EVIDENCE OF SEA ICE CONDITIONS
IN HUDSON STRAIT, 1751-1870,
USING SHIPS' LOGS

by

MARCIA~ANNE FAURER

A thesis presented to the Faculty
of Graduate Studies
University of Manitoba

Tn partial fulfilment of
the requirements for the degree
Master of Arts

Department of Geography
January 1981



EVIDENCE OF SEA ICE CONDITIONS
IN HUDSON STRAIT, 1751-1870,
USING SHIPS' LOGS

BY

MARCIA ANNE FAURER

A thesis submitted to the Faculty of Graduate Studies of
the University of Manitoba in partial fulfillment of the requirements

of the degree of

MASTER OF ARTS

© 1980

Permission has been granted to the LIBRARY OF THE UNIVER-
SITY OF MANITOBA to lend or sell copies of this thesis, to

the NATIONAL LIBRARY OF CANADA to microfilm this
thesis and to lend or sell copies of the film, and UNIVERSITY
MICROFILMS to publish an abstract of this thesis.

The author reserves other publication rights, and neither the
thesis nor extensive extracts from it may be printed or other-

wise reproduced without the author’s written permission.



ACKNOWLEDGEMENTS

I would like to acknowledge gratefully the constructive
criticisms of Dr.D.W.Moodie and Dr.T.Shay, and in particular, [
wish to sincerely thank my thesis supervisor, Dr.A.J.W.Catchpole
whose patience and continuous encouragement was greatly
appreciated.

T would further like to express my gratitude to
Mrs.Shirlee Smith, Hudson's Bay Company Archivist, for her co-
operation and permission in allowing me the privilege of
working from the original documents. Further appreciation is
extended to the Hudson's Bay Company for its permission to
consult and quote from its archives.

T also acknowledge the financial assistance which T
received from a research contract awarded to Dr.Catchpole by
the National Museum of Natural Sciences, National Museums of
Canada.

Finally, I wish to express my deepest gratitude to my
parents, Lillian and Charles Faurer, for their devotion and
contiﬁuous confidence which has made this research possible,

and it is to them that this thesis is dedicated.



LIST OF FIGURES

LIST OF TABLES

ABSTRACT

CHAPTER
I

1T

111

iv

LIST OF CONTENTS

INTRODUCTION . « v s v st et oo ss oo onnsanns
1. Review of Pertinent
Literature. ...t eien o
2. Plan of ThesisS.. et seenens
BACKGROUND INFORMATION AND DATA
SELECTION . ¢ v v v vt et vt stnsentneansean
1. Extent of Record and Data
Selection. vt ei et eeneenenns
2. Content and Format of the Log
BOOKS e vt et st et en v s cnneoensoaos
3. BSampling of the Data...........
DATA RETRIEVAL AND ANALYSIS........
1. Data Retrieval.......oiviieen..
2. Data Analysis
a) Temporal analysis..........
b) Analysis of Ships'
locations. ..o e i i
c) Analysis of navigational
activities
i) preliminary analysis.
ii) temporal analysis....
iii) spatial analysis.....
3. ConcCluSionN.e.eeeeseeoseeeeennas
SUMMARY AND DISCUSSION ,...........
1. Summary
2) Daba..eeeee ettt
b) AnalySisS...eivieeeirenneann
2.  Discussion
a) Temporal variations........

b) Spatial distribution of sea

ice - 1751 to 1870.........

(1)




APPENDIX A

APPENDIX B

APPENDIX C

REFERENCES

CITED

(i1)

PAGE
Method of plotting
VOYAZES e e e v v aesaesonossese 127
Glossary of terms......... 129
Directions for future
research....... e e e e 131



FIGURE

IT.1(a)

I7.1(b)

II.2

IT.3

IT.4

IT.5

ITT.1
I11.2

I1I.3(a)

(b)

I1IT.4

I11.5

IIT.6

LIST OF FIGURES

Ships Voyaging Annually to Fort
Churchill, York Factory and James
= 2 R
Destinations of Individual Ships....

Ships' Routes Between England and
HUdSON Bay e ei oo tnoeeeeeonoeaeaensnns

Typical Log Book Page..........o....
Ice Formation and Decay at:

(a) Resolution Island.......eveeees
(b) Nottingham Island.......oeooo..

Two Methods of Obtaining Information

on Sea Ice from Ships' Logs.........
Map of Hudson Strait.......cccoov...
Example of Data Card.........cvvv.n..

Dates of Arrival at Resolution and
Diggs Islands (for westward and
eastward VOYAZES) cu e et oo veneennanens
Durations of:

i) westward vVOyageS.. ..o e
ii) eastward VOyageS....veeveneonan

Dates of Positions of Ships for
Entire VoyvagesS.. v it vt e

Scatter Diagram and Regression Line
for X=Westward Duration; Y=Eastward
DU ATION e vt e et ot vt vt ot st s s o onnsanans

Scatter Diagram and Regression Line
for X=Date of Entry; Y=Westward
DUrationN.. sttt ie it te e s e

(iid)

PAGE

15
15

17-18

22

29
29

32

39

41

45

46

47

50

57

59



FIGURE

ITIT.

IIT.

IIT.

IIT.

ITT.
(a to 1)

ITI.

IIT.

ITI.

IIT.

ITT.

ITI.

ITI.

10

11

12

13

14

15

16

17

18

Plotting Limitations........ceeeeennn

Routes of Three Voyages of Varying
F L B o= v I o 1 < S

Captains' Histories........civeooenn
Scatter Diagram and Regression Line

for X=Number of Years of Experlence,
Y=Mean Duration....eeee et oeeeeeesos

Graphs of Durations for Individual

B OF=Y o 1 vf= 1 5 o 1= S

Navigation Chart............cccvnn

Navigation Charts for:

(a) Enclosed and Fast....eeeeeneennn
(D) Grappling.e.e..eeeeeeeneenneensnns
(C) TaCKINGeeweeeoooeeooeseoonnnnnns

Yearly Frequencies of:

(@) EaF e i it iii it eetnnenaeseasanens
(b) ot o oo s e ee ososaeoenonsosssanaose
(C) T ettt ittt eeeeaeeeaseneannanns

Scatter Diagrams and Regression Lines
for:

(a) X=Duration; Y=E+F...c. e eunnn.
(b) X=Duration; Y=G.ueeeeeeieeseeenns
(c) X=Duration; Y=T....iieerwenunenes
(d) X=Duration; Y=(E+F)+G..ev.veeu..

7-Year Running - Means of Duration
and Enclosed and Grappling...........

Map of SectorS. . ittt iennanes

Maps of Relative Frequencies Per Area
Per Sector of:

(iv)

91
92
92
93

95

99



)

FIGURE PAGE
(8)  EA4F ittt ittt ettt e eoanansseeeesan 104
(b) Gt e o e oo s aeonoeeessenssanonsanssos 105
[ T G 0 T 106

I1T.19 DISTRIBUTION MAPS of:

() E4F ittt it ieietettosnosesensoness 107
(D) Gere it ettt isssensnesocanaeeeans 108
Iv.1 (a) Graph of Yearly Durations........ 118
(b) Graph of Yearly Frequencies of oo
G € 118
Iv.z2 Bergthorsson's Relationship Between

Temperature and Ice Incidence......... 122



(vi)

LIST OF TABLES

TABLE ' PAGE
I11.1 Fréguency Distribution of Ships

Yielding Log Books Per Year............. 13
ITT.1 Summary of Dates of Arrival at

Resolution and Diggs IslandsS............ 48
I1T.2 Durations of Voyages Through Hudson

SEtrait in DayS.cee e eeenooaeetoeonncnon 52
I1T.3 Periods of Peak Durations of

WesStWard VOYageS . v e e e eeeennoenenoessnss 54
I1T.4 Ssummary of Correlation Coefficients..... 90
I1I.5 Landmarks for Sector Selection.......... 100
I1I.6 SECTOr ArCaS . e v v vt oot tnnssensasnseaasess 102
I11.7 Frequencies of Navigational Activities

PEr SECLOr e et ittt ettt seaasanensanes 103
Iv.1 Periods of Long Westward Durations and

Frequent Accounts of (E+F)+G............ 120




(vii)

ABSTRACT

The Hudson's Bay Company Archives contains a collection
of log books from the Company's ships engaged in the fur trade in
the past 200 years. The collection commences with the voyages made
in 1751 and continues into the 20th Century. Log books are available
for every year in that period with the exceptions of 1839, 1840, and
1841. These logs are used to study temporal and spatial variations in
sea ice conditions in Hudson Strait for the period 1751-1870.

The study focuses upon Hudson Strait since this area provides
optimum circumstances in terms of the obstructive nature of sea ice,
and the ease of establishing the locations, and patterns. of
navigation of the ships.

The method used to derive ice data is based upon references
in the log books to ships being enclosed by ice and the activities
employed to navigate through the ice, as well as the durations of the
voyages.

Correlation coefficients are calculated to determine the
extent of the relationships between the variables. The frequencies
of the occurence of the activities, and the durations of the
voyages are plotted graphically, and cartographically to illustrate

relative amounts of sea ice, both temporally and spatially.
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CHAPTER I

INTRODUCTION

There currently exists virtually no scientific
information pertaining to the environmental conditions
which prevailed in Hudson Strait in the historical
past. The research presented here will identify
and analyze a data source which is able to signif-
icantly remedy this deficiency. The Hudson's Bay
Company's Archives house a wealth of heretofore
unused information regarding the environment of
Hudson Strait in the period 1751 to 1870. This
exists in the log books of the Company's trading
ships.

By examining the contents of these log
books, this thesis will attempt to fulfill a twofold
purpose. The most fundamental aim will be to derive
a methodology whereby the contents of the logs
can be made to yield information about the severity
of sea ice in Hudson Strait for the 18th and 19th
centuries. This method will then be applied in an
attempt to determine the fluctuations of sea ice

both annually and spatially within the Strait.



The approach to be taken in the development
of a methodology hinges upon the hypothesis from
which this thesis stems. The hypothesis states
that, 1f the navigation of the ships was influenced
by sea ice in Hudson Strait, then certain navigational
practices may yleld evidence of sea ice.

One main limitation was foreseen and this
is related to the nature of the data rather than to
the hypothesis. A method of validation of the
sea ice information derived in this study has not
yet been identified. The results must therefore
be interpreted as relative, not absolute indices of
ice conditions.

While it is important to note the limita-
tions of the research at this stage, it is equally
important to identify its strengths. The limitation
described above pales beside the strengths inherent

in this source of data. The log books are comparatively

uniform in their content and format since they were all
kept by employees of the Hudson's Bay Company. In
addition, because the Company had a rule to the

effect that its ships should leave England at the =

same general time each year, their arrivals at

Hudson Strait were also at approximately the same



time of year. A further factor which adds to the
homogeneity of the log books arose from the fact
that the winds and currents carried the ice to the
south shore. As a result, the ships followed essen-—
tially the same route through the Strait annually,
kand therefore, the same landmarks in the Strait
were referred to throughout the entire 120-year
period. All of these factors combine to create
a source of data which has a high degree of
homogeneity, and is therefore well-sulted to
systematic study.

In addition to these advantages is the fact
that the Hudson's Bay Company usually dispatched a
convoy of ships from England thereby providing more
than one log book each year. Further additions to
the collection are also frequently available since
more than one crew member generally kept a log
book on a ship. Consequently, a choice of log
books, a means of cross-checking, and of filling

gaps exist in most years.

1) REVIEW OF PERTINENT LITERATURE

Whereas much work has been done regarding
the interpretation of the historical evidencé of

climatic change, there is virtually no literature



directly related to the use of ships' log books in
the study of historical sea ice conditions. Much
of the research which has been conducted in the field
of historical climatology in general, has been
confined to land-based observations either in the
form of- weather journals or diaries, or in the form
of other documentary sources the prime concerns
of which were not oriented towards the climate.
Historical weather journals appear, at
first, to have the obvious advantage of being
direct sources of climatic information in a numerical
form. While these sources have some uses, They are
however, fraught with many disadvantages arising from
a lack of standardization of the instruments and
observational practices. As Lamb points out:
"Use of the early observations
for comparative studies involves
many problems of antiquated units,
different in each country, antiquated
instrument scales, the actual
performance of the instruments, and
how they were exposed."
(1974: 42)
These problems can be dealt with, but not without
considerable work and speculation. This was made
clear in the research conducted by Manley (1946)

on the temperature trends from 1753 to 1945 in

Lancashire, England. In this study, Manley was



confronted with several documents containing
temperature records of varying durations and degrees
of reliability. In order to utilize these data,
it was necessary to reduce all of the observations to
a common standard in order to homogenise the results.
In a latei study, Manley (1953) again reduced the
observations of several different weather Jjournals
in the reconstruction of mean monthly temperatures
for central England for the period 1698 to 1952.

Kington (1970) utilized a source of-
historical weather data for the late 18th century
which was much more homogeneous than that used by
Manley. These records were kept by the members of the
Société Royale de Medecine, to provide a means of
ascertaining the relationships between illnesses
and epidemics ,and the weather and seasons. A degree
of standardization of these observations was ensured
by the fact that the Sooiétg provided instructions
for those performing the observations.

‘”The first volume of the official

history of the Society contains a

section on meteoroclogical observations

in which it was ensured that standardized

and comparable reports would be made

by discussing in detail both instrumental

equipment and observing technique."

(Kington, 1970: 70)

‘These records of the Société exlist not only for



France, but also for the Low Countries, Italy,
Switzerland, and England.

Historical'evidence of climatic conditions
has also been found in numerous indirect sources,
which make incidental references to weather. These
sources of data are much more extensive in
occurrence than historical weather records and vary
widely in their origins and degrees of reliability.
Some of the earliest sources are from China and are
found in the carvings on oracle bones. These
carvings describe harvests, agricultural practices,
and predictions of snow and rain for the period
1400 to 1100 BC (Chiao-min Hsieh, 1976). References
to natural phenomena in Chinese poetry have also
been interpreted, and date back to C.3000 BC
(Chiao-min Hsieh, 1976).

In Canada, the longest and most complete
source of historical documentary data is contained
in the records of the Hudson's Bay Company.

MacKay and Mackay (1965) used the journals of the
Company's posts to derive dates of freeze-up and
break-up of the Churchill and Hayes Rivers for the
18th to the 20th centuries. A subsequent study by

Moodie and Catchpole (1975) employed the post




journals of Churchill Factory, York Factory, Fort
Albany, and Moose Factory in deriving the freeze-up
and break-up dates of the four rivers on which these
posts were located. They also presented a detailed
discussion of the difficulties encountered in
defining the terms freeze-up and break-up. A
major portion of this study was devoted to the test-
ing of the reliability and validity of the data,
which is of importance in any study employing the
methods of content analysis.

Any review of the literature pertaining
to the historical evidence of climatic change
would be incomplete if it ignored the research of
LeRoy Ladurie (1971) in which the climate of
France since the year 1000 is reconstructed. This
study was based primarily on the records of wine
harvests with additional information provided by
glaciology and pollen studies. The most valuable
contribution made by this study is not in its con-
clusions about the climate per se, but rather in
its insights into the methodologies and means of

utilizing the data sources which are available.

The scope of the direct and indirect

data sources has been well documented. A&



noted authority in historical climatology, H.H.

Lamb has done a considerable amount of work in making
known the importance of this type of research,

its data sources, and the means of using the

data (Lamb, 1974 and 1975). His research culminated

in two volumes entitled Climate: Present, Past and

Future (1977), the second volume being devoted to
"Climatic history and the future'. This volume
combines the work of numerous researchers, data
sources, and methodologies in describing global
climates since the Quaternary ice ages.

This 1s by no means an exhaustive review
of the literature in this field but is a brief
summary of the more noteworthy studies. A large
proportion of the remaining literature has been
discussed by Lamb (1977).

It is apparent from the foregoing dis-
cussion that the prole of historical evidence of
climatic change in general is well documented.
However, there have been very few studies relating
specifically to historical sources of sea ice
data, or to the use of ships' log books.

Much of the previous research into

historical sea ice conditions has been done in



Iceland, and published in Icelandic. One of the
Icelandic studies, by Fridriksson (1969) examines
"The Effects of Sea Ice on Flora, Fauna, and
Agriculture" in Iceland since the last ice age,

but 1s not based on documentary historical
evidence. Another Icelandic study which does

use historical documents in an examination of

sea ice has been done by Bergthérsson (1969), and
is often cited as a reliable study of historical
sea 1ce conditions. This research investigates

the relationships between drift ice and temperature
in Iceland for 1000 years. In this concise report,
Bergthorsson not only presents his methodology

and conclusions, but also provides a discussion of
his data sources and the difficulties arising from
them, and how these problems were solved.

An early historical climatological study
based on the movements of sailing vessels was
undertaken by Privett and Francis (1959). Their
data were obtained from Lloyd's Lists, published
since 1734, by Lloyd's of London. By using dates
of departures and arrivals an attempt was made to
".,..use the speeds of sailing ships crossing the

North Atlantic Ocean during the eighteenth and



nineteenth centuries to infer secular variations in
the strength of the Trade winds'" (1959: 292). Many
difficulties were encountered owing mainly to the
fact that the actual log books were not used and
therefore, the speeds had to be calculated by using
the time of passage and the sailing distance.

A recent study by Douglas, Lamb, and
Loader (1978) was based, in part, on the contents
of log books. This research is concerned
specifically with the state of the weather during the
voyage of the Spanish Armada. Although a portion
of the information was obtained from log book
accounts, much of the data were derived from letters
and diaries, and were then compared with Tycho
Brahe's weather observations in Denmark. The
product of this research was the construction of
maps depicting the pressure systems from July 22 to
October 1 of 1588.

The only known study which uses ships'
log books in the analyéis of past climates was
conducted by Oliver and Kington (1970). Thié
research examined the log books ofbthe Royal Navy
which are available for the period 1678 to 1808. By

using mainly references to winds, the synoptic

10
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conditions for the period were mapped and analyzed.

Although the methodology employed was not presented

in detail, the discussion regarding the advantages

and disadvantages of the log books, as well
definition of terms used in them, proved to

very useful.

2) PLAN OF THESIS

Chapter II presents a description
Hudson's Bay Company's log book collection,
discusses the considerations leading to the
of the data used in this study.

The retrieval of the data and the
methodology employed in the analysis of the
are the focus of Chapter III. Some of the
difficulties and theoretical problems which

encountered are also given in this chapter.

as the

be

of the

and

selection

data

were

The results derived in Chapter III are

‘presented in Chapter IV.




CHAPTER II

BACKGROUND INFORMATION AND DATA SELECTION

1. EXTENT OF RECORD AND SURVEY OF LOG BOOK CONTENTS

Contained within the Hudson's Bay Company's
Archives are the actual log books of the Company's
ships which were engaged in the fur trade and served
to supply the posts on Hudson Bay. The earliest log
book of this collection dates back to 1751, and the
record continues virtually unbroken to 1870. The only
gap exists for the years 1839, '40, and '41, ctherefore
the record for the 120-year period is approximately 98%
complete. In fact, more than one ship often yielded a
log book each year. This serves tTo increase the number of
log books available to 316. The frequency distribution of
the numbers of ships yielding logs in each year is given
in Table I1.1.

One may add to this number of ships per year
yielding logs, the fact that quite often more than one
person kept a log on each ship. By the addition of these
documents, the'number of books increases to 485. As a
result of this multiplicity of log books, cross-checks
are made possible for both a given year, and a given ship.

The numbers of ships per year., their names, and destinations

12



TABLEII.1: FREQUENCY DISTRIBUTION OF SHIPS

YIELDING LOG BOOKS PER YEAR

NUMBER OF SHIPS PER NUMBER OF
YEAR, YIELDING LOGS YEARS

0 3

1 4

2 46

3 54

4 12

5 2

(Catchpole and Moodie, 1978:129)

CQ
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can be seen in Figures II.1 (a) and (b).

Not only are the Hudson's Bay Company log
books a valuable data source in terms of thelir extent
and overlap of coverage, but they.are also of value with
respect to the high degree of uniformity with which
the entries were made. This characteristic can be
attributed to three fundamental factors.

The first factor arises from the disciplined
way of 1life required of a seaman involved in as hazard-
ous a voyage as was undertaken in the Jjourney from
Britain to Hudson Bay, and back. A part of this
discipline is evident in the requirements put forth
governing the contents of the log books, such that all
activities and occurrences of the voyage were to be
recorded. This is apparent from the instructions for
the keeping of logs that were handed down by the British
Admiralty in the eighteenth century:

"He [the Captain or Commander] is., from

the time of his going on board, to keep a

Journal, according to the Form set down...

and to be careful to note therin all

Occurences, viz. Place where the ship is

at Noon; changes of wind and weather;

salutes with the reasons thereof; remarks

on unknown Places; and in general, every

Circumstance that concerns the Ship. her

Stores, and Provisions."

(Oliver and Kington, 1970 :522)

The second factor leading to the high degree
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of uniformity found amongst the log books is that the
ships followed essentially the same route each year.

as is illustrated in FigureII.2. There are two reasons
for this yearly similarity in the routes, and these are
best explained if the voyage 1is divided into two segments.
The first segment constituted the Atlantic crossing,

and the second involved the passage through Hudson
Strait and into the Bay. Within the first segment,

the use of latitudinal navigation necessitated adherence
to a particular route. This method of navigation was
necessary sinée it was impossible ﬁo determine longitu-
dinal positions accurately beforé the invention, and
widespread use of the chronometer. Therefore, by sail-
ing along an approximately constant line of latitude,
the gap between the Orkneys (59°01'N) and Cape Farewell,
Greenland (BOOOO'N) could be fairly accurately bridged.
This method of navigation was not infallible (even after
the invention of the chronometer) as was evident in

the following situation described by Lieutenant Edward
Chappell in his narrative of an 1814 voyage:

"The Victgrious had struck on a rack,., in
latitude 66°21'N, longitude 53°47'W; entirely
owing to the coast of Greenland having been
laid down four degrees wrong in the Admiralty
Charts."

(Chappell., 1970 :37)

The primary reason for the similarities in the routes

followed in the second segment of the voyage (through
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Hudson Strait in particular) is simply the result of
the avoidance of ice:

"Entering HUDSON'S STRAITS, it is a
necessary precaution to keep close in
with the northern shore; as the currents
out of HUDSON'S and DAVIS' STRAITS meet
on the south side of the entrance. and
carry the ilce with-great velocity to the
southward, along the coast of LABRADOR."

(Chappell, 1970 :40-41)

Although this fact applies primarily to the westward
journey, the landmarks established as a result of this
practice of hugging the north shore aided in the
navigation of the eastward voyage as well.

The third characteristic which was found
to be a common element of the contents of the log books
is the time of year in which the ships sailed. As
was the case with the similarities found in the routes,
it was primarily the presence of ice in Hudson Strait
and Bay which required that the ships sail at a
particular time of year. The following quotation from
Edward Chappell's narrative serves to illustrate this
point:

"It is a rule with the Hudson's Bay Company
to make their ships always break ground on
the 29th of May; although sometimes, they do
not leave the river Thames before June."

(Chappell, 1970 :8-9)

In summary therefore, there are two basic

characteristics which favour the use of the Hudson's Bay
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Company's ships' log books in an historical environmen-
tal study: the extent of the record, and the consisten-
cies within the log books. The record 1s both compre-
hensive in terms of the actual number of consecutive
years of log book availability, and it is also extensive
in terms of the number of logs available in each year.
Sécondly, the high degree of consistency found within
the contents of the log books is advantageous. This
factor is the result of the combination of the following
three circumstances:

i) the existence of regulations governing
the information which was to be contained within the
log books;

ii) limitations which were imposed by both
the prevailing state of navigational technology and
by the presence of ice in Hudson Strait causing the
same route to be followed each year;

iii) the seasonal presence of ice which

caused the ships to sall at approximately the same

time each year.

2. CONTENTS AND FORMAT OF THE LOG BOOKS
Although the instructions from the Admiralty
required that all activities and events which occurred

on the voyage be recorded, various aspects of the



contents of the logs differ from book to book. These
variations arose as a result of the personal perceptions
of the individual keeping the log book. One individual
might place more emphasis on the actual salling activities
(such as the raising and lowering of sails), whereas
another might focus more attention on the activities
of the crew, or on the description of the state of
the weather. The one element common to all of the
log books however, was the frequent description of
ice, and the activities required to deal with the ice
in Hudson Strait. This is expected in view of the
hazards to sailing imposed by ice.

Figure II1.3 illustrates a typical page of
a log book, which represents one 24-hour period. The
common practice was to let the top half of the page
represent 1400h to 2400h, and the bottom half extend
from O0OOh to 1200h in the next day. Therefore, in
Figure II1.3, the upper half of the page refers to
6 August and the bottom half to 7 August. The
problem of separating days is not apparent in this
example as the change of days has been recorded. This
was not the case however, in the majority of the log
books.

Each log book page was rujed into 7 columns,

the first three columns (from the left-hand side)
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which are headed 'H', 'K', and 'F' represent hour,
knots, and fathoms, respectively. Routine entries
were made at 2 hour intervals. Winds were quite

faithfully recorded in terms of the directional
component. It was unclear however as to whether the
column headed 'K' (knots) referred to the speed of
the wind or of the ship (but it was presumed to be
the speed of the ship). The next column, 'Weather!'
generally referred to conditions of visibility with
more detalled references being found under the heading
of 'Remarks'.

In many logs there was also a noon entry
of location, a summary of important events (of the
preceding 24 hours), and a description of the sailing
conditions of the ship at noon. This information was
usually found at the bottom of the page in a space
which was set aside for this purpose. Comments which
referred to ice conditions were also often found in
this section, however most ice information was contained
in the Remarks column at the hour at which the obser-
vation was made. A few typical comments which refer
to ice conditions can be found in Figure IIT.3, for

example:

o



"t'Ungrappled and stood to the
southward thro' thick Ice.'
'"Turning through thick Ice.'
'"Rowing and towing in Open Ice.
‘Forcing thro' thick Ice.'"

(Log of the ship King George,
August 6 and 7, 1761, Hudson's
Bay Company Archives C1,/365)
It is interesting to note that throughout the
log books the capitalization of words seemed to be
somewhat arbitrary. It appears however, that the
word 'Ice' was commonly capitalized and 1t is tempting

to assume that this was done to give a distinct

importance to the word.

3. SAMPLING OF THE DATA

Since the Hudson's Bay Company's collection
of log books is a highly diverse source of environmental
information, it was important that the data to be
used were carefully selected. The major advantage
of this selectivity i1s the elimination of extemporaneous
information which could only serve to confuse and com-
plicate the retrieval and analysis of the relevant
data.

The following is a list of questions which
serve to point out the procedure by which the data to
be retrieved from the log books were selected.

-  WHAT environmental factor should be

chosen, and WHY?
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-  WHERE would be the most appropriate

location to investigate the particular factor, and

WHY?

—  WHEN would this element be most evident,
and WHY?

— HOW should the data collection procceed,
and WHY?

There are essentially three types of environ-
mental information available in the log books: sea
ice, meteorological conditions (particularly winds),
and sea currents. Of these three, sea ice was chosen
as the focus of this study. This decision had its
foundation in two fundamental factors. Because sea
ice posed a definite threat to the success of the
voyages and to the lives of the crew members, 1t was
assumed that the ice conditions would be recorded
carefully and faithfully. The obvious advantage of
this premise may be tempered by the fact that not all
vsea ice conditions were hazardous. Regardless of this
fact, a cursory examination of the log books definitely
indicated a persistence in the noting of ice conditions.
It was also anticipated that even if the persons record-
ing the ice conditions ignored the non-hazardous
situations, they would most likely be 'sensitive' to the

moderate and/or severe situations.



The second element which contributed to the
selection of :a ice was its potential uses in future
studies. In a study of drift ice and temperature in
the past millenium, Bergthorsson, found that it is
possible to derive a temperature record from studies
of the amount and frequency of the occurrence of
drift ice. Bergthé}sson (1969 :9%}stated:

"A fairly good correlation has been found
between temperature and the incidence of
drift ice in Iceland. This relation is used
to estimate the temperature in Iceland in
the period 1591-1846."

Although the ice found in Hudson Strait was not formed
there, by knowing its place of origin, one might be
able to reconstruct a temperature record for‘that
region. (See Appendix C for further discussion)

In summary, sea ice was chosen as the focus
of this study as a result of the following:

i) as it posed a hazard, or at least an
obstacle to navigation, it was felt that sea ice
conditions would be frequently recorded; and

ii) since meteorological records for the
18th and 19th centuries (for the region encompassed
by the log books) are virtually non-existent, sea

ice information could prove useful as a means for

inferring temperatures.

2.6
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The second question asked which geographical
area, in the voyage from Britain to Hudson Bay and back,
would be the most appropriate to investigate sea ice
conditions. Once the first question had been answered,
the options for the second were greatly reduced. The
only two locations which could be considered became
Hudson Strait and Hudson Bay. The former was selected
as a result of two factors characteristic of Hudson
Strait. The fact that the Strait is a confined
channel is the most significant factor on which this
decision was based. In the restrictive bounds of the
Strait, ice posed both a hazard and an cbstacle to
navigation, and therefore it was once again assumed
that much care would have been taken tTo describe the
ice and the actions taken to avoid it. In Hudson
Bay, encounters with i1ce could be avoided with greater
ease due to the leeway afforded by the unconfined Bay.
In the Strait however, it was less often possible to
change course, and it was not inconceivable to find
that a portion of the channel, ahead of the ship,
had become completely blocked by ice.

Secondly, the choice of Hudson Strait was
based upon the fact that an accurate locational fix
was more easily determined in the Strait than in

mid-ocean, or in the crossing of Hudson Bay. The
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locations in the Strait were given in terms of land-
marks on the shores andon  islands in the Strait.

The time of year in which ice conditions
would be most evident was the next point to be
resolved. The most obvious time to choose was one
in which the greatest problems with ice were expected
to be encountered. Following a basic examination
of the log books, and paying particular attention to
the voyages Through Hudson Strait, it appeared that
the greatest amounts of ice were found during the out-
ward or westward portion of the voyage. The average
date of entry into the Strait, during the westward
voyage was found to be 27 July. As indicated in Figures
IT4 (a) and (b), this period is one in which ice
amount 1s declining and therefore is : broken and in
movement (according to modern data). The average
date of entry into the Stralt on the eastward voyage
was 20 September, a period which, according to
FiguresII.4 (a) and (b), was virtually ice-free.
Consequently, the westward portion of the voyage
(through Hudson Strait) was chosen as the prime focus
of this research.

The methods of data collection and analysis
were the final questions to be resolved. It was

decided that the collection of locational data should




(Aosa9y pur No0ouIBM :IDIIV)

wosbelion At SgARG 22AIXY Y 20 abrvy

1 23Q § AON 1|

1239 1 AON }

20 1 43S | SNV 1 I0H 3 NAOL 3 AVW 1 ¥dY ] MYW 1 934t NYTr

!
AN

A

T T S

l . .
Lo

CEVMLEIM X

NOILATOSEY L STLVC eIy Y fo byl

"ol
07

"O¢

~0g

09

oL

y-11 TINHTI

120 | d3S L DNy L Inf | NOT I AYIW 1 WdY | ¥V 4 g3d 1 NVT

QuvMmlsam

AVOHT GNV NOLLVIGGOJL HOI

Ol
Kex4

ot

"O§

~09

SIHONI NI 3D}

SIHONI NI 301



be the point of departure for three reasons. The
fundamental basis for this decision was that it was
known that locational fixes were provided eilther
throughout each day, or were contained at least

within the noon entry. It was also found that this
practice was performed in a routine manner by referring
to a somewhat selective group of landmarks. By
contrast, the exact manner in which ice conditions

were recorded was not initially known.

Furthermore, it would eventually become
necesgsary to collect tThis locational data since
information regarding the nature of ice conditions
would be somewhat out of context if it were not known
where these conditions occurred.

Finally, it was felt that it might be
possible to make preliminary assumptions about sea
ice from the locational data. It was strongly
advised, for instance, that the ships should follow
the north shore of the Strait as closely as possible
in order to avold the ice which drifted to the south
shore. If the locational data revealed that a migration
of the normal northern route to the southern shore
had occurred, then two assumptions could be made:

i) ice was not being carried to the south

shore due to a change in the currents; or
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ii) there was a decrease in ice amounts.
Other assumptions could be made based upon the number
of days which were spent at any one location. As a
result of unusually frequent references to the same
location, one may be led to assume that the postpone-
ment was due to ice. This assumption would arise only
if there were no accompanying comments concerning
adverse weather, or delays due to trade.

Essentially then, locational information
was collected initially to serve a threefold purpose:

i) to provide familiarity with the methods
of recording sea ice information in the log books;

ii) to fulfill the eventual necessity of
knowing where the particular ice conditions occurred;

iii) to allow preliminary assumptions to be

made about sea ice in order to gain aﬁ impression of
the ways in which ice conditions might be expected
to vary.

The above discussion represents the first
phase of the data retrieval process, and served as a
foundation for the second phase on which this thesis
is primarily focussed.

There are basically two avenues of approach
open in attempting to glean information on sea ice

from the log books, as FigurelIl.5 illustrates. The



FIGURE II-5
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first, and most direct method employs the use of
actual descriptions of the ice. Descriptions of
this nature include its: thickness, aerial extent,
frequency of occurrence, and speed and direction of
movement. These elements were all found to be
available in the log books in varying degrees of
frequency and standardization. The second, and more
indirect approach is one which makes use of the
comments referring to the effects of the ice on
saliling activities. In this regard, all comments
referring to navigational practices, which were
necessitated by varying degrees of sea ice severity,
are relevant. These comments include references
to such events as being enclosed by the ice or
fast in ice. It was this second procedure which
was chosen for the following reasons.

Although the first approach may seem
more likely to generate direct ice information,
it has its main weakness in the fact that it is
highly subjective. Because sea ice amounts were
not measured instrumentally, all descriptions of
ice were based entirely upon personal observations.
It is also possible that many ice conditions might
not have been included at all (in a descriptive

sense) in some cases, owing to the fact that the
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particular captain may not have considered them
important. Should special navigational measures
been necessary to deal with the ice however, an
accurate recording of those activities would have
been required. This record would lack the sub-
jectivity of ice observations since it was simply
a report of the activities taking place on board
the ship. This does not necessarily mean that the
navigational activities which were recorded lack
any subjectivity. The weakness here lies in the
fact that the activity chosen was based, to some
degree, upon the captains' experience and percep-
tion of the situation. A partial redemption of
this weakness lies in the assumption that the
captains were motivated to act in a manner such
that the ship and her crew would be brought to safety
and returned to its course with the least amount of
risk and delay in time. By accepting this premise,
one might also expect certain actions to coincide
with certain situations, and since these were 18th
and 19th century sailing ships, 1t would seem that
there were very few options available for coping with
the varying degrees of ice severity.

The next reason for selecting this path

of investigation 1is, in essence, a restatement of
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the hypothesis which was presented in the introduction to
this thesis. This factor follows quite closely from the
hypothesis in that if there were a small number of cholces
available as responses to ice conditions, then one may be
able to work 'backwards' and arrive at the initial situation
by knowing the reaction. Since the presence or absence of
sea ice in Hudson Strait was likely to influence navigation,
then it would follow that the methods of navigation, which
were employed, ought to yield evidence of the nature of the
sea ice.

One further reason for embarking on this line of
investigation is somewhat more indirect, but is nevertheless
significant. In Figure II.5, the fourth component under the
heading "Effects of Sea Ice on Sailing" 1s 'duration', which
essentially bridges the other three since they, in turn, are
reflected in the duration. This factor represents another
possible indication of the severity of sea ice which is based
on the supposition that 1t was desirable for the ships to
pass through the Strait as quickly as possible. It will be
shown in Chapter III that adverse weather and trade generally
caused no delays exceeding one or two days. 'Therefore,
should the duration of the voyage have been retarded to any
great degree, then the probable cause would have been ice.
The role played by trade and severe weather in the dealy of

voyages through the Strait was unknown until the analysis
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was in progress, and therefore, both mefteorological and
trade events were also transcribed from the log books.

The prime concerns of this preliminary stage of
the research were to become familiar with the contents
and format of the log books, and more importantly, to
select data which would facilitate an optimum use of the
log books. This should not imply that once this has been
accomplished the potential information contained within the
logs will have been exhausted. On the contrary, it 1is
hoped that the decisions made at this stage will serve to
open the doors for more in-depth and varied investigations

in the future.
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CHAPTER III

DATA RETRIEVAL AND ANALYSIS

The retrieval and analysis of the data were
undertaken in two phases since the precise nature of
the contents of the log books was initially unknown.
The first phase centered on the collection and inter-
pretation of the locations and dates of both the
westward and eastward voyages through the Strait.

The second phase involved a return to the Hudson's

Bay Company's Archives in order to collect references
to adverse weather conditions, trade, and to the
navigational activities undertaken to secure a safe
passage in the vicinity of sea ice. This second stage
focussed only on the westward-bound voyages, because
the first phase of the investigation indicated that
sea 1lce posed a more severe threat to navigation

during that portion of tThe voyage.

1. DATA RETRIEVAL

In order to select data which pertained to
Hudson Strait only, 1t was necessary first to define
its eastern and western limits. The natural limits

are roughly located at Resolution and Buttons Islands



in the east and at Diggs and Salisbury or Nottingham
Islands in the west. The natural tendency for these
islands to serve as gateways to and from the Strait
is guite apparent in Figure III-1.

Initially., it was not known whether any or
all of these islands were referred to in the log books.
As it happened, all of the above locations were
referred to. and Resolution and Diggs Islands were
most often mentioned. Consequently, the eastern and
western limits were set at Resolution and Diggs
Islands respectively. The remaining three islands
were used as limits when a particular log book did
not give any references to Resolution and/or Diggs
Island(s). As a result of this decision, the first
mention of Resolution Island, and the last reference
to Diggs Island marked, respectively, the entrance
to, and departure from, Hudson Strait on the westward
journey, (vice versa for the eastward voyage).

As stated in Chapter II, it was hoped that
by plotting the locations of the ships as they passed
through Hudson Strait, evidence of ice conditions or
severity might be revealed. The initial stage of
data collection involved the transcribing of daily
noon locations and dates of each voyage through Hudson

Strait from the log books. At this stage, the decision

2
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to focus on the westward portion of the voyages had
not been made, and therefore dates and locations cited
during both passages were collected. Figure III-2
contains an example of the data cards used to facili-
tate transcription.

Section (a) of Figure III-2 identifies the
particular voyage in terms of the year in which the
voyage was made, the name of the ship, the archival
reference number (all of the Hudson's Bay Company's
log books are catalogued as Cl followed by a pilece
number), the officer or person who was responsible
for keeping the log book,'and whether the card repre-
sented the eastward or westward voyage. Below this,
in section (b), transcriptions from the log books
were made based upon the noon observations. When a
locational reference was not available at noon, the
entry closest to i1t was taken, and the time of that
reference was noted in the 'Remarks' column. The
selection of the noon observation was based on the
following factors. Since the time scale of the entire
record spanned 120 years, it was felt that more than
one observation per day would be too sensitive for
the requirements of this study. By choosing to use
the same time each day, two objectives were met:

i) a degree of standardization was preserved, and
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ii) the interval between observations was fixed at
24 hours. Furthermore, the noon entry usually provided
other information regarding sailling conditions, weather,
grid locations, and also often served as a summary of
the day's activities.

Once the ships had entered Hudson Strait,
locational references were primarily given in terms
of landmarks, and theilr distances and directions from
the ship. These two elements were listed under the
headings of the Place Name and Distance. A total of
15 landmarks were consistently referred to, and are
listed in the order of their location from east to
west:

Resolution Island (and portions of the island)

East Bluff of the North Shore

Buttons Island

Lower Savage Island

Saddleback Island

Middle Savage Island

Upper Savage Island

Lakef's Inlet

Islands of God's Mercies

Cape Weggs

Charles Island

Cape Wolstenholm




Salisbury Island

Nottingham Island

Diggs Island
These locations are shown in Figure III-1. It should
be noted that all but the last six locations are on
the north shore, and only Cape Weggs, Charles Island,
Cape Wolstenholm, and Diggs Island are on or near
the south shore.

The distances from these landmarks to the
ships were usually given in leagues (1 league = 3
miles), and the directions were based on the 32-point
compass.

The Remarks column was provided for the
purpose of noting the time on those occasions when
the recording was not made at ncon, and for transcribing
comments which referred to exceptional conditions. An
example of this type of exceptional condition is:

"We have passed the greatest quartty

[of ice] I ever saw in Hudson's

Straits before."
(Log of the Ship King George,
Ausugt 2, 1778. Hudson's Bay
Company Archives, C1/382)

As was explained in Chapter II, more than
one log book was often available in a given year.

However, only one log book per year was used. This

decision was made as a result of the fact that when

o



two or more ships saliled, they usually sailed in
convoy and their log books tended to duplicate infor-
mation. The value of the additional log books was

to provide a source by which excepticnal conditions
reported in one log book could be verified by another.
When more than one book was available, the log which
appeared to contain the most complete and legible

account was selected for analysis.

2. DATA ANALYSIS
a) Temporal analysis
The dates on which the ships arrived at the
western and eastern limits of the Strailt are shown

graphically in Figure III.3(a) Both the westward and

eastward voyages exhibited a high degree of variabilirty.

Table IV.1 presents the mean dates of arrival at
Resolution and Diggs Islands, and the ranges within
which the dates fluctuated.

To facilitate their statistical manipulation,

the dates were expressed as numbers of days after May 2.

Thus, 3 May., the earliest date on which an entry was

made in a log book is day 1 and 25 December (the last
date on which a log book entry was made) is day 237.

By using this system of numbering. the mean dates in

Table III.1 were calculated from the following

equation:

s,
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TABLE ITII.1:

AND DIGGS ISLANDS

WESTWARD VOYAGES

48

SUMMARY OF DATES OF ARRIVAL AT RESOLUTION

EASTWARD VOYAGES

RESOLUTION DIGGS DIGGS RESOLUTION
ISLAND ISLAND ISLAND ISLAND

Mean
date 27 July 11 August 20 Sept. 25 Sept.
Earliest
date 24 June 14 July 22 August 26 August
Latest
date 8 Sept. 15 Sept. 19 October 26 October
Range 77 days 64 days 59 days 62 days
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, i =1, 2, 3....237 (1)

=2

where: X mean date

=
It

total number of observations

Figure III.4 gives a comprehensive overview
of the temporal variations between the annual voyages.
This illustrates when the ships were situated at
particular locations, and it also placed in .perspec-
tive the relative length of time that the ships were
in Hudson Strait as compared with the durations of
the remainders of the voyages. The dots running along
the bottom portion of the gfaph represent the dates on
which the ships left the Thames estuary. The space
between These dots and the lower 1limit of the thick
vertical lines above them is representative of the
westward Atlantic crossing. These lines illustrate
the durations of the westward voyages through Hudson
Strait. Above these lines is another gap which depicts
the interval spent in Hudson Bay; followed by thin
Vertical’iines which depict the eastward voyages
through the Strait. Likewise are shown the return

Atlantic crossings, and the dates of return to the
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Thames estuary.

The principal relevance of this information
became evident when considered in relation to the second
pair of graphs in Figures III.-3(b){i)nd 3(b)(ii)Lhese
graphs illustrate the durations, in numbers of days,
of each passage through the Strait on the westward
(ITI.3b iYand eastward (III.3thV0yages. Table III.Z2
summarizes the most basic statistics concerning the
durations.

The mean durations were calculated by the
application of equation (1), and the standard deviation

by equation (2) below:

(2)

Clearly, there are large variations in the
durations of voyages through the Strait. This is
exhibited in Table III.2 by the ranges of 3-21 days
and 5-54 days, and by the standard deviations of
3.31 and 9.25 for the eastward and westward portions

respectively. A second feature shown by these graphs



TABLE IITI.2: DURATIONS OF VOYAGES THROUGH HUDSON

STRAIT IN DAYS

WESTWARD VOYAGES EASTWARD VOYAGES
Mean duration 16 7
Standard deviation 9.25 3.31
Minimum duration 5 3

Maximum duration 54 21

e

8



is that the westward voyages were of a considerably
longer duration than the eastward voyages. Based upon
the mean durations in Table III1.2, the westward mean
(16 days) was slightly more than twice that of the
eastward voyages (7 days). It was hypothesized that
perhaps this disparity was caused by:

i) more ice in Hudson Strait which posed
an obstacle to the westward journey;

ii) more favourable winds on the return voyage.
It was primarily as a result of the extended westward
durations that this portion of the voyages through the
Strait was chosen as the central focus of this study.
It was anticipated that these longer durations could have
been reflective (at least in part) of difficulties in
navigation which were not present on the return voyages.
In posing this theory, it was necessary to assume that
there was a motivation to complete the trip in as
quickly a period of time as possible.

A third, perhaps less obvious characteristic
which was observed from the graphs of duration (III.4a
and b) was that there were three periods of extremely
long durations, in the westward voyages. These are
identified in Table III.3.

Although each of these periods had durations



TABLE III.3: PERIODS OF PEAK DURATIONS OF WESTWARD

s

VOYAGES
PERIOD YEAR DURATION (Days)
I 1754 43
1755 35
1758 36
1T 1791 52
111 1816 54

1817 46



that were twice to three tTimes greater than the mean
duration, they generally experienced faster eastward
voyages. Of the above six years., only two exhibited
extended eastward durations. These two years were:
1755 (eastward duration of 11 days - 3 times the mean),
and 1816 in which no return voyage was possible,
apparantly due to severe ice conditions (log of the
ship Emerald, 1816, Hudson's Bay Company Archives,
C1/324).

As a result of the high degree of variability
displayed in FiguresIII.3b (i) and (ii), it is difficult
to determine visually whether eastward and westward
durations are directly related. By way of comparing the
durations for each year, a correlation coefficient was

therefore calculated using equation (3) below:

r = & Xy

(3)
(=x2) (=y°)

where: r = correlation coefficient
x = X - X
y =Y - ¥

The value of the correlation coefficient is + 0.06.



The scatter diagram, with a superimposed fegression
line is shown in Figure III.5. This low correlation
demonstrates that the factors which led to delays were
seasonal rather than characteristic of a particular
yvear as a whole. Therefore, delays may have been due
to the presence of ice in Hudson Strait which was no
longer there by the time that the ships were engaged
in their return voyages. It is also possible however,
that This disparity in durations was the result of other
factors such as prevailing westerly winds which could
delay the westward voyages but favour the eastward
voyages.

The analysis of the spatial and temporal
locations of the ships also involved a study of the
relationships between 1. durations and 1i. dates of
arrival at Hudson Stfait. Since ice conditions in
Hudson Strait vary seasonally, 1t would seem reasonable
for one to anticipate the existence of a relationship
between dates of entry and durations of the westward
voyages. By using equation (3) a correlation coefficient
of - 0.4 (significant to 99.9%) was calculated, with the
date of entry as the x - variable and the westward
duration as the y - variable. This correlation
coefficient indicates that only 16% of the variations

in duration can be explained by the date of entry
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(r2 = 0.16). Figure II1.6 shows the distribution and

regression line for this relationship.

b) Analysis of ships' locations

As discussed in Chapter II, dates and locational
data were collected in order to allow the voyages
through the Strait to be plotted cartographically.
It was anticipated that this information might reflect
a change in ice conditions by identifying an alteration
in routes. The application of this procedure was met
with several difficulties.

One problem which arcose at the onset was
that quite often the locational references were too
vague to facilitate plotting. References were frequently
made in the log books to the north and south shores
without specifying aé to which point on the shoreline
the cbmment referred. Similarly, problems occurred
when distances and/or directions from landmarks were
not given. The extent to which these limitations
existed has been illustrated in Figure III.7.

There were two possible solutions to this
problem:

i) the gaps resulting from inadequate
information could be bridged by interpolation;

ii) other log books could be examined for
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FIGURE III-7 PLOTTING LIMITATIONS

Complete

Reference
(60 %)

Reference
Too Vague
(12%)

No
Reference
(28 %)

REFERENCES
Complete Vague None
Enclosed &
Fast 70 25 57
Grappling 338 55 175
Tacking 141 3i 27
Total 549 i

259

60

s



the appropriate years to fill the gaps.
The first possibility presented the obvious problems
of 1naccuracies., particularly at the western end of
the Strait where the channel widens considerably.
Although the second possibility was not explored
completely, some difficulties may be expected in
relation to finding log books of other ships which
were at the same place at the same time as the log
containing the gap. This avenue of filling these gaps
should. however, be considered, and will be discussed
in Appendix C., Future Research.

Despite these difficulties, an attempt was

made to plot a representative proportion of the

voyages. It was at this point that further difficulties

arose in the plotting process. Because the ships
navigated by the use of a magnetic compass, all of

the locational references were oriented to the
magnetic north pole, whereas the map which was used
was based upon the position of the geographic north
pole. This factor resulted in a twofold problem. The
firét difficulty arose due to the fact that the
magnetic poles change their locations through time.
secondly, the amount of declination between the

geographic and magnetic poles changes spatially,
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particularly at the higher latitudes. Therefore, within
the Strait, more than one isogonic line 1s encountered.
Had the log books made note of this change in declination,
the problem would not have existed. This was unfor-
tunately not the case with the majority of the log
books. Almost all of the log books gave a daily value
for the variation (either in degrees or based upon

the 32-point compass), however most of the books

ceased recording variations upon entering the Strait.

By surveying the earlier locg books and comparing their
entries with present day iscogonic maps, 1t was found
that the magnetic declination had not changed so
drastically as to significantly affect the plotting

of the voyages. Consequently, the pattern of spatial
variations in declination within the Strait in his-
torical times was assumed to be the same as at present.
Corrections for declination were then derived from
modern maps of magnetic declination.

Once these problems had been overcome, 1t
was possible to begin plotting the voyages. The
initial intent was to trace a sample of the voyages
for which the most detailed and complete locational
references were available. Appendix A outlines the

breakdown of the 32-point compass and the method by



which the voyages were plotted.

Because this portion of the study was not
intended to serve as a prime focus, only a sample of
10 of the voyages was selected to be plotted. OFf
these examples, three are shown in Figure III1.8 %o
represent: an extremely slow voyage, a rapid voyage,
and one of average duration. By comparing the routes
plotted in Figure III.8, one major observation is
revealed. Although the voyages represent drastically
different durations, all three followed almost identical
routes until reaching the Islands of God's Mercies.
The most probable reason for this lay in the fact
that the captains were instructed to follow the north
shore as closely as possible in order to avoid the
ice as was previously noted in a quotation by Lieutenant
E. Chappell (1970, 8-9). This confirmed, at least in
part, the hypothesis that ice conditions determined
to some degree the routes which were followed. The
greater variation in routes at the western end of
the Strait could have been due to the increased width
of the channel. This afforded more leeway in selecting
the route which presented the fewest difficulties.

Since the data collected in this phase

were crude, it would have been inappropriate to have
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subjected 1t to a more detailed statistical analysis.
This stage of the research was a pilot study intended
to provide a framework for the investigation into

sea ice in Hudson Strait. The next section of this
Chapter will deal with the second stage of the inves-

tigation which is the main focus of the study.

c) Analysis of navigational activities
i) preliminary analysis

Although this portion of the study was to
focus on the formulation of an ice index by the
examination of navigational activities, references to
meteorological and trade events were also extracted -
from the log books. As was previously stated, if
sufficient amounts of ice were present in the Strait,
it would be reasonable to assume that this would have
a retarding effect on the progress of the voyage.
However, adverse weather conditions, as well as trade
activities might also have impeded the advancement of
the ships. It was for the purpose of isolating those
delays which were due to ice from those due to other
causes that additional data were collected.

Four navigational activities associated with
the presence of sea ice were consistently recorded

in the log books throughout the entire period. These



activities were: being enclosed in or beset by ice;
being fast in ice; grappling with ice; and tacking to
avoid ice (the definitions of these terms may be

found in the Glossary in Appendix B ). The first two
situations seemed to be representative of the most
severe ice conditions, however the distinction between
being enclosed by ice and being fast in ice was
somewhat unclear.- It did appear nevertheless, that
when a ship was enclosed, it was completely immobile,
whereas when it was fast in ice some movement did

take place (either voluntarily or by simply drifting
with the ice). Even though this conclusion was
somewhat conjectural, at this stage in the analysis
the two categories were kept distinct since a
distinction was made in the log books. A ship which
was beset by, or fast in, ice had no recourse but to
remain in that state until the ice drifted away. This
then, was seen to have the potential for creating
major delays.

In the case of the remaining two activities,
grappling and tacking, there were occasions on which
these activities were conducted for purposes other
than dealing with hazardous ice conditions. The

following were tTwo such situations in which ships
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would grapple for reasons other than for protection
from ice:

i) ‘to anchor during the night so as to avoid
drifting with the currents;

and

ii) to anchor while waiting to resume
visual contact with their consorts.
On many occasions, of course, tacking occurred to
enable the ship To make headway into the wind or to
facilitate a change in course. For the purposes of
this study however, only those occasions on which it
was specified in the log books that the ships grappled
because of dangerous ice conditions ahead, or tacked
specifically to avoid ice were transcribed.

One further point to be mentioned regarding
the collection of this information relates to the
fact that in most cases more than one activity may
have been employed in one day. In these situations,
the activity which was judged to be diagnostic of the
most severe ice conditions was transcribed. The
determination of which activity represented the most
severe conditions was based upon: the context in
which it was writfen, the length of the delay which

it had created, and the amount of physical contact



with the ice which was involved. As a result of this
decision, the order of priorities was as follows:
beset/enclosed (most severe ice), fast., grappling, and
tacking (least severe).

With regards to the meteorological data,
all references to the state of the weather were
transcribed. In total, there were 10 key words which
were used on a regular basis in all of the log books.
These key words are listed below:

fog

haze

storm/squall (includes thunder and lightning)

gale/strong wind

rain

cloud

frost

Snow

sleet

hail
When considered individually, only storms, gales, and
fog were expected to create delays in the voyages. It
was found however, that unless the gales were of a

sufficiently strong force, and from a direction which

was contrary to the course which the ships were following,
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no delay of a significant length of time (at least 12
hours) was experienced. In fact, based upon the
comments in the log books, the only meteorological
factor capable of significantly prolonging a voyage
appeared to be extended periods of calm winds. Few
references were actually made regarding unusually long
periods of calm conditions, however each voyage
recorded fog and/or haze which could have been
indicative of a state of very weak winds or calm.
Again however, there was no mention of extreme delays
created by fog. The fog which is commonly experienced
in this region is known as Arctic sea smoke. This
forms when colder air overlays the relatively warmer
water, thus causing condensation to occur. This fog
is not so thick that visibility would be reduced to
such a degree that the ships would be unable to move.
Since so little could be inferred with
confidence about the relationship which may have
existed between fog and duration, the final criteria
in this situation was the same as that used for the
other meteorological factors. Because the duration
of an average westward voyage was 16 days, a delay
of less than 12 hours was felt to be too short a

period of time. Since there were very few accounts
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in the log books of extended delays being caused by
calm conditions, or other meteoroclogical conditions,
these variables were, for the purposes of this study.
disregarded. Furthermore, on those occasions in which
fog and haze, or calm winds were experienced at the
same time as a major delay, ice conditions were
generally described as being a prime concern. The
following are a few examples of this situation.

"Turning to the NNW but get Little it
being Little Wind and the Ice Very Close'.

(Log of the ship Hudson's Bay,
August 10, 1753, Hudson's Bay
Company Archives C1,348).

"These last two days past have lost 10
leagues which 1s owing to the closeness
of the Ice and Little Wind".

(Log of the ship King George.
August 10, 1753, Hudson's Bay
Company Archives C1/348).

"Little wind and very calm the Ice Remains
very close cannot get the ships under way'.

(Log of the ship Hudson's Bay,
July 27, 1755, Hudson's Bay
Company Archives C1/350).

"We have had one of the thickest fogs, I
ever Knew; so that we could think of
nothing, but keeping The ships clear of
Ice: and therefore stood to the Eastward
most of the time'".

(Log of the ship King George.
August 4, 1776, Hudson's Bay
Company Archives C1/380).
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Delays due to trade were also not significant
in terms of retarding the voyages to any extent.
Most trade encounters lasted for only a matter of a
couple of hours. The reason for this was explained
in Lieutenant E. Chappell's Narrative as follows:

"It 1s rather remarkable, that the
habitations of the ESQUIMAUX had never
before been visited by the officers of
the HUDSON'S BAY ships, although they
had often landed in the Straits: but

this may be explained in two ways.

In the first place, the ESQUIMAUX are
evidently anxious To conceal their

places of abode; secondly, the commanders
of the Hudson's Bay ships had directions
from the Company not to go on shore amongst
the ESQUIMAUX themselves, nor to send
thelir boats...."

(Chappell, 1970: 111-112)
The 'Esquimaux' did however occasionally trade with
the ships by meeting them in Hudson Strait in canoces,.
luggage boats;, or on ice floes. The following quotation
from one particular log book illustrates the fact that
the welfare of the Hudson Bay Company's trade. was a
concern to the ships' captains.

"At 8 a.m. nine canoes and one luggage boat
came off but had not any whale bone or
hardly a piece of seal skin which makes me
very apprehensive of some stranger beng in
the Straits before us'.

(Log of the ship King George,

July 23, 1787, Hudson's Bay
Company Archives C1/390).
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Although trade and weather conditions un-
doubtedly contributed to some degree to extending the
durations of the voyages, it was thought that the impact
of such situations was minimal in comparison with that
of ice. As a result of this conclusion. the study
proceeded to focus entirely on navigational activities
related to ice obstruction.

There were two further points which should
be discussed before presenting the details of the
analysis. These points are concerned with the effects
on salling of:

i) improvements in ship design;

ii) the amount of experience of the captains

Over the entire period encompassed by this
study, 1t appeared that only four types of sailing
vessels were used: brigs, frigates, pinks, and sloops
(definitions of these types of ships may be found
in the Glossary of Terms in Appendix B ). The main
characteristic which these ships had in common was
that they were all fairly small. The fact that the
durations did not lessen towards the end of the
period [see Figure III.3 (b)] was possible evidence
that ship designs were probably not drastically

altered. This point could be disputed on the grounds
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that ice severity may have increased through time but
that changes in the ships were able To overcome such
an obstacle. Had this been the case, it would have
been reasonable to assume that some mention would have
been made about this situation in the log books.

This was not found to be the case. however. it was
assumed therefore, that any major improvements in

ship designs, were not sufficient to have had a
significant effect on the navigability of the ships
through the Strait.

The effect of the captains' experience on
the durations of the voyages through Hudson Strait
was the final factor which was considered prior to
the actual analysis of the navigational activities.
Figure III1.9 depicts the years in which each captain
sailed through the Strait. Illustrated in this Figure
are: the years in which each captain sailed; the todml
number of years of sailing experience (in the Strait);
and the mean duration of the voyages undertaken by
each captain. Captain Fowler had the longest history
(20 years - all of them consecutive but one). and 9
captains sailed through the Strait only once. 1In
order to test the effect of these histories on the

durations of the voyages, a correlation coefficient
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was calculated with the number of years of experience
as the x - variable, and the mean duration per man

as the y - variable. The coefficient was found to be
-0.17, line A in Figure III.10 presents the regression
line for this weak, negative relationship. This
illustrates that as the number of years of experience
increased, the mean durations decreased slightly.

The coefficient of determination (r2) illustrated

that only 3% of the variation of the mean durations
could be explained by the number of years of experience.
Although these figures indicate that no significant
relationship exists between these variables, one
further examination was undertaken. This last invest-
igation considered the same relationships which were
discussed above, but in this case the record of each
captain was examined individually. The results of
these relationships are provided in Figure III.11.

The strongest relationship between years of experience
and duration was found in Captain Turner's record

(r = +O.71), however, the positive aspect of the
relationship was unexpected. Figure III.11 (G)
depicts a situation where, as Captain Turner gained
experience, 1t took him a longer time to sail through
the Strait. A similar situation existed in Figure

IIT.11(F) (Captain Richards) to a lesser degree
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(r = +0.31). In all of the other cases, there was
a slight tendency for the durations to decrease as
the years of experience increased; although the
average correlation coefficient (for the negative
values) was only -0.2. It should be noted however,
that these correlations are based on small

.samples and therefore, the degree of significance
was low. It is also noteworthy in Figure III.11
that the durational fluctuations through time were
very erratic for each captain.

The general degree of competency of each
of the captains was considered to be mainly dependent
upon his background. This 'human' factor no doubt
played some part in the ways in which they dealt
‘'with the hazards which were eﬂcountered in the
Strait. An investigation of the background and
personality of each captain 1s beyond the scope of
this study. In the light of the findings of the
above correlation analyses. 1t was decided that the
effect of experience could be omitted from the

investigations of sea ice conditions.

ii) temporal analysis
Due to the qualitative nature of the data

the analysis was conducted by relating the frequencies



of occurrence of each variable, to voyage durations.
The most important characteristic of tThe durations
is that they are 'known' gquantities. Since 1t is
not possible to equate each navigational activity
with a specific quantity and type of ice, these
variables are best studied in terms of their
frequencies and relation with the durations., and by
a relative, rather than an absolute scale of
measurement.

Initially, all of the navigational data
were transferred to a 'Navigation Chart' (see
Figure III.12). Two factors are apparant in this
chart. The first factor is the way in which the
occurrences of being 'enclosed' and 'fast' are
dispersed through time, and the second 1s the high
frequency of occurrences of 'grappling'. In order
to examine these two observations in greater.detail,
this chart was divided into its tThree principal
components: enclosed and fast (included on one chart
because of their similarity), grappling, and tacking
[Figures III.13 (a), (b), and (c)].

A striking feature of Figure III.13(a)
is the lack of references to being enclosed and

fast between 1774 and 1815 (with the exception of
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the year 1798). By examining this chart in isolation
the impression given is that perhaps this gap
represented a period of reduced amounts of sea ice.
However, when this period 1s re-—-examined in Figure
IT11.12, this is not found to be the case. The mean
duration for this period was 15.2 days (the mean
for the entire period was 16 days), but included

in this segment was the second-longest duration

(52 days in 1791). Furthermore, only in 3 years
was there no activity at all: 1781 with a duration
of 12 days, 1782 - 6 days. and 1795 - 7 days. The
average frequency of grappling was 4.4 days, and

of tacking, 2.2 days. This was not, therefore, a
period of time which was free of ice even though
there were no occurrences of ships being either
enclosed or fast in ice.

Figure IIT.13(b) illustrates the occurrences
of 'grappling' per voyage. Over the entire period
(1751 - 1870 inclusive), there were 560 days on
which grappling represented the most severe reaction
to ice. This total was more than twice that of
'tacking' (200), and almost four times that of
'enclosed and fast' (155). These figures are also

graphically represented in Figures III1.14 a-c. This
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high frequency of grappling should not be taken to
mean that grappling represented a less severe
situation than tacking for two reasons. The first
reason being that before the data were transcribed,
the decision was made that grappling represented
more severe ice conditions than tacking so that in
many cases, occurrences of tacking were not transcribed.
Furthermore, in order to tack, enough open water had ool
to be available in order to maneuver safely, whereas
grappling took place in constricted areas. The
Navigation Charts were most useful therefore, in a
descriptive and organizational sense.

Using the durations as a foundation for
testing the degree to which the navigational activities
reflected ice conditions, a series of correlation
coefficients was calculated. Table III.4 presents
the results of these calculations, and is followed
by a discussion of each.

In the first row, the frequencies of
navigational activities have been correlated with
duration. The regression lines for each of these
correlations are shown in Figures III1.15 (a) to (d).
The strongest relationship is that between duration

and enclosed and fast (E+F) plus grappling (G),
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FIGURE III-15 (b) SCATTER GRAPH OF GRAPPLING : WESTWARD DURATION
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followed by duration and G and duration and
(E+F). There is no relationship between duration
and (T). A casual relationship may exist here
(for the first two cases), but at this stage it
would be premature to.arrive at a conclusion to
this effect. Tacking (T) is the only variable
which does not involve ice contact, and it is also
the variable which displays the lowest correlation
with duration. This may be indicative of the fact
that as long as the ship is tacking, it is making
headway. In the case of enclosed and grappling the
ship 1is not in moﬁion. Further evidence of this can
be seen when (E+F) and (G) are considered together,
resulting in a correlation coefficient of +0.92.
To more fully illustrate this relationship, 7-year
running means of frequencies of (E+F)+G are graphed
together with 7-year running means of duration in
Figure III.1ls6.

The second row in Table III.4 contains
a modification of the previous correlations. It
is felt that since the presence of sea ice in Hudson
Strait varies seasonally, the date of entry must

influence duration. The following equation was
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applied To the data in order to correct for date

of entry:
adj. Y, = Y.-b(X, - X) (4)
where: adj Yi = adjusted duration
Yi = actual duration
b = slope of the regression line (for
X = date of entry: y = duration)
Xi = actual date of entry
X = mean date of entry

In Table III.4 the correlation coefficients derived
using adjusted durations are generally less than those
dérived by using actual durations, but the relationship
between the values derived with (E+F)+G, G, (E+F).
and T remains the same. Although these new correlations
exhibit 1little change from the previous set, it is
felt that they are closer to reality since they
eliminate the effect of the dates of entry.

The bottom row in Table III.4 presents
the direct relationship between the date of entry
into the Strait and each of the activities. As
expected, all of the correlations are negative values

since early dates of entry are generally assoclated



with the longer durations. It is noted that these
correlations also diminish from (E+F)+G, to G,
to (E+F), to T. This serves to reinforce the
relationship between duration and date of entry,
and between duration and each activity.

In general, Table III.4 makes apparant
the fact that tacking is the one factor which is
least indicative of the prevailing ice conditions
Since while tacking the ships were still in motion.
Therefore, tacking was excluded from the navigational

activities.

iii) spatial analysis
One characteristic which is unique to

the log books, as opposed to the Hudson's Bay Company
post journals and diaries, is that they recorded
observations not only at temporal intervals, but
also at spatial intervals. Because the ships were
in motion, it is necessary to know where the
observations were made as well as when they were
made. Therefore, an attempt was made to determine
the locations of the observations. The plotting
limitations of the locational data has already been
discussed, and as a result of those limitations, it

is difficult to pinpoint exactly where all of the

{e)
3
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observations were made. What is required therefore,
is a method of determining the general locations
of the ships. In order to facilitate this, Hudson
Strait is divided into seven sectors as illustrated
in Figure III.17. The boundaries of the sectors
are determined arbitrarily on the basis of the
relative frequencies of references to specific
locations. Table III.5 lists those landmarks which
are used to identify the presence of a ship in
each sector and to define the boundaries.

This method of tracing the routes through
the Strait by sectors facilitates the utilization
of much of the vague and missing data. Thus on
occasions when the precise location of a ship
cannot be determined, it is often possible to assign
its location to a particular sector.

Before proceeding to count the number of
occurrences of each activity in each sector, the
area of each sector was calculated. This is necessary
due to the fact that the sectors vary in size, and
therefore tThe larger sectors have a higher probability
of being occupied by a ship than do the smaller
sectors. As a result of this, it is felt that the
frequencies of the activities must be presented as

frequencies per square kilometer. The area of each
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TABLE III.5:

SECTOR

1T

IIT

v

VI

VII

100
LANDMARKS FOR SECTOR SELECTION

LANDMARKS AND GENERAL REFERENCES

Buttons Island
Cape Chidley Islands

Resolution Island
East Bluff of the North Shore
Lower Savage Island

Saddleback Island
Middle Savage Island
Upper Savage Island
Lakes Inlet

North Shore
Weggs Island ] when located to
Cape Weggs ] the sS.w.

Islands of God's Mercies

North Shore

South Shore

Charles Island

Weggs Island ] when located to

Cape Weggs 1 the S.E.

Salisbury Island - when located
to the North
and N.W. and
by distance

salisbury Island - when located
to the North
and N.E. and
by distance

Nottingham Island

Cape Wolstenholme

Diggs Island
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sector was determined by using a planimeter, and
these areas are presented in Table III.6.

The occurrences of each activity in each
sector were then counted and expressed as a fre-
quency per square kilometer as given in Table IITI.7.

From this Table, it is apparant that the
frequencies varied from sector to sector. Thus,
Sector V experienced the highest frequency of
(E+F) and Sector II the highest frequency of G.
However, when (E+F)+G is considered, Sector III
shows the greatest amount of activity. The last
column (Rank) in Table III.7 gives the order of
each activity for each sector from 1 (most frequent)
to 7 (least frequent). Figures III.18(a) to (c)
depict these ranks cartographically in order to
1llustrate where each activity was least, to most
often employed.

Following this sectorial analysis a more
specific examination was conducted. Even though
40% of the locational references were not sufficient
to plot as point locations the remaining 607 were
plotted according to the exact reference. Figures
I1T1.19(a) and (b) show the spatial distributions

of these references to (E+F) and G. When these two



TABLE IITI.6

SECTOR

IT

ITT

Iv

VI

VII

SECTOR AREAS

km2 {000's)

21

23

12

21

17

frad

62
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maps are compared individually with Figures III.18
(a) and (b) only a weak relationship exists owing

to the fact that they are based upon frequencies

per square kilometer rather than absolute frequencies
(as in Figures III.19(a) and (b). However, there is
a much closer relationship between the two pairs of

maps when (E+F)+G is considered.

3. CONCLUSION

In conclusion, this chapter has served
to present the manner by which the data were collected
and analyzed in attempting to devise a methodology
whereby navigational data might yield some information
about sea ice conditions. No attempt was made to
evaluate the significance of the procedures or to
analyze any of the results arising from the processes
described in this chapter. An examination of the
prcesses and interpretation of the results will be

the prime concern of Chapter IV, Conclusion.
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CHAPTER 1V

SUMMARY AND DISCUSSION

Prior to the completion of this study, no
comparably uniform and continuous historical source
had been utilized in a study of sea ice in Arctic
waters for a period of time as long as that provided
by the Hudson's Bay Company's log books. In this
study, those log books have been used to develop
an indirect record of sea ice severity for Hudson

Strait in the 18th and 19th centuries.

1. BSUMMARY
a) Data

A summary regarding the data used in this
study would be remiss in failing to restate their
many strengths. This data source has limitations.
It does not provide actual measurements of the ice,
but measurements of this nature cannot be derived
in the pre-instrumental period. These log books are,
however, not only the sole source of sea ice data
for Hudson Strait in the 18th and 19th centuries,
but they probably also provide the best source that

can realistically be expected.
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The most significant strength of this
source of data is that it is highly systematic, a
quality which makes it feasible to apply the methods
of analysis used in this thesis. Three characteristics
contribute to the systematic nature of this record.
The first characteristic is the high degree
of regularity with which the ships arrived at Hudson
Strait. For 120 years Hudson's Bay Company ships
sailing from England arrived at the Straif on July 27,
on the average, with a standard deviation of only
10 days. The importance of this temporal regularity
is that it facilitated a systematic interpretation
of the log books through time.
secondly, the ships followed approximately
the same route through Hudson Strait each year.
Consequently, all results derived in this study
refer not only to the same time of year, but also
to approximately the same routes through the Strait.
It is also noteworthy that the determination of the
routes is made possible by the fact that the ships
often maintained visual contact with landmarks,
and the resultant locational information permits
the frequent identification of the ships' positions.
The final characteristic which facilitates

the systematic interpretation of the log books is
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that their format and contents maintain an extremely

high degree of homogeneity. This arises from the
fact that their authors received the same general
instructions regarding the format and contents of
their logs since they were all in the employ of
the Hudson's Bay Company.

Besides the highly systematic nature of
the data source, it gains added strength from the
frequent existence of multiple annual log books
within the collection. Each year the Hudson's
Bay Company dspatched a convoy of up to four ships
destined for Hudson Bay, and at least one log book
was kept per ship. Threfore, more than one log
book 1s available for each year. A second source
of multiplication arises from the fact that
frequently more than one crew member kept a log
book on each ship. This multiplication allows
cross—-checks to be made, and also permits the
selection of the most complete log book to be made

for each year.

b) Analysis
The original expectation was that the
information examined in this study would have

provided a numerical index of sea ice severity
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directly from the navigational activities, but each
navigational activity is not associated on a one
to one basis, with a specific ice condition. It
is, however, possible to deduce general conclusions
about the severity of ice from a knowledge of navi-
gational activities.

The condition of beng enclosed or fast
in ice implies a situation where the ice cover in
the vicinity of the ship is so complete that the
vessel 1is entirely surrounded, thereby retarding or
'even stopping the movement of the ship and placing
it in an extremely hazardous situation. It was,
therefore, decided that when references to being
enclosed and/or fast (E+F) were made, ice conditions
were most severe,.

Of the remaining two activities, grappling
(G), and tacking (T), the former was regarded as
being representative of the next most severe
condition. Although the log books referred to
'grappling' in the sense of attaching a grappling
hook to the ice, the word '"grapple'" has since been
incorporated into modern English as meaning: "a
hand-to-hand fight....to wrestle....to try to cope"

(Webster's New World Dictionary, 1977). These
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definitions, as well as the original definition (see
Appendix B ) imply that grappling was an extreme
measure to take and involved considerable risk. This
leads to the conclusion that unless the ice conditions
were of a severe and dangerous nature, this operation
would not be performed.

The final activity which was related to
the presence of ice was 'tacking'. This was simply

an avoidance measure which involved turning out of

the way of ice. Two conclusions can be drawn from
this: 1) the ice was sparse enough to leave room
for the ship to change its course; 1i) while tacking,

the ship was still in motion, therefore, creating
a minimal delay in the voyage.

The durations of the voyages were
incorporated in this study since they also
provide quantifiable measures. In order to
incorporate this element, one fundamental premise
must be accepted, and that is that there was a
motivation on the part of the ships' captains tb
execute the voyages through the hazardous waters of
Hudson Strait as quickly as possible with the least
amount of risk. On no less than three occasions

did Lieutenant E. Chappell, in his Narrative, note



that the crew were not happily anticipating the
voyage through Hudson Strait.

"Nothing could exceed the consternation
and astonishment of every person on board,
to find we were directed to proceed,
almost immediately, for HUDSON'S BAY! -
Had we been ordered to the NORTH POLE,
there could not have been more long
faces among us. Down fell, at once,
the aerial castles which had been so
long building; and nothing remained
but the dismal prospect of a tedious
voyage, amidst icy seas, and shores
covered with eternal snows."

(1970: 5)

"The boat returned in the morning, with
the purser in sad distress; eight men
having deserted from the boat, from an
antipathy to the voyage."

(1970: 10)

"We had been long wishing to get into
the STRAITS; and now that objective
was accomplished., we as sincerely wished
ourselves back again into the ocean."

(1970: 49)
Prolonged periods of adverse weather were
found to occur rarely and, therefore, keeping in
mind the- desire to pass through the Strait quickly,
sea 1ce was determined to be the prime cause of
delay to the voyages. 1In order to ascertain a
more distinct connection between sea ice and the

navigational activities, these activities were

correlated against the durations of the westward

i1
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voyages (the results of which are to be found in
Table III.4). These calculations were conducted to
ascertain whether variations in duration were signifi-
cantly determined by the frequency of occurrence of
navigational maneuvers required to avoid ice. This
was shown to be so in the case of E+F (r=+0.50) and
G (r=40.84), and was particularly evident when the
two [(E+F)+G] were considered together (r=+0.92).
The insignificance of T as a delaying factor was
also shown when correlated against duration (r=+0.14).
Another factor illustrated in Table III.4
is the comparative unimportance of dates of entry
into Hudson Strait. As stated in Chapter III, one
would tend to assume that since sea ice is a seasonal
phenomenon, the time of year at which the ships were
in the Strait would have a major effect upon the
amount of ice which was encountered. It was found,
however, that the relationships between the dates of
entry and durations, and between the dates of entry
and the frequency of the navigational activities,
were weak. The correlation coefficient for the
relationship between the date of entry and duration
was ~0.40. Therefore there was a slight tendency for

the durations of the voyages to decrease as the dates
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of entry increased. However, with a correlation of
~0.40, only 16 percent of the variation in the
duration is explained by the date of entry. This
might be attributable to the fact that the variation
in the dates of entry was small (standard deviation

= 10 days), and therefore, the ships did not generally
enter the Strait at widely different times of the
year. The effect of the dates of entry was, never-
theless, taken into account, and the durations

were adjusted accordingly [equation (4)]. The

result of this adjustment was to reduce the correlation
coefficients slightly, but not to alter the order

of ranking of the activities in terms of their

correlation with duration (see Table III.4).

2. DISCUSSION
a) Temporal variations

By accepting (E+F)+G and the durations as
indicators of general sea ice conditions, one may
obtain an impression of how ice conditions fluctuated
through time. Figures IV.1(a) and (b) show yearly
fluctuations of durations and of (E+F)+G respectively.
From these graphs, two important points should be
noted: 1) +the high degree of correspondence between

the durations and (E+F)+G, and ii) the existence of
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three peaks indicating years with long westward

voyages through the Strait, coupled with frequent
occurrences of (E+F)+G. These periods of extended
durations have been identified in Table III.3 as

being: I - 1754, 1755, 1758; II - 1791; and

ITIT - 1815, 1816. When considered in terms of 7-

year running means, however 4 periods of long durations
and frequent occurrences of (E+F)+G emerge, as can

be seen in Figure III.16. These periods are listed

in Table IV.1.

Although the fourth period appears as a
major peak, 1t does not exist when the data are
considered on a yarly basis, rather than as an
average.

The third period is interesting to note,
since 1t includes the time known as 'the year without
a summer' (Hoyt, 1958). This climatic anomaly has been
well documented for Europe and the northeastern
United States (Hoyt, 1958; Post, 1977; Ladurie, 1971;
and Wood, 1965), but not for the more northerly
regions of the globe. The fact that the unusual
years of 1815-16 are reflected in Figures III.16
and IV.1(a) and (b) is encouraging as it may signify
that the durations and frequencies of (E+F)+G do,

in fact, reflect the prevailing ice conditions.
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TABLE IV.1: PERIODS OF LONG WESTWARD DURATIONS AND
FREQUENT ACCOUNTS OF (E+F)+G

(Based on 7-year running means)

AVERAGE DURATION AVERAGE FREQUENCY OF

PERIOD YEARS FOR PERIOD (days) (E+F)+G FOR PERIOD
I 1754 - 60 23 13
1T 1787 - 93 21 | 9
III 1814 - 25 24 13
v 1835 - 42 24 11

MEANS 1751 - 1870 16 6
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The peaks exhibited in the first and second
periods (1754 - 1760 and 1787 - 1793) are also apparent
in a study by Bergthorsson (1969) in which he examines
Icelandic drift ice and temperature for the past
1000 years. To arrive at his conclusions, Bergthérsson
employed three sources of data:

i) annual mean temperatures for two stations
(Stykkisholmur and Teigarhorn, Iceland) for the period
1846 - 1873;

ii) annual number of days in which ice occurred
on the coast, based on data compiled by Thoroddsen
(1915-16) for the period 1781 - 1915, and on
"indirect information regarding general weather in
Tceland" (Bergthorsson, 1969: 94) for 1591 - 1780;

iii) the number of severe years per decade.
This last source includes those years with reports of
starvation or of drift ice reaching the SW coast
of Iceland, and it completed the record by extending
it back to the 10th century. Figure IV.2 presents
Bergthorsson's results of temperatures and ice
incidence, and these data display quite clearly the
periods of low temperatures and frequent occurrences
of (E+F)+G for the first and sécond periocds identified

in Table IV.1. The remaining two periods (1814 - 1825
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FIGURE IV-2 BERGTHORSSON'S GRAPH OF TEMPERATURE AND ICE
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and 1835 - 1842) are not, however, reflected in
Figure IV.2.

The second period of peak ice conditions
coincides with a period of severe weather in France.
This emerges in LeRoy Ladurie's study of grape
harvests in France since the year 1000. The
following quotation gives a clear description of
the years 1787 - 1789.

"The grapes were over a month late

and rotted before they could ripen
...'50 unfavorable meteorological
conditions produced in Champagne in
1786 and 1787 wine wine which was
late, scarce and sour. Burgundy too
was affected in 1787 by frosts, cold
rain, a dull summer, and late harvests'
...'the final catastrophe came in 1789,
for which the thermometric curves show
a very cold May to September.'"

(LeRoy Ladurie, 1971: 72)

These independent indications that the
first three periods given in Table IV.1 were marked
by severe weather support the view that this study
has yielded valid measures of ice severity., but
this view is not confirmed conclusively. Further-
more, since the durations increased with the increases

in (E+F)+G, 1t is reasonable to assume that the

peak periods are representative of severe ice conditions.
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b) Spatial distribution of sea ice - 1751 to 1870

In order to more easily examine sea ice
locations, Hudson Strait was divided into seven
sectors as discussed in Chapter III, and depicted
in Figure III.17. Frequencies of E+F, G, and
(E+F)+G per square kilometer were calculated
for each sector and mapped [Figures IIT1.18 (a to c)].
When these maps are compared, the sector displaying
the highest frequency changes from sector V for
E+F, to sector II for G, and sector III for (E+F)+G.
However sector I exhibits the lowest frequency in all
three cases. Because sector III had the second-
highest frequencies for E+F and G, it therefore
exhibited the highest frequency when these two
factors were combined.

In general, it appears that encounters with
ice became less frequent as the ships moved toward

the western end of the Strait. Whether this is due

to the increasing width of the channel in that direction,

or to an actual decline in ice amounts, or both may
possibly be revealed when the data are compared with
modern observations.

The maps shown in Figures III.19(a) and

(b) were based upon those locational references which
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provided both the distance and direction from a
given point. Therefore, although only specific
references were used, these locations are more
precise than those used in Figures III.18 (a)
to (c). These two maps [IT1.19(a) and (b)], also
show a higher occurrence of E+F and G in the
areas of sectors II, and particularly sector ITT,
as well as a general decline in frequency west
of sector IIT.
The rather high incidence of encounters
with ice to the south of Resolution Island
(sector II), as indicated in Figures III.19(a)
and (b), is in keeping with the fact that the
current carrying ice out of Hudson Strait meets
the current carrying ice southward from Davis Strait
at Resolution Island. This situation is described
below by E. Chappell.
"...1t requires strong winds to carry
the drift ice out of the STRAITS,
which is very likely otherwise to
choke the passage. Entering HUDSON'S
STRAIT, it is a necessary precaution to
keep close in with the northern shore;
as the currents of HUDSON'S and DAVIS!
STRAITS meet on the south side of the
~entrance, and carry the ice with great
velocity to the southward, along the
coast of LABRADOR."

(1970: 40-41)



In relation to the hypothesis presented in
the introduction, certaln navigational activities
do reflect sea ice conditions. Whereas exact amounts
of ice cannot be determined by the data and methods
described in this study, relative degrees of ice
severity for each year, and fairly precise locations

of those conditions of severity can be deduced.
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METHOD OF PLOTTING VOYAGES

APPENDIX A

The 32-Point Compass:

(1 point

11% degrees)

Names of compass points (by number):

N
N&t vE
NNE

NE
NE&bYE
ENE
E&byN

QOO0 0 MW=

NE&byN

9.
10.
11.
12.
13.
14.
15.
1l6.

E
E&bys
ESE
SE&byYE
SE
SE&bS
SSE
S&byE

17.
18.
19.
20.
21.
22.
23.
24 .

S
S&byl
SSW
SW&byS
S
SW&byW
WS
We&byS

25.
26.
27.
28.
29.
30.
31.
32.

W
W&by Il
WY
NW&DW
Nw
NW&by
NW
N&by

127%
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Example: "Southmost part of Resclution -
SE&byE 3 leagues.'" (From the log
of the ship Hudson Bay Pink, C1/346,
July 6, 1751, noon, westward bound).

(2) )
magnetic N trueN

Resolution Is.

/
(3) (5)3leagues

NW& by W

1. True north line is drawn through southern tip
of Resolution Island (from grid reference).

2. Using a protractor, magnetic north is determined
approximately 40°W of true north.

3. By aligning the N-point of a transparent
template of the 32-point compass with magnetic
north, a mark is made at NW&byW (so that the
observed point is to the SE&byE).

4. A line is drawn from the point (#3) to the
"southmost part of Resolution' Island.

5. Using the linear scale, 3 leagues (9 miles) are
measured along the line drawn in #4.



LOG BOOK:
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APPENDIX B

GLOSSARY OF TERMS *

A book ruled in columns like a log-board,
onto which the account of the log board

is transcribed every day at noon,

together with every circumstance deserving
notice, that may happen to the ship,

or within her cognizance, either at sea

or in a harbour, etc. from which, after

it is corrected etc. it is entered into
the journal.

Navigational Terms:

GRAPPLE :

TACK:

A sort of small anchor fitted with four
or five flooks or claws....commonly
used to fasten boats or other small
vessels.

To change course from one board to
another, or to turn the ship from the
starboard to the Carboard tack or
vice versa, in a contrary wind.

Types of Ships:

BRIG:

A small merchant-ship with two masts.
Amongst English seamen this vessel is
distringuished by having her main-sail
set nearly in the plane of her keel...

in a brig, the foremost edge of the main-
sall is fastened, in different places,

to hoops, which encircle the main-mast,
and slide up and down it as the sail

is hoisted or lowered; it is extended

by a gaff above, and a boom below.

* All definitions are from William Falconer,
New Universal Dictionary of the Marine. (1815)




BRIG
cont.

FRIGATE:

PINK:
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This term is not universally
confined to vessels of a particular
construction, or which are masted and
rigged in a method different from all
others. It is variously applied, by
mariners of different Eurcopean nations,
to a peculiar sort of vessel of their
own marine.

In the navy, a light nimble ship, built
for the purpose of salling swiftly.
These vessels mount from 20 to 50 guns,
and are esteemed excellent cruisers.

A name given to a ship with a very
narrow stern. ...they are vessels of
burden, have three masts, and carry
lateen [triangular] sails.

All vessels, however small, whose
sterns are very narrow, are called pink-
sterned.

Al

A small vessel furnished with one mast,
the main-sail of which is attached to a
gaff above, to the mast on its foremost
edge, and to a boom below; by which it is
Occasionally shifted to either quarter.
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APPENDIX <

DIRECTIONS FOR FUTURE RESEARCH

Although this study has provided some
conclusions regarding sea ice in Hudson's Strait for
the period 1751 to 1870 inclusive, it is by no means
exhaustive in regardé to the potential wealth of
information contained within the Hudson's Bay
Company's log books. The data, analyses, and conclu-
sions of this research represent only the 'tip of
the iceberg' which emerged at the onset of this
study.

This Appendix provides some suggestions
for further research using the Hudson's Bay Company's
log books and this study as a foundation. The
suggestions presented here will be discussed under

the following headings:

1. direct descriptions of sea ice,

2. applications of sea ice data,

3. other environmental information,

4. extension of the historical record.

1. Direct descriptions of sea ice

Prior to the retrieval of the data for this
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thesis, a decision was made to attempt to reconstruct
sea lce conditions by using the accounts of the
navigational activities which were employed to cope
with the hazard of sea ice. This decision was partly
based on the fact that descriptions generally tend
to be quite subjective if no instrumentation is used
in the observations. Each observer has a personal bias
in his perception and description of an object or
event. Assooiated'with this difficulty is the
problem of terminology. Difficulties were foreseen
in attempting to guantify such phrases as 'thick
ice' and 'straggling ice'. It was hoped that reports
of specific and consistently used navigational
activities would not be as encumbered with semantic
uncertainties. It would, however, have been naive
to assume that no difficulties would arise in the
interpretation of the navigational activities, and
these problems have been discussed in Chapter III.
The originél intent of the research was,
therefore, to first interpret the navigational
maneuvers and later to develop a content analysis
for the interpretations of the direct descriptions
of the appearance and behavior of sea ice.

As was previously stated, the major
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foreseeable difficulty in the interpretation of ice
descriptions is in the definition of the terms used

to describe the ice. This problem may be negotiated
by the careful construction of appropriate categories.
The importance of the categories in content analysis
has been emphatically stated as follows:

"The problem of category construction

is widely regarded as the most crucial
aspect of content analysis. It is the
step in which the data are tied to theory,
and 1t serves as a basis for drawing in-
ferences."
(Stone et.al., 1966: 9)
Thus, the analysis of the ice descriptions must
commence with the development of a general
classification of categories of descriptive commen-
tary.

A cursory examination of the types of terms
used to describe sea ice reveals that ice was
described in relation to its amount and movement.
Therefore two categories can be provided in order to
accommodate these factors, with subgroupings contained
in each to refine the data contained under the main

headings. Figure ¢ .1 provides a suggested format for

the construction of these categories.




134

FIGURE (.1 - CATEGORIES OF ICE DESCRIPTIONS

no open water

(a) © r— EXTENT some open water
ICE no ice
AMOUNT
thick ice
— THICKNESS

thin ice

ice in motion
(b) MOVEMENT

OF ICE
stationary

InC.1(a), each subgroup (extent and thickness)
relates to the other, and therefore may often be
combined. Likewise, (a) and (b) may also be combined
in some instances where the data allow.

Once completed, an investigation of this
nature would be an extremely valuable tool in checking
the results found in this thesis. Its value stems
from the fact that while the data are not the same,
the ice descriptions were retrieved from exactly the

sSame source.

2. Applications of sea ice data

Data relating to historical sea ice



fluctuations are directly relevant to the use of
Hudson Strait as a shipping route. However, this
information has other, more indirect applications
in terms of the study of climatic change. When
using the log books of sailing vessels as a source
of data, one can be fairly certain that wind direc-
tions would be quite well documented, and this was
the case in this research. Other factors such as
temperature and pressure were rarely noted. Since
weather journals do not exist for Hudson Strait
for the period encompassed by these log books,
information regarding climatic conditions may be
obtained indirectly from those sources which are
available.

Numerous studies have been conducted to
determine relationships between sea ice and
various meteorological factors. The most likely
factor to be related to sea ice is temperature.
Bergthérsson (1969) found a correlation coefficient
of -0.68 for the relationship between annual
temperature and ice incidence during the period
1846 - 1919, in Iceland. He also calculated a

correlation coefficient between temperature and the
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decadal number of severe years (years with starvation,
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or drift ice reaching the SW coast of Iceland) to be
0.76 during the period 1591 to 1969. From these
results, Bergthorsson concluded that:

"A fairly good correlation is found
between annual temperature and the
incidence of drift ice in Iceland."

(Berthdérsson, 1969: 94)

Another study, which is somewhat more
general in its results, examined seasonal tempera-
ture and sea ice conditions in the eastern Canadian
Arctic (Jacobs and Newell, 1979). Unlike
Bergthorsson, Jacobs and Newell included wind
direction as a component in their study. The
following statements represent two of their con-
clusions regarding the relationships between these
elements generally, and for Foxe Basin and Baffin
Bay.

"There is a general, but locally

complex correspondence between the
severity of summer climate (and to
a lesser extent that of the pre-
ceeding winter) and the extent of
late summer sea ice."

(1979: 353-354)

"In general, Foxe Basin tends to
have lighter ice conditions in
those summers of more frequent
southerly airflow and those summers
tend also to be warmer. Baffin Bay

rarely experiences persistent
southerly winds; northerly and
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north-westerly winds predominate

and show little variation in

relation to ice conditions."

(1979: 353)

It should be noted that Bergthorsson's findings
were based upon historical data, whereas Jacobs'
and Newell's results were founded on modern data
(1957-1978).

A third study, by Crane (1978), also using
modern data (1964—1974), examined seasonal sea ice
variations in relation to synoptic—-scale atmosphefic
circulation. In Table 3(1974:446)are the results of his
study, in which atmospheric pressure has been added
to temperature and wind direction.

From these three studies, it can be
concluded that evidence exists which would enable
general historical climatic conditions to be

derived for Hudson Strait from the sea ice information

derived 'in this research.

3. Other environméntal informatioh

As discussed in Chapter III, certain
meteorological elements were nocted in the log books.
These elements are:

fog

haze



storm/squall

gale/strong wind

rain

cloud

frost

snow

sleet

hail

wind direction
Conspicuoué by its absence from this list is
temperature. Thermometric readings were not
completely missing from the log books, but the high
degree of their infrequency renders those that do
exist of little use. Those elements listed can
however, be of value in an examination of the
historical climate of Hudson Strait, and of the gen-
eral region surrounding the Strait.

Although the quantities of rain and snow
are not provided in the log books, the frequencies
and general amounts of precipitation can be
determined.

Furthermore, when all of these factors are
examined in conjunction with each other, conclusions

regarding atmospheric circulation patterns can be
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made .

This type of study has been achieved by
Oliver and Kington (1970) who used ships' log
books, as well as land station data to reconstruct‘
cartographically the synoptic conditions for Great
Britain and north-western Europe in the 18th
century. Using the British Navy log books, Oliver
and Kington were able to construct the following
table of meteorological terms used in the log
books.

It should be noted that all of the terms
found in the Hudson's Bay Company log books are
contained in this list except frost, gale, and wind
direction.

With the help of William Falconer's

Universal Dictionary of the Marine (1815) the

Beaufort scale of windspeed, and land based
observations, the terms listed in Table C d were

used to construct synoptic maps,

The major problem identified by>Oliver and
Kington was the lack of sufficiently long records
for particular locations.

"Whilst at sea, the details shift their
location and this defeats their use




TABLE C .1 :

STATE OF SKY

Serene
Clear
Fine
Fair
Cloudy
Overcast

Thick weather

PRECIPITATION, etc.

Drizzle

Snow

Sleet

Hail

Shower

Ssqualls of rain
Thunderstorm

Lightning
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18TH CENTURY METEOROLOGICAL TERMS

VISIBILITY

Haze
Thick haze
Mist
Fog

Thick fog

(after: Oliver and Kington,

1970: 526)
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unless a sufficient number of

samples for any one time and for

any given area provides a guide to

the general prevailing circumstances."

(Oliver and Kington, 1970: 522)

This difficulty does not exist when using the
Hudson's Bay Company's log books for Hudson's Strait
since the ships followed the same route at the same

time of year throughout the record. Therefore land

based observations are not necessary.

4. Extension of the historical record
The Hudson's Bay Company received its
Charter in 1670, and therefore it can be expected
that the Company would have sent ships to Hudson
Bay, via the Strait, from the late seventeenth
century onwards. Prior to 1670, Hudson Strait
was also used as a route in the search for the
Northwest Passage. Accounts of these voyages
through the Strait are available, although they are
not in the original documents as used in this study.
Cooke and Holland have compiled a
compendium of the exploration of northern Canada,
and list as a first reference to Hudson Strait,
a Norweglan expedition which sailed C.1360. There

is then a gap in their entries until 1508 when




Cabot went in search of the Northwest Passage. From

that year on, the catalogue continues quite con-
sistently until 1668 when it becomes virtually
unbroken.

This listing of voyages is referenced
to an extensive bibliography whose major entries
are:
Davies, K.G., ed. Letters from Hudson Bay 1703-40.

London: Hudson's Bay Record Society,
1965 (Volume 25).

Dictionary of Canadian Biography, Volume I: 1000-
1700 (1966); Volume II: 1701-1740 (1969);
Volume III: 1741-1770 (1974). Toronto:
University of Toronto Press.

Hudson's Bay Company. The Book of Ships' Movements
1719-1929. Hudson's Bay Company Archives,
C.4/1.

Hudson's Bay Company. Ships on Hudson's Bay
Company Business Sailing Between England
and York Fort 1670-1700. Unpublished

typescript, Hudson's Bay Company Archives.

Rich, E.E. The History of the Hudson's Bay Company
1670-1870. Volume I: 1670-1763, London:
Hudson's Bay Record Society, 1958
(H.B.R.S. Volume 21). Volume IT:
1763-1870, London: Hudson's Bay Record
Society, 1959 (H.B.R.S. Volume 22).

A similar extension of the record for

Hudson Strait can be constructed for the period from

1870 to the present. Because Cooke and Holland

trace northern Canadian exploration to the year
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1920, much of this extension can also be based

on their book. Furthermore., the Canadian govern-—
ment has kept an excellent record of Hudson Strait,
and the surrounding area for the more recent period
through the Department of Transport ('"Navigation
Conditions on the Hudson Bay Route from the
Atlantic Seaboard to the Port of Churchill"),

and most recently through Environment Canada's

Ice Climatology Division ("Ice: Summary and
Analysis - Hudson Bay and Approaches').

Although the earlier portion of this
record extension may not be as detailed and
systematic as the log books used in this study,
it would nevertheless be a worthwhile endeavor
to examine these references as they might provide
some evidence of sea ice in Hudson Strait from
1508 to the present; a period of over 400 years.

This appendix has provided some suggestions
regarding possible directions for continued research
using the Hudson's Bay Company's log books as
well as a means for extending that record. There
are no doubt, many more possible applications of
this data source. It would be unfortunate not

to examine this wealth of information to its

143
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fullest extent, as it is rare to find a collection
of documents so well suited to the systematic

study of historical environmental conditions.
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