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INTRODUCTION

Tha Science Policy Committee of the Entomological Society of Canada requested that
a study be undertaken of the entomology curricula of Canadian Universities. The committee
fedlt that it is appropriate that a national entomological society should be aware of the nature
and extent of training in entomology, within Canada. Such awareness might reveal deficien-
cies in the overall pattern of Canadian entomaological training which, il nol cormected, could
damage the future development of entomology in Canada.

The report is concerned with Bachelor's, Master's and Doctoral levels of study. Formal
Courses and supervised research both Rave a part in praducing individuals with appropriate
qualifications for those degrees, with amphasis on courses at the Bachelor's level, and on
rasearch &l the two graduate levels.

Data on entomology courses and on graduate students undertaking research in ento-
mological fields were collected and examined. These data provide a comprehensive picture
of entomological education in Canada and, as such, are of value o the Entomological Society
of Canada and to educators and administrators in entomological aducalion. In addition
students planning their education may lind these data useful. Entry into graduate programs in
entomology is either by way of undergraduate spacialization in this field, or by a more general
science degree, from either faculties of agriculture, or of arts and sclence.

DEFINITIONS AND CLASSIFICATION

Belore data collection could begin il was necessary 1o establish definitions o ensure
uniformity of treatment of data. The following were used:
Entomology: Study of insects and ferrestrial arthropods including their controi.
institution: Graduate data are classified by institution. An institution may include a number of
campuses and departments.
Campus: A single campus of a university is the unit used in the undergraduate course data. A
campus may contain more than one depariment offering courses in entomalogy. No
distinction is made between such departments.
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Course with significant entomological conten!: A course where more than 30% of the content
was devoled to entomalogy.
Courses with significant entomological content were classified into elther "Entomo-
logy courses”, in which more than 50% was entomaology, or others, where 30-50% of course
content was entomology.

DATA COLLECTION

All university departments in Canada in which entomology courses might be offered or
students trained in entomology were identified using Royce (1980). Course offer-
ings in each of the departments were examined in the appropriale universily calendars.
Whaere courses had significant entomological content, details from the calendar were entered
on a form. The completed forms were then sent o the department concerned for verification
and addition of information not available in the calendar. All departments where graduate
students might be trained in entomology were requested to provide information on number of
students enrolled in such programs on a standard form. In addition, some departments in
which undergraduate specialization in entomology could occur were asked o complele a
form detailing program structure. The data were gathered in Winter 1981-82,

COURSE UNITS

Course size were reported on forms as hours/week for a stated number of weeks
Because there is no uniformity regarding coursa length or numbar of contact hours/week, the
study group converted all courses 10 a stangard unit. The standard unit used (C L) repre-
sents about 30 hours of lscture time with or without a laboratory. Hence one C U represents a
13-week course of three 50-minute lectures/week, However, course lengths from 12 weeks 10
15 weeks were also considered o be one C.U. This was done because the study group felt that
the variation in courae content between 12-week and 15-week courses was probably not large
enough, compared with variation in content among courses of the same length, to justify the
increased complexity caused by allolting different values to courses of different length.

UNDERGRADUATE COURSES

From university calendars. 47 campuses appeared o have courses with significant
entomological content, 39 campuses provided information additional 1o that in the calendar

There are 84 course units (C.U.) in Canada with 30-50% entomological content, and
1656 C.U. with more than 50% entomological content, including 2 C L. at Nova Scotia Agricul-
tural College. A complele breakdown of thess, by campus, was made. Six campusas (four of
them in the Maritime Provinces) offer a single course with 30-50% entomological content;
such courses are usually called invertebrate biclogy and are a component of a biology
degree. Twelve other campuses offer a single C.U. with > 50% entomology; these courses are
usually associated with one or more invertebrate biology courses in a biology degroe
program.

There are 20 campuses offering 2 or more C.U. of courses with > 50% enlomology:
among them they offer 55 C.U. 30-50% entomology and 139 C U. > 50% entomology. About
45% of all undergraduate Canadian C L. ‘s with significant entomological content are offerad
on eight campuses (Table 1). The course units shown in Table 1 cannot be readily transiated
into programs of study which students take. Mevertheless some patterns are evident. Alberta,
Guelph and Manitoba cffer major programs in entomaology within Faculties of Agriculiure;
their course offerings include service courses to other Departmants within the Faculties of
Agriculture and of Science, but also a strong program in the study of insect biclogy and
applied enfomology for entomology students. Macdonaid college follows a similar pattern
bul the major offered there is in zoological sciences. At the University of British Columbia and
at Simon Fraser University the emphasis is on pest control; hence there are lewer courses on
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Tabile 1. Field of knowledge covered by undergraduate courses with significant
Mwlﬁuﬂﬂmmmm*dm

MoGa  Semge Toroesn
Aipgrta BC  Cariton Gueiph Wanifobs Mescdonaid Fraser 51 George

Introductory, General, Uspecified' 3 3 1] 2 3 1 2 2

Anatomy, Physiology,

Biochemistry' 3 1 2 2 2 3 0 2
Systematics, taxonomy. evolution' 1 0 0
Emiug'r. Aquatic entomology.

Behaviour, Social insacts' (1] (1] 2 5 4 1 0 2
Applied entomology:

crops, stored products’ o (1] 0 0 1 0 0o

foresiry" 2 2 1] 1 i ] 0 0 0

medical, vaternary® 2 0 0 1 1 0 [ - |

insect loxicology! i 0 1] 1] | 0 00

general' 3 1 0 3 1 3 10
Apiculiure? i 0 0 3 [} 1 2 0
Terrestrial arthropods® 0 0 0 0 0 1 0 0
Invertebrate Biology? 1 (1] 2 0 2 3 2 1
Pest Control? il 3 1] li] i ] 1] 1 0
Pesticides? ] 1 o 2 (1] 0 0
Parasilology? o 0 o (] 1 0 00

' Courses with > 50% entomology 2 30-50% entomology

insect biology. and applied entomology is taught in agricultural systems — oriented pest
control courses (e.g.. “Crop protection — horticultural crops”, which incorporates insect,
weed and disease control). Carleton University and the St George (Downtown) Campus of
the University of Toronto offer courses in insect biology but, with the exception of Toronto's
courses in arthropod-related disease, do nol give courses in applied en ‘

Table 2 shows the C.U.'s offered in Canada broken down by region and field of
knowledge. The C.U. distribution in British Columbia is greatly influenced by the two B.C.
campuses in Table 1 which batween them offer 20 of 26 C.U. Similarly, in the Prairies the
Universities of Alberta and Manitoba account for 33 of the 52 C.U. In eastern Canada the
contributions of C.L, units from campuses in Tatsle 1 are relatively less important. In eastern
Canada four campuses out of 38 offer more than 10 C.U. with significant entomalogical
content; in western Canada there are also four campuses offering more than 10 C.U., but only
nine campuses offer enlomology courses. It has been suggested that enlomology training is
deficient in the maritime provinces [(Turnock, 1980). There are ning campuses currently
offering entomology courses in that region, and Mova Scotia Agricultural College plans to
offer entomology courses from 1983, Uintil that time the only applied entomology course in
the maritimes will be in forest entomology at the University of New Brunswick. Only four
campuses in the Maritimes offer more than 2 C.U. with > 50% entomology.

Ininterpreting Table 2, it should be borne in mind that what is taught in insect ecology
Courses in one region may be taught in general entomology courses elsewhere; similarly crop
protection entomology may be taught in general applied entomology courses. On a national
scale there do appear to be some deficiencies. There are no undergraduate courses in insect
pathology and only two in insect toxicology, deapite their obvious importance in insact
control. Terresirial arthropods other than insects receive little attention except in Quebec.
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Table 2. Regional distribution of undergraduate C.U. with > 50% entomology classified
by leld of knowledge.

Maritimes Quebsc Ontario  Praities
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Total

Introduciory, genaral,
unapecified.

Anatomy, physiology,
biochemistry,

Systemalics, taxonomy,
evolution.

Ecology. aquatic entomaology.
behaviour

, social insects.
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crops, stored products
forestry
medical, veterinary
insect loxicology
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Table 3 shows that most courses with > 50% entomology are taken in tha last two years
of the undergraduate program. (In Quebec the first year in the university was considered
equivalent to second year elsewhare). The table also shows that the courses reported in Tabile
2 are normally available. Only five courses are offered so infrequently that they would not be

available to all students.

Data on enroiment in courses were collected from all campuses where these data could
be supplied. Data on enrolment in 115 C.U. with > 50% entomology ware obtained. For these
data the average enroiment/C U, was about 20 students; however when data were adjusted to
raflect Irequency of offering the average number of students/C L /year was 22 This indicates

Table 3. Frequency and time of allering of undergraduate C.U., with > 50% sntomology.

Ragular Offerings Ieragular

Yra 1-2 Yrs. 5-4 Offeringa Total
Maritimeas - 1 1 12
Quesbec 4 24 4 32
Ontario 1 57 - -]
Prairies -] a2 - 38
British Columbia -_— 15 - 15
Total n 139 5 155
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that for the limited data base available there were 2 526 student C U1 's of > 50% antomology
in a year; if this is extrapolated to the 155 such C.U. in Canada the figure becomes 3,405
student/ C.U.jyr. These figures should be treated with caution since a student taking more
than one C L. fyear in entomology would be reprasanted more than once. Examination of 13
C.U. for the University of Manitoba shows that abowut 90% ol the student C L."s are the result of
sludents taking one C.U . /year;. these are mainly students majoring in other disciplines.
Departmants offering high enrolment courses for non entomologists would probably have a
similar or higher percentage of students taking | C.U./year; however depariments with few
sarvice courses could have most students taking 3-5 or more C.U./year in enlomology.
Because of these uncertainties it is not possible to determine tolal enroiment of students in
entomology courses. However it seems likely that well over hall the 3,405 student C.U.'s
represent students having their only course in emtomaology.

UNDERGRADUATE PROGRAMS

The Universities of Alberia and Guelph, and Laval University were asked io supply
details of the typical structure of a degree with major specialization in entomology. These
programs are used 1o exemplify the different types of undergraduate programs with speciali-
zation in entomology. Table 4 shows that the entomology major program in Faculties of
Agriculiure emphasizes background science, humanities and arts courses in first year, one or
two entomology and several agriculture courses in second year. In third and fourth years the
programs ane heavily laden with entomology, and while emphasis is on applied aspects, there
is a thorough grounding in insect biology as well. The degrea in the Faculty of Science al the
University of Alberta has more emphasis on sciences in the first and second years than does
the Agriculture degree. there is no humanities or ans component. There are a few more
entomology courses in the science degree than in the agriculture degree, but many of the
courses are the same in both degrees. Laval University offers a biology degree with speciali-
zation in entomology. The number of entomological courses in considerably less than in
entomology degree programs. The Laval program has a more diverse entomological compo-
nent than do many institutions offering degree programs in biology with entomological
speciahzalitn

GRADUATE COURSES

Data on graduate course offerings were collected in the same way as those lor under-
graduate courses. The C.U. system is also the same, though iess satisfactory since many
graduale courses are projects, or are of unspecified duration. Twanty-fiva institutions offer
graduate courses in the field. Four universities (Acadia, Québec a Trois-Riviéres, Ottawa and
Western Ontario) have graduate students studying entomology. bul no graduate courses in
entomology. Three universities (Bishops. Regina and Windsor) offer graduate courses bul
currently have no graduate students working in entomology. Dalhousie and Monclon cur-
rently have neither graduate students nor graduale courses. The universities the
most graduate C.U.'s with > 50% entomology are McGill, Manitoba, Alberta, Toronto, Simon
Fraser, Laval, British Columbia, and Guelph, These eight offer about 68% of the graduate
C.Us. It is noticeable that seven of the sight are also on the list of campuses offering most
undergraduate C.U.'s: Carleton was on the undergraduate list but nol on the graduate list.
Lavai did nol appear on the undergraduate list.

Table 5 shows the regional breakdown of graduate C.L."s. Again the paucity of entomo-
logy instruction in the maritimes is evident. Although of five campuses in this region which
offer graduate training in entomology, only two offer any graduate courses in entomalogy.
However, al the graduate level, absence ol a course in a subject does nol necessarily maan
absence of training in the subject. For example there are five graduate students in British
Columbia whose field ol research is “systematics. taxonomy and evolution”, but there are no
graduate courses offered in that field of knowledge (Table 5).

There are unigue features in many graduate entomology courses in Canada, and only a
few can be mentionad. Simon Fraser University' s Master of Pest Management program is the
only one of its kind in Canada. The M.P.M. program is not an entomology program but
students may specialize in insect pest management, 15 were reported to have done so in
1881-82 Only two courses were reporied on plant disease veclors. thess ware at Simon
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Tﬂlmmﬂmﬂ.u.‘-ﬂ! = 50% entomology

classified by field of knowledge.
Maritimes Ouebec Ontario Prairies Bc. Total

General, unspecifisd 1 b 5 2 2 19
Anatomy, Physiology.

Biochemistry 2 7 8 -] k| 28
Systematics, Taxonomy,

Evolution 0 & T 4 1] 17
Ecology, Aquatic Enl.,

Behaviour 0 T 5 7 2 21
Applied Entomology:

Cropa, stored products 0 2 0 1 2 8

Forestry 0 2 2 1 3 8

Medical, vetarinary 1] 1 1 1 0 3

insect toxicalogy 1] o o 3 1 4

General 1 1 2 3 4 11
Agriculture ] 2 1 0 0 3
Total > 50% antomology 4 w N 30 17 119
30-50% entomalogy 2 4 T 3 5 21
Owerall total L 41 38 2 e 140

Erager University (not in the M.P M. program) and at the University of British Columbia. The
University of Guelph offers a course on the classification and biology ol immature insects;
this seems to be unique in Canada. Macdonald College (McGill) offers two courses on soil
fauna, including insects. The only course on stored producis anlomology is offered at the
University of Manitoba, The University of New Brunswick offers a course on insecl endrocri-
nalogy. Sherbrooke is the only university 1o offer coursas each ol which deals wilh a separate
insect order: Hymenoplera, Coleoptera and Homoptera. It should be noted that there are four
C.U.'s in Canada at the graduate level in insect toxicology, but there are no courses in insect
pathology.

GRADUATE STUDENT ENROLMENT

the I3 universities contacted, 32 responded; thare are no data from the University of Saskat-
chewan. Tabie 6 summarizes the area of research of graduate students. As of December 1881
there were 15 M P M. candidates, 171 M.Sc_candidates and 133 Ph.D. candidates specializing
in emomaology. In 1975 (McEwen el al 1976) the largest seven graduate schools were Simon
Fraser, British Columbia, McGill, Guelph, Alberta, Manitoba and Toronto. All of the seven
have increased graduate student enrolment in 1881 but there has been a larger increase in
enrolment at Laval. The eight largest graduate schools in 1981-82 accommodated 67% ofthe
students doing graduate work in entomology and are the same eight instilutions which offer
the most graduate C.U.'s in entomology.

Subject areas and institutions in which graduate students were concenirated were
identified. (Table 7). Five or more graduale sludenls per subject area per institution was used
as a crilerion for identification of concentration. Such concentration indicales in part special
amphasis by institutions in certain subject areas, but other factors are probably involved as
well in attracting students with particular predilections for specialization. It seems likely thata
clumped pattern is normal, although size and location ol clumps ol specialists need not be
constant over extended periods of time.
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Table 6. Numbers of students enrolled in graduate degrees in entomological fields

classified by field ol research.

M.5c." Ph.D
Anatomy, Physiclogy, Biochamistry ar 25
Systematics, Taxonomy, Evolution 18 27
Ecology, Behaviour 58 50
Applied antomology: crops, stored products 30 17
Applied entomology: medical, veterinary 11
Applied entomology: forestry 19
Applied entomology: insect toxicology -] 1
Apiculture 5 1
Unknown 1 2
Total 186 1323

! Includes 15 M.P.M. candidates.

Table 7. Concentration of five or more graduate students by institution and subject area,
during the 1981-82 academic year.

Ecology, bahaviour

Appined entomalogy. crops, stored products
Appiied anlomolDgy Medcal, velerinary
Applisd sntomalogy, foresiry

Anstomy. Physsology. Ba
+ | Systematics. laxonomy. svolution

+*
+*

British Columbia +
Carieton

+*

Laval
Manitoba

+ + + +
+ 4+ 4+ +
+

Québec & Monireal
Simon Fraser + + +
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SOURCE OF GRADUATE STUDENTS

All graduate schools providing information on lield of research of gracuate students
also provided information on source of students. Table 8 shows Canadian source institutions
of students in Masters', and Ph.D. programs respectively. At the Masters level 53% of studenis
are in the same institution as that in which they took their bachelor's degree; often these
students did change depariments within the university. At the Ph.D. level, 35% ol siudents
remained at the same University as that of their previous degres. most of these students
probably remained in the same depariment. The proportion of loreign students (studenis
whose previous degree was non-Canadian) was 10% for Masters students and 23% for Ph.D.
students. Regional differences in movémant are noticeable, In the Maritimes students aither
remain at the same university or leave the region entirely. In Québec the percentage of
students entering the region to undértake Ph.D. study (s lower than slsewhere. Howaver, both
Québec and Ontario have low percentages of M.Sc. entrants from other provinces. In the
prairies at the PhD. level no students change unversity within the same province, bécause
frequently this is nol possible; the proportion of foreign students at the Ph.D. level ia high in
the prairies. In British Columbia, although there s considerable axchange belween the
universities at Masters' entrance, there ia little axchange at Ph.D. entrance.

The source institutions for graduate studenis are of interest: students are unlikely to do
graduate work in entomology if they have received poor training or no training at the
undergraduate level Hence a high number of students proceeding lo graduate school from a
university implies exposure during the first degree to courses and professors which foster
interest in entomology. Table 8 indicates the mos! frequent source institutions for graduate
students. Also shown are lists of the most frequent sources of studenis who move from one
institution to another. These were included because the number of students entaring gra-
duate programs in the same institution may be considerably influenced by size of the
graduate school rather than source-related properties of the institution. It is noticeable that
the lists in Table 9 include institutions which have not appeared on the lists of institutions
offering the most courses at the undergraduate or graduate level or having the most graduate
students. In particular the importance of the University of Waterloo as a source of Ph.D.
candidates could not have been predicled from prévious data.

The data collected do not allow the identification of undergraduate courses laken by
students entering graduate school, but it is possible 1o examing the maximum antomology
C.U.'s a student entering a master's program could have taken. For 184 master's students for
which there are data, 18% came from institution=s offering 0 or 1 C.L. in entomaology, 40% from
institutions ofering 2-5 C.U., and 43% from the eight campuses offering more than 5 C.U. of
entomology. However, some students from these eight campuses were identified as not
majoring in entomology (or its equivalent) in their first degree; hence no more than 33% of
students entering master's programs had undergraduale programs with more than 5 C.U. of
entomalogy. A similar analysis of Ph.D. entrants is not possibile because itis now known how
many of these helid M.5c. degrees and how many entered directly from their B.Sc. programs.

The source institutions outside Canada of entomology students in Canadian graduate
schools were classified only by country. The most requently reporied source couniries ans
United Kingdom, United States. and india. The data collected do not aliow source of a student
to be related to that student’s field of study. A tempiing hypothesis is that students from “third
world” countries would be more likely 1o study applied entomology than would other foreign
students. Universities are classified on the basis of areas of concentration given in Table 7,
and couniries are classified into those with national per capita daily caloric intake of greater
than 2,500 and those with less (Bartholomew ef al 1880). Of the 14 students from countries
with a caloric intake of less than 2 500, 10 attend universities with concentrations of graduate
students in appled entomology- “crops, stored products”, 4 attend universities without this
specialization. From countries where caloric intake is over 2,500, 11 students attend universi-
lies with “applied entomology: crops, stored products” and 13 attend universities without this
specialty. Nevertheleas a statistical test shows no significant relationship between nutrient
status prﬂl:un:u country and whether or not “appliad entomology: crops, stored products” is
a specia

The:e is considerable variation in the pattern of foreign student recruitment among
Canadian Universities. Nine of the 11 United States siudents attend graduate schools in
Alberta or British Columbia, while eight of the 11 United Kingdom students are doing
graduate work at Toronto, Queens or Guelph. The University of Manitoba has the highest
proportion of foreign students in its graduate entomology programs, most of these are
students with degrees from couniries with low per capita caloric consumption. Canada can
make an important contribution to the education of enlomologists from less developed
nations where these skills are vital. But in the final analysis Canada’s projected goals for food
and forest products and for managing other natural resources requires thal training of
sufficient antomaologists for its own néeds be sustained and, whera possible, enhanced.
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rﬂtmmmmummm-uthm.

{1981-82 scademic year)
Masters Doctorate
Exciuding Exciuding
All Ingtifutions students who do Al Institutions students who do

nol move nol move
Guelph 1 BC. 6 BC 11 Waterloo T
Laval 15  Guelph 5 Waterloo 10 B.C. 6
B.C. 13 MeGil 4  Montréal 8 Alberta 4
Manitoba 10 Qué & Montréal 4 Carlaton 8 Carleton 4
Monirial 10 Victoria 4 Manitoba 8 Montréal 4
Qué. & Montréal 10 Montréal 3 MeGill 7  Manitoba 3
Simon Fraser 10 Oftawa 3 Simon Fraser 7 Brock 2
Toronto 7  Toronio 3 Alberta 6 Dalhousie 2
York & Qué & Montréal 4  Guelph 2
Toronlo 4  Ottawa 2

i Number of students from source shown.
CONCLUSIONS

1. Abthenational level, two daficiencies in university programs in entomology are identified:
Insect pathology is a neglected field of study in Canada, at both undergraduate and
graduate levels. Toxicology. arthropods other than insects, and taxonomy of insect
larvae receive formal treatment at few institutions.

2 On aregional basis, excluding the Territories, the Maritimes are loast well endowed in
terms of university-level entomology courses and programs. Data available show that
most provinces other than the Maritimes, have at least one university with significant
offerings in entomology, at both graduate and undergraduate levels

4 Graduate students tend to be distributed among institutions in a clumped pattern by
specualty

4. The principal source institutions for Canadian graduate students in entomology are
those with significant undergraduate programs in this field.

5 Most M Sc. students take this degree at the same institution at which the Bachelor's
degree was laken Most Ph.D. students take their degrees al institutions different from
those at which the previous degres was taken

6  Othersource institutions for graduate students in entomaology are primarily in India, the
United Kingdom, and the United States, with a few students representing an additional
16 countries,
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