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 First and foremost, thank you for supporting 
the Redpath Museum Club’s annual Research 
Journal. The journal is meant to provide a plat-
form for students at McGill to showcase their in-
terests pertaining to the Redpath Museum, 
McGill, and the greater Montreal area through es-
says and photographs. In the following pages, 
you will find diverse set of work that reflects the 
scientific and artistic mosaic that comprises the 
Redpath Museum. 

 I’ve enjoyed working on this project very 
much. It is most surprising because I happened 
upon this position by chance. However, with that 
being said, sometimes you find the things that 
you are most passionate about unexpectedly. I 
joined the Redpath Museum Club in the Fall 
2011 term after a summer of volunteering at the 
National Natural History Museum at my home in 
Bermuda. To be honest, I hadn’t known about the 
club in my first two years of university, but being 
part of the Redpath Museum Club, as a tour 
guide and editor of this journal for the past two 
years, became one of the most fruitful experi-
ences of my university experience. 

 On behalf of the 2012 Redpath Museum 
Club Executive, I would like to thank all of those 
who made putting this journal together possible. 
Thank you to the students who contributed their 
essays, assignments, and photographs. Thank 
you also to the editing team for all of their hard 
work. Also, a special thanks to Jared Ditkowsky, 
Katie Wilson, Melissa Alp and Ingrid Birker for 
their much appreciated support during the edit-
ing and publishing processes. Finally, we would 
like to thank the Students’ Society of McGill Uni-
versity for providing financial support to this pro-
ject. Without further ado, The Redpath Museum 
Club 2012 Executive presents the second vol-
ume of the Redpath Research Journal to you, 
with great pleasure. 

Shakira Warner

March 2013

FROM THE EDITOR
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 The Redpath Museum is a fascinating building to exam-
ine, not merely due to its architecture, but due to the entangled 
history it has with McGill University and most notably with the 
man that contributed most to its greatness: geologist, chemist, 
and anti-evolutionist, Sir J. William Dawson. His influence on 
the landscape of McGill’s campus continues to have a pres-
ence, most significantly through the Redpath Museum. In 1880, 
Peter Redpath announced he would fund a museum of natural 
history on campus. This was fitting for the University at the 
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time, as Dawson specialized in geology, botany and zoology. 
The Redpath Museum, designed by Alexander Cowper 
Hutchison and Alexander Denton Steele would be the first 
freestanding museum in Canada, placing McGill on the map 
as an important educational and research institution. 

A History of Sir John William Dawson 

 John William Dawson grew up in Pictou, Nova Scotia, 
where he attended Pictou Academy and first began his stud-
ies in science and nature. Dawson came from humbler begin-
nings, as his father owned a printing house. Dawson’s family 
encountered monetary problems during his youth, however 
his education was of importance to his father. After his time at 
the academy in Pictou, Dawson was sent to Edinburgh to 
study natural history at the University. Upon his return to 
Nova Scotia, Sir Charles Lyell, a famous 19th century geolo-
gist, came to North America to study the geology of the New 
World. In 1841, Dawson met Lyell and became the local 
authority on geology of eastern Canada for Lyell. The two be-
came quick friends, and eventually would write papers to-
gether and aid in one another’s research. Dawson returned to 
Edinburgh soon after, and was heralded as Lyell’s protégé.  
However, on Dawson’s return to Pictou, he worked in his fa-
ther’s book and printing business and only practiced geology 
as a part-time hobby (Dawson 1901). He continued publish-
ing and became the superintendent of education for the col-
ony of Nova Scotia. In 1855, the Governor-in-Chief of Can-
ada, Sir Edmund Mead, recommended Dawson to the board 
of trustees of McGill University for principal (Dawson 1901). 
Although the board wanted a respectable man from England, 
Dawson was offered the position and began his work on the 
young institution. At age 35, Dawson became principal of 
McGill, an institution that he found to be in a rather deplor-
able condition. McGill benefitted however from this young, 
resourceful principal from humble means as he took it upon 
himself to lay the groundwork for the colonial university, such 
as planting trees, laying walkways, and indexing books (Ma-
cLennan 1960). Dawson participated in all aspects of life at 
McGill, as he conducted lectures on chemistry, botany, geol-
ogy; hosted dinner parties for his students dubbed “Tea and 
Fossils” and succeeded in finding financial backing for the 
young institution. Thus, Dawson’s humbler beginnings and 
dedication to his years as principal were instrumental in shap-
ing the University as it is today. 

The Redpath Museum 

 Not only did Dawson physically contribute to creating 
the university, he was extremely important in searching out 
local benefactors to help the young institution. Before long, 

he found considerable backing from the Molson family as 
well as Peter Redpath (O’Brien 1971). After 1870, the Univer-
sity expanded considerably with increasing numbers of staff 
and students, new buildings erected on campus, and a num-
ber of awards achieved (Dawson 1901). In 1880, Dawson 
has been principal of McGill for 25 years and a celebration 
was held on April 2nd of that year in his honour. During this 
ceremony, Redpath announced the contribution he wished to 
make towards a natural history museum for the university. 
Dawson wrote: 

“As to the future, the evening was signalized by the an-
nouncement of the intention of Mr. Peter Redpath, one of the 
Governors, to erect a costly and capacious museum building 
on the college grounds, and of that of the Principal to place 
therein, as a gift to the University, his own large geological 
collections” (published 1901, p.167)

 The museum was completed in 1882 and officially 
opened in 1883. Redpath Museum is notable as it marks the 
first museum in Canada to be housed in a separate building. 
Redpath contributed a total of $140,000 to the creating of the 
Redpath Museum (Dawson 1894), and is known as one of 
the greatest benefactors in McGill history (Johnston 1993). 
His contributions did not end at the museum. He also funded 
the construction of Redpath Hall, a library on campus, as well 
as supplied a large amount of books. Redpath was highly 
involved in McGill throughout his life. He joined the board of 
governors in 1864 and in 1871, endowed the Chair of Na-
tional Philosophy (Johnston 1993). Thus, Redpath and Daw-
son’s relationship played an important role as it aided the 
growing reputation of the University in newer disciplines, 
such as natural history and science (MacLennan 1960). It 
was stressed that the museum was not just for the display of 
specimen, but as a teaching institution and lab for research 
(Dawson 1984). Overall, Peter Redpath is an important figure 
in McGill’s history and thus it is appropriate that the museum 
he funded be also a notable architectural feature on McGill’s 
landscape. 

The Architects

 Designed by A.C. Hutchison and A.D. Steele, the Red-
path Museum is an agglomeration of a number of people, 
ideas and materials that are specific to Montreal. A.C. Hutchi-
son, a Canadian of Scottish parentage, was a stonecutter-
turned-architect  (Liscombe 1988). His father was a promi-
nent contractor in Montreal and thus Hutchison became an 
apprentice stonecutter. He supervised stonework most nota-
bly for the Christ Church Cathedral in Montreal and the East 
Block of the new Parliament buildings in Ottawa (Liscombe 
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1988). On his return to Montreal, Hutchison joined the office 
of architect James Springle and began apprenticing as an 
architect. A.D. Steele, emigrated from Scotland in 1871 and 
in 1875, took up a partnership with Hutchison. Together, they 
established an architectural firm in Montreal. Redpath chose 
the local architects for the Museum because they had been 
in partnership since 1875 and were the best qualified of the 
Montreal architects whom Dawson wished to support (Lis-
combe 1988). 

An Architectural Analysis

Dawson on the museum:

“It is planned in such a manner as to have the largest possi-
ble amount of well lighted space within, and, for its size is 
one of the best museum buildings anywhere. It is not in-
tended for a large general collection but for a series of typi-
cal specimens for teaching purposes in all departments of 
Natural Science; and to render these as accessible as possi-
ble, both for the use of individual students and for demonstra-
tion by professors and lecturers to large classes.” (quoted in 
Liscombe 1988)

 The museum is constructed from Montreal limestone 
and spans 130 feet in length and 60 feet in width (Leung 
1976). It stands three storeys high, reaching approximately 
70 feet in height, plus a basement. A copper roof was cho-
sen, for fire proofing purposes, and painted green (Leung 
1976). Interior columns and beams made of solid cast iron 
covered by carved wood or plaster support the structure, as 
well as exterior load bearing walls. The style of the building 
can be understood as an example of neo-classical in appear-
ance and its symmetrically planned lay-out, however it is not 
a rigidly conformist example of neo-classicism. The style of 
the museum is influenced predominantly by Greek revival, 
however strays from this style as there are elements of the 
other forms, such as the Roman Basilica. The museum is an 
unusual and late example of the Greek Revival in North Amer-
ica (Liscombe 1988). Dawson reported Redpath encouraged 
the architects to study the designs of major European muse-
ums, predominantly Greek style which could explain Hutchi-
son and Steele’s choice (Liscombe 1988). The Redpath mu-
seum upholds the neo-classical form in terms of its use of 
symmetry in the east and west sides of the building, its sym-
metrical layout and use of Greek revival style ornamentation 
and portico in the front façade, however what is more interest-
ing is how the museum diverges from the traditional neo-
classical form.  

The neo-classical form has a strong symmetrical presence to 
it. The Redpath Museum reflects this aesthetic in a number of 

ways, such as the symmetrical east and west sides of the 
building. (Figure 1). As well, the museum boasts a prominent 
front portico, which balances the front façade in keeping with 
the symmetrical form. Further, the front façade uses classic 
Greek ornamentation, such as the meander, the Greek sym-
bol of eternal life, used on the front steps, as well as the col-
umns. 

 The design of the museum differs from the Greek Re-
vival form in the use of a rear semi-circular wall in the floor 
plan, clerestory windows, and front façade that strays slightly 
from the traditional design of a portico. The rear wall of the 
museum forms a semi-circle, an almost apse-like feature that 
is typical of the Roman basilica rather than Greek style. It is 
an interesting use of form in the building, as it contradicts the 
overall style yet seemingly serves an important function in the 
building. The apse serves as a space to hold lecture on the 
ground floor of the building, allowing more room for student 
space and increased light in the room (figure 2). As the mu-
seum was to be for both displaying natural history specimens 
as well as teaching, the lecture hall within the building was an 
important feature. The apse also served an important func-
tion on the second and third floors to increase space for dis-
play, as well as increase the amount of natural light in the 
building (figure 2). At the time, gas powered lamps were the 
main source of lighting for the exhibition spaces, thus having 
ample natural light to display specimens was of high impor-
tance. Clerestory windows, unusual in a traditionally Greek 
revival style, are windows above the eye level used to bring 
natural light into the building. Historically, they were com-
monly found in Roman basilicas, the Romanesque period or 
Gothic style churches, in which they flanked the central nave 
in order to bring in light or air into the inner space. The use of 
clerestory windows in the Redpath Museum follows a similar 
style in that they flank the main hall but also continue to wrap 
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Figure 1: Redpath Museum west and front façade 



around the apse allowing a continuous flow of light into the 
main exhibition hall (figure 2). Finally, the front façade demon-
strates Greek revival form as it has a traditional front feature. 
However, examined more closely, one will notice that this 
front diverges from the traditional Greek revival style. A very 
large, protruding portico in the front dominates the façade, 
which is unusual for Greek revival architecture in U.S. or Can-
ada to adopt this style in monumental structures, although 
some examples are found in Quebec City and Montreal (Lis-
combe 1988). Furthermore, the central feature of the portico 
has two columns flanked by two half-pilasters. The columns 
and pilaster follow the Corinthian order in the capital, how-
ever diverges from the traditional order due to the unique de-
tailing. The lower register of the shafts are intricately detailed 
and ornamented, which is not typical of the Greek order (fig-
ure 4). Furthermore, the slender columns are a stark contrast 
to the large and dominating dimension of the entablature. 

 The ratio of the columns to entablature proves to be a 
disharmonious effect, which diverges from the typical symme-

try found in neo-classical buildings. As well, the ornamenta-
tion within the frieze, such as the paterae, seems to be osten-
tatiously large compared to other features of the building, off-
setting once again the balance. Although there is no question 
as to the immense impact and aesthetic qualities the Red-
path Museum exhibits, there are unusual qualities to the build-
ing that set it apart from traditional Greek revival, such as the 
decoration on the columns, large paterae, and sizable entab-
lature. 

Figure 4: 
Front 
façade 
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Figure 2: Semi-circular North façade as seen from the lecture hall, second floor exhibition space and exterior of the building 



Dawson’s Natural History 

 Dawson was famous amongst the McGill community 
for his contributions during the formative years of the institu-
tion, however an aspect that is rarely overstated is Dawson’s 
beliefs on natural history and creationism. As previously men-
tioned, Dawson met Charles Lyell during his young years as 
a geologist, and thus it was Lyell’s approach to geology that 
helped establish the bases of Dawson’s scientific beliefs 
(Singer 1973). Lyell believed that the changes that occur on 
the earth’s surface could be the key to interpreting the 
causes and reasons for the past geological movements 
(Singer 1973). Although Dawson believed in this scientific 
and legitimate realm of geological research, he was steadfast 
in his belief that God was responsible for man’s mental and 
physical progress, not natural selection. Dawson was a de-
vout Christian throughout his life, and strived to show the maj-
esty of God and His work in nature. For example, he con-
stantly attempted to bridge the gap between geology and 
Genesis in his many works. He painstakingly followed each 
word of the first chapter of Genesis and tried to find correla-
tions with scientific knowledge (Singer 1973). Some of these 
works include, Life’s Dawn of Earth (1875), Nature and the 
Bible (1875), and The Meeting Place of Geology and History 
(1984). An example of one of Dawson’s anti-evolutionary argu-
ments comes from The Meeting Place of Geology and History 
and states that the early appearances of advanced forms, as 
well as the persistence of types and inability of natural selec-
tion to initiate variation are all evidence that man could not 
possibly have evolved from primates. Thus, it was Dawson’s 
belief that all species must start from somewhere, such that 
“No system of the universe can dispense a First Cause, exter-
nal and self-existent; and the First Cause must necessarily be 
the living God, whose will is the ultimate force and the origin 
of natural law,” (Dawson, 1891 p.240). Dawson continued to 
publish works that critiqued Darwin’s The Origins of Species, 
and went on to search out further anti-evolutionary applica-
tions in his own work. 

 Despite the fact that Dawson is upheld as a prestig-
ious geologist, scientist and principal, one would be hard-
pressed to find or hear any evidence to support Dawson’s 
Christian and anti-evolutionist approach to science. The Mu-
seum itself contains a large display case dedicated to Daw-
son’s geological samples and published works, however, 
there is no mention of his religious or creationist beliefs (fig-
ure 5). Though Dawson’s beliefs may not be supported in the 
present scientific community, his research should not neces-
sarily be disregarded as a part of the University’s history. If 
anything, it adds an interesting dimension to not only the mu-
seum, but to the institution as a whole. 

 

 In conclusion, the Redpath Museum represents not 
only an interesting architectural design on McGill’s campus, 
but also a fascinating history. It is unique in its architectural 
form, as it represents Canadian Greek revival architecture 
with a distinct idiosyncratic twist of Roman and Gothic influ-
ences.  The dynamic between Dawson’s natural history and 
his devotion to Christianity places the museum in an interest-
ing role, as an institution that must attempt to uphold both the 
history of the building as well as the pursuit of scientific knowl-
edge. Thus, the Redpath museum is a unique edifice as it 
represents the meeting point of three significant axes of 
McGill: architecture, science and history. 
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 This is a comprehensive study of the lamp (Inv. No. 
2003.173) from the permanent collection on display in the Medi-
terranean galleries at the Montreal Museum of Fine Arts, lo-
cated at 1379 Sherbrooke Street West. The museum label de-
scribes it as terracotta, and made in Egypt during the Hellenis-
tic Period around the late second century or early first century 
BC. Its dimensions are 3,3 x 7,8 x 10,1 cm. For the remainder 
of this essay it is referred to as the Egyptian lamp.

 In the early third century BC Greek potters began to 
make clay lamps using molds, a technique that slowly replaced 
the use of the potter’s wheel in lamp production. Some scholars 
argue molded lamps were created to imitate imported Megar-
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ian bowls (Coldstream, 1999), which were themselves mold-
made cheaper imitations of silver or bronze bowls (Baur, 
1941). However, many of the early mold-made lamps looked 
similar to their wheel-made predecessors, suggesting the 
technological innovation was motivated by increased effi-
ciency rather than design (Smith, 1964). Making molded 
lamps was certainly less time intensive; not only did it require 
less work, but the molds could also be used multiple times. 
The process began with a pattern lamp in two parts, usually 
of clay or wood. The potter would then impress the clay into 
each mold using his fingers, and any decoration would be 
applied with stamps or models. The two halves were at-
tached together while still moist and the central filling hole 
cut. When the clay was completely dry, it was fired at a mod-
erate temperature. If glaze was used, it would have been ap-
plied just before firing (Walters, 1914). In the case of the 
Egyptian lamp, of unglazed clay, there is a slight crack along 
the circumference of the body exposing where the two 
molded halves were conjoined.

 The innovation of molds also spurred the creation of 
new lamp shapes and compositions. The earliest chronicled 
lamps were merely clay bowls with spout-like projections 
where a wick could rest. These slight protrusions on the rim 
transformed to become lengthier nozzles. In addition, the rim 
of the bowls gradually sloped in, encroaching the center. Us-
ing molds, it was possible to make the filling hole much 
smaller or even cover it over entirely (Walters, 1914). The size 
of a lamps filling hole can thus give clues to its relative date. 
On the island of Crete and elsewhere, the rounded convex 
shapes achieved on a potter’s wheel around the fourth cen-
tury BC also gave way to new angular profiles with more pro-
nounced features. Still, less angular shapes were preserved 
and remerged in the second century BC (Coldstream, 1999), 
as with the Egyptian lamp under consideration.

 This use of molds also allowed for designs in relief to 
be incorporated into lamp decoration. In fact, before the Hel-
lenistic Period most Greek lamps were quite plain and un-
decorated save for some cases where black varnish was 
used (Walters, 1914). Relief decoration produced a wide vari-
ety of designs, more abstract and geometric at first and pro-
gressively giving way to depictions of plants and animals. 
Later Roman lamps, many of which lacked a central filling 
hole, depicted human faces and figures.  Recognizable 
forms developed, such as delphiniform types in the first cen-
tury BC and the frog motif type in the third century AD, which 
can give clues about a lamp’s relative date. Professor 
Flinders Petrie, an English Egyptologist and archaeologist, 
classified Romano-Egyptian lamps into twenty-five groups 
based largely on decorative motifs. However, scholars who 

believe nozzle shape and body composition are better indica-
tors of similarity often contest his categories (Robins, 1939).

 In an attempt to provide a different method of catego-
rizing Romano-Egyptian lamps, F. W. Robins created two gen-
eral groups of classification based on specimen in his own 
collection. The lamps of the first type are quite similar to 
Greek styles and the second comprises the ovoid, frog and 
allied forms, all of which are distinctly Egyptian and have no 
parallels elsewhere. Handles are not common in either type. 
The latter group is characterized by a lack of a prominently 
projecting nozzle and lamps of this type are usually white or 
grey (Robins, 1939). The frog type lamps are usually ovoid or 
“D” shaped with a short nozzle protruding from the flat edge. 
They are so named for the frequent depictions of frogs or 
toads and do not appear before the second century AD and 
are more common in the third and fourth centuries AD (Bai-
ley, 1963). 

 The lamps of the first type are usually red or black in 
color, and they all have Greek forms like the Greek style noz-
zles, which are typically splayed with long necks leading to 
the wick hole. One of the lamps Robins used to characterize 
subset “D” from this first group is very similar to the Egyptian 
lamp (Figure 1). It has a flattish body, lugs on each side, a 
splayed nozzle with double volutes at the base, rings around 
the central hole, and the wreath motif (Figure 2). The Greek 
forms common in this first group are generally associated 
with the first and second centuries BC and then disappear in 
many parts of the Roman Empire (Robins, 1939), which pro-
vides a probable age range and terminus ante quem for the 
date of the Egyptian lamp.

 

Figure 1: The 
Egyptian Lamp 
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Figure 2: Lamp from 
First Group described 
by Robins



  There is some debate over the dates of these lamp 
types. In his book Roman Ehnasya (Herakleopolis Magna), 
Sir Flinders Petrie dates the Greek style lamps as later than 
the frog lamps, around the third or fourth centuries AD. On 
the other hand, the British Museum Catalogue classifies 
some of the Greek style lamps, such as the delphiniform 
types, as definitely from the first century BC (Robins, 1939). 
This earlier date better fits with the descriptions of Robins’ 
first group and the Egyptian lamp, and thus judging by the 
evidence of the lamps themselves, it is probably more accu-
rate. This would place them during the Egyptian Ptolemaic 
Period. Some common features of the mold-made Ptolemaic 
lamps found at the Sacred Animal Necropolis and the Monas-
tery of Apa Antinos in North Saqqara are a double convex 
body, splayed nozzles with double volutes at the base, 
ridges, raised rims around the filling hole, and lugs (Bailey, 
1963). All of these are also present in the Egyptian lamp.

 The earliest relief designs from mold-made lamps ap-
pear in North Africa around 150 BC (Walters, 1914), which 
provides a terminus post quem for the age of the Greek style 
lamps, indicating the Egyptian lamp must have been made 
after this time. The oldest forms of North African molded 
lamps have long narrow nozzles, side handles instead of a 
handle at the back, and patterns of herring-bones, rays, or 
palmettes around the central orifice.  Many of these character-
istics are common in the Greek style lamps and evident in the 
Egyptian lamp, meaning it was most likely an earlier exam-
ple. In addition, the range of dates of the Egyptian lamp can 
be narrowed down further as the wreath pattern, which sur-
rounds the filling hole on the shoulders of the discus, occurs 
in North Africa distinctly in the first century BC (Walters, 
1914).

There are many examples 
of lamps similar to the Egyp-
tian lamps that have also 
been dated to this time. For 
example, a mold-made 
lamp with radiating grooves, 
a long nozzle with a curved 
tip, a small lug on the left 
side and a raised boss on 
the right was found during 
the 1999 excavation at 
Marsa Nakari (Figure 3). It 
was dated by similar lamps 
from Egypt, using the cata-
logue of lamps at the British 

Museum, to the first century BC (Seeger). There are many 

similarities between this lamp and the Egyptian lamp, 
strengthening the credibility of both their supposed dates.

 Another related lamp, made of the local red, unglazed 
clay, was found at Naukratis in Egypt (Figure 4). It has a long 
nozzle, blunted at the top, with double volutes at the base, 
lugs on each side of the body, molded rings around the cen-
tral hole, a watch shaped body, an ivy wreath around the dis-
cus. On the nozzle is a thyrsus, or a staff carried by the God 
Dionysus and his followers (Walters, 1914). It looks somewhat 
similar to the unidentified design on the nozzle of the Egyp-
tian lamp, perhaps providing the context for a comparison. 

Figure 4: 
Lamp from 
Naukratis

 In contrast, one of the most popular molded lamp 
types in the Aegean area in the late second to first century 
BC, roughly contemporary with the Egyptian lamp, was the 
Ephesos lamp (Figure 5). It is usually made of grey clay with 
a dark, almost metallic slip, and fired very hard in imitation of 
their metal prototypes. They have a long flat nozzle, geomet-
ric or natural relief designs, and a raised rim and channel 
around the central filling hole, surrounded by a distinctive 
high collar. They often have a triple grooved loop handle as 
well (Williams, 1981).

Figure 5: Example of 
an Ephesos lamp

Lamps were used for lighting; 
however, they also had many other functions in antiquity. 
Lamps could be used for everyday domestic purposes but 
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Figure 3: Oil Lamp



many lamps from the Classical and Hellenistic Periods have 
been found in the ruins of ancient temples all over the Roman 
Empire, such as at Delos, Philippi, Eritrea, and Pompeii. The 
great number of lamps found in Egyptian ritual circum-
stances suggests many of their rituals included the use of 
lamps. Lamps were also used in private cult life (Forbes, 
1964). Lamps maintained an interesting balance between 
functionality and symbolism. At some shrines or sanctuaries, 
like the shrine of Glaukos at Knossos, none of the recovered 
lamps show signs of burning. Although it is possible they 
were burned for a very short time before being dedicated, 
lamps may have been just another type of votive offering (Er-
ickson, 2010). Similarly, a lamp found many years ago at Ath-
ens contained the inscription “ME APTOU,” or “Do not light 
me,” self-proclaiming itself as only an offering. In another 
case, a lamp found in Samaria was clearly not for everyday 
use. The bottom half is missing, but archaeologists believe, 
using analogies from elsewhere in the Mediterranean world 
as a guide, it may have been attached to a column base into 
which the oil reservoir directly opened. In this case, the lamp 
could only burn when enough oil was in the reservoir for capil-
lary action to draw it up the wick, suggesting it may have 
been as much an offering of oil as it was a lamp (Smith, 
1964).

 Conversely, at the sanctuary of Demeter at Knossos, 
the lamps found show signs of intense burning, suggesting 
they perhaps were simultaneously functional and symbolic. 
The Egyptian lamp also has dark burn marks on the wick 
hole, meaning it was definitely used. Unfortunately the con-
text of where it was found is not known, so the extent of its 
domestic or symbolic use cannot be determined. Lamps with 
multiple nozzles off of one oil reservoir almost always had a 
symbolic component; very few were found in domestic con-
texts (Erickson, 2010). It is logical these brighter lamps were 
used in ritual circumstances where abolishing darkness 
would have been especially significant. Correspondingly, the 
Greek word “photizein” means both “filling with light,” and 
“becoming immortal” (Forbes, 1964). This may have been 
especially significant with the frog motif lamps since frogs are 
seen as an emblem of resurrection, especially in Egypt (Rob-
ins, 1939).

The Egyptian lamp, with its long, splayed nozzle with double 
volutes at the base, and double convex body with lugs 
seems most characteristic of lamps made in Graeco-Roman 
Egypt in the first century BC. The Montreal Museum of Fine 
Arts was correct in that it was made during the Hellenistic Pe-
riod, but I believe, judging by the composition and decora-
tion of the lamp compared to others like it, that the date may 

be specified further to exclude the latter part of the second 
century BC.
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 Let’s face it. The most exotic animal most of us see 
on a daily basis is Sciurus carolinensis, the common grey 
squirrel.  We rely on the squirrel’s ridiculous tendency to run 
in front of traffic for amusement, but soon forget about the 
animal’s presence. With all of the concrete around us, we 
forget that we are living in an ecosystem in which a great 
number of ecological interactions occur every day. How-
ever, this innocent ignorance of our own urban ecosystem 
does not apply to invasive species biologist Anthony Ricci-
ardi. With an office in the Redpath Museum and the St. Law-
rence as his laboratory, the creatures around Montreal pro-
vide much more than amusement – there is a battle going 
on between native species and some uninvited guests.         

 Invasive species have always posed a great threat to 
ecosystems all over the world; however, the threat is increas-
ing due to increased human influences. Humans contribute 
to the spread of alien or non-native species through trade, 
travel, and even through the seemingly heroic act of freeing 
a pet. Prof. Ricciardi explained the latter by what he calls 
the “Free Willy Syndrome” in which pet owners release fish, 
like goldfish, into the wild instead of killing them.  The prob-
lem resides in the fact that Montreal is not a goldfish’s natu-
ral environment. As a result, Dr. Ricciardi believes that 
“every pond on the island of Montreal, whether artificial or 
natural, has or has had goldfish”. Now what harm will gold-
fish do, you ask? 

 In 1994, a McGill study found that goldfish act as lit-
tle aquatic pigs. They root around in the sediment in search 
of organic material by taking up gravel and rolling it in their 
mouths. If you have thousands of them doing this, the turbid-
ity of the water will increase, thus inhibiting light penetration. 
This harms the plants living in that body of water indirectly 
by inhibiting sunlight, and the goldfish can cause further 
harm by uprooting plants. Anything that relies on these 
plants for food or habitat is then out of luck. In addition, vis-
ual predators have trouble searching for prey due to the tur-
bidity of the water. So as a result, organisms such as the 

spotted newt have been displaced from ponds by goldfish 
invasions. 

“Species like the goldfish cause the most harm because 
they alter key resources,” says Prof. Ricciardi, “they change 
the living conditions for everything else”. This statement 
demonstrates that even something as seemingly innocuous 
as a goldfish can have drastic effects on an ecosystem. (On 
a side note, please do not let this article cause you to re-
sent your pet goldfish. Just think twice before letting him 
swim free in that near-by pond.)

 Although this example may not seem very threaten-
ing, this is just a small example of a much larger issue. Be-
cause of human activities, non-native species are being re-
leased into new regions faster and farther than at any other 
time in Earth’s history.  Some of these invasions  cause ex-
tinctions, while others damage forests, fisheries, agriculture, 
and water supplies.  In fact, Prof. Ricciardi has recently ad-
vocated treating invasive species like natural disasters. He 
says, “we invest in infrastructure to try to safeguard against 
hazards that may never happen; for example earthquakes, 
especially in this country, will rarely be large, but our build-
ings are still designed to withstand them.”  We take this pro-
tective approach for an extremely rare event because, in 
the event that it did happen, the cost of not having these 
protective measures would be astounding. The same con-
cept applies to invasive species. This is in part because 
once an invasive species arrives, it is often impossible to 
eradicate. Prof. Ricciardi comments, “This is a form of bio-
logical pollution, but unlike regular pollution, it does not di-
minish over space and time. This pollution proliferates, 
adapts and spreads on its own”. 

The first step in tackling species invasion is prevention-
based risk assessment. Prof. Ricciardi argues, “We should 
have the same early detection and rapid response systems 
as we have with natural physical hazards, like earthquakes 
or floods”. Interestingly enough, although most countries 
have systems in place to detect physical natural disasters, 
few have systems in place to monitor and respond to inva-

UNINVITED GUESTS:
A DISCUSSION WITH ASSOCIATE PROFESSOR 
ANTHONY RICCIARDI ABOUT INVASIVE 
SPECIES IN CANADA

BY ANDREA BAKKER
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sive species threats. “There is no excuse for us not to do it, 
especially vulnerable resource-based economies like ours,” 
states Prof. Ricciardi. 

 That of course begs the question: why hasn’t Canada 
taken the issue of biological invasion more seriously? Even 
more, why doesn’t the average Canadian have as much con-
cern for Dreissena polymorpha, the zebra mussel, as for 
earthquakes? Prof. Ricciardi speculates that it is because in-
vasive species are rarely presented as a global problem the 
same way climate change or pollution is. In his words, “the 
media portrays invasions as isolated monster stories”. Conse-
quently, people do not make the connections between these 
seemingly independent stories. However, these same events 
are symptomatic of a larger phenomenon, “that affects all as-
pects of society, all regions of the planet,” says Prof. Ricci-
ardi. Of course, the rapid increase in human-mediated spe-
cies mobility is amplified by globalization, thus creating an 
unprecedented form of global change that Prof. Ricciardi re-
fers to as “global swarming”.

 Canada has made some advances in addressing the 
issue of invasive species, especially in the case of ballast wa-
ter management. Ballast water is water stored at the bottom 
of a ship to help add weight to prevent capsizing.  By taking 
in water at one port and dumping it at a different port (when 
the ship takes on the weight of cargo), species are given the 
opportunity to spread between continents. Members of the 
Canadian Aquatic Invasive Species Network, of which Prof. 
Ricciardi is a member, have studied the problem and tested 
new ways of treating ballast water to prevent invasions.  The 
Canadian government enacted new measures in 2006. 

  “The new idea is called ‘swish and spit’. You flush out 
water and you flush in seawater until eventually whatever wa-
ter is in the ballast tank becomes increasingly salty,” says 
Prof. Ricciardi. This ensures that the ballast water achieves 
sufficient salinity to kill any invasive freshwater species in the 
tank.  The Canadian government began enforcing this proc-
ess in 2006, and by 2008, it was harmonized with the United 
States legislation for the St. Lawrence Seaway. Prof. Ricciardi 
reports, “No new invaders have been discovered in the Great 
Lakes since then. It is still early, but these results show prom-
ise and all of this was due to the efforts of invasion biologists 
who brought these ideas to the government. This is what you 
want science to do”. 

 You may be thinking that although this is interesting, it 
has no true effect on our lives here in the concrete jungle of 
Montreal. However, even if the concept of maintaining biodi-
versity seems irrelevant to most urbanites who view ‘organis-

mal variety’ as ‘the difference between red squirrels or grey 
squirrels’, the sheer economic impact of the issue should 
catch anyone’s attention. Invasive species cost the world an 
estimated $1.4 trillion per year in damages. That amounts to 
five percent of the global economy. Obviously, no one can 
ignore the impact of this issue any longer.

 Even seemingly small events can have grave eco-
nomic impacts. Take, for example, the events on Prince Ed-
ward Island, when a potato fungus, Synchytrium endobioti-
cum, resulted in a ban on all potatoes coming from Prince 
Edward Island by the United States. As a consequence of 
this ban, truckers, packers, farmers and many other workers 
were forced out of work. “The government had to step in and 
pay the difference”, said Prof. Ricciardi. 

 While the economic and biological impacts of invasive 
species have always been an issue for humans (just look at 
Australia!), we are entering a new era, in which the world is 
what Prof. Ricciardi calls a “biological global village”.  Just as 
communications technologies, such as the Internet, have ac-
celerated information exchange, globalization is transforming 
the biosphere to accelerate biotic exchange. We live in a 
time where, if someone gets sick with a new disease like 
SARS, it is a concern for the whole planet. 

 All of this may seem rather hopeless. Is there any point 
in trying to resist this seemingly inevitable spread of species? 
Prof. Ricciardi argues that there truly is an advantage in try-
ing to resist the influx of non-native species, even if we can-
not entirely stop all of them from crossing our borders. By 
stemming the flood of non-native species, we are reducing 
the chances of having an ‘invasional meltdown’, a process 
that occurs because organisms often act synergistically. “The 
impact of a given species may be enhanced and magnified 
by the presence of other foreign species and the probability 
of having such a synergistic impact increases non-linearly 
with the number of species you bring with,” says Prof. Ricci-
ardi. Therefore, if we cannot stop all invasions from happen-
ing, we can still influence the outcome by decreasing the 
amount of species entering Canada.

 So, where does this leave the lowly city-dweller? The 
first step is to be informed: Be aware that even the simplest 
of human actions can have huge impacts. For instance, be-
fore my interview with Prof. Ricciardi, I had no idea that my 
pet goldfish could be so destructive! Be an informed con-
sumer. Picking up fish for dinner? Ask yourself where that fish 
came from. You can find Asian carp at fish markets across 
Canada despite the fact that this fish has the capacity to in-
vade our lakes. As mentioned above, the media does not al-
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ways do justice to the real issues at play; although a fish 
seems a lot less intimidating than an earthquake, both can 
be natural disasters.

 So, the next time you see that Sciurus carolinensis, 
give it a little cheer. Perhaps you should sing “root, root, root 
for the home team!” because that cute little grey squirrel that 
was almost squashed by a car is a native species of Mont-
real. 
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INSIDE THE REDPATH
BY LINNEA OSTERBERG



 Photography, especially in a museum, is always challenging. Reflection from the glass can be 
both a boon and a curse as the light sometimes adds a new depth, though far more often it obscures 
the object of interest. Finding the right angles and frames in the context of the exhibits is also tricky, 
as the best shot often involves standing pushed up against a wall or neighboring exhibit while twist-
ing the camera to get the desired picture. Despite all this, however, I find museums one of the most 
rewarding places to shoot, as the potential for discovering hidden gems is nearly endless. Shooting 
at the Redpath Museum in particular has been a desire of mine ever since I came to McGill. The tran-
quility of the space has drawn me since my U0 year and I return here often as a place to recharge 
and re-inspire myself. The pictures that follow are a small sampling of the many treasures housed in 
the museum. They are the result of many visits and some serendipity as I discovered new specimens 
or exhibits. In viewing them, I hope the magic of the Redpath seeps through and inspires you to visit 
this beautiful place in person. -Linnea
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The intricate folds and inherent fragility of this coral caught my eye as I wandered the first floor.
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An origami pterodactyl hangs high above the museum.
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The Redpath Museum offers a 400-level course 
entitled “Science and Museums”. At the end of 
the term, students are expected to present a 
term project in which they are required to use the 
collections at the Redpath Museum to answer a 
scientific question.
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Abstract

 An Alpha-diversity study was performed on a Late 
Maastrichtian microvertebrate fossil assemblage. The site 
sample SK2006-5-17B from Eastend Saskatchewan included 
1033 specimens representing nine families and 42 distinct 
species. The class Reptilia was the most represented in the 
sample, with Reptilian orders Chelonia and Dinosauria having 
the most species diversity. Biodiversity estimates were taken 
to tell us about the composition of the paleaoecosystem 
which took into account species richness and evenness. The 
Chao- 1 estimator for species richness in the Eastend com-
munity yielded a value of 63.125 with standard deviation of 
149.618255. Evenness was measured two ways. The 
Shannon-Wiener Diversity Index (H) was employed to meas-
ure the rarity or commonness of a species and an Evenness 
calculation (E) compared abundances between species. The 
H value obtained was 1.88247 and the E value was 0.50365. 
Complimentary calculations performed included that for the 
Simpson’s Diversity Index that took into account the richness 
and proportion of each species to determine the alpha diver-
sity. The value for the Simpson’s Index was 0.32874. From 
these obtained values, we can determine that this microfossil 
assemblage is a good representation of a diverse paleaoeco-
system.

Introduction

 As an organism dies, it becomes susceptible to the 
natural processes of sedimentation and erosion, which lead 
to fossilization. Generally, fossils are divided into two groups, 
macrofossils and microfossils (Jones, 1956). Microfossils are 
described as fossils ranging in size from millimeters to sev-
eral centimeters (Rogers and Brady, 2010). Microvertebrate 
bone beds or assemblages as described by Rogers and 
Brady (2010) are multi-individual accumulations of disarticu-
lated and dissociated vertebrate hard parts. The specimens 
used in this study include teeth, bone and carapace frag-
ments, scutes, head plates, scales and ossified tendons. 
There are two main theories about the possible deposition 
events that eventually lead to the fossilization and location of 
the fossils. First, scatological, or in other terms, the bones 
and body parts were deposited in the droppings of preda-
tors. Second, after the death of the organism, it was picked 

up by fluvial or hydraulic forces, which could lead to trans-
port of the animal, and also would lead to burial of the animal 
(Rogers and Brady, 2010). 

 A community of microfossils conveys ecological infor-
mation that can be used to compare fossil ecosystems in bio-
diversity analysis (Brasier, 1980). Biodiversity is described as 
the variety of forms of life whether it is between species or in 
broader terms of ecosystems.  The fossil record preserves 
“snapshots” of biodiversity at a particular stratum that corre-
sponds with a time period. Evidence present in the fossil re-
cord has led scientists to the conclusion that species biodi-
versity fluctuates in cycles through evolutionary time scales 
(Levin, 2000).The three types of diversity analysis are alpha 
diversity, within community; beta diversity, between communi-
ties; and gamma diversity, between regions (Sepkoski, 1988). 
This research will focus on alpha diversity as a way to meas-
ure species richness within the Eastend microfossil commu-
nity. The alpha diversity will be measured in two ways; first, 
simply the species abundance as calculated with the Chao- 
1 estimator (Colwell, 2009). Second a slope measurement 
called the Shannon-Wiener index which expresses the rela-
tive evenness or equitability of the sample (Whittaker, 1972). 
If alpha diversity in the Eastend community is high, then 
when we identify and analyse the microvertebrate fossils pre-
sent in Eastend, we should see a large number of species, 
and relative evenness between the species. With geological 
time and environmental changes taken into consideration, 
this study of microfossils can allow paleontologists to postu-
late wider diversity trends in evolutionary history.

 This study examined 1033 specimens from the Royal 
Saskatchewan Museum’s microvertebrate fossil collection. 
The collection site in Eastend Saskatchewan dates to the late 
Maastrichtian, which is the last stage of the Cretaceous Pe-
riod dating from70.6-65.5 million years ago (Maastrichtian 
Stage, 2012). This microsite contained paleofaunas represent-
ing species of fish, amphibians, turtles, crocodilians, champ-
sosaurs, as well as ornithischian and therapod dinosaurs. 
The Cretaceous was a great time of diversification and evolu-
tion, which ended in a large extinction event (Maastrichtian 
Stage, 2012).
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Methods

 Prior to the use of the microvertebrate fossils for this 
research, they had been cleaned, prepared and sorted by 
volunteers, from the sediment in which they were collected. A 
small sample of the sediment was saved, in case further 
analysis is needed. All the fossils were roughly sorted by 
screening and washing. Before data analysis could begin the 
microvertebrate fossils were identified and classified by spe-
cies, or as precisely as the specimens would allow given its 
physical condition. Then, the specimens were catalogued 
and digitized. Each individual specimen was given a P-
number (ex. PMcG01.64 is an Apalone sp. carapace frag-
ment), and a P-catalogue sheet was filled out with each indi-
vidual specimen’s associated data for the Royal Saskatche-
wan Museum’s records, and also so that each specimen can 
easily be located when accessioned into the museum’s col-
lection. All the specimens described on an individual P-sheet 
were put in a bag or vial for storage with a label containing its 
associated data. In order to identify the fossils, books such 
as Guide to Common Vertebrate Fossils from the Cretaceous 
of Alberta (2009), and Microfossils from the Upper Creta-
ceous Frenchman Formation, Saskatchewan (2008) provided 
aid.

  The first group that was classified was the turtles (Or-
der Chelonia). 279 turtles fragments were identified and cata-
logued. Turtles were identified based on their flat, platy tex-
ture and diagnostic features. The turtle species were differen-
tiated based on the pitting patterns on their shells, or cara-
pace. For example Aspideretoides sp., Figure 1, has a deep, 
irregular pitted pattern compared to the rough surface and 
grooves found on specimens such 
as Compsemys sp., Figure 2. Thickness of the carapace was 
also a distinguishing feature in separating members of the 
Trionychoidae Family. Apalone sp. shared the same diagnos-
tic pitting pattern as Aspideretoides sp., but had a thinner 
shell. Other distinguishable features of the turtles that aided 
in their identification were the presence of ribs and coastal 
projections on the underside of the carapace.

 The next orders identified and catalogued were Croco-
dylia, and Chloristodera. Items recovered from these animals 
included bone fragments, teeth, and dermal scutes, which 
have a unique dimple pattern. Similar elements were identi-
fied from the Squamate, Ornithischia and Therapoda Orders, 
including bone and cranial fragments, teeth and ossified ten-
dons. The final order identified and catalogued were the Cau-
data, of the Amphibia Class. From this Order we catalogued 
items such as head plates, long bone fragments, ribs and 
vertebrae.

  The fish specimens were identified and catalogued by 
a volunteer, Jillian Oliver, due to time restraints. The fish recov-
ered belonged to two Classes, the Chondrichtyes and Os-
teichthyes, which were further identified into many species 
(Table 1). Teeth, vertebras, head plates, bone fragments, and 
scales were common elements classified from the fishes. In 
total 1033 microvertebrate fossils were identified and cata-
logued.

 The next step was to digitize the Eastend catalogue. 
The information about all the fossils contained on the P-
sheets was entered into an Excel document. The number of 
specimens of each genus were counted and recorded. An 
online calculator for the Shannon-Wienner Diversity Index 
was used to measure rarity and commonness of the species 
in a community (Chang Bioscience, 2012). The Chao-1 for-
mula was computed manually to determine the richness of 
species in the community (University of Alberta Biology De-
partment, 2012).  Using the catalogue’s data, graphs and 
charts were created to aid the analysis of the specimen 
data. 
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Figure 1: Royal Saskatchewan Museum 
specimen P.McG01.89, an Aspideretoi-
des sp. carapace fragment.

Figure 2: Royal Saskatchewan Mu-
seum specimen P.McG01.213, a 
Compsemys sp. carapace fragment 
with rib projection



Results

 In cataloguing and digitizing the microvertebrate speci-
mens, the data was visually organized in a manner that could 
be useful for research purposes. In total, 1033 specimens 
with 9 Families represented were catalogued and digitized. 
Using the data contained in a Microsoft Excel file, we could 
illustrate abundance and species diversity in the Eastend site 
(Figures 4 and 5). Osteichthyes and Chelonia were most 
abundant Families represented in the sample. However, Che-
lonia and Dinosauria were the most diverse groups. Out of 
the sample size of 1,033 specimens, 418 were of the Class 
Reptilia. As this was the class most represented in the sam-
ple, graphs were made to illustrate the abundance and spe-
cies diversity of Reptilian Families. The most abundant and 

diverse Family within the Class Reptilia was the Order Chelo-
nia. 
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Figure 3: Catalogued specimens

Figure 4 



 Biodiversity was quantified by measuring species rich-
ness and evenness. Species richness is defined as the num-
ber of different species present in a sample of individual 
specimens in a certain area (Gotelli and Colwell, 2001).  

The Chao-1 estimator accounts for rare taxa by using the 
number of “singletons”, singularly represented species, and 
“doubletons”, twice represented species, to estimate the num-
ber of undetected species (Colwell and Coddington, 1994). 
The equation used for the Chao-1 estimate is as follows:

S*1 = Sobs + (a^2/2b), 

With the standard deviation (+/-) as SD = b [(a/(4b))^4 + (a/
b)^3 + (a/(2b))^2]

Where “S*1” is the species estimate, “Sobs” is the number of 
species in the sample, “a” are singletons, and “b” are double-
tons. 

 The Chao-1 estimate only estimates the probable num-
ber of species in the sample, which in this case are 63.125 
with a standard deviation of 149.618255. It gives information 
on the community, not the distribution and abundance, or 
evenness, of each represented species. Since the Chao-1 
estimate of species richness does not account for species 
evenness, another measurement had to be used. The 
Shannon-Wiener Diversity Index was employed to measure 
the rarity or commonness of a species and the Simpson’s In-
dex was a measure that took into account the richness and 
proportion of each species to determine diversity (Callahan 
and Nolan, 2006; Spellerberg and Fedor, 2003). 

Shannon-Wiener Diversity Index (H):

H = - S pi ln ( pi )

Where pi  is the proportion of total number of species made 
up of the “ith” species, and S is the total number of species 

in the sample or richness. Associated equations include the 
Simpson Diversity Index and the equation for evenness. The 
Simpson’s Index measures the probability that two individuals 
randomly selected from the sample would be of the same 
species. Evenness is a measure of the relative abundance of 
the species in the sample (Colwell, 2009). The Shannon-
Weiner Diversity Index for the Eastend sample was 1.88247. 

Simpson’s Index (D): D = S pi2

 Therefore, 1-D is the diversity index, or probability that 
two individuals randomly selected from the sample are of dif-
ferent species. 1/D is the reciprocal index, where the number 
of equally common species will produce the Simpson’s In-
dex. The value of D is influenced by the richness of each spe-
cies and the equitability percent of each species present. D 
decreases as the percent of the species becomes more equi-
table (Spellerberg and Fedor, 2003). The Simpson’s Index for 
the Eastend sample was 0.32874

Evenness (E): E = H / ln( S ) .

E is a measure of how similar the abundances of different 
species are. When the abundances are very dissimilar, the 
value of E increases. The species evenness in the Eastend 
sample was 0.50365. 

Discussion

 It must be considered that number of species and indi-
viduals present in the Eastend sample may represent a mini-
mum number of species or individuals. This is due to preser-
vation biases; such as the possibility of an incomplete fossil 
record and that some species may have more fragments per 
individual (eg. Carapace fragment vs. scales).  The result of 
this is an inaccurate representation of species abundance. 
Biometric scaling can compensate for this disparity. For ex-
ample, it is expected that an adult Garfish may have had ap-
proximately 2200 scales. Therefore, instead of counting one 
scale as one specimen while determining species abun-
dance, it can be counted as 1/2200. Conversely, carapace 
fragments of turtles may also be scaled. It can be assumed 
that larger turtles would yield more fragments. Carapace frag-
ments can be scaled according to the size of the carapaces 
of extant species in relation to the size of the fragment. Bio-
metric scaling does introduce some degree of uncertainty, as 
we cannot assume that each organism in a species and frag-
ment size is uniform. However, any scaling of the sample size 
according to assumptions that we make about the general 
characteristics of a species improves the representation of 
species in the fossil record.  
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Figure 5 



 Natural processes that occur both before and after fos-
silization can lead to biases in the fossil record. As Solé and 
Newman (2002) state, the depositional processes required 
for fossilization can be altered by prehistoric environmental 
disturbances. At certain times the proper conditions may not 
have existed for preservation and the organism simply de-
composed. In other times, conditions may be perfect to fossil-
ize certain taxa, but not all. For example, different environ-
ments preserve large whole animals compared the small 
bones of amphibians often found in microsites (Sankey and 
Baszi, 2008). Failure to preserve or sample the full variety of 
fauna in a region is referred to as a beta-bias (Bush et al., 
2004).

 Prior to preservation, how a fossil comes to be depos-
ited can dictate whether or not it will end up in the fossil re-
cord. If we refer back to the first of two methods described 
by Rogers and Brady (2010) of how bones are typically de-
posited, the scatagorical method can lead to natural biases. 
Selective predation is a biotic bias, where certain animals 
were more favoured by predators as a prey source, and as a 
result are more often seen in the fossil records. Along the 
same line, large predators should be under-represented in 
the fossil record because, do to ecological dynamics, less of 
them existed and few were prey to other organisms (Solé and 
Newman, 2002).

 The second method described by Rogers and Brady 
(2010) involved fluvial environments. Hydraulic environments 
could have altered the fossil record in two ways: damaging 
forces and transport. For example, if an organism is depos-
ited in a river or another moving body of water compared to a 
pond, the animal is more likely to be transported away from 
its original position at death. Transport can break larger 
bones into smaller fragments altering the abundance counts, 
as several fossils may represent one individual. Bones trans-
ported over large distances before deposition are typically 
worn and rounded around the edges. Also these fragments 
may become damaged causing additional bias since these 
fragments are often become unidentifiable to the genus 
(Rogers and Brady 2010). This may be the reason why ma-
rine organisms are better represented in the fossil record, as 
there is more sediment deposition with fewer disturbances in 
deep water environments (Solé and Newman, 2002). In situ 
specimens are ideal, as they are the only true representation 
of abundance in an area (Rogers and Brady, 2010).

 After preservation, the ability of researchers to locate 
the fossils can lead to further bias in the results. Alpha-biases 
are described as those caused by under-sampling (Bush et 
al., 2004). Depending on the environment of collection, older 

fossils may be buried deeper and harder to find (Solé and 
Newman, 2002). Researchers must be prepared for unusual 
results when studying microvertebrate fossil assemblages.

 To compensate for preservation biases, species diver-
sity estimators were used to give a more accurate depiction 
of species richness. However, the Chao-1 species richness 
estimate had a large standard deviation. This can be due to 
the fact that there were not enough singletons and double-
tons present in the sample to give a more accurate estimate. 
Reintroducing uncertainty into the dataset by grouping to-
gether paleospecies that cannot be identified to the Genus 
can solve this. This means that the number of singletons and 
doubletons would increase, however there may be more spe-
cies present in the sample than identified.    

 In this case, the fourteen listed species that could not 
be identified to the Genus were labeled sp. indent. The speci-
mens could not be fully identified due to the physical condi-
tion of the specimen. Chemical and physical weathering of 
the fossils was common and could obstruct the specimen’s 
diagnostic characteristics. For example, we saw chemical 
weathering of the diagnostic pitting pattern of some turtle 
carapace fragments that prevented us from identifying the 
species. This discrepancy may introduce more species than 
actually present in the sample, but this evens out, as the cate-
gorization of paleospecies is coarser than how extant spe-
cies are categorized today. 

 The measures of species evenness, the Shannon-
Wiener Diversity Index (H) and Evenness (E), yielded results 
of moderate evenness. The H value calculated was approxi-
mately 1.88247. Though the scale of H is infinite, compared 
to H values of 5 and 6, the value for the Eastend microsite 
expressed moderate evenness. The scale of the E value is 
between 0 and 1, where 1 is complete evenness. The E value 
obtained for the Eastend site, like the H value, expresses 
moderate evenness in the sample. The measure of evenness 
is important in biodiversity studies because it can determine 
the composition of communities. For example, there can be 
two communities with the same number of species, but with 
different species distribution. This can result in two com-
pletely different site ecosystems. 

 Using the Simpson’s Index (D) to determine the alpha 
diversity of the Eastend site taking into account species rich-
ness and evenness, the diversity in the Eastend microsite is 
relatively high when compared to analyses of other similar 
microsites, such as the Grasslands National Park. According 
to the D value, there is a 33% chance that if you went to the 
Eastend site and randomly picked up two microvertebrate 
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fossils they would be of the same species. Conversely, there 
is a 67% chance that two randomly selected fossils would be 
of different species. 

Conclusion

 At the beginning of this project we hypothesized, if al-
pha diversity in the Eastend community is high, then when 
we identify and analyze the microvertebrate fossils present in 
Eastend, we should see a large number of species, and rela-
tive evenness between the species. In concluding this pro-
ject we have found that the Eastend microsite sample had 
moderate species evenness and had a high diversity of spe-
cies compared to other microsites, therefore we can say that 
the alpha diversity of the site is high. In identifying, catalogu-
ing and digitizing the Eastend microsite sample, we have 
made only a small contribution to the collections of the Royak 
Saskachewan Museum. Nevertheless, small contributions of 
volunteers and students collectively aid in modernizing, ex-
panding and maintaining the collection so that the speci-
mens and associated data can be used effectively in re-
search. The comparison of abundance and evenness of cer-
tain organisms in similar communities will explain the type of 
environment they lived in. Therefore, community comparisons 
can suggest the specialization of organisms based on their 
habitat selection. 

 With geological time and environmental changes taken 
into consideration, this study of microvertebrate fossils can 
contribute to research that allow paleontologists to under-
stand wider diversity trends in evolutionary history. 
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Introduction

 The process of domestication involves an element of 
selection, to pinpoint the desired traits in a wild population so 
that they become amplified and, eventually, ubiquitous in the 
subsequent generations. If the process of domestication al-
ters morphology, then the differences between ancestral spe-
cies and domesticates should be identifiable. These traits are 
believed to be ones that are aesthetically pleasing to the hu-
man eye. Furthermore, encephalization would also be ex-
pected not only for a more neotenous phenotype, but also for 
more complex social behaviours and intelligence which 
would allow these animals to coexist with humans.

 This project aims to identify morphological features on 
the skull of dogs and cats which represent the selection of 
such hypothesized traits: namely, neotenous cranial features 
such as enlarged orbitals, reduced snouts, larger brain-
cases, and reduced carnassial and incisor teeth in the do-
mestic descendants in relation to their wild feline and canine 
ancestors. These wild ancestors are, respectively, the African 
Wildcat Felis silvestris lybica and the Gray wolf (Canis lupus).

 Skull specimens of the domestic dog and cat were 
measured, as well as available wolf specimens. Due to a lack 
of Felis silvestris lybica skull specimens, measurements for 
this species were obtained through research. It is anticipated 
that the results of these comparisons will elucidate what traits 
were selected for in the domestication process, and whether 
domestication for human companionship results in endemic 
morphological changes among mammals.

Background!

 In the mid-20th Century, a Dr. Belyaev began experi-
ments domesticating various mammals in Novabirsk, Russia. 
This ongoing project found the evolution of several traits to 
be endemic to the domestication process in general, such as 
a decrease in adrenaline and corticosterone, and specific 
changes in cranial morphology. According to Dr. Belyaev, 
these changes are due to the commonality of causes of be-
havior: a balance between various neurotransmitters and hor-
mones, which are regulated by genes “high on the hierarchi-
cal system of the genome” so that “[e]ven slight alterations 

can give rise to a wide network of changes in the develop-
mental process they govern.” (Early Canid Domestication. p. 
162) The foxes in his experiment exhibited all of these traits, 
which is interesting as they are in the canine family. By the 
20th Generation, nearly 80 percent of foxes were classified 
as the “Domesticated Elite.” Foxes in this class actively 
sought out human contact and were undeniably domesti-
cated. In short, Belyaev recreated over a concentrated time 
span what humans and wolves did, in partnership, over a 
thousand years.

 The process of dog domestication was thought to 
have begun as early as the Upper Paleolithic, with the re-
placement of Homo Neanderthalis by Anatomically Modern 
Humans. Archaeological evidence points to early stages of 
the domestication process as early as 30,000 BP. The earliest 
known domesticated dog fossils date from human-dog co-
burials in Palestinian and German sites at 12,000 BP. There 
are a number of prevalent theories as to the roots of domesti-
cation: it is argued that as Paleolithic hunter-gatherer groups 
travelled, they would toss their detritus in middens on the out-
skirts of their camps. These middens would have generated 
a strong odor, attracting wolves and other scavengers. Over 
time, wolves that were more comfortable around humans 
were able to survive in closer proximity, and diverged from 
wolves less able to tolerate humans. This was the first step 
towards domestication. When humans discovered canines 
were willing consumers of their scraps, thus effectively serv-
ing to eliminate intolerable odors which blew in from the re-
fuse heaps, they decided to permanently enlist the canines in 
this worthy task. (On the Origin of the Domestication of the 
Dog, 111) 

 Recent genetic studies and archaeological finds indi-
cate that cat domestication occurred around 10 000 BP, coin-
ciding with the agricultural revolution in the Fertile Crescent. 
The earliest archaeological evidence of the cohabitation of 
humans and cats comes dates to 9 500 years ago on the 
Mediterranean Island of Cyprus. An adult human was found 
buried in a westward orientation with several grave goods. A 
cat is buried only 40 cm away, and oriented in the same direc-
tion. (The Taming of the Cat, 71) Furthermore, wildcats are 
not native to Cyprus, so humans must have brought them 
there on boats, indicating prior domestication.

MAKING FRIENDS: THE MORPHOLOGICAL CHANGES OF 
DOMESTICATION
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         Domestication occurred when humans began farming. 
Cats were drawn to human-occupied sites to prey on the 
mice which infested grain stores. Humans appreciated this 
service, and cats appreciated the readily-available supply of 
mice. (Near Eastern Origins, 523)

         Genetic studies indicate that the wildcat species Felis 
silvestris lybica, or the African Wildcat, is ancestral to the do-
mestic cat, Felis catus (Yamaguchi et. al, 48). The current 
timeline of events leading to the evolution of the domestic cat 
is as follows: the exodus of the wildcat from Europe during 
the late Pleistocene, coinciding with the emergence of the 
African wildcat lineage, followed by the expansion of its 
range in the Old World. The African wildcat was then domesti-
cated, and this domestic cat colonized the world with the 
help of humans. (Ibid., 58) Comparisons of cranial measure-
ments of the ancestral and descendent species will be used 
to determine whether these genetic differences can be seen 
phenotypically in the morphology of Felis catus’ skull.

Methods

 The main tool used to measure the traits of feline and 
canine skulls was a ruler. For certain curved features, string 
was also used for more accuracy and precision in the meas-
urements. In these cases, the string was wrapped around the 
part of the skull that was intended to be measured. The 
length of this string was then measured on the ruler.

 The important relevant and distinctive traits of the 
skulls that would be useful for this research were identified 
from prior research, mainly the article “Fossil dogs and 
wolves from Palaeolithic sites in Belgium, the Ukraine and 
Russia: osteometry, ancient DNA and stable isotopes.” (Ger-
monpre M, 2009, Olsen 1985) For feline species these in-
cluded upper and lower incisors, skull length and width, dis-
tance between incisors, braincase length and width, pallet 
length, eye socket length and width. For canid species these 
included upper and lower carnassials, upper and lower tooth 
rows, greatest snout length, shortest snout length, braincase 
length and width, eye socket length and width, skull length 
and pallet length.

 The specimens that were measured were obtained 
from McGill University Redpath Museum’s collection. The 
skulls of fifteen dogs, three wolves, thirteen cats, and three 
unknown canids were measured. Access to these specimens 
was provided by technician Anthony Howell. Specimens from 
the museum were considered for measurement according to 
their classification in the museum storage and according to 
their respective labels. In addition to these, three wolf skulls 
were obtained from the collection of Professor James Savelle 

of McGill University Anthropology Department. The informa-
tion regarding the origin and acquisition of these specimens 
was acquired through personal communication with Profes-
sor Savelle and his grad students.

Results – (in Centimeters)

Given that the most important results obtained by the meas-
urements are the ratios between ancestral and domestic spe-
cies, all quantitative measurements of individual specimens 
have been omitted and are available upon request.

Analysis

Statistical comparisons (using 2 sample t-tests) were per-
formed for all measurements.  P-values along with the aver-
ages and standard deviation for both groups (dogs and 
wolves) were calculated, the results of which are available 
upon request.  P-values < 0.05 indicate a statistically signifi-
cant difference on average between the dogs and the 
wolves, while P-values <0.1 are borderline significant.

For comparisons that indicated a statistically significant, or 
borderline significant, difference between the specimen 
groups, we graphed the individual measurements, per group, 
to get a clearer understanding of the magnitude of the differ-
ences in the averages.
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Discussion

 From the statistical analysis demonstrated, it can be 
seen that there are morphological differences in the cranial 
morphology of wolves and dogs, however they are not as sig-
nificant as expected. What differences do exist tend to be in 
the hypothesized direction: the wolves have larger skulls, 
longer length of the tooth row, and wider and longer snouts 
and pallets. These findings indicate a trend towards longer, 
more svelte skulls in wolves, though there was much overlap 
in the data between wolf and dog. This is not surprising due 
to the close relation between wolves and dogs, and the large 
size variance between dog breeds: hence the use of ratios to 
obtain relative values.

 Another issue was the small sample size of accessible 
wolf specimens. Redpath Museum Collection held just one 
labelled wolf skull, and Professor Savelle’s collection had only 
three. If the time frame of the project had been longer more 
specimens could have been acquired to create a more com-
prehensive representation of the Canis lupus species. The 
higher number of specimens for Canis domesticus also al-
lowed for a high degree of variability in the measurements 
between different dog skulls. 

 Some inaccuracy can also be attributed to human er-
ror. Accuracy of measurements are subject to the eye’s preci-
sion. With the help of more technologically advanced scan-
ning devices, more precise measurements could have been 
acquired. 

Conclusion 

 The cranial measurements of the domestic cat ob-
tained in this experiment do not differ significantly from the 
cranial measurements of Felis silvestris lybica obtained 
through research. Since no conclusions can be drawn from 
results obtained in this experiment, results were obtained 
through further research.

 The main cranial difference between domestic cats 
and the African Wildcat is cranial volume. Wildcat cranial vol-
umes are consistently larger than that of domestic cats. (Krue-
ger et. al., 272) It is hypothesized that this is due to the more 
pressing need for problem-solving in the wild as opposed to 
in the household, for example to obtain food. This data goes 
against the original hypothesis that domestication should in-
crease the cranial volume of the species.

 Other than cranial volume, there is apparently no differ-
ence between the skulls of Felis catus and F. lybica. However 
F. lybica demonstrates other morphological differences such 

as longer legs, which give the wildcat a more upright seated 
posture; a red colouring on the back of the ears; and charac-
teristic markings on the body and tail. (Wiseman et. al. 221) 

 The reason for this lack of cranial difference is most 
probably due to the fact that wildcats’ faces were prea-
dapted to appeal to humans. The African Wildcat has neo-
tenous features such as large eyes and a high round fore-
head. (Taming of the Cat, 72) These are traits were hypothe-
sized to be derived in the domestic cat via domestication. 
Evidently, the derived features in the domestic cat are a short-
ening of the legs and an alteration of fur patterns. This makes 
sense considering that the longer legs give the African Wild-
cat a higher point of view to see further into the distance, 
which is beneficial for an animal which must hunt for its own 
food. Differences in fur patterns also make sense, for it proba-
bly happened after the domestic cat dispersed from its native 
region to different parts of the world, creating a bottleneck in 
the gene pool so that regional variations emerged.

 The domestication of cats differed from dog domestica-
tion. Fewer changes occurred because humans did not pro-
vide cats with immediate food. Rather, cats were drawn to 
human settlements because food and grain stores attracted 
mice which the cats preyed upon. Therefore competition with 
other cats for mice restricted how tame they could maintain. 
(Taming of the Cat, 72). Thus domestication had little to do 
with human selection. Rather, it was a self-selective process 
which led to reproductive isolation from their ancestral spe-
cies via assortative mating with other cats who preferred this 
urban environment and therefore exhibited the behavioural 
and, eventually, morphological differences associated with 
coexisting with humans. (From Wild Animals to Domestic 
Pets, 9977)

 In the end, it is clear that the process of domestication 
alters morphology. However, even though the differences 
were noticeable, it was not very significant. When the variabil-
ity is accounted for, due to the small sample size, it is indeed 
difficult to reach a clear conclusion through the measure-
ments made. 

 Finally, the question to be asked is “Why study domes-
tication? What possible relevance could this process and its 
effects have on modern life?” While humanity tends to think of 
domestication as a process that it inflicts on other species, in 
reality, domestication is a process that scientists believe hu-
manity went through in its own evolution. Fossil comparison 
of Anatomically modern humans, compared to even early pa-
leolithic ancestors shows a distinct appearance of the traits 
identified with domestication, “e.g., reduction in size and 
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skeletal robusticity, craniofacial shortening, and declining 
tooth size.” (Human Domestication reconsidered.)
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Abstract

 It was generally thought that the syrinx muscle was the 
only contributor in song production in birds. However, post-
syringeal structures may also affect this process. This re-
search explores to what extent beak morphology affects 
sound production in a sample of 28 Passeriformes, 17 from 
the suborder Corvidae and 11 from the suborder Passeridae. 
Beak dimensions were measured from physical specimens 
and then compared to trilled segments of sound files corre-
sponding to the species. Volume of beak was compared to 
average pause time of each specimen, used as a measure of 
tempo. It was hypothesized that birds with larger beaks 
would have longer pauses in their songs. Length of beak was 
compared to mean frequency and it was predicted that birds 
with longer beaks would produce sounds with lower frequen-
cies. The findings indicated no significant relation between 
volume of the beak and average pause duration of songs. 
However, the correlation between beak length and mean fre-
quency was statistically significant. Birds with longer beaks 
produced trills with lower frequencies. Therefore, the syrinx is 
not the sole determinant of sound production in avian vocali-
zation. The effect of beak length on mean frequency indi-
cates beak morphology is also significant in the sound pro-
duction process for Passeriformes. 

Introduction

 The syrinx is the avian vocal organ, which allows for 
bird vocalization. As unique to birds as are feathers, this 
structure could just as accurately be used as “a defining fea-
ture of birds” (Heiser 2004, p.4.94). It is a bony structure, lo-
cated as the base of the trachea, which produces sound in a 
manner analogous to the way the human larynx works during 
speech production (Podos and Nowicki 2004). As described 
by Greenwalt (1968), air forced past from the lungs causes 
the tissues of the syrinx to vibrate in a periodic fashion, thus 
generating sound. It is known that changes in the tension of 
the membranes and in the diameter of the constricted pas-
sage in the syrinx, brought about by the syringeal muscles, 
result in different types of sounds (Evans and Heiser 2004). 

 It was generally believed that the acoustic characteris-
tics of birdsong were completely based on the syringeal 

source and that the vocal tract played no part in sound modi-
fication (Greenwalt 1968, Becker 2011). In other words, the 
syrinx was thought to be the sole component responsible for 
the vocalizations produced by birds. Recent studies, how-
ever, have shown that this understanding may not be the 
case. Sound production in birds depends not only on the 
syrinx but also on the activity and presence of other musculo-
skeletal components found within a bird’s vocal tract. By ana-
lyzing the acoustic structure of the songs of several bird spe-
cies in a helium-enriched atmosphere, Nowicki (1987) demon-
strated that the vocal tract does play a role in birdsong pro-
duction, for the effects of helium influenced the relative ampli-
tudes of the sounds produced. Studies such as Nowicki 
(1987) opened the door for further investigation into this mat-
ter of post-syringeal influences on bird vocalizations. New 
research suggests that the beak, at times referred to as bill, 
plays a key role in sound production by modifying the spec-
tral structure of the sounds produced at the syrinx (Gaunt 
and Nowicki 1997, cited in Heiser 2004; Hoese et al. 2000; 
Palacios and Tubaro 2000; Podos 2001; Podos and Nowicki 
2004; Derryberry 2009). In this study, we are interested in ex-
ploring the link between beak morphology and sound produc-
tion, as postulated by these studies, specifically in regards to 
timing and frequency structure. If beak morphology influ-
ences sound production with regards to tempo and fre-
quency, then post-syringeal structures clearly play a part in 
bird vocalizations. To begin with, we will provide some theo-
retical background in acoustics, regarding frequency and 
resonance, in order to understand avian sound production. 

 The introduction provided by Kroodsma allows for a 
basic understanding of sound waves. Using the example of a 
drum, the author explains that hitting the stretched skin of a 
drum causes it to vibrate, which sets the molecules of air 
around it into motion. As the vibrating skin moves inwards 
and outwards, the air molecules are successively thinned 
and compressed, creating a sound wave that travels through 
space (2004). The number of times this cycle of compression 
and rarefaction of air molecules occurs per second is the fre-
quency, measured in waves per second, or hertz (Hz). Fre-
quency is generally understood as the perceived pitch of a 
sound. A high pitched sound has a high frequency and vice 
versa.
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 In acoustics, anything that creates vibrations is consid-
ered a driving force or a generator of sound. A driving force 
can be produced from an array of actions such as plucking a 
string, hitting a bell, or in the case of birds, from air forced 
past the tissues of the syrinx. What these vibrations come in 
contact with is known as a driven system. A resonator is a 
driven system in which resonance is created. Resonance is 
vibration that happens when a material is sufficiently elastic 
and the frequency of the driving force coincides with the fre-
quency of the driven system. Many objects have frequencies 
at which they resonate best. Objects will easily vibrate at 
those frequencies, and vibrate less strongly at other frequen-
cies. In a way, resonators filter out all frequencies other than 
its resonance (Johnson 2012). This source-filter model, cre-
ated with the human vocal tract in mind, has also been ap-
plied to birds. Heiser relates that sounds produced by the 
syrinx are “‘cleaned up’ or filtered acoustically by the vocal 
tract” (2004, p.4.97).

 It is understood that the size and shape of the driven 
system influence the resonance created (Haynes et al. 2010). 
Resonances in a tube, such as the vocal tract, are inversely 
proportional to the length of the tube (Johnson 2012). The 
longer the tube, the lower the resonant frequencies will be, 
resulting in a lower frequency sound because frequencies 
that match the low resonant frequency will be augmented. In 
sum, the length of a tube affects its resonant properties and 
therefore the frequencies produced. Studies concerning the 
effect of post-vibration structures of the avian vocal tract 
touch upon these notions and can now be broached in a 
more detailed fashion.

 First, we outline recent advances in the study of vocal 
mechanics in songbirds, with emphasis on the role of the 
beak in sound production with regards to timing. Podos 
(2001) examined beak morphology and representative song 
spectrograms from eight species of Darwin’s finches. While 
examining trilled segments of bird song, Podos found that 
birds with larger beaks tend to produce trills with lower rates 
of syllable repetition. He suggested that songbirds with large 
and strong beaks should face performance constraints on 
vocal tract dynamics because of “an intrinsic trade-off in jaw 
biomechanics between maximal force and velocity; as jaws 
becomes adapted for strength, they will be less able to per-
form the rapid movements required for the production of cer-
tain types of songs” (2001, p.1). This study suggested that 
beak mass is negatively correlated to tempo. This prediction 
is further supported by the findings of Podos and Nowicki 
(2004) on a sample group of Darwin finches and referred to 
by these authors as the ‘vocal tract constraint hypothesis’. 
The understanding goes that, larger beaks are more cumber-

some, and thus limit trill performance. Derryberry, in a 2009 
study, also found that bill size negatively influences trill pro-
duction in populations of white-crowned sparrows, Zonotri-
chia leucophrys. 

 However, counterevidence to these findings can also 
be cited. Grant BR and Grant PR (2002) found that Geospiza 
difficilis, birds from Genovesa Island, appear to produce trills 
with slower rates that their larger-beaked Wolf Island counter-
part (cited in Podos and Nowicki 2004). This pattern opposes 
the prediction that beak morphology limits trill rate. Further-
more, a non-significant relationship between trill rate and 
beak morphology was established by Huber and Podos 
(2006) in their study of Geospiza fortis on Santa Cruz Island. 
This dissonance in findings inspired our own study into the 
matter. We therefore chose to study the link between beak 
morphology and trill tempo, predicting along the lines of Po-
dos (2001), Podos and Nowicki (2004) and Derryberry (2009) 
that larger-beaked birds would have slower trill rates than 
smaller-beaked birds. 

 Studies regarding the post-syringeal effects of beak 
morphology on birdsong also contend that frequency regis-
ters are affected by beak size. Studies have shown that as a 
songbird opens or closes its beak, it shortens or lengthens its 
vocal tract, resulting in a shift of vocal tract resonance proper-
ties (Nowicki 1987; Westneat et al 1993, cited in Podos and 
Nowicki 2004). This finding begets the prediction that spe-
cies with large beaks, and therefore larger vocal tracts, 
should have songs with lower vocal frequencies, because, as 
has previously discussed, longer tubes have lower resonant 
frequencies. Maria Palacios and Pablo Tubaro (2000) tested 
this prediction on a group of Neotropical woodcreepers, the 
Dendrocolaptinae. It was found that species with longer bills 
produce calls with lower frequencies. Even when controlled 
for body size and phylogeny, the negative correlation be-
tween beak length and emphasized vocal frequencies was 
maintained. Moreover, Huber and Podos (2006) found in 
Geospiza fortis on Santa Cruz Island, that beak morphology 
was negatively correlated with frequency components of 
songs. Birds with longer, deeper and wider beaks produced 
songs with significantly lower minimum and maximum fre-
quencies. Based on the evidence of these studies and the 
understanding that the resonance of the vocal tract affects 
the spectral structure of song, we predict that the acoustic 
frequencies contained in avian song will be negatively re-
lated to beak length across species. Birds with larger beaks 
will produce songs with lower frequencies compared to 
smaller-beaked birds.
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 In this study, we aimed to test the correlation between 
beak morphology and the temporal and frequency structure 
of birdsong in a sample of Passeriformes. We predicted that 
birds with more robust beaks will produce songs with a 
slower tempo and at lower frequencies, while smaller-beaked 
birds will produce quicker songs at higher frequencies. If 
beak morphology influences sound production in timing and 
frequency structure, then post-syringeal structures clearly 
play a part in bird vocalizations and the idea of the syrinx as 
the sole modulating structure in birdsong production can be 
dismissed. 

Methodology

Samples:

 In this study, a sample of Passeriformes was studied. 
As discussed in Distribution and Taxonomy of Birds of the 
World, the order of the Passeriformes, also known as passer-
ines or perching birds, has long been recognized to consist 
of two major divisions, which differ in their syrinx musculator: 
suborder Tyranni, i.e. the suboscines or non-oscine passer-
ines, and suborder Passeri, i.e. the oscines or true songbirds. 
The suborder Passeri is divided into two groups: parvorder 
Corvida contains the crows and their relatives and parvorder 
Passerida contains the thrush relatives, Old World insect-
eaters, and weaver relatives (Sibley and Munroe 1990). Song-
birds have the most highly developed syrinx, consisting of 
paired specialized cartilages and membranes and controlled 
by as many as six pairs of minute muscles (syrinx), thus mak-
ing them the best candidates for this study. Samples taken 
from the parvorders Passeridae and Corvidae help ensure a 
wide range along the beak-size spectrum, for the latter group 
tend to have larger beaks than the former. Specimens were 
selected based on the availability of physical specimens at 
the Redpath museum collection as well as the presence of a 
song sample at the Macaulay online library of birdsongs. Al-
though most birds, including Passerines, show little sexual 
dimorphism in beaks (Austin), males specimens were pre-
ferred for beak measurements because, as explained later, 
sexual differences do exist in relation to bird vocalizations. 
The final sample consisted of 28 specimens, 11 species of 
Passeridae and 17 species of Corvidae (see Appendix 1 for 
specimens examined list). 

 Sound files matching the specimens measured were 
obtained from the online Macaulay Library of the Cornell Lab 
of Ornithology. For each specimen, a sound sample was se-
lected according to quality of sound, duration, background 
noise. Sound files containing vocal trills, a widespread song 
feature defined by Podos  as “a series of notes repeated in 

succession at a constant tempo” (2001, p.187), were se-
lected.  Each sound segment was minimally ten seconds 
long, in order to ensure the presence of a few trilled se-
quences. Recordings of male specimens were chosen when 
available for, as explained in Huber and Podos, the song of 
songbirds is produced primarily by males in the contexts of 
territorial defence and mate attraction (2006). A list of the 
sound files used can be found in Appendix 1.

Beak Measurement:

  The analysis of physical specimens was carried out in 
the Redpath basement and consisted of type identification 
and beak measurement. Four measurements were taken from 
each beak to ensure wide volumetric understanding of the 
specimen. The beak measurements are based off of Derry-
berry (2009):

1.     length of the beak from the tip to the exposed culmen

2.     width at the inside of the nostrils

3.     height of beak from top of the nostrils to the bottom

4.     circumference of the beak at the level of the nostrils

Measurements were done in millimeters using flexible meas-
urement tape. These measurements were used to obtain 
beak length and beak volume data, in order to be correlated 
with frequency and time structure, respectively, of birdsong.

Acoustic Analysis:

 The acoustic analysis of the bird sounds consisted of 
two parts: measurements of pause duration and of mean fre-
quency. The signal-processing program, Praat version 4.6.09 
(Boersma and Weenink 2007), was used in order to calculate 
pause duration in trilled segments used in this study as a 
proxy for trill rate, or tempo. For each sound file, minimally 
two instances of a series of three syllables, i.e. identical units, 
were examined. Clear and sequential portions were favoured. 
The offset and onset of each syllable within the bird vocaliza-
tion was coded in Praat using a two-tiered TextGrid, the first 
tier marking the different segments and the second, the 
pauses. The onset and offset boundaries were established at 
the beginning and end of the high intensity spiking in the 
power spectrum and of high frequency energy concentration 
in the spectrogram. After this coding, the measurements of 
duration of the intervals was done automatically in Praat, us-
ing a script created by Meghan Clayards (2007). 
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 Next, Sound Analysis Pro (Tchernichovski 2011a), a 
software & hardware system designed specifically to manage 
the acquisition and analysis of animal vocalization, allowed 
for the measurement of mean frequencies. The mean fre-
quency, that is to say, the average frequency of an interval, 
was used in this study. As discussed in the Sound Analysis 
Pro manual, mean frequency, as opposed to the fundamental 
frequency, provides an appropriate estimate in cases, such 
as the ones of this study, in which the pitch is sinusoidal or 
not well-defined (Tchernichovski 2011b). This measurement 
was accomplished by manually highlighting the same sylla-
bles for which the pauses had been calculated, allowing the 
program to compute the mean frequency at these intervals. 

Results

 On average Corvidae beak volume was greater than 
that of Passeridae specimens (Figure 1). The average beak 
volume for the Passeridae was 282 mm³, while the average 
beak volume for Corvidae was 3375 mm³. The range of beak 
volume for the Passeridae was 106 mm³ - 878.7 mm³ with the 
pin-tailed Whydah having the smallest beak and the white 
headed buffalo weaver having the largest. The range for the 
Corvidae was 112 mm³-16164 mm³ with the gray jay having 
the smallest beak and the White-necked crow having the larg-
est.    

 The relation between beak volume and average pause 
duration showed no obvious trend (Figure 2).  The trend line 
had an R² value of 0.0048. Corvidae had larger volumes and 
longer pauses than Passeridae (Figure 3).  The relation 

showed a cluster of points between 0-2000 mm³ on the X-
axis and 0-1 seconds on the Y-axis (Figure 3.1).   Because of 
the wide range of the Corvidae points it was difficult to under-
stand the cluster. To gain a clearer picture, 7 outliers were 
temporarily removed. Outliers were species with a beak vol-
ume larger than 6000mm³ and with an average pause time 
longer than 1 second.
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Outliers of pause duration (seconds):  
Scrub jay (812, 2.3)  
Mag pie jay (1437, 1.7)  
Blue Jay (366, 1.49)  
Pinyon Jay (837, 1.31595)

Outliers of volume (mm³):  
Rook 6717, 0.798975  
Common raven 16056, 0.8529  
White necked raven 16164, 0.313883

 Without outliers, there was a very weak correlation be-
tween beak volume and pause duration. The trend line for the 
relationship between volume and average pause time with 
outliers excluded had an R² value of 0.0127. In the cluster, 
Passeridae have smaller beak volumes then those of the Cor-
vidae. However, for specimens inside the cluster pause dura-
tion is similar. Out of the 17 Corvidae only 4 had pauses that 
were longer than 1 second. All specimens with a volume 
greater than 6000mm³ had average pause lengths below 1 
second (Figure 3). Overall, other than the 4 outliers, all speci-
mens had a similar average pause duration.

 On average, Corvidae beaks were longer than Passeri-
dae beaks. The average Passeridae beak length was 14 mm 
and the average Corvidae beak length was 38 mm.  There 
was a negative relationship between beak length and fre-
quency. The trend line in figure 7 has an R² value of 0.74. Cor-
vidae had on average longer beaks and lower frequencies, 
while Passeridae had on average shorter beaks and higher 
mean frequency (Figure 7).

 
Discussion

 Our discussion will analyze both tests individually and, 
then, broach common issues.

Relationship between beak volume and trill tempo

It was hypothesized that there would be a negative relation 
between volume of beak and tempo where birds with bigger 
beaks will have longer pauses in their songs. Larger beaks 
would in theory restrict movement, thus resulting in a slower 
tempo of the trilled segments. There is no clear relation be-
tween volume and average pause duration. Specimens with 
the longest average pause duration all had beak volumes 
within the range of Passeridae volumes. These Corvidae 
specimens are four types of jays. Considering the other speci-
men results, it seems that the beak volume does not corre-
spond to average pause length of these outliers. The three 
specimens with volumes greater than 6000mm³ did have 
longer pause durations: it was only 0.3 seconds longer than 
the average for all specimens, which is 0.43 seconds. A differ-
ence of 0.3 seconds is not enough to correlate volume with 
average pause time. There may be a relation between 
pauses and birds with exceptionally large beaks but such 
relation must be further studied, seeing as how only 3 speci-
mens had a beak exceeding 6000mm³.  With the exception 
of the 7 outliers, the 11 other Corvidae specimens all had 
pause lengths that were similar to those of the Passeridae. 

The findings may be a result of how average pause time was 
calculated. The calculation of average pause time relied on 
the judgment of the researcher in determining what should 
constitute a pause. Therefore, the information used was some-
what subjective. Human error in beak measurements may 
have also influenced the results.

Our results indicate that there is no significant relation be-
tween volume of beak and trill sequence tempo. A larger 
beak does not encumber the speed of trill production. This 
test does not support the theory that post-syringeal struc-
tures affect sound production.

Relationship between beak length and mean frequency

Results show that Corvidae produce lower sounds and have 
on average longer beaks (Figure 7). The R² value indicates a 
74% chance of statistical significance. There is little overlap 
between the two groups in both categories. All Corvidae 
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have longer beaks and lower mean frequencies. The Cor-
vidae though do have a wider range amongst the distribution 
for both length and mean frequency while the Passeridae 
seem more clustered (Figure 8). This distribution means there 
is more variation amongst the Corvidae then the Passeridae. 
Such findings may indicate that in future research the Cor-
vidae should be further split into different groups. The small-
est Corvidae beak was 19mm long while the longest was 
72mm long. The smallest Passeridae beak was 10mm and 
the longest was 23mm. There is one group’s beak length has 
a range of 13mm whereas the other has a difference of 
51mm (Figure 6).  The birds available at the Redpath mu-
seum to study have affected this distribution. Because of the 
small sample size, the correlation may seem more obvious 
than it actually is.

  Although there appears to be a relation between length and 
mean frequency, variables that were not accounted for can 
affect the frequency of the song such as the bird’s habitat. 
Habitat of the given species also affects the frequency that is 
produced. Birds that live in forest are usually expected to pro-
duce lower frequencies than species in open areas (Shy 
1983). In this study, however, habitat was not studied as a 
variable. Specimens used were collected from a wide geo-
graphical scope and often lacked the exact location of where 
they were extracted. Even if specific location was given, the 
chronological variation of the specimens would have made 
studying the environment impossible since landscape has 
changed greatly overtime. Despite these unaccounted vari-
ables, a significant correlation between beak length and 
mean frequency was established, as per predicted. These 
results coincide with the literature on this subject and support 
the view that the beak plays a role in bird sound production.

Difficulties:

Comparing physical data to audio files was problematic be-
cause the songs analyzed did not belong to the specific 
specimen studied. Variation in birdsong exists within an indi-
viduals’ repertoire, between individuals and even between 
populations (Tubaro & Mahler 1998). Moreover, if environment 
does play a role in frequency, then frequency in different 
populations of the same species will vary according to habi-
tat (Shy 1983).  For data to be properly correlated, the song 
files and specimen should originate either from the same indi-
vidual or from two individuals living in the same area at the 
same time.  In some species, there exists even seasonal 
variation of beak length, in which case the exact season of 
collection becomes important (Clark 2004). Information on 
seasonality was not available for both online and physical 
specimens.  

           Audio files study were small samples of the individual 
specimen’s vocal range. Some species have several types of 
songs. Brown thrashers are estimated to have over 2,000 dif-
ferent songs (Kroodsman 2004). If a different song sample 
was selected for the analysis, it is possible that results would 
be different.  
 The correlation found between beak length and mean 
frequency cannot be considered a case of direct causation, 
due to the limited scope of this research. The research com-
pares species that live in completely different geographical 
zones. There exists over 4000 species of songbirds, so it is 
impossible to make any type of generalization. 

The use of the museum specimens was useful since it indi-
cates that there is a trend even with species that are geo-
graphically distant. This research opens the door for further 
studies that can concentrate on smaller populations. Re-
search such as this one can be useful for “testing the waters” 
to determine if any more costly and extensive research is 
worth doing.  

 In sum, we aimed to test the correlation between beak 
morphology and the temporal and frequency structure of bird-
song in a sample of Passeriformes. We predicted that birds 
with more robust beaks will produce songs with a slower 
tempo and at lower frequencies, while smaller-beaked birds 
will produce quicker songs at higher frequencies. We found 
no significant correlation between beak size and tempo and 
a significant correlation between beak length and mean fre-
quency, thus supporting half our prediction. Given that beak 
morphology influences sound production in the frequency 
structure, it can be maintained that post-syringeal structures 
influence bird vocalizations. The syrinx, therefore, is not 
uniquely responsible for birdsong sound production. 
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Introduction

 Japanese society has a rich and expansive relig-
ious history, spanning thousands of years of civilization. 
Although many Japanese religio-cultural phenomenons 
have been lost to history, or relinquished to the realm of 
museum and educator, Omamori have been privileged to 
a great rise in interest during the last half-century. 
Omamori are charms or amulets of protection that act as 
conduits to channel the divine power of life into human be-
ings. Despite an increasingly secular contemporary intel-
lectualism growing in Japanese society, Omamori have 
remained a traditional landmark whose role in current cul-
ture is only growing1.

Usage History and Description of Omamori

 Originally made popular during the Tokugawa pe-
riod in Japanese history (1603-1868AD), the actual term 
“omamori” comes from a hybridization of the word mamori 
(meaning to protect), and the honorific signifier, added to 
a word in order to ensure a formal, polite tone. This is 
made complete by adding the “o.” They are generally 
made of paper or cloth, with a small card or piece of wood 
with a blessing inside, although opening them up is strictly 
taboo and is considered disrespectful. Additionally, 
Omamori are not meant to be thrown away , but are burnt 
in ritual purification at the beginning of each year at the 
temple from which they were received. This purification 
serves the dual purpose of both burning away the evil and 
bad luck they have absorbed, and using this divine object 
to symbolize the cycle of renewal, as new Omamori are 
often received afterwards2.

  Omamori are generally worn close to the body so 
that the prayer or energy associated with them can be as 
close to the receiving individual as possible. Each 
Omamori is distinguished by an inscription that is repre-
sentative of the aspect of life that requires protection. By 
its coloringor design, the inscription provides information 
on a certain characteristic of the amulet, such as age, lo-
cation and deity. The inscription often states exactly what 

the Omamori is meant to offer protection towards. For exam-
ple, an Omamori meant to offer aid in the realm of academia/
studying will utilize the Japanese characters for “study.”3 De-
sign or insignia will change depending on the affiliation of the 
Omamori with, for example, locations or specific temples. A 
chrysanthemum, for example, may reference an Imperial af-
filiation if placed on an Omamori.4 Often given to temple visi-
tors as a material sign of prayer or donation, Omamori can 
be constructed to fit universal goals such as general good 
fortune, or can be created to address very specific issues 
such as safety for boat engines or acquiring a mate.5

 Although traditional Omamori are origianlly crafted 
from either paper or wood, today they are constructed from a 
variety of materials.6 The Omamori are quickly expanding to 
meet the needs of a changing modern environment, and can 
be found in the form of bumper decals, bicycle reflectors and 
credit cards. Furthermore, due to a massive increase in de-
mand for Omamori in recent years, they are no longer explic-
itly crafted by temples and shrines, but are often mass-
produced in factories.7 

Current Omamori: Cultural Relevance 

 Modern Japan is remarkable in the way it balances a 
growing paradigm of secularism in intellectual spheres, while 
maintaining a strong grip on the role of a divine presence act-
ing to enforce certain phenomenon. This enigmatic associa-
tion of observable behavioral and phenomenon with a divine 
energy can be materially embodied in a talisman or amulet, 
hence the relevance of Omamori in modern society.  
Omamori represent this admission of divine forces in a soci-
ety increasingly characterized by secular thought in family 
practice. Furthermore, while they are commonly employed in 
many aspects of everyday life in Japan, they maintain a 
strong association with Buddhist and Shinto traditions and 
temples.8

 Certain shrines and temples are known for crafting par-
ticularly notable Omamori, and are sought after for various 
reasons. The two most relevant factors that account for the 
quality of a temple or shrine Omamori are: 1) the temple’s as-
sociation with a powerful Buddhist image or Shinto deity and 

7

OMAMORI
BY JARED DITKOWSKY

56



2) the temple’s engi, or story. The story that contributes to an 
Omamori’s importance is made pertinent when some divine 
event is said to have occurred at or near the shrine or tem-
ple9. An example of an engi that provides intrinsic value to 
an Omamori received from the focal temple is that for Sensoji 
in Tokyo. The temple is said to have originated due to the dis-
covery of the golden image of Kannon, the bodhisatvva (an 
enlightened being) associated with compassion, in the nets 
of the poor fisherman of Edo (a historical term for Tokyo). Fur-
ther entrenching the mythology and therefore importance of 
Omamori from this temple is that of a golden dragon who 
came out onto the shores where the temple now stands to 
sun itself.9

 Some Omamori exist outside the influence of a temple 
and are associated with their own engi. This is exemplified by 
the enmusubi Onamori. This Onamori has the phrase “shizu 
no Odamaki” written on its back, referencing a popular story 
regarding the mistress Shirakuza and her love triangle with 
Yoshitsune and his brother Yoritomo. Accorindlgy, this 
Omamori is meant to strengthen the relationship between a 
man and a woman.9 

 While the deity and engi associated with an Omamori 
is of critical relevance, the only factor that may influence the 
intrinsic value of an Omamori to a greater extent is the signifi-
cance of the location. This case is exemplified in the Tsukuba 
shrine that stands on a plane between two identically shaped 
mountains. Here, Omamori are sought after, not for deity or 
engi affiliation, but rather the awesome quality of the natural 
landscape.9

 Despite their association with divine phenomenon, 
Omamori are not meant to be passive enforcers of their pro-
tective association, but rather tokens that represent the com-
bination divine assistance and sincere effort of the acting indi-
vidual that is necessary to accomplish a goal. Therefore, 
Omamori do not in themselves ensure that a goal or action 
will be met with positive results, but rather symbolize in a ma-
terial sense the necessary factors that eventually lead to the 
desired end. Therefore, while Omamori are often associated 
with numinal events: coercive factors that are outside the 
range of human experience or influence.8 It is due to the 
Omamori’s association with individual contribution and rejec-
tion of purely magical phenomenon that some Japanese tradi-
tions, such as that of the Jodo Shinsu (which emphasizes the 
role of divine presence in people’s lives), have outright re-
jected their use. Still, Omamori remained a strong symbol of 
both current and historic Japanese culture and religion.9 

Conclusion

 Omamori have become a widespread cultural phe-
nomenon in Japan, and can be seen pinned to the shirts jack-
ets, backpacks and cars, among other objects, of various 
demographics. Their history and significance is as colorful as 
their own descriptive patterning and designs. Drawing from 
both the Buddhist and Shinto religion, the religious relevance 
of Omamori is complex, and cannot be summed up too con-
cisely; it is likely that this diversity in function and connotation 
makes Omamori such a widespread and universally ac-
cepted phenomenon. In an increasingly secular Japanese 
culture, Omamori have remained a popular religious influ-
ence that has managed to not only maintain, but gain a 
larger foothold in contemporary Japanese society.
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