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FOREWORD

Scientific collections constitute
important research infrastructure,
enabling scientific research

and discovery at local, regional,
national and international

levels. The collections of natural
history museums are central to
understanding and advancing
knowledge of the past, present
and future of biological and
geological diversity as well as the
public understanding of science.
Documentation of the use of
collections raises awareness of
their relevance and facilitates
their continued support and
development.

The national natural history collection at the
Canadian Museum of Nature is the foundation

of the museum’s scientific work on biodiversity

and geodiversity in Canada and globally and
has supported scientific research and public
understanding of natural heritage for over
150 years. The collection is a world-class
resource that enables global research and
discovery about the natural world and how it
is changing.

This Science Review documents the impact
of the Canadian Museum of Nature on the
generation of new scientific knowledge. In
2022, 260 scientific articles were published
by Museum staff, associates, and other
researchers whose work was enabled by the
Museum'’s collections.

The global science
impact of the Canadian
Museum of Nature is
substantial.




ABOUT THE CANADIAN MUSEUM OF NATURE

The Canadian Museum of Nature is Canada’s
national museum of natural sciences and natural
history.

Our global vision is a sustainable natural future.
As current environmental changes such as
greenhouse gas emissions, species extinctions,
and loss of natural spaces due to anthropogenic
activities run counter to this vision, the museum
aims to inspire change.

Our global mission is to save the world for future
generations with evidence, knowledge and
inspiration.

The museum creates and delivers inspiring and
memorable connections with nature through
impactful research programs, collections
management, exhibitions, and engagement in a
21st-century global context.

The museum’s galleries and programs are based
at the Victoria Memorial Museum Building, a
National Historic Site of Canada, in Ottawa,
Ontario.

The museum houses and curates Canada’s
national natural history collection at its Natural
Heritage Campus in Gatineau, Quebec. The
collection comprises over 14.6 million natural
history specimens. These provide the evidence
museum scientists, associates, colleagues, and
other researchers use as a base for their studies,
resulting in the generation of new knowledge
about the natural world.
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This authoritative scientific collection spans the
tree of life, including specimens of algae, animals,
lichens, plants, and protists, and documents
geological diversity, including minerals, rocks,
and gems. The specimens are organized into

3.4 million units or lots, of which some

3 million are accessioned into the permanent
collection and the remainder exist as prepared

or unprepared backlog material. The museum’s
National Biodiversity Cryobank of Canada, a
biorepository of frozen tissues, samples, and
specimens from across Canada and abroad,

is a source of material for genomic research
conducted by staff and the international research
community.

Each year, the museum’s collection grows by
about 20,000 new specimens. These specimens
are obtained through staff field research,
exchanges with other museums, purchases, and
donations from collectors.

The museum also houses vital library and
archival references about nature: a large
collection of books and periodicals that is
particularly strong in the fields of the Canadian
Arctic, ornithology, systematics and taxonomy;
an archival collection; a nature art collection; and
a mixed media collection.

Two research centres of excellence are located
at the museum’s Natural Heritage Campus: the
Beaty Centre for Species Discovery and the
Centre for Arctic Knowledge and Exploration.
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SCIENCE REVIEW METHODS

PAPERS BY MUSEUM STAFF AND RESEARCH
ASSOCIATES

Papers published in 2022 by Canadian Museum of Nature staff
and associates were found using internal reporting mechanisms
and literature searches.

PAPERS BY EXTERNAL AUTHORS ENABLED BY
CANADIAN MUSEUM OF NATURE COLLECTIONS

External researchers access Canadian Museum of Nature
collection information by personal visits to the collections, by
requesting information about specimens, by borrowing museum
specimens, and by retrieving museum collection data shared
online. Papers published in 2022 by external authors that
indicate Canadian Museum of Nature collections contributed to
the published research were discovered via manual literature
searches. Searches were conducted for papers that cite one

or more Museum specimens, indicate that one or more of the
museum’s collections was searched for speciemens relevant to
study regardless of whether suitable material was found, indicate
significant use of Museum collections for consultation and
identification of species, or indicate that specimens associated
with the published work were deposited in the Museum.

To conduct these searches, the following Canadian Museum

of Nature collection codes were queried in Google Scholar:
CAN (vascular plant), CANA (alga), CMNAR (amphibian and
reptile), CMNA (annelid), CMNAV (bird), CANM (bryophyte),
CMNC (crustacean), CMNFI (fish), CMNIF (fossil invertebrate),
CMNFYV (fossil vertebrate), CMNI (general invertebrate), CMNEN
(insect), CANL (lichen), CMNMA (mammal), CMNML (mollusc),
CMNPB (palaeobotany), CMNPYM and CMNPYF (palynology),
and CMNPA (parasite). The acronyms CMN and NMC (National
Museum of Canada, as the Canadian Museum of Nature was
formerly known) and “Canadian Museum of Nature” were also
queried.

Only peer-reviewed papers and other peer-reviewed
contributions were considered; theses and preprints were
excluded. For each publication by authors not affiliated with
the Museum, the primary author’s country was used as a proxy
to assess the extent of the global community that used the
Museum’s collections.

Papers published in 2022 that cite a Global Biodiversity
Information Facility dataset including one or more Canadian
Museum of Nature specimens, as indexed on the Canadian
Museum of Nature GBIF publisher page, were identified. Given
the volume of 2022 papers that cite a GBIF-mediated dataset
including Museum data, it was impractical to carefully review
each study to confirm that downloaded Museum occurrence data
was used in analyses reported in the paper. Instead, a subset

of these papers was reviewed and summarized as examples

of how GBIF-mediated Canadian Museum of Nature collection
data is used by the international scientific community to address
research questions that require a large amount of reliable
biodiversity information from broad geographical areas.

CATEGORIES OF RESEARCH PAPERS

To characterize the types of research conducted and enabled

by the Canadian Museum of Nature in 2022, each paper was
assigned to one of the following four themes: Earth History and
Evolution, Endangered Species and Conservation, Environmental
Health, and Species Discovery. Although many papers could be
placed under more than one category, the single category that
best encapsulated each work was used.

A selection of papers is summarized under each theme, with

an explanation of each paper’s potential broader impact

and contribution to advancing knowledge. These examples
demonstrate the diverse science that museum researchers are
engaged in and the many ways that Canadian Museum of Nature
collections are used by others to generate new knowledge about
the natural world.
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In 2022, 260 scientific
papers were published

by Museum staff and
associates or enabled by
the Canadian Museum

of Nature’s collections,
excluding studies that used
GBIF-mediated Canadian
Museum of Nature data
because it was impractical
to comprehensively
document them.

PAPERS BY MUSEUM STAFF AND RESEARCH ASSOCIATES

Museum staff authored or co-authored 74
publications and Museum research associates
authored or co-authored 54 papers.

PAPERS BY EXTERNAL AUTHORS ENABLED BY
CANADIAN MUSEUM OF NATURE COLLECTIONS

Canadian Museum of Nature collections
contributed to research published in 132 papers
authored by researchers not affiliated with the
museum. Of these papers, 112 cite one or more
Museum specimens, four indicate the authors
searched a Museum collection for relevant
material but found none, four indicate the
authors either consulted Museum collections

to help with identifying species, and 12 indicate
the authors deposited voucher specimens from
their study in the Canadian Museum of Nature.
Affiliations of first authors of these papers
represent 29 countries (Figure 1). The United
States (44 papers) and Canada (32) are the best-
represented countries in the dataset.

CATEGORIES OF RESEARCH PAPERS

Ninety-one publications fall under the Earth
History and Evolution research theme, which
includes palaeobiology and mineralogy studies.
Seventy-five of these publications are in the field
of palaeobiology (14 co-authored by Museum
staff, 20 by Museum research associates, and 41
by researchers not affiliated with the Museum)
and 16 are in the field of mineralogy (eight co-
authored by Museum staff, one by Museum
research associates, and six by researchers not
affiliated with the Museum).




Eight papers fall under the Environmental Health
research theme. Museum staff co-authored five
of these, and researchers not affiliated with the
Canadian Museum of Nature authored three.

Two papers fall under the Endangered Species
and Conservation theme, both co-authored by
Museum staff.

One hundred fifty-four papers fall under

the Species Discovery theme. This theme
includes papers focused on the taxonomy,
systematics, and ecology of living (i.e., not
extinct) biodiversity. Museum staff authored
or co-authored 43 of these, Museum research
associates authored or co-authored 29, and
researchers not affiliated with the Canadian
Museum of Nature authored 82. The papers
by external authors focus on algae (2 papers),
beetles (34), birds (3), bryophytes (4), fishes
(10), lichens (7), mammals (7), molluscs,
copepods and other non-insect invertebrates
(8), vascular plants (6), and an assemblage of
organisms (1).

LIMITATIONS OF OUR APPROACH

Although aiming to be comprehensive, some
papers have likely been missed in this review,
given the manual effort required to find and
confirm relevant publications that meet our
criteria for inclusion and the highly variable way
that museum specimens and their repositories
are referred to in scientific papers. Papers that
cite Museum vascular plant specimens are
particularly difficult to track in the literature and
almost certainly underrepresented in our list.
This is because the collection’s acronym is “CAN”
(a common English word), and the standard
practice in botanical literature is to cite collection
codes with reference to an external resource
that defines those codes rather than defining

the code within the text, which is routine, for
example, in the entomological literature.
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Figure 1. Summary of the geographical origins of papers
published in 2022 and the number of papers from each
country by researchers not affiliated with the Canadian
Museum of Nature that used Canadian Museum of Nature
collections or collections data, excluding studies that used
GBIF-mediated Canadian Museum of Nature occurrence
data.
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SHARING DATA GLOBALLY

The Canadian Museum of Nature shares data
online for 925,275 (30%) of its more than
three million accessioned specimens or lots
(Table 1).

Of these, 827,301 records are mobilized via the
Global Biodiversity Information Facility (GBIF)
and 97,974 (algae and mineral collections)

via other online databases (Table 1). The
completeness of these digital records varies,
ranging from a species name and high-level
geographical provenance (i.e., country and
province/state; “skeletal” records) to complete
collection information including geographical
coordinates, which often must be determined
secondarily, and one or more images of the
specimen. A total of 74% of all mobilized
museum data has geographical coordinate
data and 73% of GBIF-mobilized museum
data has coordinate data. One or more images
are available for 13% of museum specimen
records mobilized online; more than 89% of
records with images are herbarium specimens,
primarily vascular plants, which are flat and
straightforward to image and have been a
museum priority for imaging. Algal collections
represent 10% of the total records with images.
Non-botanical specimens represent less than 1%
of all records with images.

The large number of papers that cite one or
more Museum specimens or a GBIF dataset
including specimen data from the Canadian
Museum of Nature, even though the latter was
not comprehensively documented, demonstrates
how the Museum’s collections contribute
broadly to development of new knowledge by
researchers from around the world.

As the global GBIF-mediated dataset grows,
more and more researchers are likely to use
the available information in their work. As more
Canadian Museum of Nature specimens are
digitized, a greater number of GBIF-mediated
Canadian Museum of Nature data points will

be available to the global community. As the
proportion of georeferenced Canadian Museum
of Nature specimens increases, a greater
number of data points will be discoverable
using map-based queries in the GBIF portal.

As the proportion of images associated with
Canadian Museum of Nature specimen records
increases and those images are mobilized,

the expected usage of those resources will
increase, particularly in systematic and related
biodiversity studies where an image may

be useful or required for a specimen to be
considered in a study (even if it is impossible to
accurately identify a specimen to species level
from an image, as is the case for many groups of
organisms).

I
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SHARING DATA GLOBALLY

Table 1. Summary of Canadian Museum of Nature collections, including number of physical specimens or lots, number
of records digitized and mobilized online, number of mobilized records that are georeferenced, and number of mobilized
records with an associated image. Digital resources are hosted on an Integrated Publishing Toolkit (http:/ipt.nature.

ca) and mediated by the Global Biodiversity Information Facility (GBIF) unless otherwise indicated. GBIF-mediated data

summarized here were captured on 23 June 2023.

9 9
usanoion o | Phsical | records:distized |  Number (9 of | mobilzed records
Collection pecimens and mo_blllzed georeferenced? with one or more
or lots! online specimen images
Herbarium* 1,072,528 298,238 (28) 215,872 (72) 105,140 (35)
Algae 161,881 55,418 (34)° 43,743 (79)° 11,938 (22)°
Bird 119,921 101,503 (85) 90,779 (89) 206 (0.2)
Crustacea 73,735 71,591 (97) 67,891 (95) 38 (0.05)
Fish 63,663 62,401 (98) 58,519 (94) 10 (0.02)
Mammal 59,703 59,668 (100) 44,475 (75) 11 (0.02)
Mollusc 132,992 50,989 (38) 38,190 (75) 252 (0.49)
Fossil Vertebrate 54,745 51,262 (94) -7 46 (0.09)
Amphibian and Reptile 37,858 37,667 (99) 32,503 (86) 62 (0.16)
Faunal Assemblage 109,858 0 (0) 0 (0) 0 (0)
Insect 1,096,437 24,729 (2) 1,772 (48) 16 (0.06)
General Invertebrate 42,150 30,945 (73) 27,713 (90) 48 (0.16)
Parasite 18,764 15,512 (83) 13,563 (87) 5 (0.03)
Palynology 14,569 14,566 (100) =7 2 (0.01)
Palaeobotany 4,881 4,872 (100) -7 1(0.02)
Fossil Invertebrate 4,573 3,358 (73) -7 0 (0)
Mineral 49,870 42,555 (85)° 35,743 (84)8 0 (0)s
TOTALS 3,118,128 925,275 (30) 680,763 (74) 117,775 (13)

«woN
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These numbers are estimates and include only accessioned material; unprocessed backlog material is excluded.

“Records” means catalogueable units or lots, not total number of specimens (i.e., one jar of fishes, a catalogueable unit, may contain 12 individual specimens).

“Georeferenced” means the digital record includes geographical coordinates that allow the record to be mapped and retrieved in map-based queries. The numbers were deter-
mined including the GBIF location flag “Include records where coordinates are flagged as suspicious.”

Including bryophytes, lichens and vascular plants. Algae are treated separately because their data are published in a separate database.

Mobilized via https://www.nature-cana.ca/databases/index.php

Mobilized via http://collections.nature.ca/en/Search/Index

Locality information for palaeobiology collections is shared only upon request.

OV 12
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PUBLICATION PROFILES

EARTH HISTORY
AND EVOLUTION

The Earth has a long history of change over time.
Understanding the past can be key to managing the present
and predicting the future. Museum scientists study and classify
mineral diversity and work with rocks to understand how the
Earth was formed. They also study fossils preserved in rocks
and subfossils to understand how species have evolved, what
aspects of their morphology may be important in explaining
their biology, where they live, and how many of them there
are (or were). By studying why some groups of organisms are
successful with lots of species, and others not, we can better
understand extinctions and how these might be explained
and possibly even prevented. Understanding Earth history is a
complex blend of geology and palaeobiology.
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PUBLICATION PROFILES
EARTH HISTORY AND EVOLUTION

FRASER, D., A. VILLASENOR, A.B. TOTH,
M.A. BALK, JT. ERONEN, W. ANDREW BARR,
A.K. BEHRENSMEYER, M. DAVIS, A. DU,

J. TYLER FAITH, G.R. GRAVES, N.J. GOTELLI,
AM. JUKAR, CV. LOQOY, B.J. MCGILL,

J.H. MILLER, S. PINEDA-MUNOZ, R. POTTS,
A.B. SHUPINSKI, L.C. SOUL AND

S. KATHLEEN LYONS. 2022.

Late quaternary biotic
homogenization of North
American mammalian faunas.

Nature Communications 13: 3940.
https://doi.orq/10.1038/s41467-022-31595-8

Biotic homogenization, defined as increasing similarity
in the composition of species among ecological
communities, has been observed for numerous
terrestrial and aquatic taxa over the past ~100 years.
Although historical data provide valuable context for
understanding anthropogenic effects, they provide only
a partial, time-limited picture of biodiversity change.
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Mammal assemblages undergo biotic homogenization during the Holocene. Source:
Fraser et al. (2022), available under a Creative Commons Attribution 4.0 International
licence.

In this study, Canadian Museum of Nature
palaeontologist Dr. Danielle Fraser and colleagues
from the Evolution of Terrestrial Ecosystems working
group tested for biotic homogenization among

North American mammals over the past 30,000

years, encompassing time periods before and after
the arrival of humans in North America (-20,000
years ago). They found that by ~10,000 years ago,
mammal assemblages in North America had undergone
significant biotic homogenization. Homogenization
occurred in two phases. The first phase followed

the extinction of the mammal megafauna about

10,000 years ago, and the second phase was during
human population expansion ~2,000 to 1,000 years
ago. Modern mammal assemblages are the most
homogenous of the last 30,000 years and are projected
to become more homogenous over the 21t century. This
is a conservation concern as homogenization can signal
the replacement of spatially complex ecosystems by
fewer, simpler ones and a loss of resilience. This study
contributes to a growing body of evidence suggesting
that humans have had ecological impacts for thousands
of years.
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Latitudinal patterns of mean taxonomic similarity for modern Western Hemisphere
mammals measured as mean proportion of shared taxa. Source: Fraser et al. (2022),
available under a Creative Commons Attribution 4.0 International licence.
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PUBLICATION PROFILES
EARTH HISTORY AND EVOLUTION

MALLON, J.C., R.B. HOLMES, E.L. BAMFORTH AND
D. SCHUMANN. 2022.

The record of Torosaurus (Ornithischia:
Ceratopsidae) in Canada and its taxonomic
implications.

Zoological Journal of the Linnean Society 195: 157-171.
https://doi.org/10.1093/zoolinnean/zlab120

The horned dinosaur genus Torosaurus has a challenging history in terms
of understanding its geographic distribution and taxonomy. Torosaurus has
been reported from upper Maastrichtian (66.88 to 66.04 million years

ago) deposits in Canada based on the presence of two frills, one from a
locality in southern Saskatchewan and the other from a locality in southern
Alberta. These records mark the genus’ northernmost range. However,
recent work has questioned the generic identity of the material. Some
researchers have argued that Torosaurus is a skeletally mature growth form
of Triceratops, which coexisted with Torosaurus. In this study, Canadian
Museum of Nature palaeobiologist Dr. Jordan Mallon and colleagues,
including CMN research associate Dr. Robert Holmes, re-examined the
Torosaurus frill material from Canada to clarify its taxonomic affinities.
They concluded that the frills are most plausibly assigned to Torosaurus,
confirming its presence in Canada. Based on study of thin-sectioned

bone from a femur associated with one of the frills, they found that the
animal was still growing at the time of its death. Based on this evidence,
they concluded that the material is not simply a mature growth form

of Triceratops. Studies like this one contribute to our understanding of life
on Earth in deep time.

Parietosquamosal frill of Torosaurus cf. T.

latus (EM P16.1, housed in the Eastend Museum,
Saskatchewan). A, dorsal surface; B, interpretive
reconstruction of dorsal surface; C, schematic
transverse cross-section of squamosal near caudal
edge, based on sketch by H. Jones; D, schematic

of frill, showing paired fossae and channels on
ventral surface of squamosals, based on sketch by H.
Jones. Image: Mallon et al. (2022), available under a
Creative Commons Attribution-NonCommercial 4.0
International licence.

A Torosaurus cast skeleton at the Milwaukee Public
Museum in Milwaukee, Wisconsin, United States.
Image: Michael Barera, available under a Creative
Commons Attribution-Share Alike 4.0 International, via
Wikimedia Commons.
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PIILONEN, P.C., G. POIRIER, W. LECHNER,
R. ROWE AND R.P. RICHARDS. 2022.

Zeolite minerals from Wat
Ocheng, Ta Ang, Ratanakiri
province, Cambodia - occurrence,
composition and paragenesis.

Canadian Mineralogist 60: 133-153.
https://doi.org/10.3749/canmin.2000113

The Ratanakiri Volcanic Province is a large (1500

km?) alkaline basalt field comprising both alkaline
and transitional basalts located in the far northeast
of Cambodia, along the border with Vietnam and
bounded by the Tonlé Srepok and Tonlé Sesan (tonlé
= river). It is part of the larger Southeast Asian
Volcanic Province, which includes basalts in Vietnam,
Thailand, and Laos. The Wat Ocheng basalt flow in the
southwest corner of the Ratanakiri Volcanic Province
is the first known occurrence of zeolite minerals in
the Ratanakiri Volcanic Province and in Cambodia.

In this study, Canadian Museum of Nature research
scientist Dr. Paula Piilonen and colleagues, including
CMN senior research assistants Glenn Poirier and
Ralph Rowe, characterized the zeolite minerals at
this locality. The Wat Ocheng basalt flow is a fine

grained, vesicular to amygdaloidal tholeiite composed
of lath-like plagioclase, interstitial augite, chabazite-Ca
and phillipsite-Ca and minor skeletal ulvdspinel. The
basalt amygdales contain six zeolite species (analcime,
chabazite-Ca, gonnardite, natrolite, phillipsite-Ca,
thomsonite-Ca) in addition to aragonite, calcite,
celadonite, pyrite, and a smectite-group mineral.

The distribution of zeolites within the amygdales is
not homogeneous, indicating (1) decreased porosity
between connected vesicles due to clay and fine-
grained zeolite crystallization and (2) variations in the
local fluid geochemistry, temperature and pH between
the vesicles. The chemistry of the host rock minerals
(Na-dominant plagioclase and volcanic glass) has

had a strong control on the composition of minerals
which formed in the amygdales. The unique epitaxial
intergrowth of thomsonite-Ca on earlier natrolite is a
direct expression of the Na-rich nature of the original
basalt and the hydrothermal fluids. The authors define
four phases of mineralization starting with early-stage
clay minerals, two phases of zeolite crystallization and
the last stage culminating in secondary calcite.

Piilonen and co-authors won the 2022 Hawley Medal for this paper.

The Mineralogical Association of Canada awards the Hawley Medal to
the authors of the best paper to appear in The Canadian Mineralogist
each year. The award is named in honor of Dr. J.E. Hawley (1897-1965)
who was distinguished professor of mineralogy at Queen’s University.

Geological map of Cambodia. The Ratanakiri Volcanic Province (northeastern Cambodia,
RVP) and other quaternary basalts in the country are in dark blue. The location of the
Wat Ocheng basalt at Ta Ang, Ratanakiri province, where zeolite has been observed, is
indicated by the yellow circle. Source: Piilonen et al. (2022).

Secondary electron image of prismatic natrolite with
a thin epitaxial growth of thomsonite-Ca, two zeolite
minerals from Wat Ocheng, Cambodia. Source:
Piilonen et al. (2022).

Chabazite-Ca, one of the
zeolite minerals identified
from Wat Ocheng, Cambodia.
Field of view: 6 mm. Source:
Piilonen et al. (2022).
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BROWN, C.M,, P.J. CURRIE AND F. THERRIEN. 2022.

Intraspecific facial bite marks in
tyrannosaurids provide insight into
sexual maturity and evolution of bird-like
intersexual display.

Paleobiology 48: 12-43.
https://doi.ora/10.1017/pab.2021.29

Intrasexual selection is a type of natural selection in which members

of the same sex compete for access to members of the opposite sex.
Intraspecific aggression is a widespread intrasexual selective behavior
important to understanding animal behavior. Although intraspecific
aggression can be readily studied in living species, it is difficult

to characterize in extinct ones, which limits researchers’ ability to
understand its evolution. Archosauria is an animal lineage that includes
extinct (non-avian dinosaurs, pterosaurs, crocodilian relatives) and
extant (crocodylians, birds) organisms. Among living archosaurs,
intraspecific aggression is much more extensive in crocodylians than in
birds, which show extreme visual/vocal intrasexual display. In this study;,
Caleb Brown and colleagues studied the origins of these behavioural
differences and their patterns in tyrannosaurids, a group of non-avian
dinosaurs that occupy an evolutionary position midway between basal
dinosaurs and birds. They documented the morphology, frequency, and
ontogeny (origin and development) of intraspecific facial bite lesions,

indicators of intraspecific aggression, in a large sample of tyrannosaurids

to infer intraspecific aggression patterns in the lineage. The authors
studied fossils of tyrannosaurid species housed in several museums,
including specimens that are part of the Canadian Museum of Nature
Fossil Collection. They found that bite-mark lesions are present in
multiple tyrannosaurid lineages. Based on these results, they suggested
intraspecific face-biting behavior may be an ancestral character state
for tyrannosaurids rather than having evolved independently multiple

times in the lineage. Absence of bite-mark lesions in the theropod lineage
that includes birds and their closest non-avian dinosaur relatives may be

related to the evolution of feathers.

Artistic reconstructions of hypothesized intraspecific
agonism (face-biting behavior) in Tyrannosauridae. Left,
Two Gorgosaurus individuals square off in face-biting
behavior. Right, The aftermath of face-biting behavior,
showing recent wounds and older scars, in left lateral
view. Art by Julius T. Csotonyi. Source: Brown et al.
(2022), available under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International licence.

Photographs of ammonium chloride-dusted tyrannosaur
cranial bones with healed and partially healed tooth-
strike lesions indicated (arrows). Source: Brown et al.
(2022), available under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International licence.
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DAY, M.C., E. SOKOLOVA, F.C. HAWTHORNE,
L. HORVATH AND E. PFENNINGER-HORVATH.
2022.

Bortolanite, Ca2(Cal.5Zr0.5)
Na(NaCa)Ti(Si207)2(FO)F2, a
new rinkite-group (seidozerite
supergroup) TS-block mineral
from the Bortolan Quarry, Po¢os
de Caldas Massif, Minas Gerais,
Brazil.

The Canadian Mineralogist 60: 699-712.
https://doi.org/10.3749/canmin.2200001

Mineralogy experts discover and describe about 100
new mineral species every year. In this study, Maxwell
Day and colleagues described the new mineral
species bortonalite. This new species is a rinkite-group
(seidozerite supergroup) TS-block (TS = Titanium-
Silicate) mineral. The sample the authors examined was
collected in August of 1996 by Laszlo Horvath in the
Bortolan quarry, Pocos de Caldas massif, Minas Gerais,
Brazil. The authors deposited the holotype specimen
of bortolanite in the Canadian Museum of Nature
Mineral Collection. The tiny holotype, mounted on a
glass fiber, is a fragment of the crystal (0.54 x 0.29

x 0.09 mm) used for electron-microprobe analysis.
Bortonalite is pale-yellow to brown and has a vitreous
luster and a pale-yellow to beige streak. The new
species is of late magmatic origin and is related to the
rinkite-group minerals fogoite-(Y), hainite-(Y), and
gobtzenite. Bortolanite is one of 49 well-characterized
TS-block minerals in the seidorizite group. Minerals
associated with bortolanite are g6tzenite, nepheline,
alkali feldspar, aegirine, natrolite, analcime, and
manganoan pectolite. Studies like this one increase our
knowledge of the geological diversity of our planet.
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Pale-yellow lath-shaped aggregates of bortolanite
intergrown with black radial acicular aegirine in a white
matrix of albite, nepheline, natrolite, and analcime.
Source: Day et al. (2022).
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Details of the TS block in the crystal structure of
bortolanite, a new species of mineral. Source: Day et al.
2022).
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GREENWOOD, D.R., J.G. CONRAN AND
C.K. WEST. 2022.

Palm fronds from western Canada
are the northernmost palms from
the Late Cretaceous of North
America and may include the
oldest Arecaceae.

Review of Palaeobotany and Palynology 301: 104641.
https://doi.org/10.1016/j.revpalbo.2022.104641

During the Cretaceous, a geological period that
lasted from 145 to 66 million years ago, the rapid
diversification of flowering plants transformed Earth’s
vegetation. Several flowering plant families that exist
today first appear in the fossil record during the

mid- to Late Cretaceous. One of these is the palm
family, Arecaceae. In this study, Greenwood and
colleagues report Late Cretaceous palm leaf fossils

from localities in southern Alberta and Saskatchewan,
Canada. Previously, Canadian palm records from this
period were known primarily from British Columbia.
Among the material studied is a specimen housed

in the Canadian Museum of Nature Fossil Collection
collected by W. Langston Jr. in Saskatchewan in
1962. The study also references W. Langston Jr.’s
unpublished field notes for an Alberta locality on

file at the Canadian Museum of Nature. The authors
assigned the Canadian Museum of Nature specimen to
the fossil genus Sabalites, along with specimens from
two other localities in Saskatchewan. The presence

of fossil palms in southern Alberta and Saskatchewan
indicates that the climate during the Late Cretaceous
in high mid-latitudes of North America (c. 55° N) was
warm, tropical to temperate, and humid. Studies like
this one that advance our understanding of biodiversity
in the deep past during different climate regimes can
help us predict how contemporary biodiversity may
respond to the rapidly warming climate.

Late Cretaceous palm leaf fossils, all Sabalites. Specimen
number 5 (CMN PB 4636), from the Frenchman
Formation (Maastrichtian), Chambery Coulee and
Morgan Creek area, Saskatchewan, is housed in the
Canadian Museum of Nature Fossil Collection. Source:
Greenwood et al. (2022), available under a Creative
Commons Attribution-NonCommercial-NoDerivatives
4.0 International licence.
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ENDANGERED
SPECIES AND
CONSERVATION

Biodiversity is in trouble. Natural habitats are being lost, species
diversity on Earth is declining, and we may be entering the next
great period of extinction. Museum collections represent huge
databases of relevant information about species presence in space
and time. By studying collections, scientists can identify centres of
diversity (hotspots), areas of endemism and ecosystems undergoing
change. Through partnerships with organizations concerned with
conservation, museums are irreplaceable sources of information in
assessing species for their endangered status.

" Q



PUBLICATION PROFILES
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GREILHUBER, R. IRSENAITE, J.B. JORDAL,

T. KOSMANN, J. LENDEMER, R.T. MCMULLIN,

A. MESIC, V. MOTATO-VASQUEZ, Y. OHMURA,
R.R. NZESBORG, C. PERINI, I. SAAR, D. SIMIJACA,
R. YAHR AND A. DAHLBERG. 2022.

What do the first 597 global
fungal Red List assessments tell
us about the threat status of
fungi?

Diversity 14: 736.
https://doi.org/10.3390/d14090736

Fungal species are not immune to the threats facing
animals and plants and are thus also prone to
extinction. Yet, until 2015, fungi were nearly absent

on the International Union for the Conservation of
Nature (IUCN) Red List. Recent efforts to identify
fungal species under threat have significantly increased

@ @ @ @ @ @ @ @ @ @ f?:ﬁ‘;::::j::’ of assessed fungal species (357) are

Critically Endangered (CR)
@ 32 (5%)

Endangered (EN)

Vulnerable (VU)

o Threal ci, 345 species, can
significant global concem

Near Threatened (NT)
Least ant_‘.em{LC}

Data Deficient (OD)

Number of species in different Red List categories for the 597 fungi currently
globally assessed on the IUCN Red List (July 2022). Source: Greilhuber et al.
(2022), available under a Creative Commons Attribution 4.0 International licence.

the number of published fungal assessments. In this
study, Greilhuber and colleagues, including Canadian
Museum of Nature lichenologist Dr. Troy McMullin,
provided the first global review of the extinction

risk of fungi and the threats they face. The review

is based on the 597 species of fungi (lichenized and
non-lichenized) included in the 2022-1 IUCN Red List
update (21 July 2022). The authors found that nearly
50% of the assessed species are Threatened, 10%

Near Threatened and 9% Data Deficient. The authors
identified habitat loss/degradation followed by climate
change, invasive species, and pollution as the primary
threats to fungi. They discuss bias in the data and
knowledge gaps and suggest actions to address these
gaps. Given that fungal diversity and distributions are
still poorly documented, there is great opportunity for
the discovery of new knowledge, including by amateur
mycologists and other community scientists using
platforms such as iNaturalist.

S i S

(b)

Number of assessed species/threatened species in different biogeographic realms
for (a) nonlichenized fungi and (b) lichens. The boxes illustrate the corresponding
habitat occupied by these species. Source: Greilhuber et al. (2022), available
under a Creative Commons Attribution 4.0 International licence.
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MIGICOVSKY, Z., B. AMYOTTE, J. ULRICH, TW. SMITH,
N.J. TURNER, J. PICO, C. CIOTIR, M. SHARIFI, G. MELDRUM,
B. STORMES AND T. MOREAU. 2022.

Berries as a case study for crop wild relative
conservation, use, and public engagement
in Canada.

PLANTS, PEOPLE, PLANET 4: 558-578.
https://doi.orq/10.1002/ppp3.10291

Crop wild relatives have a critical role to play in ensuring the future of food
security and agriculture given climate change. In this study, Migicovsky
and colleagues highlight the nutritional, cultural, and botanical significance
of berries in Canda and explore how they can serve as a case study for

the conservation, use, and public engagement of crop wild relatives.

The authors assessed the geographic distribution of 143 berry species in
Canada with distribution models based on occurrence records mediated
by the Global Biodiversity Information Facility, including many records
from the Canadian Museum of Nature’s National Herbarium of Canada.
They describe Canadian berries’ health benefits, geographic distribution,
and species at risk and suggest opportunities for conservation of berry
species in both natural (e.g., protected areas) and non-natural contexts
(e.g., botanical gardens, gene banks). They also describe the practices,
strategies, and approaches used by Indigenous Peoples to steward

berries and emphasize the importance of preserving and passing on

this knowledge.

Vaccinium vitis-idaea
(mountain cranberry), a native
berry species growing on Baffin
Island, Nunavut. This species

Is culturally important to
Indigenous Peoples in Canada.
Photo: Roger Bull/Canadian
Museum of Nature.
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MOUBARAK, M., ILR. FISCHHOFF, B.A. HAN
AND A.A. CASTELLANOS. 2022.

A spatially explicit risk
assessment of salamander
populations to Batrachochytrium
salamandrivorans in

the United States.

Diversity and Distributions 28: 2316-2329.
https://doi.org/10.1111/ddi.13627

The fungal pathogen Batrachochytrium dendrobatidis
(Bd), which causes the disease chytridiomycosis,

is threatening amphibian populations worldwide.
Recently, a closely related fungal pathogen called
Batrachochytrium salamandrivorans (Bsal), which was
thought to be confined to Asia, has spread to Europe,
where it has caused significant declines in salamander
populations. Although Bsal has not yet been detected
in the United States, it poses a significant risk to
salamander populations in the country, which has

the highest salamander biodiversity globally. In this
study, Moubarak and colleagues assessed the risk
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The areas (coloured blue) of the United States with the top quartile of risk scores
to the pathogen Batrachochytrium salamandrivorans, based on a combination

of environmental suitability for the pathogen and the susceptibility of species of
salamander to infection. Source: Moubarak et al. (2022), available under a Creative
Commons Attribution 4.0 International licence.

of salamander populations in the United States to
Bsal. To do this, they (1) predicted the environmental
suitability for the Bsal pathogen in the United States;
(2) predicted the susceptibility of salamander species
to Bsal infection using a machine-learning modelling
approach that correlated life history traits with data
on confirmed species infections; and (3) mapped the
geographic ranges of the subset of species predicted
to be susceptible to Bsal infection. One of the
datasets the authors used in their model comprised
salamander occurrence data mediated by the Global
Biodiversity Information Facility, including several
thousand records from the Canadian Museum of
Nature Amphibian and Reptile Collection. The
authors concluded that environmental suitability and
susceptibility of salamander species to Bsal infection
in the United States overlap the most in the Pacific
Northwest, near the Gulf of Mexico, along the Atlantic
coast, and in inland states east of the Plains region.
Identification of these areas where risk of salamanders
to a potential Bsal infection is greatest can guide
conservation actions to protect at-risk salamander
species from a possible new threat.

lllustration of a four-toed salamander
(Hemidactylium scutatum), a lungless salamander
native to eastern North America. lllustration:
Charles Douglas/Canadian Museum of Nature.
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With increasing human population, our natural world is changing.
Understanding human impacts on the natural world, such as
those related to climate change, introduction of invasive species,
and habitat loss, is key to ensuring a sustainable future. In many
instances, knowledge about plants and animals can be used to
measure and assess the general health of today’s ecosystems.
Identifying indicator species, those whose presence or absence
are indicative of changes in ecosystem health, is often a simple
and fast way to detect change. Border security and the prevention
of introduced species is also a concern, as invasive species can
often have profound impacts on the ecosystems to which they are
newly introduced.
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TROTTIER, L., J. CHETELAT, C. VIS,
P.B. HAMILTON, F.R. PICK AND
J.C. VERMAIRE. 2022.

Water chemistry and periphyton
biomass in the Rideau River:
Have conditions changed after
24 years?

Journal of Limnology 81.
https://doi.orqa/10.4081/jlimnol.2022.2065

The Rideau River watershed in Ontario, Canada, has
experienced significant changes over the past three
decades due to a shift from rural and agricultural land
towards urban land use, as well as the introduction
and expansion of invasive species. Researchers

can characterize how human activities are altering
riverine ecosystems by studying changes over

time in periphyton biomass, a mixture of algae and
microorganisms attached to underwater surfaces.

To better understand the impact of environmental
changes on the Rideau River, Trottier and colleagues,

Map showing the sample sites (stars,

1-7) and the six Provincial Water Quality
Monitoring Network stations (squares, A-F)
along the Rideau River in Ontario, Canada.
Source: Trottier et al. (2022), available
under a Creative Common Attribution-
NonCommercial 4.0 International licence.
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including Canadian Museum of Nature senior research
assistant Paul Hamilton, analyzed the spatial and
temporal patterns of periphyton biomass collected

in 1995 and 2019 at sites along a 66 km stretch of the
river. They also examined changes between 2000 and
2018 in water nutrient and chloride concentrations.
They found that nitrogen declined between 2000 and
2018 in areas that have not undergone urbanization
since the 2000s. However, total phosphorus declined,
and chloride increased at midstream and downstream
sites that have undergone urbanization during the same
period. They found no change in periphyton biomass
along the river between 1995 and 2019 despite the
declines in nitrogen and phosphorus concentrations.
These results suggest that periphyton has been able to
persist in the face of ongoing anthropogenic changes in
the river ecosystem. Given periphyton’s important role
in benthic aquatic food webs and in providing habitat
for small organisms, improved understanding of how
periphyton reacts to environmental changes will aid us
in anticipating how river ecosystems respond to human
activities.
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BERGMAN, J.N.,, G.D. RABY, K.L. NEIGEL,
C.D. RENNIE, S. BALSHINE, J.R. BENNETT,
AT. FISK AND S.J. COOKE. 2022.

Tracking the early stages of an invasion
with biotelemetry: behaviour of round goby
(Neogobius melanostomus) in Canada’s
historic Rideau Canal.

Biological Invasions 24: 1149-1173.
https://doi.org/10.1007/s10530-021-02705-2

Round goby (Neogobius melanostomus). Photo: Peter

The round goby, a small, bottom-dwelling fish native to the Black and van der Sluifs, available under a Creative Commons

Attribution-Sharealike 3.0 Unported licence, via

Caspian Seas, has invaded many freshwater ecosystems in Europe and Wikimedia Commons.
North America, including the Laurentian Great Lakes. The invasion of
round gobies can have significant ecological and economic impacts

on invaded ecosystems and the human communities that depend on
them. In 2019, researchers discovered round goby in a central area of the
Rideau Canal in eastern Ontario, Canada, where the species had not been
reported previously. In this study, Bergmann and colleagues characterized
the establishment and spread of the round goby in the Rideau Canal to
inform management strategies for this invasive species in this 202 km
waterway between Lake Ontario and the Ottawa River. They implanted
acoustic transmitters into 45 round gobies and used these tags to track
how the fish moved in the canal. This was the first study to track a round
goby invasion using telemetry to inform management. The researchers
donated some round goby individuals captured during their study to

the Canadian Museum of Nature Fish Collection as voucher specimens.
Now part of the permanent scientific record, these specimens are available
for other researchers to study, and they contribute to documentation of the
spread of this invasive species over time and space. The researchers found
that most tagged fish stayed near the release site, but 26% dispersed. One
fish had traveled 500 meters downstream after 27 days. They also found
that downstream dispersal is occurring. They suggest that modifications
to lock operations and infrastructure along the Rideau Canal could

reduce round goby expansion upstream from the invasion site through
lockstations.
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CHOY, E.S,, L.K. BLIGHT, J.E. ELLIOTT, K.A. HOBSON,
M. ZANUTTIG AND K.H. ELLIOTT. 2022.

Stable mercury trends support a long-term
diet shift away from marine foraging in Salish
Sea glaucous-winged gulls over the last
century.

Environmental Science & Technology 56: 12097-12105.
https://doi.org/10.1021/acs.est.1c03760

Mercury emissions have increased substantially since the Industrial
Revolution. Once mercury enters the food chain, it can be taken up by
organisms and accumulated in their tissues, particularly in predators at
the top of the food chain. Since the mid-1980s, mercury concentrations in
the North Pacific Ocean have increased because of increased emissions
from Asia. It is not known, however, if mercury concentrations in wildlife
that live in Pacific Ocean ecosystems have increased during the same time.
In this study, Choy and colleagues examined 109-year trends in mercury
concentrations in glaucous-winged gulls (Larus glaucescens), generalist
marine predators that may be strong indicators of mercury transfer in
Pacific marine food webs. They measured mercury in feathers collected
from 1887 to 1996 at 28 nesting colonies in the Salish Sea ecosystem in
British Columbia, Canada, and Washington, United States. The authors
obtained feather samples from glaucous-winged gull museum skins,
including from specimens that are part of the Canadian Museum of
Nature Bird Collection. The results showed no evidence of a trend in
mercury concentrations in glaucous-winged gulls from 1887 to 1996. The
researchers concluded that changes in glaucous-winged gull diet over
time, for which other studies have provided evidence, may have countered
increased mercury deposition in the birds. The evidence suggests that
glaucous-winged gulls have decreased consumption of marine fish. Studies
like this one demonstrate the scientific value of the long time series that
natural history specimens represent and the information they can provide
about environmental conditions over time.
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Glaucous-winged Gull (Larus glaucescens), Oregon coast.
Photo: Andy Reago & Chrissy McClarren, available under
a Creative Commons Attribution 2.0 Generic licence, via
Wikimedia Commons.
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HANSEN, S.E., B.C. CAHILL, R.A. HACKETT, M.J. MONFILS,
R.T. GOEBEL, S. ASENCIO AND A. MONFILS. 2022.

Aggregated occurrence records of invasive
European frog-bit (Hydrocharis morsus-ranae
L.) across North America.

Biodiversity Data Journal 10: e77492.
https://doi.org/10.3897/BDJ.10.e77492

European frog-bit (Hydrocharis morsus-ranae L.) is a free-floating

aquatic plant invasive in Canada, the United States and India. It is native
to Europe and northern and western Asia and is believed to have first
been introduced to North America in Ottawa, Ontario in 1932. It has since
spread by way of the St. Lawrence River and connected waterways to
southern Ontario and Quebec and parts of the northern United States.
Invasive European frog-bit occurs in freshwater coastal wetlands and
inland waters, where it can form dense mats that have the potential to
limit recreational and commercial use of waterways, alter water chemistry
and impact native species and ecosystems. Data on the past and present
distribution of this invasive species provide geospatial information that
can be used to infer the pattern of invasion and inform management and
monitoring targeted at preventing secondary spread. This study reports

a European frog-bit dataset containing 12,037 preserved specimen and
observation-based occurrence records, including 9,994 presence records
spanning two Canadian provinces and ten U.S. states and 2,043 absence
records spanning five U.S. states. The dataset includes records of 15 Global
Biodiversity Information Facility-mediated European frog-bit specimens
housed in the Canadian Museum of Nature’s National Herbarium of
Canada. The aggregated European frog-bit dataset provides a curated
resource that has been used to guide a Michigan management strategy
and provides information for ongoing efforts to develop invasion risk
assessments, species distribution models and decision-support tools for
conservation and management.

Text modified from Hansen et al. (2022), distributed under the terms of the CCO Public
Domain Dedication.
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Presence records of European frog-bit in Canada and
the United States. Occurrences in Washington State
and Florida are not shown. Source: Hansen et al. (2022),
distributed under the terms of the CCO Public Domain
Dedication.

Invasive european frog-bit (Hydrocharis morsus-ranae)
growing in Leeds and Grenville County, Ontario. Photo:
Petroglyph, available under a available under a Creative
Commons Attribution-NonCommercial 2.0 Generic
licence, via Flickr.
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REWICZ, A., M. MYSLIWY, T. REWICZ,
W. ADAMOWSKI AND M. KOLANOWSKA. 2022.

Contradictory effect of
climate change on American
and European populations of
Impatiens capensis Meerb. - is
this herb a global threat?

Science of The Total Environment 850: 157959.
https://doi.org/10.1016/j.scitotenv.2022.157959

Biological invasions are among the major threats to
biodiversity. The native North American plant species
Impatiens capensis (spotted jewelweed) is currently
spreading across Europe, where some countries
consider it invasive. In this study, Rewicz and colleagues
aimed to generate information on the potential present
and future distribution of spotted jewelweed under
various climate change scenarios, including evaluation
of the differences in bioclimatic preferences of native
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and non-native populations. The authors compiled

a database of /. capensis localities largely based on
Global Biodiversity Information Facility-mediated
occurrence data, including records from the Canadian
Museum of Nature’s National Herbarium of Canada.
They then modeled the future distribution of the
climatic niche of spotted jewelweed in 2080-2100
based on various climate projections. The models
predict that climate change will shift the native range
of spotted jewelweed to the north and the range of
nonnative European populations to the northwest.

The authors also found that, in response to climate
change, the distribution of niches suitable for spotted
jewelweed in North America will expand whereas the
range of suitable habitats for European populations
could be reduced by 31 to 95%. Studies such as this one
that model the future distribution of species ranges in
the context of climate change would not be possible
without the authoritative baseline information on the
past and present distribution of species represented by
specimens in natural history collections.

Left, Distribution of Impatiens capensis in (a) North America and (b) Europe. Red dots indicate a native range, black dots a non-native
range; dates of the first record in particular countries in Europe, provinces in Canada, and the states in the United States. Source: Rewicz
et al. (2022), available under a Creative Commons Attribution-NonCommercial 4.0 International licence.

Centre, Future changes in the distribution of suitable niches of Impatiens capensis in North America according to SSP1-2.6 (a), SSP2-4.5
(b), SSP3-7.0 (c), and SSP5-8.5 (d) climate change scenarios. Models were created based on all species records. Legend: -1 - range
expansion, O - no occurrence, 1 - no changes, 2 - range contraction. Source: Rewicz et al. (2022), available under a Creative Commons

Attribution-NonCommercial 4.0 International licence.

Right, Spotted jewelweed (Impatiens capensis). Photo: Derek Ramsey, available under a Creative Commons Attribution-Sharealike-2.5

Generic licence, via Wikipedia.
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SPECIES
DISCOVERY

Knowledge about the diversity of life on our planet, how life
responds to short and long-term local, regional, and global
change, as well as its geological underpinnings, continues to

grow, with numerous new species of plants, animals and minerals
being discovered, named, and classified every year by scientists
around the globe. Identifying species and their inter-relationships
is also an important part of understanding the processes and
impacts of environmental change. Museums play a central but
underappreciated role in developing knowledge about biodiversity
and geodiversity by acquiring, studying, and sharing scientific
specimens in their collections. Through programs of off-site loans,
visiting scientists and online data mobilization, museum collections
are mined for previously unstudied or ‘lost’ specimens, which often
represent new additions to the tree of life. Museum scientists also
use evidence from DNA from extant species to reconstruct the
evolutionary history of life on Earth and monitoring approaches to
track ecological and evolutionary changes.
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FAUTEUX, D. 2022.

First record of a least weasel
in Nunavik.

Arctic Science.
https://doi.org/10.1139/as-2022-0029

Knowledge of the distribution of several small
mammals in Nunavik, Québec, Canada, currently does
not rely on any recorded observations due to the rarity
of wildlife surveys in that area. This is problematic
because understanding how wildlife populations

are changing in response to the rapidly warming
Arctic climate requires knowledge of population
states in the past. In this study, Canadian Museum

of Nature research scientist Dr. Dominique Fauteux
reports the first scientific record of the least weasel
(Mustela nivalis) from Nunavik. Fauteux and Canadian
Museum of Nature assistant collections manager
Gregory Rand captured the animal alive, in a trap,
near Salluit in July 2021, while studying lemmings

and voles as part of a multiyear monitoring program.
They identified the animal as a least weasel based on
characters that distinguish the species from similar
small mammals, namely small body mass, presence

of prominent testicles indicating maturity, the short
length of the tail, and pale colour at the tip of the tail.
Although researchers expected the species to occur in
Nunavik given its broad distribution in the Canadian
Arctic, its presence there has not previously been
supported by a scientific record. Inuit who live in the
area, however, report seeing weasels regularly on the
land." As such, Fauteux’s discovery is a good example
of the disconnect between western research and

local knowledge. Fauteux plans to monitor the least
weasel in the area in future years in collaboration with
community members.

1 Pressman, N. 27 December 2022. Weasel ‘discovery’ in Nunavik highlights gap
between local knowledge and research.
https://www.cbc.ca/news/canada/north/least-weasel-nunavik-1.6676192

Pictures of the least weasel captured on 18 July 2021 near Salluit, Quebec, Canada.
Photos: Gregory Rand. Source: Fauteux (2022), available under a Creative Commons
Attribution 4.0 International licence.

General view of the tundra habitat along the Foucault River near Salluit, Quebec,
Canada, where D. Fauteux and G. Rand observed a least weasel. Source: Fauteux (2022),
available under a Creative Commons Attribution 4.0 International licence.
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Distribution map of the least weasel for eastern Canada. The
shaded area represents the estimated range of the least weasel,
the red triangles represent previous records, and the red star
represents the new record documented at Salluit. Source:
Fauteux (2022), available under under a Creative Commons
Attribution 4.0 International licence.
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HENDRYCKS, E.A. AND C. DE BROYER. 2022.

New deep-sea Atlantic and Antarctic
species of Abyssorchomene De Broyer, 1984
(Amphipoda, Lysianassoidea, Uristidae) with
a redescription of A. abyssorum (Stebbing,
1888).

European Journal of Taxonomy 825: 1-76.
https://doi.orq/10.5852/ejt.2022.825.1829

Amphipods are a diverse group of invertebrates that inhabit mostly aquatic
environments, with some terrestrial species as well. Researchers recognize
more than 10,500 species, most of which are marine animals. Scavenging
amphipods are important components of deep-sea marine ecosystems and
food webs because they rapidly consume and recycle organic matter and
are a food source for other organisms. Deep-sea amphipods are difficult to
identify because many species are morphologically similar. In this study,
Canadian Museum of Nature senior research assistant Ed Hendrycks

and his colleague described two new deep-sea amphipod species of

the genus Abyssorchomene from the Atlantic and Southern oceans and
provide new information about two other species in the same genus.

The specimens they studied were collected during multiple expeditions

in the Atlantic and Southern oceans, including as part of the Census of
Marine Life project, at depths to 5093 m. Type material of the species

they studied is curated in the Canadian Museum of Nature’s crustacean
collection and in collections in Belgium, Denmark, England, France, and
Germany. The authors suggest that several species morphologically similar
to A. abyssorum await description. The need to improve our understanding
of global marine biodiversity is urgent given that ocean environments are
changing rapidly due to climate change.

Photo of Abyssorchomene patriciae, a new species from
the Northwest Atlantic Ocean. Source: Hendrycks and
de Broyer (2022), available under a Creative Commons
Attribution 4.0 International licence.

lllustrations of portions of Abyssorchomene patriciae, a
new species from the Northwest Atlantic Ocean. Source:
Hendrycks and de Broyer (2022), available under a
Creative Commons Attribution 4.0 International licence.
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LEWIS, J.H. AND R.S. ANDERSON. 2022.

A revision of the North American
genus Proctorus (Coleoptera,
Curculionidae, Ellescini) with
descriptions of two new species.

ZooKeys 1131: 135-153.
https://doi.ora/10.3897/zookeys.1131.90392

Proctorus is a small genus of weevils that only occurs in
North America. Until recently, researchers recognized
only two species that feed on species in the willow
family, Salicaceae. In this study, Jake Lewis, recipient
of a graduate student award from the Canadian
Museum of Nature, and CMN entomologist Dr. Robert

Anderson revised the genus Proctorus, including
descriptions of two new species that had long been
overlooked. The study is based on specimens curated
in 13 public and private insect collections, including the
Canadian Museum of Nature’s entomology collection.
One of the new species, Proctorus emarginatus, is only
known from three male specimens. This rare species

is known only from northwestern North America,
where it was last collected in 1988. Its natural history is
essentially unknown. The other new species, Proctorus
truncates, is known from seven Canadian provinces and
six U.S. states. The authors provide a photographic key
to Proctorus to facilitate species identification. Studies
like this one illustrate that there remains much to learn
about biodiversity in Canada and the United States.

Images of the holotype specimen of Proctorus
emarginatus, a new species known only from three
specimens collected in northwestern Canada. A dorsal
(3) B lateral (3). The holotype is deposited in the
Canadian Museum of Nature Entomology Collection.
Source: Lewis and Anderson (2022), available under the
terms of the CCO Public Domain Dedication.

Images of Proctorus truncatus, a new species. A dorsal
(3) B lateral (3) C dorsal (?) D lateral (?). Source:
Lewis and Anderson (2022), available under the terms of
the CCO Public Domain Dedication.
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MCMULLIN, R.T. AND J. MIADLIKOWSKA. 2022.

Two rare Peltigera species new to the
Canadian Arctic, P. islandica and P. lyngei.

Plant and Fungal Systematics 67: 17-23.
https://doi.org/10.35535/pfsyst-2022-0002

Peltigera (Peltigerales, Ascomycota) is a globally distributed genus of
relatively large foliose macrolichens. Since many species in the genus are
morphologically similar, they may be overlooked in the field and their
distributions may be poorly understood. In this study, Canadian Museum
of Nature lichenologist Dr. R. Troy McMullin and his colleague report the
occurrence of two rare Peltigera species from the Canadian Arctic. The
new records are based on collections McMullin made as part of his ongoing
surveys of lichen biodiversity in Nunavut, Canada. The specimens are
curated in the Canadian Museum of Nature’s National Herbarium of Canada
and in Duke University’s Duke Herbarium. The authors confirmed the
species identifications using morphological, chemical, and molecular data.
Researchers previously knew Peltigera islandica, described in 2016, only
from British Columbia and P, lyngei only from Alaska, USA, and Svalbard,
Norway. The new records fill large gaps in our understanding of the
species’ distributions. These discoveries illustrate the need for continued
survey work in the Canadian Arctic to gather fundamental baseline data
about Arctic biodiversity given the region is changing rapidly due to
climate change.

Peltigera islandica. A-C, images of the specimen McMullin
20779 housed in the National Herbarium of Canada.
D, North American distribution.

Scales: A = 2.0 cm; B-C = 5.0 mm. In map, blue dots = new
records, red dots = previous collections. Source: McMullin and
Miadlikowska (2022), available under a Creative Commons
Attribution 4.0 International licence.
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LANGOR, D.W,, R.S. ANDERSON, P. BOUCHARD
AND S.D. LANGOR. 2022.

New records of Curculionoidea
from Newfoundland and
Labrador, with the first records
of Orthochaetes setiger ([Beck])
(Curculionidae, Curculioninae,
Styphlini) for North America.

ZooKeys 1136: 125-162.
https://doi.org/10.3897/zookeys.1136.91567

The Curculionidae are the largest beetle family

in Canada with 839 recorded species. This family

and six closely related families are classified in the
superfamily Curculionoidea, a group commonly known
as weevils. Of the 976 species of weevils recorded

in Canada, 111 species have been reported in
Newfoundland and Labrador. In this study, Langor and

Photo of Orthochaetes setiger (Beck), a species native
to Europe and reported for the first time as adventive
in Canada based on specimens from Newfoundland
and Labrador. Body length is 2.5 mm. Source: Langor
et al. (2022), available under a Creative Commons
Attribution 4.0 International licence.

P‘ 36 l

colleagues, including Canadian Museum of Nature
entomologist Dr. Robert Anderson, report 30 hew
weevil species records from Newfoundland and
Labrador and remove seven unsubstantiated species
records from the province’s fauna. They also report
Orthochaetes setiger ([Beck]), native to Europe, as

a new Canadian and North American record, based

on specimens from Newfoundland and Labrador and
British Columbia. The new provincial records are based
on specimens housed in eight institutions, including the
Canadian Museum of Nature. Of the 134 curculionoid
species now recorded from Newfoundland and
Labrador, one third are non-native species. Researchers
believe many of these were brought to the island

in ballast soil in fishing ships from western Europe.
Non-native weevil species are collected much more
frequently than native species in Newfoundland and
Labrador, but the researchers were unable to determine
if the low incidence of collection of native species
reflects low abundance or collection biases.
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SAARELA, J.M., P.C. SOKOLOFF,
L.J. GILLESPIE AND R.D. BULL. 2023.

Vascular plant biodiversity

of Katannilik Territorial Park,
Kimmirut and vicinity on Baffin
Island, Nunavut, Canada: an
annotated checklist of an Arctic
flora.

PhytoKeys 217: 1-135.
https://doi.org/10.3897/phytokeys.217.90573

Establishing a baseline for Arctic biodiversity is
necessary to be able to track changes in species
diversity and distribution over time in the context

of rapid Arctic climate change. In this study, four
Canadian Museum of Nature botanists documented
the vascular plant diversity of Katannilik Territorial
Park and vicinity on southern Baffin Island, Nunavut,
Canada, based on historical and contemporary
collections. They compiled a dataset of nearly 1600
collections gathered in the study area throughout the
last century, including 838 collections they gathered
during fieldwork in 2012. These new collections are
curated in the Canadian Museum of Nature’s National
Herbarium of Canada. The vascular flora of the area
comprises 35 families, 98 genera, 211 species, two
nothospecies and seven infraspecific taxa. The study
newly recorded 51 taxa in 22 families in the study
area. All vascular plant taxa recorded in the study
area are native except for two grass species recorded
in the hamlet of Kimmirut. Studies like this one
demonstrate that we still have much to learn about
plant biodiversity in the Canadian Arctic. The new
information will be useful for future biogeographical,
ecological, taxonomic, evolutionary and related
research and represents a baseline for monitoring and
assessing plant biodiversity change over time.

Images of vascular plant species recorded in Kattanalik Territorial Park and
vicinity, Nunavut, Canada. A, Montia fontana. B, Diapensia lapponica. C,
Harrimanella hypnoides. D, Kalmia procumbens. E, Phyllodoce caerulea. F,

G Hippuris vulgaris. H Plantago maritima. Photos A, B, C left, E left, F-H by R.D.
Bull, C right, D by L.J. Gillespie and E right by PC. Sokoloff. Source: Saarela et al.
(2022), available under a Creative Commons Attribution 4.0 International licence.
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ANZALDO, S.S. AND V. DIAZ-GRISALES. 2022.

Heilipus squamosus (LeConte,
1824): clarification of the
correct name for the “avocado
tree girdler” with updates on
its biology and distribution
(Coleoptera, Curculionidae,
Molytinae, Hylobiini).

Biodiversity Data Journal 10: e85499.
https://doi.ora/10.3897/BDJ.10.e85499

The weevil genus Heilipus contains 88 species in the
New World. Of these, only one species occurs in the
United States. This species was a pest of avocado
(Persea americana, Lauraceae) in Florida in the 1930s
to 1950s. Two different names have been applied to
this species, resulting in confusion about the valid
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name of the species and its distribution. In this study,
Anzaldo and Diaz-Grisales addressed these problems.
They first confirmed that Heilipus squamosus is the
valid name of species native to the United States. The
authors studied specimens of the species housed in
multiple collections, including specimens that are
part of the Canadian Museum of Nature’s Entomology
Collection, and reviewed observations recorded on
community science platforms. In addition to the eight
southeastern US states in which the beetle had been
recorded previously, the authors newly recorded the
species from seven states, expanding the species’
distribution to the northern and western regions of the
United States. Though native host plants have been
unconfirmed by rearing records, the authors reviewed
the evidence indicating the possible native host plants
in the plant family Lauraceae. They suggest that the
species may be rare because its potential host plants
are rare.

Heilipus squamosus. Scale bars =2 mm. A: lateral habitus.

B: dorsal habitus. C: distribution map (circles = iNaturalist/BugGuide
records, stars = specimen data, squares = literature records; red
symbols = 20th century records, black symbols = 21t century
records). Source: Anzaldo and Diaz-Grisales (2022), available under a
Creative Commons Attribution 4.0 International licence.
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LEWIS, A. 2022. CANADA | US.A.

Heterolaophonte natator n. sp.
(Copepoda, Harpacticoida) from
Haida Gwai, British Columbia —
and possible relatives in the U.K.
and Iceland.

Crustaceana 95: 147-164.
https://doi.org/10.1163/15685403-bja10175

Copepods are a group of small crustaceans that live
in freshwater and marine habitats around the world.
Heterolaophonte is a genus of copepods in the
family Laophontidae with about 50 known species
that live in benthic environments of oceanic basins.
Researchers have reported several species from British Map showing the location of the sampling area off British Columbia where the material
. . . . for this study was collected. Legends: 1-16, the 16 sampling localities visited; HG, Haida
Columbia. In this study, Alan Lewis described the new Gwai = formerly Queen Charlotte Islands. Source: Lewis (2022), available under a
species Hetero/aophonte natator based on materia| Creative Commons Attribution 4.0 International licence.
associated with collections of eelgrass (Zostera marina,
Zosteraceae) from sites in the Strait of Georgia, the
west coast of Vancouver Island, and Haida Gwai,
British Columbia. The author deposited the holotype,
allotype, and paratypes of the new species in the
Canadian Museum of Nature’s Invertebrate Collection.
The name natator is Latin for swimmer and was chosen
because the shapes of the species’ body and thoracic
legs indicate the potential for swimming. The new
species is one of several species of Heterolaophonte
that live in areas that were once glaciated and is
morphologically similar to some species from European
waters.

Heterlaophonte natator n. sp. female: A, rostrum, dorsal view; B, metasome, lateral
view. Source: Lewis (2022), available under a Creative Commons Attribution 4.0
International licence.
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STROUPE, S, D. FORGACS, A. HARRIS, J.N. DERR AND
B.W. DAVIS. 2022.

Genomic evaluation of hybridization in
historic and modern North American Bison
(Bison bison).

Scientific Reports 12: 6397.
https://doi.org/10.1038/541598-022-09828-z

During the late nineteenth century, the North American bison underwent
a significant population bottleneck resulting in a reduction in population
size of over 99% — a species-level near-extinction event. At the low point
of this population crash, few wild plains bison (Bison bison bison) and
wild wood bison (Bison bison athabascae) survived. Most surviving bison
in the late 1800s were maintained by cattle ranchers, some of whom
encouraged hybridization between bison and domestic cattle to produce
a more useful animal. Over the last 20 years, researchers have identified
the legacy of this introgression using mitochondrial DNA and nuclear
microsatellite techniques. However, no genome-wide assessment has been
performed, and some herds were believed to be free of introgression. In
this study, Stroupe and colleagues conducted whole genome sequencing
from nineteen modern and six historical bison to identify signatures of
nuclear introgression from cattle during the last 200 years. Samples of
two of the historical specimens the authors studies were obtained from
the Canadian Museum of Nature’s Mammal Collection: material of plains
bison collected in 1909 and of wood bison collected in 1892. The results
provide evidence for introgression from cattle, including in populations
thought to be free from hybridization with cattle. Unexpectedly, the
authors found evidence of cattle introgression in all historical bison
samples they analyzed. They authors suggest the introgression pattern
detected is best explained by multiple historical hybridization events
between bison and cattle with significant genetic recombination over

the last 200 years. Documentation of introgression of cattle DNA into
bison is relevant to long-term bison conservation efforts. This study is a
good example of how historical museum specimens can contribute to our
understanding of past and present biodiversity patterns.
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Bison bison. Source: Jack Dykinga, United States
Department of Agriculture, public domain, via
Wikimedia Commons.
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MALLEN-COOPER, M., E. RODRIGUEZ-CABALLERO,
D.J. ELDRIDGE, B. WEBER, B. BUDEL, H. HOHNE AND
W.K. CORNWELL. 2023.

Towards an understanding of future range
shifts in lichens and mosses under climate
change.

Journal of Biogeography 50: 406-417.
https://doi.org/10.1111/jbi.14542

Lichens and mosses are important in all ecosystems, especially in tundra
and drylands, but their ability to survive in a changing climate depends

on their ability to migrate. This study used global occurrence data to
estimate the current and future habitat suitability of 16 abundant species
of lichen and moss, including Cladonia stellaris, a lichen species that is

an important forage item for caribou. Mallen-Cooper and colleagues
obtained occurrence data for their study species from the Global
Biodiversity Information Facility, including over 1500 records housed in
the Canadian Museum of Nature’s National Herbarium of Canada. Their
distribution models predicted that suitable area would expand for eight
species and decline for four species due to climate change. They found
that some species will need to migrate at rates greater than 16 km per year
to reach suitable habitats over the next 80 years. This may be difficult due
to limited dispersal abilities and unsuitable habitat in human-modified
landscapes.

Cladonia stellaris in a clearing, Grands-Jardins
National Park, Quebec, Canada. Photo: Cephas,
available under a Creative Commons Attribution-
Sharelike 3.0 licence, via Wikimedia Commons.
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BOYLE, B.L., B.S. MAITNER, G.G.C. BARBOSA,
R.K. SAJJA, X. FENG, C. MEROW,

E.A. NEWMAN, D.S. PARK, P.R. ROEHRDANZ
AND B.J. ENQUIST. 2022.

Geographic name resolution
service: A tool for the
standardization and indexing of
world political division names,
with applications to species
distribution modeling.

PLOS ONE 17: e0268162.
https://doi.org/10.1371/journal.pone.0268162

Large databases of species occurrences - locations
where a species has been observed - are essential
for studying species distributions in the past and for
modeling species distributions in the present and
future. However, accurately identifying the location

of observations is sometimes difficult because of
spelling errors, abbreviations, multiple languages,

and alternative codes for political division names in
occurrence records. This can lead to flawed results and
reduce usable data. To solve this problem, Boyle and
colleagues created the Geographic Name Resolution
Service, an application that corrects and standardizes
political division names using a reference database. In
a test of over 239 million plant species occurrences,
including more than 200 thousand records from the
Canadian Museum of Nature mediated by the Global
Biodiversity Information Facility, the Geographic
Name Resolution Service was able to resolve 92% of
political division names, allowing for more accurate
assessment of geocoordinate accuracy and detection
of errors. By identifying, differentiating, and correcting
erroneous or inaccurate geographic distribution
information, this new tool will contribute to verifying
the accuracy of species occurrence data, improving its
usability for biodiversity research.

GMRS GEOGRAPHIC MAME RESOLUTIOM SERVICE 1.7.2

United States of America, AZ,
US.A, Arizona, Pima

US, Arizona, Pima County
UK, Seofland, Aberdeenshire
Scotland, Aberdenshire,

[ o S
DOWHNLOAD DATA

Political Divizion Submitted Country State Province County

UK Seatland Aberdeenshice United Kingdom Seotland Aberdeenshire
U S AArizona:Pima United States Arizona Fima
US:Arizona:Fima County United States Arizona Fima

Scotland Aberdenshire Scotland Aberdeenshire

United States of America:AZ
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Screenshot of the Geographic Name
Resolution Service web user interface. Source:
Boyle et. al (2022), available under a Creative
Commons Attribution 4.0 International licence.
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AGUIRRE-LIGUORI, J.A., A. MORALES-CRUZ
AND B.S. GAUT. 2022.

Evaluating the persistence and
utility of five wild Vitis species in
the context of climate change.

Molecular Ecology 31: 6457-6472.
https://doi.org/10.1111/mec.16715

As the climate changes, we need crops that can adapt
and continue to produce despite changing conditions.
The wild relatives of our cultivated food crops contain a
wealth of genetic diversity that can be used to improve
their resilience and productivity. In this study, Aguirre-
Liguori and colleagues studied five North American
wild grape species to assess which of them were most
likely to persist in the face of climate change and

which could provide genetic material to help cultivated
grapevines adapt. To do this, they used a combination
of species distribution models, genetic analysis, and
assessments of resistance to Pierce’s disease, which

is a major threat to grapevines. The authors used
occurrence data mediated by the Global Biodiversity
Information Facility, including data from the Canadian
Museum of Nature’s National Herbarium of Canada, to
construct species distribution models of wild grape
species. They found that accessions of mustang grape
(Vitis mustangensis), a species native to the southern
United States, are well-suited to survive in future
climates. They identified six V. mustangensis accessions
that could provide genetic material to help cultivated
grapevines in the United States adapt to changing
climatic conditions.
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Present day species distribution model showing the estimated bioclimatic niche of each of five species of Vitis. Source:
Aguirre-Liguori et al. (2002), available under a Creative Commons Attribution-NonCommercial 4.0 International licence.

Riverbank grape (Vitis riparia). Photo: Emma
Lehmberg/Canadian Museum of Nature.
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JOHN, C. AND E. POST. 2022.

Projected bioclimatic distributions in Nearctic
Bovidae signal the potential for reduced
overlap with protected areas.

Ecology and Evolution 12: €9189.
https://doi.org/10.1002/ece3.9189

The cattle family (Bovidae) is an important group of animals for cultural,
economic, and ecological reasons. In this study, John and Post explored
the impact of climate change on the distribution of North America’s five
wild cattle species - bighorn sheep (Ovis canadensis), thinhorn sheep
(Ovis dalli), North American bison (Bison bison), mountain goat (Oreamnos
americanus), and muskox (Ovibos moschatus) - that inhabit various
habitats across the continent, such as deserts, prairies, mountains, and
tundra. They modeled the distribution of each species based on climate,
topography, and land cover data to understand how climate change

may affect them. The authors obtained species distribution data for
their model from the Global Biodiversity Information Facility, including
occurrences from the Canadian Museum of Nature’s Mammal Collection.
They then projected these models to the end of the 21st century under
two anticipated climate change scenarios. The results revealed that, by
2100, suitable habitats would shift inconsistently across species and

that these shifts would lead to species-specific variations in the overlap
between potential habitats and existing protected areas. These findings
have implications for conservation planning and wildlife management in
North America.
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Muskoxen on Ellesmere Island, Northwest Territories
[Nunavut], 1971. Photo: Stu MacDonald/Canadian
Museum of Nature.
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LI, L., L. ZHAO, J. FU, B. SUN AND C. LIU. 2022.

Predicting the habitat suitability
for populations of Pacific

cod under different climate
change scenarios considering
intraspecific genetic variation.

Ecological Indicators 142: 109248.
https://doi.org/10.1016/j.ecolind.2022.109248

Studies have shown that many marine species will
move to new locations in search of suitable habitats

as the climate changes. Understanding the potential
distribution of fish species under future climate
scenarios is thus important for guiding conservation
and management efforts. This study focused on Pacific
cod, an economically important fish species found in

predictors, Li and colleagues characterized the habitats
where the two Pacific cod populations are found.

The authors obtained occurrence data for Pacific

cod from the literature, the Ocean Biogeographic
Information System, and the Global Biodiversity
Information Facility, including occurrences from

the Canadian Museum of Nature’s Fish Collection.
They then projected the future habitat suitability of
the two populations under different climate change
scenarios. They found that the western and eastern
Pacific cod populations will be affected differently

by climate change. The study demonstrates that
incorporating genetic variation into species distribution
models is important for predicting habitat suitability
under climate change scenarios. This can help us
develop more effective conservation and management
strategies that consider the unique characteristics of
different populations within a species.

the North Pacific that is classified into western and

eastern populations based on genetic differences. Using
georeferenced occurrence records and environmental
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WOLF, J.M., J.M. JESCHKE, C.C. VOIGT AND Y. ITESCU. 2022.

Urban affinity and its associated traits:
A global analysis of bats.

Global Change Biology 28: 5667-5682.
https://doi.org/10.1111/gcb.16320

Urbanization negatively impacts biodiversity, and the need to guide
biodiversity, conservation and management efforts in urban environments
requires methods to estimate a species’ tendency to live in urban areas.

In this study, Wolf and colleagues developed a new approach to quantify
urban affinity of species based on occurrence data and to characterize
how urban affinity is associated with traits that may help species thrive

in, tolerate or avoid urban areas. The authors used bat species (order
Chiroptera) as a case study and obtained species occurrences for all
accepted bat species mediated by the Global Biodiversity Information
Facility, including records from the Canadian Museum of Nature’s
Mammal Collection. They found that different urban affinity indices
resulted in different rankings of species on the urban affinity spectrum.

In addition, they identified traits in bats associated with urban affinity,
namely shorter forearms, lower echolocation frequencies, a longer call
duration, and a less specialized roosting strategy. They concluded that
simple indices that quantify species’ urban affinity are practical and should
be applied to more species to improve understanding of the relationship
between urbanization and species’ traits.
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A big brown bat (Eptesicus fuscus) crawling along
the surface of a rock. at Cave Hollow Pit. Photo: John
MacGregor (Land Between the Lakes KY/TN), public
domain, via Wikimedia Commons.
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ROHWER, V.G, Y. ROHWER AND C.B. DILLMAN. 2022.

Declining growth of natural history collections
fails future generations.

PLOS Biology 20: e3001613.
https://doi.org/10.1371/journal.pbio.3001613

Rohwer and colleagues demonstrate that additions of vertebrate
specimens to natural history collections are declining at this time of rapid
and widespread environmental change. Using natural history collection
data from more than 245 institutions mediated by the Global Biodiversity
Information Facility - including occurrence data from the Canadian
Museum of Nature’s collections - the authors show that the addition of
new specimens of birds, mammals, amphibians, fishes and reptiles has
declined by 54% to 76% from 1965 to 2019. They discuss the factors they
believe have contributed to declining collections growth. They also propose
ways we can reverse the decline of scientific collecting to ensure we build
and maintain a strong collection record of biodiversity over time and space
to support future research and conservation initiatives.
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