductions of population but neither
can be blamed as a general cause of density and dis-
tribution.
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Other features and factors found frequently in the
vast grouse literature relevant to population are miss-
ing or treated lightly. Some may be critical in focussing
research and recommending management. As exam-
ples: with the long runs of census data, are sage-grouse
cyclical in numbers? What aspects of behaviour might
drive density? What is the impact of the quantity and
quality of foods eaten throughout the year by both sexes
of all ages? What is the influence of climate, weather,
and micro-climate, especially where micro-climate may
determine next site selection and success?
I could find no clear answer as to how densities of

Sage Grouse are limited. Perhaps the intention is to
emphasize habitat as the only way to management.
Other studies of grouse suggest breeding densities are
determined by the spacing behaviour of hens for their
requirements for nesting and the insect food needed
by their young chicks. The book does note that the
quality of hens may be a driving cause of the produc-
tivity and persistence of leks. Quality may influence
behaviour and originate genetically and/or in an envi-
ronmental factor such as food. Recent work on grouse
and mammals shows levels of stress may be measured
by amounts of metabolites of progesterone in blood or
faecal droppings to reveal modification of behaviour
and reproduction the may affect population.
The last few pages of the text are entitled A Road

Map to Conservation. 1. Much additional work needs
to be done to better understand the impacts of hunting,

predation, and disease. 2. Habitat protection is the best
strategy to stabilize or recover many populations. 3.
Habitat restoration with improve many protected areas.
And 4. Accurate monitoring and assessment are nec-
essary to provide an objective appraisal of improve-
ments or damage to sage-grouse populations and habi-
tats. 
Without question, this book is an enormous amount

of excellent information, but will it and the Road Map
be followed? Certainly by professionals and naturalists
dealing with wildlife, other natural resources, and the
land. Politicians, captains of industry, and the general
public may find it overwhelming and forbidding and
too difficult to follow. Perhaps there should be a con-
densation of the book with the main points made in
simpler language and illustrated with many coloured
pictures. Pictures that show the salient fact and stun-
ning beauty. Perhaps a CD should be included. And
above all, explain why we must keep the experiences
of the sun rising on vast expanses of sagebrush and the
spectacular courting dances of the sage-grouse.
Many healthy populations of sage-grouse and much

sagebrush habitat remain. But the alarm bells are
ringing. Hopefully, the dedication and the excellent
work of the authors will translate into the long-term
appreciation and survival of the sage-grouse of “this
icon of the West.” 

JIM BENDELL

RR #2 Clayton, Ontario, K0A 1P0
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Handbook of the Mammals of the World. Volume 2. Hoofed Mammals 

By Don E. Wilson, and Russell A. Mittermeier (Editors). 2011. Lynx Edicions, Montseny, 8, 08193 Bellaterra, Barcelona, Spain.
886 pages. 160.00 EUR. Cloth.

The second tome in this series contains accounts of
some of the world’s most exciting animals. Nobody
can fail to be impressed when they get close to their
first wild Elephant, or be charmed by a baby with its
rubbery, little trunk. This issue covers Aardvark, Hyrax-
es, Elephants, Pangolins, Horses and relatives, Rhi-
noceroses, Tapirs, Camels, Pigs and Peccaries, Hip-
popotamuses, the deer group [Chevrotains, Musk-deer,
Deer], Hollow-horned Ruminants, Pronghorn and Gir -
affe and Okapi.
Each family has an introductory section that covers

the systematics of the living and extinct species. While
the extinct species are covered in this section they are
not included with the species accounts. The authors
discuss their choice of [living] species, including con-
troversial splits and lumps. For example the African
Savannah and Forest Elephants are split, but not the
three Asian populations. The Giraffe is left as a single
species, but six of the nine sub-species are illustrated.
These decisions were easily digested, but as I read more
of the book I became more overwhelmed. By the time
the reader reaches Hollow-horned Ruminants it seems
all populations that were previously considered sub-

species are now elevated to full status. Thanks to DNA
there are 279 distinct species bovines; twice the num-
ber from five years ago. It appears I may have seen
three, not two, species of Wildebeest. I need to check
my notes and photographs to see if I can justify a new
life mammal! It does not stop there. The Thompson’s
Gazelle [the cute little beast that so often ends up as a
Cheetah’s lunch] is split into two [another lifer?]. [This
means you must look under S and E, not T in the index
for Serengeti and Eastern Thompson’s Gazelle] The
Hartebeest complex now contains eight species, and
there are a dozen and a half look-alike wild sheep. In
all there are over 400 species in the book, with two
thirds being Hollow-horned Ruminants.
The introductions to each family deal with habits

and habitats as they relate to feeding and breeding. It
also covers movements and social behaviour, critical
elements for many of the wide-ranging mammals.
These introductory sections are well illustrated by pho-
tographs. Some of these are truly memorable like the
sleeping Eurasian Wild Boar mother with her little
piglet snoozing on her belly out of the snow, but all are
first-rate. 
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Then each species is illustrated on an identification
plate, that is followed by an account, including a range
map. The text gives a description to back up the plate
and summarises the species biology. I found out some
surprising information by reading these accounts. The
beautiful Scimitar-horned Oryx has been extinct for
about 40 years. Those I saw at the edge of the Sahara
were re-introduced from zoo stock. The Dromedary is
also extinct in the wild although there are some feral
populations, primarily in Australia. Some of the ani-
mals in this book are important in the daily life of east-
ern cultures. Not only are they a valuable resource, but
are part of legends and traditions. I have checked
ranges, descriptions and other information and can-
not find any problems. 
There are three features that I find particularly en -

lightening. The first is how the reader is able to put
species in perspective. For example the relationship
between all the world’s buffalo is easy to see. Simi-

larly seeing the three bison [American Bison, Wisent
(or European Bison) and Yak] clearly shows their obvi-
ous relationship. The second feature is that the book
covers all mammals, not just the showy ones. Check
the mammal section of your library and you will find
books on whales, big cats, bears and elephants. It is rare
to find a book on the small beasts. So this volume lets
you find out about the more obscure mammals like the
pangolins and dik-diks. Finally, it is good to have the
African gazelles and their allies treated systematically.
It clarifies the confusion I have had when reading dif-
ferent field guides with mixture of English and, some-
times, scientific names. 
Overall I think this a great book and an important

addition to mammalian literature. It will be a valuable
reference for many years to come. Expensive yes, but
well worth the price.

ROY JOHN

2193 Emard Crescent, Ottawa, Ontario, K1J 6K5

A Field Guide to Sea Stars of the Pacific Northwest

By N. McDaniel. 2011. Harbour Publishing, PO Box 219, Madeira Park, BC V0N 2H0. Eight fold 9 inch by 36 inch plasti-
cized sheet. 7.95 CAD.

Exploring Neil McDaniels A Field Guide to Sea
Stars of the Pacific Northwest is a little like exploring
an intertidal pool. This durable, water resistant, 8-fold,
field guide overwhelms and disorients the viewer with
its wealth of information and images. This is a pam-
phlet for serendipitous browsing, not systematic use.
Revel in the abundance of the species and the sugges-
tiveness of the names. Even without the vibrant, accom -
panying photographs, names such as “Bat Star,” “Fat
Blood Star,” “Dwarf Star,” “Leather Star,” “Slime Star,”
“Gunpowder Star,” “Velcro Star,” and “Cookie Star”
are enough to enthral a child, or set a naturalist to
dreaming. 
On a practical level, the pamphlet contains a myriad

of fascinating facts. As an avid kayaker, and someone
who spent many childhood hours exploring the sea -
shore, I already knew about the tube feet, the pressure
regulating madreporite, and the calcareous plates.
However, information about sea star features such as
the photosensitive “eyespots” and the forceps like pedi-
cellariae, or minipincers, in all their variety, had escaped
me. Similarly, though I have often watched glaucus-
winged seagulls spend over half an hour choking down
a sea star, I had never realized that sharks and Puget
Sound king crab might also be predators. In the future,
too, I will scrutinize sea stars for various parasites and
for commensal scale worms.

McDaniel’s attractive, colourful photographs are 
a big feature of this pamphlet. They—together with
the concise, well-thought-out, descriptive notes about
range, depth, prey, and identifying markings—should
be a big help in identifying specimens. Another useful
feature of the field guide is that it refers the user to
other publications, including an online version of the
guide and Dr. Chris Mah’s fascinating www.echino
blog.blogspot.com. 
My one serious complaint about this excellent 

production is that it is neither fish nor starfish, book
nor pamphlet. Printed on a plastic laminate, it is pre-
sumably intended for scuba divers and for families
ex ploring beach intertidal areas. Unfortunately, the
foldout format allows only limited space. The glorious
photographs are often too small and too cramped. The
print size is too small for older eyes to read easily, par-
ticularly when white print is used on an orange back-
ground. Because of the crowding, linking images to
image subtitles is also difficult at times. This publica-
tion really should have been allowed more space, really
should have been a book, especially given the $7.95
price. 

ANDRE GERARD

10-2649 Quebec Street, Vancouver, British Columbia, 
V5T 3A6
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BOTANY

Outbreak, Harm and Control of Algal Blooms in Lakes of China

By Yang Y. Liuyan and Xiao Lin. 2011. Science Press, Beijing. 281 pages. 69.00 CNY.

Fresh-water algae are found in a large range of habi-
tats, such as ponds, lakes, reservoirs, streams and so on.
They are usually a natural and essential part of the
aquatic ecosystem, acting as the base of the food chain.
However, algae are usually sensitive to the environ-
mental changes and its life cycle is short. When nitro-
gen, phosphorus and other nutrients in a lake or a river
reach a certain level, growth and reproduction of algae
tend to be accelerated, and the numbers of algae might
increase explosively, resulting in an algal bloom. Lakes,
ponds, and slow-moving rivers are most susceptible
to blooms. Algal blooms generally occur where there
are high levels of nutrients, coupled with the occur-
rence of warm, sunny and calm conditions. Human
activity often can also trigger or accelerate algal
blooms. Natural sources of nutrients such as phospho-
rus or nitrogen compounds can be supplemented by a
variety of human activities, for example, in rural areas,
agricultural runoff from fields can wash fertilizers into
the water; in urban areas, nutrient sources can include
treated wastewaters from septic systems and sewage
treatment plants, and urban stormwater runoff that
carry nonpoint-source pollutants. The outbreak of
algal blooms is an important indicator of pollution in
fresh water body, or a visual representation of lake
eutrophication, or ecological unbalance in other aspects. 
Typically, only one or a small number of phytoplank-

ton species are involved in an algal bloom. Some
blooms may be recognized by discolouration of the
water resulting from the high density of pigmented
cells. So far there is no unanimously recognized thresh-
old level, but algae can be considered to be blooming
at concentrations of hundreds to thousands of cells per
millilitre, depending on the severity. The recurrent or
severe blooms can cause dissolved oxygen depletion
as the large numbers of dead algae decay. In highly
eutrophic lakes, algal blooms may lead to anoxia and
death of fish. The odours and unattractive appearance
of algal blooms can also detract from the recreational
value of water bodies. Some algae produce toxic chem-
icals and released into water when dying and decay-
ing, which pose a threat to fish, other aquatic organ-
isms, wild and domestic animals, and humans.
In recent years, along with the rapid economic devel-

opment in China, large amounts of industrial waste-
water, urban sewage, and agricultural non-point source
of nitrogen and phosphorus were discharged, and
flowed with runoff into lakes, causing a rapid increase
in the levels of pollutants in lakes. In the five largest
freshwater lakes of China, the outbreak of algae blooms
frequently happened in recent years, especially in Lake
Taihu, Lake Chaohu. The newly published book Out-
break, Harm and Control of Algal Blooms in Lakes of

China, described the present situations of eutrophica-
tion and algal bloom of the lakes in China, and system-
atically elucidated the latest research results on algae
growth, ecology and biogeochemical cycling of main
elements in lakes of China. 
The main contents included Chapter I describes Lake

ecosystems and algal blooms, including lake eutrophi-
cation and algal blooms in China and the world, the
biology, species and distribution of algae in lakes and
the biogeochemical cycling of nutrient elements (nitro-
gen, phosphorus and carbon) in lake. Chapter II ex -
plains environmental factors and microcystis bloom,
including nutrients, growth and metabolism of micro-
cystis aeruginosa, the exogenous phosphorus concen-
trations and the growth of microcystis aeruginosa, dif-
ferent forms of phosphorus and the metabolism of
microcystis aeruginosa, different N/P ratios and the
growth of microcystis aeruginosa; hydrological, mete-
orological factors and the outbreak of microcystis
blooms, temperature, duration of illumination, distur-
bance, and the other environmental factors, such as
redox potential and the growth of microcystis aerugi-
nosa, and the phosphorus metabolism of microcystis
bloom. Chapter III covers microcystis blooms and
the interaction with epiphytic bacteria, including the
epiphytic bacteria in microcystis bloom, phosphorus
metabolism of microcystis aeruginosa and the epiphyt-
ic bacteria, impacts of environmental factors on the
phosphorus metabolism of microcystis and epiphytic
bacteria, microbial community succession in the water
body with algal blooms. Chapter IV describes the im -
pacts of outbreaks of cyanobacteria blooms on water
ecosystems, including the effects of nitrogen removal
of microcystis blooms, nitrogen and phosphorus migra-
tion and cycling in water body with cyanobacteria
outbreaks, impacts of algae outbreak on the macro-
phytes, fish and other aquatic animals in aquatic eco -
systems, the responses of aquatic community structure
to algal blooms. Chapter V explains the disaster of
cyanobacteria outbreak and algal toxin, including the
harm of algae outbreak on drinking water, fishery and
tourism; the types, mechanism and the spatio-temporal
distribution of algal toxin, as well as its bioaccumula-
tion, migration and transformation (physical and chem-
ical degradation, and biodegradation) in the environ-
ment. Chapter VI elucidates the control of lake algae
and the transformation into resources, including the
control of lysine on the growth of microcystis aerugi-
nosa and the toxicological effects, the control of cyano -
bacteria virus on algae, the transformation of aquatic
plants into resources, hydrogen production from cyan -
obacteria. Chapter VII reveals the progress and pros -
pects of the research on lake algal blooms, including
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the physiological and biochemical characteristics of
cyanobacteria, the external conditions for the forma-
tion of algal blooms, and the development process of
the disaster, the control of lake eutrophication and
the ecological restoration of lakes, prospects on the
research on the lake ecology and algal bloom.
This book will become a good reference for the per-

sons who are engaged in algology, botany, population
or ecosystem or conservation ecology, hydrology, envi-
ronmental science and management so on.
After all, prevention of a problem is always better

than trying to fix it after its happening. In order to pre -
vent human-induced fresh-water algal blooms, control-

ling agricultural, urban, and stormwater runoff, prop-
erly maintaining septic systems, and properly managing
residential applications of fertilizers might be the most
effective measures, which apply to not only China but
also other countries with similar situations.

LI DEZHI1 QIN AILI2

(1Lab of Urbanization and Ecological Restoration of Shang-
hai; National Field Observation and Research Station in
Tiantong Forest Ecosystem of Zhejiang; Department of
Environmental Science, East China Normal University,
3663, Zhongshan Rd (N). Shanghai, China. 200062;
2Shanghai Vocational and Technical College of Agriculture
and Forestry, 658 Zhongshan 2 Rd. Songjiang, Shanghai,
China. 201600)

OTHER

Atlas of Biodiversity and Conservation in the Yangtze River Basin

By Ouyang Zhiyun and Zhu Chunquan (Editor-in-Chief). 2011. Science Press, Beijing. 380 pages. 128.00 CNY.

The Yangtze River basin is important as the birth-
place of Chinese civilization. For thousands of years,
generations of Chinese people diligently work in this
area, and promote the development of Chinese civi-
lization with wisdom and sweat. The vast area is char-
acterized by numerous lakes, fertile land, mild climate,
abundant resources, long history and abundant cultures.
The area is about 19% of the whole area of China. Its
length, flow and basin area ranks the first in the major
rivers of China. The population, GDP and grain output
of this area is about 1⁄3 or more of China’s total, thus
this area occupies an important position in China.
Hence, the status of ecosystem health of the Yangtze
River Basin directly affects the sustainable develop-
ment of China’s national economy. 
The biodiversity of the Yangtze River Basin is his-

torically abundant. However, for a long time, the fre-
quent and intensive human activities and various dis-
turbance have imposed changes on this area. In recent
decades, along with the rapid population growth and
economic development, as well as the construction of
large-scale infrastructure, the natural resources this
area was over-exploited, leading to degeneration of
natural vegetation, soil erosion, river block, wetland
and lake shrinkage, water pollution, habitat fragmen-
tation, endangered species increase and other ecolog-
ical and environmental problems. Thus, biodiversity
resources in this area suffered from unprecedented
threats. Yangtze River basin has become one of the most
prominent centres of interweaved conflicts in terms
of regional economic development, natural resource
exploitation and biodiversity conservation in China.
To scientifically protect the biodiversity in the Yang -

tze River basin, WWF organized a research project on
the distribution pattern of biodiversity resources and the
conservation planning based on priority degrees of the
different areas of the Yangtze River Basin, aiming at

promoting the rational protection and use of the region-
al natural resources, and providing a basis for the
General Plan for the Yangtze River Ecoregion 2010-
2015, while providing a reference basis for the deci-
sion-making departments. The Atlas of Biodiversity
and Conservation in the Yangtze River Basin is the
reflection of such integrative research project. 
To keep the integrity of regional ecosystems and

wildlife habitats, the book included the Qiangtang
Nature Reserve, Ruoergai region, the northern slope
of Qinling Mountains, Qiantang River basin, Hunan
and Jiangxi Province into the range of the evaluation
and planning. The main content of the book is Part I
– a Brief Introduction to the Yangtze River Basin. The
sections include the location and the administrative
divisions in the Yangtze River Basin, and the topogra-
phy, climate, soil types, water system, water re sourc es,
population distribution, cities, economic development,
transportation systems and land use in the Yangtze
River Basin. Part II covers Spatial Patterns of Biodi-
versity and Identification of Priority Conservation
Areas. The sections included ecosystem types and their
distribution in the Yangtze River Basin, such as forest,
wetland, grassland, desert and agricultural ecosystems;
the distribution of the major organism groups in the
Yangtze River Basin, such as the key plants, mammals,
birds, amphibians, reptiles; priority conservation areas
in the Yangtze River Basin; assessments on the biodi-
versity conservation areas; analysis of threats to the
biodiversity conservation areas; the impacts of township
settlements, road, tourism, environmental pollution,
exploitation of mineral resources, hydrological engi-
neering, geological disasters, earthquake and floods.
Part III defines Introduction to Priority Conservation
Areas for Biodiversity in the Yangtze River Basin. Part
IV breaks down Biodiversity Conservation Strategies
and Recommendations for the Yangtze River Basin. 



This book will become a good reference for the per-
sons who are engaged in geography, GIS assisted geo-
graphic mapping, conservation ecology, population
or ecosystem ecology and so on, or any other persons
who are interested in the field of biodiversity conser-
vation in the Yangtze River Basin of China.

LI DEZHI1 QIN AILI2

(1Lab of Urbanization and Ecological Restoration of Shang-
hai; National Field Observation and Research Station in Tian -
tong Forest Ecosystem of Zhejiang; Department of Envi -
ronmental Science, East China Normal University, 3663,
Zhongshan Rd (N). Shanghai, China. 200062; 2Shanghai
Vocational and Technical College of Agriculture and Forestry,
658 Zhongshan 2 Rd. Songjiang, Shanghai, China. 201600)
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Climate Change and Arctic Sustainable Development: Scientific, Social, Cultural and
Educational Challenges

UNESCO (2009) UNESCO Publishing, Paris. 376 pages.

This publication is unbelievable, and naturalists
working “on the ground” know about it. The failure
of big and UN governments about Arctic and Climate
issues manifests itself here in writing, once again and
across many of the covered and diverse topics. Despite
some well-meant voices and chapters, most of the writ-
ings of this style and by governmental representatives
will stand out as a monument in time in regards to
“talking big but doing (and achieving) virtually noth-
ing” and for curbing Arctic climate change and glob-
al decay. The presented Conservation of Arctic Flora
and Fauna (CAFF) program makes for one of many
examples. “Today their aim is to conquer, exploit and
colonise”, this is what the UNESCO Goodwill
Ambassador for Arctic Polar Issues has to say about
the nations that are busy in the Arctic. Here we see
what contributes to the global climate disorder. What
has mankind really learned and improved upon?
This book keeps communicating “challenges”, but

fails to solve them, e.g. by promoting a global finan-
cial reform, big institutional changes and through a
new (better) form of governance and society. Who
should not strive for such a change in times of global
crisis?
By now, virtually everybody can see worldwide

that Sustainable Development eventually has failed,
and that it is very harmful. We have reached the end
of another era and its ideology, again; and nature
paid the bill once more. This is widely published in
the scientific literature and elsewhere, and it can be
seen already for decades with Climate Change, as
well as in the myriads of habitat and species loss
problems. This book has much in stock for natural-
ists in Canada and elsewhere. Impacts of ‘Canadisa-
tion’ are presented. However, most of our major gov-
ernmental institutions still keep promoting their
disastrous concepts of ‘green development’ and mod-
ernisation, but meanwhile destroying, at full steam,
the earth, its biodiversity, habitat and people. This
can hardly be called noble and royal. Alone the Fore-
word section of this book and written by various dig-
nities (“HSH Prince Albert II of Monaco also attend-
ed the closing session”) makes you already wonder
about the environmental mind of our royal families
(e.g. Monaco, Denmark, UK, Holland, Sweden and
Norway; many are the heads of major oil-run nations

and of their industries) and of many world leaders.
The Nobel prize is still rooted in such a mind set.
Each of the nine book chapters cover three to six

topics (with appendices 4 to 18 brief pages) and by
many different authors. A wide variety of Arctic top-
ics is discussed: Ice, Oceans and Atmosphere; Biodi-
versity and Ecosystem Services; Community-Level
Impacts and Adaptation; Health and Well-Being;
Economic Development and Social Transformations;
Education; Ethics, Responsibility and Sustainability;
Monitoring Systems. All Arctic nations and many
stakeholders are represented, including many indige-
nous voices and cultural entities (It is notable here
that the U.S. has no Ministry of Culture). Many of
the color illustrations, some tables and the literature
references (done for each chapter) are informative
and can serve as a lasting reference to the readership
on political, statistical and Arctic details.
I would like to present here the Greenland chapter

in order to exemplify my critique (the book is full of
many other examples that fall flat in real world sus-
tainability, such as the Arctic Wetland one and its adap-
tive management suggestion authored by large NGOs):
The climate change disaster is already well-known for
these countries; but further, relatively small nations
and without any military power and relevant budgets
like Greenland (or Iceland for instance) can easily get
bought out by the corporate industry and by wealthy
nations. Just another social engineering experiment is
there in the making: But this time it is run by the cor-
porate industry and covered up by the ‘free world’.
The chapter authors and editors simply forgot here to
consider and to report on all the victims of climate
change and of an ideological regime which just favours
schemes of resource extraction and money first. Bal-
anced and fair approaches (e.g., at least a 50:50 deal,
or much better) seem not to exist (Greenland just
gets a 25% deal for its people). Alone seven more (!)
mines are expected to operate in Greenland soon, oil
is to be delivered, and the Arctic Shipping Lane comes
handy to provide and transport supplies and resources
(not to mention all the arctic air traffic; a topic that is
not addressed at all in this book). And as if Greenland
is not already widely over-harvested and overused
enough, e.g. in regards to browsed vegetation, fisheries
and seabirds (similar details can be reported for adja-



cent Iceland also and where 7% of Atlantic Puffins are
yearly harvested and now have problems to even raise
any chicks). The promotion of one-sided economic
growth schemes does not fight poverty, it simply makes
it worse. The Persistent Organic Pollutant (POP) con-
tamination now makes for a great but sad example,
and where the supplied European-style food does not
provide a good and healthy balance to Greenlanders,
whereas the original subsistence food items (but which
are now contaminated) are toxic and contribute to cases
of diabetes, sudden cardiac death and psychiatric dis-
turbances. That’s how climate change starts to look
like in real life.
While this book and its impact unfolds, any natural-

ist can witness here just another genocide in the mak-
ing. Once more, and same as in Africa (e.g., Hutu and
Tootsie conflict, or Sudan and Liberia for decades), or
with many other indigenous populations, UNESCO
does nothing against it really and huge human losses
and sufferings occur. The powerless pay our bills. The
presented law suits against Exxon Mobil by the tiny
Alaskan village of Kivalina regarding the sea level
rise and the disappearance of their home island make
that case clearly (villages like Shishmaref and many
others have similar issues to fight).
And where is the church from the western world

(which otherwise has a strong grip on the UN) and
acclaimed gate keeper of humanity (their missionary
wrong-doings are covered in some chapters, and so is
the colonial history of the Arctic)? The petition lead
by Inuit leader and Nobel Peace Prize nominee S.
Watt-Cloutier about an urgent “relief from human
rights violations resulting from the impacts of global
warming and climate change caused by acts and
omissions of the United States” clearly show the cul-
prits. The Male Declaration on the Human Dimen-
sions of Climate Change calls for similar action.
But Achim Steiner, Executive Director of UNEP

and a known hardcore, long-term promoter of sus-
tainable development from the west, still states in the
Foreword of this book boldly: “If you look at climate
change in the context of the Arctic you are witnessing
humanity’s capacity for irrationality at its zenith”.
But then he kindly missed his own history and UNEP’s
track-record, and the fact that it is not humanity, but a
pseudo-democracy and where the people have not much
to say or to decide. Instead, in a sustainable world that
would be truly based on scientific facts (but not on
purely political administrations), UNEP and its leaders,
its funders and business concept would be among the
first to go.
On the good side, this book of 356 very well layed-

out pages, promotes open access and data sharing, and
thus transparency of science, governments (funding)
and decision-making. It can be seen as a countermea-
sure to global corruption. However, many of the book
contributors are not supporting and enforcing this great
scheme in full, e.g., Norway, U.S. National Science

Foundation (NSF), Canada and Russia (The Interna-
tional Polar Year IPY only has a 40% compliance
rate of its data policy). And due to the digital divide
(a subject hardly addressed in this book), many of the
small countries do not even have the capacity and skill
to participate in such endeavour. Cloud computing
might provide help (but is not covered in this book).
Besides not considering even the basics of ecologi-

cal economics or a strict 40% protection scheme, this
book also left out the oil & gas, and mining industry
voices (likely they just prefer to stay quite?). But as
an improvement to previous Arctic publications else-
where, the “Political tensions over sovereignty of the
Arctic Ocean” are shown as a real problem and the
notion of an ‘Arctic Treaty’ (similar to the Antarctic
Treaty) is at least discussed. Environmental ethics made
it into several chapters also.
However, despite being an international UNESCO

publication, this book fails also on the inclusion of
African, Brazilian, Indian, Korean and Chinese voices
(no chapters are devoted to them or provided by them;
even views from Poland, Belgium, France and UK are
missing).
Our last hope then is the Annex: International Expert

Meeting ‘Report and Recommendations’ (based on
the Monaco meeting and leading to this book and 67
recommendations). Well, the urgency of the Arctic
problem got expressed, knowledge gaps outlined, and
recommendations were made (many of which most
governmental participants themselves frequently vio-
late or do not follow even) and which follow the major
schemes of the book chapters (Education, communi-
cation and outreach; Cultural heritage; Well-being and
health; Economic development and resource manage-
ment; Arctic governance; Establishing, sustaining and
strengthening research monitoring systems; Informa-
tion access and data sharing; Policy and decision sup-
port). And so goes the Arctic theatre and with the UN
governance.
When it comes to the Circumpolar Arctic, to Climate

Change and Sustainable Development, institutions and
entities like the Arctic Council, CAFF, the Circumpolar
Biodiversity Monitoring Program (CBMP), IUCN, The
World Bank, WWF, EU-DAMOCLES and UN all
widely failed their basic mandates. They are not pro-
active, have ‘no teeth’, no honest performance evalu-
ation, and provided poor leadership thus far resulting
in a global environmental crisis which global humanity
has never witnessed before. A link with human suffer-
ing and loss of life can easily be made worldwide, and
with 7 billion people and rising. Therefore, the as -
signed powers should be withdrawn from these insti-
tutions and for a REAL NEW Green Deal to come.
This is because, and as every naturalist knows: Nature
is our only master.

FALK HUETTMANN

Institute of Arctic Biology, Biology and Wildlife Department,
University of Alaska-Fairbanks 99775 USA
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Life of Earth – Portrait of A Beautiful, Middle-Aged, Stressed-Out World

By Stanley A. Rice. 2011 Prometheus Books, 59, John Glenn Drive, Amherst, New York 14228-2119. 255 pages. 

The emergence of life on Earth is so magical and
fascinating that there are almost no other events in
the world can attract so many people’s lasting passion.
Although the final reasons on many mysteries of Earth
life, such as the origin and evolution, so far still have
not yet been completely revealed. After the Gaia hy -
pothesis was formulated, heated debate over whether
all organisms and their inorganic surroundings on
Earth are closely integrated to form a single and self-
regulating complex system, maintaining the conditions
for life on the planet, and the extent to which non-
intelligent life on Earth is able to adjust planetary con-
ditions to promote its continued survival and prosperity,
was launched and prolonged up to now. Hitherto, the
published books about the various aspects of Earth’s
life, including its relationship with environment, are
voluminous in the world. They are all with character-
istics, different in points of view, narrative ways, con-
tent arrangement and so on. So, it would be very hard
for an author to elucidate such a classical topic in a
new and unique way, even based on abundant new
material and deep ideas. It is impressive and com-
mendable that the newly published book Life of Earth
– Portrait of a Beautiful, Middle-Aged, Stressed-Out
World, written by Stanley A. Rice, gave a fresh and
new style of description on the Earth with plentiful
material and deep insights.
The author did a masterful job of integrating knowl-

edge from a variety of disciplines, showing the many
connections of life on Earth. Eloquent in tone and
pan oramic in perspective, the book fosters a vivid
appreciation of our planet, reflecting the author has an
unrivalled knowledge of the history of the Earth and its
implications for human society. The book described the
Earth with the evolutionary development of an un -
knowable wealth of species as a profusely complex
and beautiful planet, and regarded Earth is on about
halfway through its approximately ten-billion-year
exis tence. Humans are in the unique position of being
able to look back and reconstruct the past, look around
and discover its ferocious beauty, and look forward
to predict its future. 
Out of the run of the most other books on Earth’s

life history, which narrate the story of life on Earth in
terms of chronological period one after another, this
book discussed the rich and colourful diversity on
Earth in terms of pivotal evolutionary developments,
among which, the importance of symbiosis, sexual
selection, altruism and photosynthesis were empha-
sized as crucial determinants of the Earth’s biodiver-
sity. The book believes that the time at which single
cells began working together sparked the sudden
appearance of complex animals. Much later, symbi-

otic relationships led to flowering plants that depend-
ed on animals for pollination and seed dispersal.
With the advent of sexual selection there developed
an astonishing world of complex behaviour and a
dizzying array of life-forms. In humans, sexual selec-
tion exerted a great influence on the development of
our large brains. Species learning to work together
resulted in even greater variety and complexity. In early
humans, altruism gave rise to ever-widening social cir-
cles and contributed to the spread of culture. Beyond
dispute, photosynthesis of green plant plays an irre-
placeable and important role of in maintaining the
function of the whole ecosystem of Earth. Thus, the
book regarded these events as crucial events in the life
evolution and biodiversity maintenance on Earth. 
The factors influencing on the evolution and the

diversity of life on Earth are multifold, among which
the most important one differs in various periods, to
which no unanimous conclusion can be drawn. Ancient
natural catastrophes caused wide-spread extinctions
several times, yet life on Earth still tenaciously recov-
ered and reached a new prosperity. When the human
population rises in swift and violent manner com-
pared to any other wild life populations on the Earth,
humans gradually become a new increasingly power-
ful strength affecting or shaping the life evolution or
biodiversity on Earth. Humans represent the most
incredibly complex development and interweaving of
not only sexual selection and altruism but also reli-
gion and reason – more than in any other species that
has ever lived on the planet. The book focused on
human evolution and the extraordinary effect human
beings have had on the Earth. The author does not
overlook the immense prehuman history of the planet,
thereby emphasises the importance of the evolutionary
process to understanding human development and
ac tion. This comprehensive book illuminated the sub-
ject and the important role of humans. We have every
reason to believe that humans’ role in the future life
development or evolution on Earth will become more
and more critical and strong. However, if humans can-
not restrain or regulate their behaviours so as not to
seriously disturb the balance of the Earth’s ecosystem,
life on Earth would fall into ecological crisis. 
The book was written as prose, employing an enter-

taining and informal style, expressing and explaining
the complex relationships of earth science, and the
weirdness and wonder of the evolutionary history on
our Earth. It is described in easily understood ways and
engaging language, and with excitement and humour,
as well as profound sentiments. It is the book that can
lead readers to experience the life story of Earth in an
exciting way never before imagined. The author’s cov-



erage of diverse topics would appeal to all who wish
to understand the multifold meaning of the evolution
of the planet.
That main contents of the book included Introduc-

tion: A Pile of Rocks in the Middle of Kansas; Chapter
1 Meet Mother Earth; Chapter 2 Inevitable Evolu-
tion; Chapter 3 Innovation; Chapter 4 Symbiosis;
Chapter 5 Sex; Chapter 6 Altruism; Chapter 7 Reli-
gion; Chapter 8 Science; Chapter 9 Faith in photo-
synthesis.
This book would become a good reference for the

people who are engaged in anthropology, biology, hu -

man ecology, conservation ecology, population or eco -
system ecology and so on, or any other persons who
are interested in the field of Earth life.

LI DEZHI1 QIN AILI2

(1Lab of Urbanization and Ecological Restoration of Shang-
hai; National Field Observation and Research Station in
Tiantong Forest Ecosystem of Zhejiang; Department of
Environmental Science, East China Normal University,
3663, Zhongshan Rd (N). Shanghai, China. 200062;
2Shanghai Vocational and Technical College of Agriculture
and Forestry, 658 Zhongshan 2 Rd. Songjiang, Shanghai,
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5 Easy Pieces – The Impact of Fisheries on Marine Ecosystems

By D. Pauly. 2010. Island press, 1718 Connecticut Avenue, N.W., Suite 300, Washington, D.C. 20009-1148 USA. 236 pages.
25.00 USD. Paper.

Fisheries is making an annual global loss of 54 bil-
lion dollars; it is therefore no wonder that we have an
ongoing global crisis (in terms of ecology, food, in
our society, financially and even in the sciences who
widely promote such an approach still). Thus, and as
expected, this book by the infamous Prof Dan Pauly
from the University of British Columbia (UBC), Van-
couver, and with the Sea Around Us project (www.
seaaroundus.org) makes for fireworks. It is presenting
in a remarkable but simple and convincing style the
scientific evidence and arguments for the decline of the
oceans (c. 2⁄3 of the living world) and which is fuelled
by the global management and institutions of western
dominance, e.g., the Food and Agriculture Organisa-
tion (FAO). 
This book is done by THE GRAND MASTER of

sustainable world fishery analysis. It re-tells and ex -
plains the exciting story of five of his high impact
studies published with the prestigious journals of
SCIENCE and NATURE (and as discussed in news-
papers worldwide and even in The Economist). Besides
a general background reading and an introduction to
his life’s work, naturalists might also be interested in
learning about the intimate backstage stories and var-
ious rebuttals to colleagues and editors about those
high impact papers. The preface of this book states all
key features, and thus the subsequent text sections
make for an easy but very informative read.
Like many others did before, Pauly exposes B. Lom-

borg once more for his nonsensical pro-industry state-
ments, e.g., that 90 million tonnes of fish harvest would
just be a small price (!?) to pay for global overfishing.
An entire chapter is devoted to the widely cited 100 mil-
lion tonnes myth of a sustainable global fish harvest.
It gets assessed in this book and basically de clared as
a poorly founded fairy tale and that it is unsustain-
ably high resulting into a global suicide. The underly-
ing quota-setting formulas, and often developed in the
1960s and when computers, good data and modern
(non-linear) statistics hardly existed, such as Beverton

& Holt, Schaefer Model, Gulland equation and Ricker
Curve are discussed. Their flaws are exposed in con-
cept and detail. The science of the Total Allowable
Catch (TAC) is elaborated, and so is the Maximum
Sustainable Yield (MSY) concept and that the poten-
tial yield would consist of 50% of natural mortality
of the stock and its unexploited biomass. Naturalists
learn in an easy to comprehend language about the
various problems in the fisheries sciences, with their
underlying assumptions and quota computations (re -
ferred by the author as “dead bones get transferred from
one grave to another”). And so, throughout the book
Pauly elaborates convincingly that fish harvest is lim-
ited by nature (a fact that many leading officials with
The World Bank, International Monetary Fund, World
Trade Organization, Asian Development Bank etc. still
proudly ignore to this very day). It was Dan Pauly who
showed that basically 30% of ocean algae guarantee
the world’s fish production. Of course, ‘Harvesting Down
the Food chain’ makes for the major scheme of this
publication, and as it relates to the in famous Ecopath
& Ecoism model work, and Froese’s online database
‘Fishbase’ (www.fishbase.org). Indeed, we are at ‘peak
fish’ (a situation which will get worse for society now
after ‘peak oil’ to fuel fisheries, and after ‘peak soil’
and ‘peak farming’) and while the human population
and consumption rises. It becomes clear that no rea-
sons exist why ‘the rise of slime’ will not occur (anoth-
er scheme promoted by Pauly and where eventually
only small critters can survive the human pressures and
nets). 
Naturalists will further appreciate the deep concepts

of ‘embodied energy’ (Odum 1988) and of ‘Farming
up the Foodweb’ (a hot issue for Canadians on both
coasts. Facts are presented that aqua farming cannot
really sustain our world hunger; nor does it provide
many jobs. It’s a sink).
Over the 193 pages of this exciting book Pauly shares

with us the world view of a widely miss-managed fish-
eries, and specifically from the tropical view point. The



author started his career with the International Center
for Living Aquatic Resources Management (ICLARM)
in Manila/Philippines, e.g., showing us that single spe -
cies concepts are widely failing for most of the glob-
al fisheries. Unfortunately, Pauly does not share with
the audience his German training experience and how
the university in Kiel treated him and his views, and
why he was not employed there (or in the EU, in U.S.
and with NMFS and NOAA, all of which are in need
of a massive overhaul). Canada and UBC got a bargain
instead and now host the leading sustainable fisheries
scientist with Dan Pauly (a fact the Department of Fish-
eries and Oceans DFO and many government repre-
sentatives are probably all but happy about).
This great book takes on the ‘bureaucratic mummi-

fications’ of our institutions, and how harmful a reduc-
tionism view really is (although the work by Pauly and
his team unfortunately is still heavily vested in fre-
quency statistics, linear hypothesis testing and parsi-
mony even). It gets shown that fisheries science is still
a relatively young discipline, and was initially set up
in full support of industry; a feat that it still has not
recovered from well and which is at the core of the
global fisheries management crisis: an aggressive neo-
colonial western economic growth culture rules, still
assuming we are the gods of the universe running ‘ob -
jective’ science’.
And so, here we learn the many facets how in FAO

and other fisheries agencies, politics trumps science,
supporting industrial and monetary interests. Pauly
phrases this for Canada in the following way: “…the
capture by the fishing industry of the very agencies
that are supposed to regulate them (well documented
in Canada, Rose 2008)”. The integrity of the system
becomes widely compromised and resulting into situa-
tions like the “Systematic Distortion in World Fisheries
Catch Trends”.
Pauly also shows us clearly that FAO is the only

agency that maintains global fisheries statistics, and
thus having a monopoly and which should come with a
thorough ethic. By now, it just must make everybody
cynical that the FAO staff even themselves confirm
that their own catch statistics are not detailed and reli-
able enough for many valid interpretations (or for an
urgently needed conservation management). Pauly
refers to such cases as a ‘judo argument’ (supposed to
be a defensive fact but that actually is in favour of the
presented argument of a poor management and over-
fishing). And with that, what should one really think
about FAO’s own ‘Code of Conduct’ (designed to pro-
vide trust in the agency)? Sounds cosy though. And how
much trust is really to be placed in such an assigned
world leadership (or can it just be called what it really
is: overfishing terror favouring environmental destruc-
tion on a global scale fuelled by many western nations)?
Many industry lobbies argue against Pauly’s facts,

trying to extend their ‘business as usual’ scheme as
long as possible, and trying to make a living from the
fact that the ocean is known for its ongoing and new

taxonomic species descriptions documented every year.
But this book shows the true role of taxonomic fiddling
and species resolution, and where depending on the
assigned taxonomic system, findings can greatly differ
showing the magnitude impacts. In the FAO case this
results into FAO masking relevant trends in their own
statistics, presenting figures of ‘no impact’ (but which
are in reality underestimates) and which really must be
fixed to avoid the global bankruptcy (overall, that’s
where we are all heading at). Pauly and his colleagues
also show the role of cycling fish species populations
(e.g., Anchoveta, Chilean horse mackerel, Japanese
and American pilchards, Alaska Pollock) for accurate
global fisheries statistics, quotas and interpretations.
By now it comes to no big surprise that even the FAO
fisheries management zones (an essential unit for quota
assessment) basically come from the 1950s and are
based on no, or outdated, science. 
Another bigger section of this book covers the fraud-

ulent statistics (here: over reporting of fish harvest)
submitted by China to FAO and to the world. That
can be equalled to a crime because it results not only
in wrong quotas, but also in wrong investments and
fisheries protection measures. It easily makes for a
global food and ecosystem betrayal scheme. We must
thank Pauly for this (dangerous) detective work. In
FAO, apparently nobody really noticed the Chinese
reporting scam for decades (which becomes quickly
obvious to experts just by looking at numbers and local
marine realities).
To be used in a public discussion, the naturalist will

finally enjoy the great examples and documentation
about overfishing, e.g., for the Bay of Fundy, the Black
Sea, Namibian fisheries, parts of India and China.
Notably Large Skates disappeared in the Irish Sea (un -
fortunately the many overfishing examples of British
Columbia or the nearby Puget Sound crisis are ignored
in this text, so are the Alaskan ones). I am also deeply
disappointed that the Canadian Department of Fish-
eries (DFO) and all its wrong doings are virtually un -
mentioned in this book, nor the internal FAO, Science
and UBC University politics and lead ups, including
how China, India, Russia act in FAO (needless to say
that Canada is a big international player, and its role
and representatives are not mentioned here even).
Naturalists with an open mind and reading between
the lines will find out that FAO basically presents a
politically fabricated image to the global public, and
which results into crimes against nature, but while
some companies are happily make big bucks. It is too
bad that Pauly himself does not elaborate more on this
(unethical) issue and which likely is rife with sophisti-
cated crime and corruption schemes potentially involv-
ing many key players, governments and NGOs in Cana-
da and beyond.
But Pauly clearly shows that governmental scien-

tists (providing for the largest number of fisheries sci-
entists) are silent when a conflict of interest occurs.
Thus, scientists in universities must provide all details
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and make the case public and for a resolution instead.
This burden is on them.
Pauly and colleagues suggest that for the next dec -

ades effort is to be spent to re-building fish popula-
tions embedded within functional food webs, within
large “no take” marine protected areas. With that, it’s
almost funny to learn that R. Gutting Jr stated “vast
ocean areas have already been set aside as no-fishing
zones” (in reality just less than 1% of the oceans are
protected, and this number will not change much in
the coming decade for ecologically relevant areas).
I find that despite the great facts and writing, the last

chapter on ‘Future of fisheries’ widely underachieves.
It’s almost inappropriate that Pauly does not mention
in this book climate change and population growth
impacts (or the related notions of religion, birth con-
trol and development aid). Further, he does not elab-
orate much on the fact that most large fisheries now
are owned by international corporations and support-
ed by big NGOs (e.g., as done indirectly by WWF),
seen by all for all as sound investment projects, and
thus with decisions widely driven by banks (and who
then get bailed out on the public dime; The Iron Tri-
angle rules). We do disagree beyond an oversight by
Dan Pauly that he still does not put Economic Growth
and its promotion as a major culprit of the global fish-
eries crises and created by the west and its institu-
tions (a fact that the American Fisheries Society AFS
has widely acknowledged; see steadystate.org for posi-
tion statements on Economic Growth by AFS etc.). 
This text overall is asking whether Fisheries and

Ecology are a contradiction? Many other bits and
pieces are also of interest and are a joy to read, e.g., the
section titled “The world according to Stuart Pimm”
or about finding the Fermi solution (how to get at the
complete, or reasonable, estimate when only a frac-
tion of the data are known) and the scandalous fact
that “The markets display vast arrays of seafood of
uncertain origin and identity…”. I really enjoyed the
historical overview for world fisheries and for sustain-

ability (Naturalists knowledgeable about native soci-
eties though will take issue with Pauly’s views that
once people get technology in their hands, resources
just tend to get overused).
The overwhelming majority of fisheries is said to

collapse by 2050s (this also happens to be the pre-
dicted date when summer sea ice in the Arctic is to
disappear and when polar bears and other ice-related
species are predicted to be largely gone). We learn that
the only gains in fisheries are just brought by spatial
expansion and increases of fishing depth effort. And so
it remains not clear why Jane Lubchenco, fishery ecol-
ogist par excellence and now head of NOAA (arguably
one of the world’s most powerful national fisheries
services) still does not implement Pauly’s views (and
which have been around for over two decades)? It’s
the American carbon reduction failure re-visited, this
time just with fish.
It should be mentioned that the text also consists of

great figures and graphs, including a very readable
endnote sections and three appendices. It is completed
with nice (global) fisheries statistics for the naturalist
to use for his/her enjoyment and public argument.
Although this books is about relatively easy and

logic subjects that most people know and see daily
anyway (e.g., that “...the concept of “sustainable
growth” is nonsensical”), it must rank as one of the
top 10 books on global fisheries and food provision-
ing (similar books about the global rice, grain, corn
etc. crisis still have to be written). So yes, Island Press,
Dan Pauly and his world-wide team of students, sci-
entists and journalists did it again.
Rose A. (2008). Who killed the Grand Banks: the

untold story behind the decimation of one of the world’s
greatest natural resources. John Wiley & Sons, Mis-
sissauga, 320 pages. 

FALK HUETTMANN
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99775 USA
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Wetlands of the Ontario Hudson Bay Lowland: A Regional Overview

By John L. Riley. 2011. Nature Conservancy of Canada, Toronto, Ontario. 156 pages. + appendices. Paper and available on -
line: NCC – http://www.natureconservancy.ca OMNR – http://www.mnr.gov.on.ca/en/Business/FarNorth 

What is a fen? Are there different kinds of fens and
how do you tell them apart? Here is an overview that
answers these and many other questions for one of
the most important wetland areas in the world. In fact
the Hudson’s Bay Lowland is the world’s third largest
wetland and the largest in North America, – and 83%
of it is in Ontario. It takes up ¼ of the province and
spills over into Quebec and Manitoba. The area has a
significant effect on earth’s climate by sequestering
atmospheric carbon. It also home to a fascinating diver-
sity of plants and animals. This globally important
landscape is likely to experience rapid environmental
changes over the next few decades. This requires effi-

cient and informed land use planning – and here we
have the basis for it. 
The use of many colour photos not only increases

the book’s appeal, but also is important in illustrating
the subject matter. It is of interest to think a little more
about the photos. Several of them show the author
and/or his colleagues on a sunny day with a blue sky
– and of course it looks like fun. Try to imagine the
risks associated with this remote area and the extreme
discomfort of biting insects and bad weather. Work-
ing in the lowlands was not an easy job.
The first chapter entitled “Regional Overview” cov-

ers geology, climate change, carbon storage and bio-



logical diversity. There are a few more studies that
might be referred to, but one has to remember that this
is an overview and its particular strength is in wetland
classification. Those seeking a little more in the area
of biodiversity may refer to Desroches et al. (2010),
James et al. (1983), Peck (1972), Prevett & Lumsden
(1983), and Sutherland et al. (2005). Biological
information has been gathered from the more acces-
sible parts of the lowlands around Moosonee and at
Churchill, Manitoba, and this can be searched online.
It may be of interest to readers that most of the arti-
cles listed above were published in Canadian Field-
Naturalist. Actually the journal has long played a role
providing information on the Hudson Bay Lowlands.
It was in 1896 that J. B. Tyrrell and R. Bell were dis-
agreeing over whether or not the land around Hudson
Bay was still rising. Bell’s article in “The Ottawa
Naturalist” entitled “Proof of the Rising of the Land
Around Hudson Bay” was supported by later research
and Riley cites Weber’s figure of 1.2 m per century
over the past 1000 years.
The “Regional Wetland Variability” chapter begins

with a valuable history of terminology and classifica-
tion and concludes with a useful description of major
wetland formations. The following chapter describes
sampling procedures. “Environmental Variability” pre -
sents quantitative vegetation ordination (detrended cor-
respondence analysis). A few statistics wizards will
want significance tests, best fit regression lines and
perhaps a more direct use of correspondence, but as
it stands the figures are well chosen and quite ade-
quate to indicate the trends discussed. This chapter
provides a good understanding of variation on broad
geographic scales and concludes with a useful table
of plant indicator species. 
The chapter entitled “Ecoregional Wetland Charac-

teristics” describes wetlands of the lowlands on the
basis of ecoregions recently established by the Ontario
Ministry of Natural Resources (OMNR) and by the
National Wetland Working Group two decades ago.
How this relates to the national system is not as clear
as bog water and may have deserved more discussion,
but in fact the boundaries are almost identical. The
OMNR ecoregions are shown on Figure 1, page 11.
The final chapter is entitled “Major Wetland Types.”
It included helpful photos and lists of dominant
species. 
Appendix A includes a key to wetland types includ-

ing formations, subformations and groups. It is a major
contribution. Appendix B is a list of dominant plants
in different formations, subformations and groups, as
well as indicating their distribution by ecoregion and
association with permafrost, – another major contri-
bution. Appendix C is a catalogue of wetland site types
showing floristic composition, pH, peat depth, etc.
Users will notice that Riley has effectively included
the mosses which play such an important role in the
lowlands. Appendix D includes graphs showing cover

values and surface water pH for common peatland
species. Appendix E provides updated scientific names.
Finally the reference list appears complete and will
serve as a valuable general source for the lowlands. 
This is a very good overview and not much is miss-

ing. How the fauna fits into the wetland types, the
effects of climate change using improved models, and
other aspects require more study. There was definitely
no reason for the author to talk about the pre-glacial
vegetation of the region, but I find it interesting that
Woolly Mammoths may have occupied the area in
those times (Nielsen et al. 1988) suggesting a differ-
ent vegetation than the wetland of the postglacial peri-
od. 
Although I found some minor errors (e.g., Sagittaria

is spelled wrong on p. 102 and the key to dashed lines
on Figure 3 is reversed), this is an impressive, author-
itative and essential overview. In fact it is an outstand-
ing summary of older information and contains much
new information as well. Any biologist in northern
Canada could benefit from it.
Publication support for this document seems to be

an excellent way for the Ontario Ministry of Natural
Resources (OMNR) to assist First Nations in planning
under the Far North Land Use Planning Initiative. It
also seems to be an excellent way for the Nature Con-
servancy of Canada (NCC) to assist in the North where
their usual activities of evaluation, acquisition and
stewardship are less easily applied. These publication
partners are to be applauded for making essential infor-
mation so readily available. 
It is also important to remember the supporters of

the many years of research in the lowlands that pro-
vides the substance of this overview. The details of
this research can be accessed through this overview.
The supporters were the Ontario Ministry of Natural
Resources (Remote Sensing, Forest Research and
Ontario Parks), Canadian Forestry Service, Environ-
ment Canada (Canadian Wildlife Service, Lands Direc-
torate) and the Royal Ontario Museum. All of these
agencies can take some pride in this accomplishment
which is one of many beneficial results of their reli-
able support over a long period. 
Finally John Riley is already a legend with respect

to the lowlands – and to conservation in Canada (major
syntheses of information on the Niagara Escarpment,
Ontario alvars, etc. for conservation planning). An ex -
tensive and unique knowledge is required to write this
kind of book, but it also requires great dedication,
determination and love. In many cases a synthesis of
this kind never gets done because the requirements are
unusual and unmet. Luckily sometimes they are met.
This very valuable and authoritative work will help
us understand and protect the lowlands – a huge and
important part of Canada. Like some of Riley’s other
works, it is a major contribution to land use planning
based on excellent scientific research. 
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Wetlands of the Hudson Bay Lowlands – An Ontario Review

By John Riley. 2011. Nature Conservancy of Canada and the Ontario Ministry of Natural Resources, 36 Eglinton AvenueWest,
Suite 400, Toronto, Ontario M4R 1A1. 156 pages.

The Hudson Bay Lowlands are the longest marine
wetlands in the world and cover an area larger than
Great Britain. Because of the harsh living conditions
and swampy nature of the area there are few people.
The lowlands are shared with Manitoba and Quebec,
and the area came to prominence with the construc-
tion of the La Grand River hydroelectric project in
the 1970s and 1980s . This flooded large areas result-
ing in the release of mercury that had major impacts
on the wildlife [including humans] Similar develop-
ments could have major consequences for the Ontario
wetlands. 
This book is a scientific report of the results of field

investigations along the Ontario coast of Hudson and
James Bay. Written by John L. Riley, Chief of Science
of the Nature Conservancy of Canada and the author
Flora of the Hudson Bay Lowland and its post-glacial
origins [on the National Research Council Canada’s
website – put in the title, not the impossibly-long URL].
The current work is an inventory and mapping of the
region’s plant biodiversity. Its primary purpose is land
use planning to enable authorities to identify areas for
protection and potential sustainable economic devel-
opment. The report covers the geology, climate and
biology of this remote area. Using defined sampling
methods the author establishes wetland variability and
succession, environmental variability and wetland types
and characteristics. Appendices add further informa-
tion on the wetlands and vegetation.

This is a book for scientists and very serious ama-
teurs. For example, all the species are identified by
their scientific name only. Those who have the back-
ground will find this work to be a great resource that
contributes significantly to our knowledge base of
Northern Ontario. It identifies all the wetland types
and gives their critical physical and chemical charac-
teristics. There is good coverage of the vegetation which
includes mosses, grasses as well as higher plants. There
is little information on animal life and, oddly, the author
only uses their common names.
The report is well illustrated by numerous air and

ground photos, supplemented by close ups of flowers
and seeds. There are several excellent maps and many
graphs and charts. These additions and the well organ-
ised text make this an easy report to use. There is no
index, but I had little difficulty finding what I wanted
to research using the index.
The only other comment I have is the author’s incor-

rect use of the word parameter in a report that is oth-
erwise so precise.
This report is a valuable and important addition to

an under-researched area of Canada. I hope it will be
used by those making decisions on development in this
sensitive region. I doubt if many politicians will under-
stand its information, but they should listen to the sci-
entists who advise them. Personally I was delighted to
read it, as I will be visiting James Bay this summer,
and I extracted much useful material.

ROY JOHN

2193 Emard Crescent, Ottawa, K1J 6K5



280 THE CANADIAN FIELD-NATURALIST Vol. 125

NEW TITLES

Prepared by Roy John

† Available for review * Assigned
Currency Codes – CAD Canadian Dollars, USD U.S. Dollars, EUR Euros, AUD Australian Dollars.

ZOOLOGY
Amphibians and Reptiles – An Introduction to Their Nat-
ural History and Conservation. By Marty Crump. 2011.
McDonald & Woodward Publishing Company, 431-B East
College Street, Granville, Ohio 43023 USA. 264 pages. 29.95
USD. Paper.

Animal Camouflage – Mechanisms and Function. By M.
Stevens and Sami Merilaita. 2011. Cambridge University
Press, Edinburgh Building, Shaftesbury Road Cambridge
CB2 8RU United Kingdom. 376 pages. 65.95 USD. Paper.

Boreal Birds of North America. Edited by J. Wells. 2011.
University of California Press, 2012. Berkeley Way, Berkeley,
California 94704 USA. 160 pages. 39.95. USD. Cloth.

* Birds of North America and Greenland. By Nor man
Arlott. 2011. Princeton University Press 41 William Street,
Princeton, New Jersey 08540-5237 USA. 224 pages. 15.95
USD. Paper.

* Urban Carnivores: Ecology, Conflict and Conservation.
Edited by S. Gehrt, S. Riley, and B. Cypher. The Johns Hop-
kins University Press, 2715 North Charles Street, Baltimore,
Maryland 21218-4363 USA. 285 pages. 75.00 USD. Hard-
cover.

* Insect Ecology – Behavior, Populations and Communi-
ties. By P. W. Price, R. F. Denno, M. D. Eubanks, D. L. Finke
and I. Kaplan. 2011. Cambridge University Press, 32 Avenue
of the Americas, New York, New York 100013 USA. 801
pages. 85 USD. Paper.

* Population Demography of Northern Spotted Owls.
By E. Forsman et al. 2011. University of California Press,
2120 Berkeley Way, Berkeley, California 94704 USA. 106
pages. 39.95 USD. Cloth.

Petrels, Albatross and Storm Petrels of North America.
By Steve Howell. 2012. Princeton University Press, 41
William Street, Princeton, New Jersey 08540-5237 USA.
520 pages. 45.00 USD. Cloth.

* A Field Guide to Sea Stars of the Pacific Northwest. By
N. McDaniel. 2011. Harbour Publishing, P.O. Box 219,
Madeira Park, British Columbia V0N 2H0 Canada. Eight
fold 9 inch by 36 inch plasticized sheet. 7.95 CAD.

* Whelks to Whales – Coastal Marine Life of the Pacific
Northwest [Second Edition]. By R. Harbo. 2011. Harbour
Publishing, P.O. Box 219, Madeira Park, British Columbia
V0N 2H0 Canada. 328 pages. 25.95 CAD. Paper.

BOTANY

A Field Guide to Edible Mushrooms of the Pacific North-
west. By Daniel Winkler. 2011. Harbour Publishing, P.O.
Box 219, Madeira Park, British Columbia V0N 2H0 Canada.
7.95 CAD. Pamphlet.

* 21st Century Guidebook to Fungi. By David Moore,
Geoffrey D. Robson and Anthony P. J. Trinci. 2011. Cam-
bridge University Press, Edinburgh Building, Shaftesbury
Road Cambridge CB2 8RU United Kingdom. 627 pages,
plus CD. 135.00 USD. 

* Sarraceniaceae of North America. By Stewart McPher-
son and Donald Schnell. 2011. Redfern Natural History
Productions, 61 Lake Drive, Hamworthy, Poole, Dorset BH15
4LR, United Kingdom. 808 pages. 34.99 GBP. 

* Sarraceniaceae of South America. By Stewart McPher-
son, Andreas Wistuba, Andreas Fleischmann and Joachim
Nerz. Redfern Natural History Productions, 61 Lake Drive,
Hamworthy, Poole, Dorset BH15 4LR, United Kingdom.
562 pages. 34.99 GBP.

ENVIRONMENT

* Books and Naturalists. By D. E. Allen. 2010. Harper -
Collins Canada Ltd., 1995 Markham Road, Scarborough,
Ontario M1B 5M8 Canada. 496 pages. 50.00 USD approxi-
mately. Paper.

The Face of the Earth – Natural Landscapes, Science,
and Culture. By Sue Ellen Campbell. 2011. University of
California Press, 2120 Berkeley Way, Berkeley, California
94704 USA. 334 pages. 26.95 CAD. Paper.

Crop Ecology – Productivity and Management in Agri-
cultural Systems [2nd Edition]. By David J. Connor, Robert
S. Loomis and Kenneth G. Cassman. Cambridge University
Press, Edinburgh Building, Shaftesbury Road Cambridge
CB2 8RU United Kingdom. 562 pages. 52.00 USD. Paper. 

Convergent Evolution – Limited Forms Most Beautiful.
By George McGhee. 2011. The MIT Press. 55 Hayward
Street, Cambridge, Massachusetts 02142-1493 USA. 312
pages. 35.00 USD. Cloth.

In the Light of Evolution: Essays from the Laboratory
and the Field. By Jonathan B. Losos’s Roberts and Company
Publishers, 4950 S. Yosemite Street, F2 #197, Greenwood
Village, Colorado 80111 USA. 49.95 USD.



Fire Management in the American West – Forest Politics
and the Rise of Megafires. By Mark Hudson. 2011. Univer-
sity Press of Colorado, 5589 Arapahoe Avenue, Suite 206C,
Boulder, Colorado 80303 USA. 256 pages. 55.00 USD. Cloth. 

Okanagan Geology South – Geologic Highlights of the
South Okanagan, British Columbia. By Murray A. Roed
& Robert J. Fulton, [Eds], 2011. Sandhill Book Marketing
Ltd., Unit #4 – 3308 Appaloosa Road, Millcreek Industrial
Park Kelowna, British Columbia V1V 2W5 Canada. 257
pages. 24.95 USD. Paper.

† Social Networks and Natural Resource Management –
Uncovering the Social Fabric of Environmental Gover-
nance. By Örjan Bodin and Christina Prell. Cambridge Uni-
versity Press Edinburgh Building, Shaftesbury Road Cam-
bridge CB2 8RU United Kingdom. 390 pages. 55.00 CAD. 

British Columbia’s Inland Rainforest – Ecology, Con-
servation, and Management. By Susan Stevenson, Harold

Armleder, André Arsenault, Darwyn Coxson, Craig DeLong
and Michael Jull. 2011. UBC Press, University of British
Columbia, 2029 West Mall, Vancouver, British Columbia
V6T 1Z2 Canada. 456 pages. 95.00 CAD. Cloth.

* Drive and Curiosity – What Fuels the Passion for Sci-
ence. By Istvan Hargittai, Prometheus Books, 59 John Glenn
Drive, Amherst, New York 14228-2197 USA. 337 pages. 26.00
USD. 

Priority! The Dating of Scientific Names in Ornithology
/ A Directory to the Literature and its Reviewers. By E.
C. Dickinson, L. K. Overstreet and R. J. Dowsett. 2011. Aves
Press Limited, 35 Monarch Road, Northampton, NN2 6EH
United Kingdom. 320 pages. 90.00 EUR. Cloth.

* Spatio-Temporal Heterogeneity – Concepts and Analy-
ses. By P. Dutilleul. 2011. Cambridge University Press, 32
Avenue of the Americas, New York, New York 10013-2473
USA. 393 pages. 57.00 USD [Paper]. 125.00 USD [Cloth].
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Herpetologist and Ichthyologist Dr. Kenneth William
Stewart died 3 July 2011 at Victoria General Hospital
in Winnipeg. Professor Stewart was retired from the
Zoology Department, University of Manitoba, where
he had taught for 34 years after graduating from the
University of British Columbia. Among successful PhD

candidates he supervised were the Canadian herpetol-
ogists Patrick Gregory and Francis Cook. In retirement,
Ken completed The Freshwater Fish of Manitoba coau-
thored with Doug Watkinson, published in 2004. A com-
prehensive tribute to Ken is in preparation for a future
issue of The Canadian Field-Naturalist.
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News and Comment

Conservation and Biology of Tortoises and Freshwater Turtles Annual Symposium 2012

Dr. Kenneth William Stewart 1936-2011

The 10th annual symposium on the Conservation
and Biology of Tortoises and Freshwater Turtles will
be hosted 16-19 August 2012 in Tucson, Arizona. The
meeting is co-hosted by the Turtle Survival Alliance

and the IUCN Tortoise and Freshwater Turtle Specialist
Group (TFTSG). More information is available at www.
turtlesurvival.org. 
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1. Minutes of the Previous Meeting 
It was moved by Annie Bélair and seconded by

Diane Lepage that the minutes of the 131st Annual
Business Meeting be accepted with the following cor-
rection: in the Treasurer’s report, the reference to the
book “The Lichens of North America” must be deleted
and replaced by “The Lichens of the Ottawa Region”.

Carried

2. Business Arising from the Minutes
At the 2010 Annual Business Meeting, Frank Pope

was asked to follow up with the Nature Conservancy
of Canada to see if a commemorative plaque had been
installed in recognition of the OFNC’s contribution
towards the purchase of the Hewlett-Packard property.
Frank said that no, a plaque had not been installed yet.
The Nature Conservancy is in the process of arranging
a management contract with Queens University and
they are also negotiation the purchase of adjoining land.
A plaque will be installed when this business is wound
up. 

There was also a discussion about putting speakers’
PowerPoint presentation on the OFNC website, or even
a video of it. Ann mentioned that it had not been done
and more people were needed.

3. Communications Relating to the Annual
Business Meeting 
There were no communications relating to the

Annual Business Meeting. 

4. Treasurer’s Report – Frank Pope
Frank presented a synopsis of the financial activi-

ties of the Club over the last 5 years in three charts.
The first covered net assets, the second total revenue
and operating revenue, the third, operating revenue and
operating expenses. The OFNC is still healthy in terms
of net assets. In 2010, the operating revenue was greater
than the operating expenses. This is a bit misleading
since 6 back issues of the CFN plus 4 issues for 2011
need to be printed this year. The cost of publishing one
issue runs about $9,000.

In April, volume 125 of the CFN is scheduled to
be published using the Open Journal System (OJS) that
is now being installed. Nevertheless, printed copies of
the CFN will still be published, although in reduced num-
bers. The financial impact of all this has yet to be deter-
mined.

Frank then proceeded with the Financial Statement
which he covered page by page. He pointed out that
this was a “review” and not an “audit”. In an audit,
source documents are examined. In a review, the finan-
cial statements presented by management are accepted
as is. They are scrutinized from the point of view gen-
erally accepted accounting practices and any discrep-
ancies are followed up. A review is cheaper than an
audit and the trend is for small organizations like ours
to have a review. 

He said that this year, Janet Gehr is stepping down
as auditor of OFNC accounts after 20 years of service
to the Club. He thanked her on behalf of the Club and
personally because she has been of much help to him
over the past 10 years.

It was moved by Frank Pope that this financial
statement be accepted as a fair representation of the
financial position of the Club as of September 30 2010.
Seconded by Fenja Brodo.

Carried

Following the Treasurer’s Report, there was a dis-
cussion about the increase in the 2011 membership
fees, as well as the new $30 fee for hard copies of the
CFN. Some Life Members objected to having to pay
for printed copies of the CFN, claiming that the agree-
ment when they bought a life membership was that they
be provided with printed copies of the CFN. Ann
MacKenzie referred to the President’s Perspective in
an earlier Trail and Landscape that explained the finan-
cial situation of the OFNC.

It was also mentioned that a way should be designed
to get the members’ opinion on issues such as increas-
ing membership fees.

The question of having a student fee was also raised.
Ann agreed to bring this to Council for discussion.
ACTION: Ann MacKenzie

Minutes of the 132nd Annual Business Meeting of 
The Ottawa Field-Naturalists’ Club January 18, 2011
Place and time: Canadian Museum of Nature, Ottawa, Ontario, 7:00 pm 
Chairperson: Ann MacKenzie, President

Attendees spent the first half-hour reviewing the minutes of the previous ABM, the Treasurer’s report and the
OFNC committees’ annual reports for 2010. The meeting was called to order at 7:30 pm with some opening
remarks from the President.
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5. Committee Reports
Ann MacKenzie asked for questions and comments

on the 2010 committee reports which had been distrib-
uted to the attendees. Some rewording in the Awards
Committee’s report was suggested. An error in the
Conservation Committee Report was also identified.
The report reads “The Greenbelt Coalition has so far
failed to submit any detailed policy document to the
Greenbelt Master Plan Review team.” In fact, the poli-
cy document was submitted in September.

Moved by Ron Bedford and seconded by Diane
Kitching that the reports be accepted with the above
correction.

Carried

6. Nomination of the Financial Reviewer
Moved by Frank Pope and seconded by Diane

Lepage that the accounting firm of Welch LLP be
nominated to conduct a review of the OFNC’s
accounts for the 2010-11 fiscal year. 

Carried

7. Report of the Nominating Committee –
Fenja Brodo

SLATE PROPOSED BY THE NOMINATING COMMITTEE

Officers
President Ann MacKenzie
1st Vice President Fenja Brodo
2nd Vice President Jeff Skevington
Recording Secretary Annie Bélair 
Treasurer Frank Pope

Ex-officio members
Business Manager Frank Pope
Editor CFN Carolyn Callaghan
Editor T&L Karen McLachlan
Hamilton
Webmaster Sandra Garland
ON Nature Rep Diane Lepage

Committee Chairs
Awards Eleanor Zurbrigg
Birds Chris Traynor
Conservation Ken Young

Education & Publicity Fenja Brodo
Excursions and Lectures Jeff Skevington
Executive Ann MacKenzie
Finance Barbara Chouinard 
Fletcher Wildlife Garden Sandra Garland
Macoun Club Rob Lee (not on
Council)
Membership Henry Steger 
Publications Dan Brunton

Members at large
Julia Cipriani
David Hobden
Diane Kitching (Macoun Club rep)
Jeff Saarela 

Moved by Fenja Brodo and seconded by Frank
Pope that the above slate be accepted as members of
the Council of the OFNC for 2010.

Carried

Ann MacKenzie thanked all members of Council
for their dedication over the year and bid farewell to
those leaving the Council. 

She welcomed the new members and thanked
them for accepting this new responsibility

8. New Business 
Francis Cook (who was not present at the ABM)

asked Carolyn Callaghan to convey, on his behalf, a
deep thank you to the Club for years of support, to
past and present members of the Publications
Committee, and to Sandra Garland, Frank Pope and
Roy John. 

Moved by Ernie Brodo/Paul Catling that a special
note of thanks be presented to Francis Cook for
accepting to be chief editor of the CFN for 34 years.

Carried

9. Adjournment 
Moved by David Hobden and seconded by Sandra

Garland that the meeting be adjourned at 9:00 pm.

Carried

ANNIE BÉLAIR

Recording Secretary

The Ottawa Field-Naturalists’ Club Committee Annual Reports for 2010

Awards Committee
The Awards Committee met in January to consider nomi-

nations received for the various OFNC awards and candi-
dates who best fit the criteria for an award were selected. The
committee recommended to the OFNC Council that five
awards be given for 2010 including two Honorary member-
ships. Citations were prepared for each of the award recipi-
ents, and the awards were presented at the annual Soiree in
April. Citations will be published in The Canadian Field-
Naturalist. 

ELEANOR ZURBRIGG

Chair, Awards Committee

Birds Committee 
The Birds Committee organized the Fall Bird Count and

along with the Club des Ornithologues de l’Outaouais partici-
pated in the 2009 Christmas Bird Count. The annual Peregrine
Falcon Watch did not go ahead this year due to egg failure.
The seed-a-thon was successful in raising money to operate
the club’s bird feeders. The committee continues to operate
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a rare bird alert and the Ottawa bird status line, a recorded
telephone message of current bird sightings. Several com-
mittee members handle an increasing number of bird identi-
fication requests that come in to the club via its website. An
Eastern Screech Owl nest/roost box project was in opera-
tion with 15 boxes placed within the Christmas Bird Count
circle. The Bird Record Subcommittee met during the year to
review rare bird reports.

CHRIS TRAYNOR

Chair, Birds Committee

Conservation Committee
PROPOSED RESOLUTION ON WIND FARMS: Council

endorsed Ontario Nature members’ proposed resolution on
wind farms. The purpose was to promote the need to mini-
mize adverse effects on migratory birds, shoreline birds, water-
fowl, and bats.

ALGONQUIN PARK LOGGING AMENDMENTS: A
letter with President’s signature was sent expressing approval
for proposed amendments as a step in the right direction. The
amendments would increase by about 5% the area of the park
that is protected from logging.

TREE BYLAW VIOLATION: At her request, a letter was
sent to Councillor Christine Leadman criticising the City for
failing to act against a developer who destroyed a distinctive
tree in Kitchissippi Ward.

ALFRED BOG MANAGEMENT PLAN: A letter with
President’s signature was sent to Ontario Parks expressing
approval for the draft plan, except for perceived weakness
in regard to rehabilitation and water management, and for
giving access privileges to hunters while discouraging access
by the public. Council decided not to transfer the OFNC’s 50
acres of the bog to Ontario Parks, and later decided to transfer
the land to the South Nation Conservation Authority, which
will give them a legal right to be consulted.

PROPOSED OTTAWA FOREST KEEPER: In response
to a suggestion by members of the South March Highlands
Coalition, Council felt that the modest success of the Ottawa
Riverkeeper would not be a viable model for a Forest Keeper.
There are few regulations protecting forests, and there isn’t
the same public interest.

NCC GREENBELT MASTER PLAN REVIEW: Stan
Rosenbaum and Ken Young sent policy proposals to Sylvie
Lalonde, the NCC’s head planner, on September 2nd, 2010.
The OFNC Council endorsed this document on September
20th and had it posted on the OFNC web site. The proposals
include a policy on hay cutting during the nesting season for
ground-nesting birds, including the statement: “… leaving
the protection of ground-nesting birds at the individual dis-
cretion of tenants is not acceptable. Ultimately, the NCC as a
federal agency is responsible for the protection of migratory
birds on federal land.”

The OFNC is a member of the Greenbelt Coalition, a
coalition of environmental organizations formed to lobby the
NCC on the Master Plan Review. Also in September, 2010,
the Coalition submitted a policy document to the NCC.

STAN ROSENBAUM

Chair, Conservation Committee
Education & Publicity Committee 

This committee met three times formally. 
We have a newly purchased digital projector, a laptop

computer with a wealth of photographs available for Club pre-
sentations. A start has been made to organize the images. 

We sent judges to the Ottawa Regional Science Fair,
Saturday 10 April 2010 who found worthy recipients for our
prizes. 

Gillian Marston’s display on biodiversity was featured at
the National Wild Life Festival, 27-28th March. We partici-
pated in National Environment Week at the DND in June. We
show-cased our Club at the CMN “Meet the Experts” event on
27-28 November, together with the Fletcher Wildlife Garden
and the Macoun Club. 

We are often asked to provide speakers or leaders and we
fulfilled two such requests. (Requests for leaders often go
directly to Dave Moore, not a member of this committee.)

We are advertising more broadly for our monthly meet-
ings and for selected outings. On three occasions we got radio
coverage that resulted in increased attendance and possibly
a few new members. 

The sales desk is ably staffed at each monthly meeting and
we are selling our new T-shirts, water bottles with our logo, as
well as Christmas cards and back issues of journals and books. 

Extra copies of the Breeding Bird Atlas were given away
to Michael Runtz and Lenore Fahrig, Carleton University, with
specially designed book plates indicating that these were gifts
from our Club. 

FENJA BRODO

Acting Chair, Education & Publicity

Excursions and Lectures Committee 
We had a successful year with our ten monthly meetings,

the Soiree, 34 trips, one workshop plus two additional talks at
the Fletcher Wildlife Garden Interpretation Centre and one
talk at the Canadian Museum of Nature (CMN). This year
one excursion was cancelled due to the unavailability of the
trip leader and a substitute could not be found. Our Soiree
took place uneventfully. Two of our monthly meetings were
held at the Neatby Building, Carling Avenue while the CMN
was renovating the museum. Following the completion of
those renovations, refreshments are no longer served at the
monthly meetings due to a change in the CMN catering poli-
cies. Birding is the most popular activity, with 16 trips orga-
nized in 2010. The number of participants at our biannual
Point Pelee National Park trip exceeded our expectations.
We need to entice more leaders to lead more birding trips.
This was the fourth year that we participated in the North
American Butterfly Count. Our six full-day excursions were
well attended.  We had one weekend trip with canoes to the
Barron River Canyon of Algonquin Park. Other trips empha-
sized geology, mudpuppies, fungi, lichens, botany, insect col-
lecting, tree identification, ferns, and general natural history.

This year we had two events specifically for families and
we propose to include more such trips. In addition, we adver-
tised a field trip by the Macnamara Field Naturalists Club to
the March Highlands.

Due to a number of interviews on local radio by club
members, we have been publicizing our field trips more wide-
ly this year. After moving into the new Theatre in the base-
ment of the CMN in June 2010, we are also raising the pro-
file of our monthly talks to the public.

CHRISTINE WONG

Chair, Excursions and Lectures Committee

Finance Committee 
The first meeting on February 9 was to look at the finan-

cial statements from the previous year. The format of the
audited financial statements for the year ending September 30,
2009 was different because of new requirements within the
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auditing profession. For example, the capital funds are includ-
ed in the balance sheet rather than just in a separate note.
Both received donations and earned interest are included in
revenue. Donations given, such as the ones to the Wild Bird
Care Facility and the Nature Conservancy, are shown in the
list of annual expenses. Club officials may reformat the state-
ments for management purposes as long as they are called
Internal Management Statements and do not purport them
to be the audited statements. At the Annual Business meeting
in January we had distributed such reformatted statements
along with the audited statements. 

The Club is continuing to run a deficit. The annual rev-
enue generated does not cover the regular operating costs
and the difference is being made up by donations and inter-
est earned on bequests. Despite our large capital account bal-
ances we cannot continue to operate the club on a business
model of continuous deficits. As part of Council’s strategic
planning we should consider aiming toward balancing the
books in the next three to five years.

The second meeting of the Finance Committee was held
August 24th. The purpose of that meeting was to prepare a
budget for presentation at the September Council meeting.
That budget proposed significant cuts that were not acceptable
to Council. The revised budget and membership rate increas-
es were considered at an October meeting after the start of the
next year for the Club.

ANN MACKENZIE

Chair, Finance Committee

Fletcher Wildlife Garden
Habitat improvement

This was a difficult year for the management committee
as we finally had to make a decision about repairing the
dam that created our amphibian pond. Several heavy spring
runoffs had eroded the dam to the point where makeshift
repairs were no longer adequate. Drummond, the firm who
created the original dam, was able not only to rebuild it, but
also make the spillway wider and deeper to accommodate
higher levels of water in spring. This, in turn, necessitated a
longer bridge, for which we hired a carpenter and received
considerable help from Agriculture and Agri-Foods Canada. 

Control of invasives
Aside from expansion of the butterfly meadow, relative-

ly little work was done on invasives control this year.
Muskrats seem to be controlling flowering rush and frog-bit
in the pond. We had help from a group of young volunteers
to pull garlic mustard one Friday morning in spring, and in
late summer we invited the public to help cut dog-strangling
vine (DSV). This “blitz” idea, which was also used success-

fully in Kanata, led to plans for a city-wide effort to control
DSV and other invasives in 2011.

Outreach
We continue to use our web site and photo blog to reach

a wide audience. This year we started a Facebook page for the
FWG. We hosted several corporate volunteer groups, school
classes, and scout troops, all of whom contributed tremen-
dously to improving various habitats. 

SANDY GARLAND

Chair, Fletcher Wildlife Garden

Macoun Club Committee 
The Committee met at the beginning of the year to set the

Club’s overall direction, and after that carried out the month-
to-month planning by telephone and e-mail. Committee mem-
bers supervised or gave presentations at 19 indoor meetings,
and led 14 field trips during the school year (plus several spe-
cial field trips during the summer). All indoor sessions were
held in the Fletcher Wildlife Garden building; most field trips
took place either at the Club’s nature-study area in Ottawa’s
Greenbelt or on private properties in Lanark County. In May,
Ontario Nature organized a special joint field trip at the Perth
Wildlife Refuge, bringing together the Macoun Club and the
young people of the Kingston and Macnamara Field Nat ur -
a lists Clubs, together with their leaders. 

In July, the Macoun Club lost one of its most committed
and active leaders, Martha Camfield, at the age of 90. Mem -
orial donations were directed to the Macoun Club, and they
were generous. Furthermore, Martha had sent her own chil-
dren to Macoun Club in the 1950s, and, now gown, they have
proposed to establish an endowment fund for its benefit.

Six years after the last “Seniors” graduated, a small high-
school-age group has reformed. Older members have always
been important for taking on special responsibilities, such as
editing the Club’s newsletter. Encouraging numbers of
younger children continue to join, though not quite enough
to sustain a strong Club. 

The Club produces a monthly newsletter, an annual pub-
lication (The Little Bear), and maintains a website that is
linked to the OFNC site. Additionally, the fifth annual edition
of the Macoun Club’s notebook on sightings in the Club’s
nature-study area in the Greenbelt near Bells Corners was
bound in hard-cover and distributed to members.

ROBERT E. LEE

Chair, Macoun Field Club

Membership Committee
The distribution of the membership for 2010 at September

30, 2010 is shown in the table below, with the corresponding

CANADIAN USA OTHER TOTAL

2010 2009 2010 2009 2010 2009 2010 2009

Individual 386 (376) 15 (17) 0 (1) 401 (394)
Family 293 (279) 1 (1) 1 (1) 295 (281)
Sustaining 14 (15) 0 (0) 0 (0) 14 (15)
T and L 4 (4) 0 (0) 0 (0) 4 (4)
Honorary 21 (20) 0 (0) 0 (0) 21 (20)
Life 52 (52) 3 (5) 1 (1) 56 (58)
Other 22 (24) 0 (1) 1 (1) 23 (26)
TOTAL 792 (770) 19 (24) 3 (4) 814 (798)
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numbers for 2009 in brackets. “Others” represent, for the
greatest part, affiliate organizations that receive complimenta-
ry copies of the Club’s publications. Local membership (within
50 km of Parliament Hill) was 620 and 650 in 2009 and 2010,
respectively. The increase in total membership of 16 is the
first in several years and was driven by a significant increase
in local membership. There continued to be a decrease in
members located more than 50 km from Ottawa. The decrease
of 6 in U.S.A and other international membership was mostly
due to the return of four members to Canada.

HENRY STEGER

Chair, Membership Committee 

Publications Committee 
The Publications Committee met four times in 2010.
Four issues of The Canadian Field-Naturalist were pub-

lished to December 13: Volume 122 (3, 4) and Volume 123
(1, 2). Six more issues (Volume 123 (3, 4) and Volume 124
(1-4)) are in an advanced state of preparation and are expect-
ed to appear shortly. The four issues published to date con-
tained 412 pages; 35 articles; 17 notes; 60 book reviews; 124
new titles; 21 pages of News and Comments; 5 pages of mis-
cellany; and a 19 page index. Manning fund interest support-
ed 14 papers for a total of $5027. 

This has been a momentous year for The Canadian Field-
Naturalist. In the approach to online publishing, the ad hoc
committee (set up last year to investigate the various aspects)
concluded that the system set up by Garland was too narrow

in its approach and would be inadequate, especially for insti-
tutional subscribers. The committee recommended using either
Open Journal Systems (OJS) to produce the online version,
or putting production in the hands of a commercial publisher
(e.g., Springer, who submitted a detailed offer). The Publi -
cations Committee recommended to Council that OJS be used.
Council agreed.

Long time Editor, Francis Cook, said that he will retire
with the completion of Volume 124, and intends to have
Volume 124 completed before the 2011 Annual General
Meeting (an immense task).

A steering committee was struck to search for a new
Editor and to find the personnel to set up OJS. The setting up
of OJS is likely to be an onerous task, but thereafter should
be relatively straightforward to use. It was recognized that
the most important tasks are to have The Canadian Field-
Naturalist caught up, and kept up to date, and to have OJS
set up and running. The newly appointed Editor, Carolyn
Callaghan, has excellent credentials, and will begin with Vol -
ume 125. Jay Fitzsimmons was commissioned to set up OJS,
with appropriate help. 

Volume 44 of Trail &Landscape was published on sched-
ule in four issues containing 196 pages. 

I also announced that I would retire as Chair of this
Committee, and from Council, at the end of 2010.

RONALD E. BEDFORD

Chair, Publications Committee
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The Ottawa Field-Naturalists’ Club
Balance Sheet
September 30, 2010

2010 2009
ASSETS

CURRENT

Cash $78,103 $84,901
Prepaid Expenses 1,935 3,435
Investment certificate (Note 1) 127,267 104,833
Marketable securities (Note 2) 0 50,913
Accounts receivable 2,388 791

209,693 244,873
LAND – ALFRED BOG

(At cost, assessed 
value $19,100) 3,348 3,348

Marketable Securities (Note 2) 334,813 281,300

$547,854 $529,521

LIABILITIES AND FUND BALANCES
CURRENT

Accounts payable and 
accrued liabilities 4,478 $2,500 
Deferred revenue 10,438 9,987

14,916 12,487

LIFE MEMBERSHIPS 5,480 18,744

NET ASSETS

Unrestricted 280,770 258,062
Internally restricted 246,688 240,228

527,458 498,290

$547,854 $529,521

Review Engagement Report

To The Members of THE OTTAWA FIELD NATURALISTS’ CLUB

I have reviewed the statement of financial position
of THE OTTAWA FIELD-NATURALISTS’ CLUB at
September 30, 2010, the statement of changes in net
assets, and the statement of operations and cash flows
for the year then ended. My review was made in ac -
cordance with Canadian generally accepted standards
for review engagements and accordingly consisted pri -
marily of enquiry, analytical procedures and discussions
related to information supplied to me by the manage -
ment. A review does not constitute an audit and con -
sequently I do not express an audit opinion on these
financial statements.

Based on my review, nothing has come to my atten -
tion that causes me to believe that these financial state -
ments are not, in all material respects, in accordance
with Canadian generally accepted accounting prin -
ciples.

CHARTERED ACCOUNTANT,
Licensed Public Accountant

North Gower, Ontario
January 12, 2011
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The Ottawa Field-Naturalists’ Club
Statement of Operations
For the year ended September 30, 2010 (Unaudited)

2010 2009

REVENUE

Memberships $37,414 $23,547
Donations 10,431 17,686
Interest 15,479 19,050
GST rebate 1,832 2,666
Sales 626 437
Other 187 200

65,969 64,823 

OPERATING EXPENSES

Administrator 2,000 2,000
Affiliation fees 225 627
Computer expense 2,751 5,967
Membership committee 866 1,033
Donations 5,977 23,500
Bookkeeper 6,300 6,300
Telephone 2,768 2,729
Insurance 785 770
Office 856 986
Postage 906 666
Professional fees 2,500 2,000
GST 5,337 3,357
Other 625 1,815

31,896 51,750

CLUB ACTIVITY EXPENSES

Awards -146 377
Birds 1,510 1,681
Canadian Field Naturalist
(Note 3) 4,124 8,946
Education and publicity 912 1,109
Excursions and lectures -3,897 429
Macoun Field Club 145 599
Trail and Landscape 7,099 9,810
Fletcher Wildlife Garden
(Note 4) 3,638 (2,925)

13,385 20,026

45,281 71,776

EXCESS EXPENSES $20,688 ($6,953)

The Ottawa Field-Naturalists’ Club
Statement of Cash Flows
For the year ended September 30, 2010 (Unaudited)

2010 2009
Cash Flows from Operating 
Activities 

Excess (expenditures) revenue 
for the year                             $ 20,688 ($6,953)
Net change in non-cash 
balances                                 10,812 24,473

(Decrease) in Cash from 
Operating Activities              31,500 17,520

Cash Flows From Financing 
and Investing Activities
Decrease in Life Memberships 13,264 1,868
Net purchase and sale of 
investments                             -5,913 (-5,913)

7,351 (-4,045)

Net (Decrease) Increase in
Cash and GIC                       15,636 13,475

Cash and GIC, beginning 
of year 189,734 176,259

Cash and GIC, end of year 205,370 $189,734

Net Change in Non-Cash 
Balances
Accounts receivable                -1597 $17,024
Cumulative unrealized losses 
on financial assets 8,480 15,982
Prepaid expenses                     1,500 3,435
Accounts payable and accrued 
liabilities 1,978 (2,184)
Deferred revenue                     451 (2,914)

$ 10,812 $ 24,473
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1. Purpose of the Organization
The organization is non-profit and incorporated under

the laws of Ontario (1884). As a non-profit organization, it
is not subject to income taxes under the Income Tax Act.
The organization promotes the appreciation, preservation, and
conservation of Canada’s natural heritage. It encourages inves-
tigation and publishes the results of the research in all fields
of natural history and diffuses information on these fields as
widely as possible. It also supports and cooperates with other
organizations engaging in preserving, maintaining or restor-
ing environments of high quality for living things.

2. Financial Instruments
Financial assets and liabilities are recognized and mea-

sured as follows:
• Cash, consisting of bank and broker account balances,

and short term investment certificates (GIC’s due within
one year) are classified as a held-for-trading financial
asset, measured at fair value and changes in fair value
are recognized in the statement of operations. 
• Trade accounts receivable are classified as loans and

receivables, and measured at amortized cost. In this case
the value is at the same amount as originally recorded. 
• Marketable securities and investments are classified as

available-for-sale investments. They are recognized at
fair value and changes in this value are recognized in the
statement of changes in net assets until they are sold.
When investments are sold the related accumulated gain
or loss are recognized in the statement of operations.
Any transaction costs are added to the initial cost of the
investment. 
• Accounts payable and accrued liabilities are classified

as other financial liabilities. They are measured at amor-
tized cost using the effective interest method. 

3. Financial Risk Management Objectives and Policies
The Club is exposed to various financial risks resulting

from both it’s operations and it’s investment activities. The
Club’s management manages financial risks and focuses on
actively guaranteeing the Club’s short and medium-term cash
flows by minimizing its exposure to capital markets. 

The carrying amount of the Club’s financial assets on the
statement of financial position represents the maximum
amount exposed to credit risk. This credit risk is primarily
attributed to the accounts receivable. The Club does not require
a credit check or guarantee from its members. The accounts
receivable are limited to small transactions for memberships
and subscriptions, with the occasional larger one for articles. 

The Club’s objectives to managing capital are to safeguard
the Club’s ability to continue as a going concern and to meet
it’s financial obligations. It meets these objectives by investing
in secure obligations and guaranteed investment certificates
that mature at various intervals. 

4. Capital Assets
Capital assets in excess of $4,000 cost are recorded as

assets at cost and amortized on a straight-line basis. These
assets have been fully amortized.

5. Funds and Revenue Recognition
The organization prepares it’s financial statements using

fund accounting. All funds are internally restricted. The pur-
pose of the internally restricted funds are as follows:
• General Reserve – this amount was established by the

Board to fund outstanding operating expenses when the
Club is terminated.
• Manning – this fund was established by a bequest, and

the interest generated is used to assist authors to publish
articles in the Canadian Field-Naturalist (80%), and for
special Club projects (20%).
• Seedathon – this fund collects donations from the annu-

al bird sighting event and purchases seed for the Clubs
bird feeders.
• Anne Hanes Memorial – this fund was raised in mem-

ory of Anne Hanes, the founding editor of Trail and
Landscape, and is used to finance the annual winners
of the Anne Hanes Natural History Award.
• de Kiriline-Lawrence – this was funded by a bequest

from the popular author of nature books, and is supple-
mented by annual donations and used to support con-
servation efforts.
• Macoun Baillie Birdathon – this fund recognizes the

donations and pledges based upon the number of bird
sightings in the one day birdathon sponsored by Bird
Studies Canada, and is used to support the Macoun Field
Club, a club for youth.
• Alfred Bog – a fund established to raise funds for the

successful acquisition of Alfred Bog property, and to
continue to raise money for purchase of the remaining
property in the Bog.

Membership fees and subscriptions are recognized in the
year to which they apply. Life memberships are written off
over 15 years. 
• Donations, and all other fund-raising revenue is recog-

nized when received. GST refunds are recognized when
received. 
• Realized gains and losses are reported in the statement

of operations, while unrealized gains and losses are re -
ported in the statement of changes in net assets.

6. Foreign Currency
Transactions during the year in US dollars have been con-

verted in the accounts to Canadian dollars at the exchange
rate effective at the date of the transaction. All monetary assets
in US dollars at year end have been converted to Canadian
dollars at the rate effective on Sept. 30, 2008. Gains or losses
resulting therefrom are included in revenue or expenses.

7. Accounting Estimates
The preparation of financial statements in accordance with

Canadian generally accepted accounting principles requires
management to make estimates and assumptions that effect
the amounts recorded in the financial statements and notes to
the financial statements. These estimates are based on man-
agement’s best knowledge of current events and actions that
the Club may take in the future. Actual results may differ from
these estimates.

The Ottawa Field-Naturalists’ Club
Summary of Significant Accounting Policies

September 30, 2010
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8. Comparative Figures
Certain comparative figures have been reclassified to con-

form with the presentation adopted in the current year.

9. Future Accounting Standards
In September 2008, the Canadian Institute of Chartered

Accountants (CICA) modified the accounting standards that
apply only to not-for-profit organizations. Changes that would
affect the Club are:

• Revenue and expenses must be recognized and pre-
sented on a gross basis when an organization is acting
as a principal in transactions;
• New disclosures are applicable when the organization

classifies its expenses by function.
These new standards are effective for fiscal years begin-

ning after January 1, 2009, and would apply to the next fiscal
year of the Club.
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The Ottawa Field-Naturalists’ Club Notes to the Financial Statements
For the year ended September 30, 2010

2010 2009

1. CASH (Note 2, Accounting Policies)
Chequing $ 6,983 $ 19,106
Savings 40,896 52,682
Nesbitt Burns 23,855 4,338
Fletcher Wildlife Garden 6,369 8,775

$ 78,103 $ 84,901

Maturity Maturity Market 
Value Date Yield Value

$20,600 10/01/10 .65% $ 20,734 
78,220 9/29/11 .08% 78,220
26,000 10/09/12 4.41% 28,313

$ 127,267

2. MARKETABLE SECURITIES (Note 2, Accounting Policies)

Maturity Maturity Market 
Value Date Yield Value

Prov. of Newfoundland Coupon 44,782 10/17/11 4.525% $ 44,015
Prov. of Ontario Coupon 15,376 12/02/12 4.591% 14,769
Prov. of Manitoba Coupon 45,740 09/05/13 4.694% 43,092
Prov. of New Brunswick Bond 60,000 12/03/15 3.965% 65,437
Res CIBC Int BB6 70,827 10/31/14 4.144% 62,246
Ontario Hydro 28,281 11/26/16 4.791% 23,495
Prov. of Ontario Coupon 57,355 12/02/17 5.000% 45,239
Prov. of Newfoundland Bond 53,117 01/07/20 4.360% 36,520

$334,813

3. Canadian Field-Naturalist Operations
REVENUE

Subscriptions 17,208 $15,400
Reprints 4,400 2,411
Publication charges 34,206 27,086
Other 0 0

55,814 44,897
EXPENSES

Publishing 33,282 29,245
Reprints 996 1,200
Circulation 13,449 7,899
Editing 9,371 9,934
Other 0 0

57,098 48,278

Excess Expenses Over Revenue ($1284) ($3,381)
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The Ottawa Field-Naturalists’ Club Notes to the Financial Statements
For the year ended September 30, 2010 (Unaudited)

2010 2009
4. Fletcher Wildlife Garden

REVENUE

Human Resources and Skills Dev. Canada 0 0
Sales and other income 3,473 5,774
GST refund 0 0
Donations 935 400

4,408 6,174
EXPENSES

Program 94 89
Backyard 575 765
Buckthorn removal 0 0
Habitats 6,112 817
Interpretation centre 100 980
Administration 469 201
GST 0 27
Fund raising 563 219
Publications 74 70
Pond testing 0 0
Library 59 81

8,046 3,249

Excess Expenses Over Revenue ($3,638) $2,925

5. Statement of Fund Operations and Changes in Net Assets

Anne De
General Hanes Kiriline Macoun Alfred
Reserve Manning Seedathon Memorial Lawrence Baillie Bog Total

Revenue
Donations 0 0 495 0 0 2,364 0 2,859
Interest 0 4,199 0 0 0 0 0 4,199
Sales 0 0 0 0 0 0 0 0

0 4,199 495 0 0 2,364 0 7,058
Expenses
Waived charges, CFN 0 2,840 0 0 0 0 0 2,840
Donations 0 0 0 0 0 0 3,977 3,977
Seed 0 0 882 0 0 0 0 882
Prints 0 0 0 0 0 0 0 0

0 2,840 882 0 0 0 3,977 7,699
Net Assets, Beginning of Year 0 1,359 -387 0 0 2,364 -3,977 -641

Net Assets, Beginning of Year 100,000 120,944 409 630 13,064 1,204 3,977 240,228

Net Assets, End of Year 100,000 122,303 22 630 13,064 3,568 0 239,587

6. Publication Liability
A subscription entitles the subscriber to four issues of The Canadian Field-Naturalist based on a calender year. As the year

end of the Club is September 30, the Club incurs a liability for publishing the fourth issue of each publication.
At this time, however, the publication of The Canadian Field-Naturalist is running late. At 30 September 2010, the Club

owes subscribers Vol. 2, 3, and 4 of 2009 and 2010. Although most of the work preparing theses publications are done by vol-
unteers, the Club must pay for printing and mailing. Based upon recent costs, it is estimated that the Club has a liability of
$60,000 for the outstanding issues. This amount will be reduced by page charges to the authors in the amount of 40% of the
printing costs

7. Donations
During the year the Club donated $2,000 to the Kingston Field-Naturalists toward a study of owls on Amhurst Island. 
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