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I. INTRODUCTION

This report is an expanded version of a paper presented at the
Twentieth Annual Conference, North Central Branch, Entomological Society of
America, Louisville, Kentucky, March 2426, 1965, It is planned to write up
portions of this material in greater detail for separate publication. The
first of these is now being compiled and is tentatively titled "A Cartographic
History of the Larch Sawfly in North America." The proposed title for the
second paper is "The Origin of the Resistarice of the Larch Sawfly to its
Paragsite Mesoleius tenthredinis Morley from the Standpoint of Evolutionary
Theory™. Since these manuseripts will not be ready for submission until the
fall of 1965 at the earliest, it was decided to prepare this interim report
for the information of those for whom the subject is of interest at this
time.

The first section deals with the history and results of studies on
the P. erichsonii - M. tenthredinis relationship; the second is a brief
review of the renewed attempt to obtain biological control in Canada involv-
ing the importation of additional specieg of parasites from Europe and Japan,
and the final section is a re~examination of the problem of whether the larch
sawfly is a native or an introduced species. In this latter section a cursory
review is attempted of the literature bearing on the hypothesis that all
holarctic species that are not tundra forms (i. e, forms having at least part
of their range in tundra) are either introduced species or species which have
achieved their pregent holarctic condition through long-distance dispersal.

IT, THE ORIGIN OF THE RESISTANCE OF THE LARCH SAWFLY TO
M, TENTHREDINIS FROM THE STANDPOINT OF EVOLUTIONARY
THEORY

Statement of the Hypothesis and Problem

In Manitoba, about 1940, an outbreak of the larch sawfly began.
Rearing of cocoons revealed that the parasite M. tenthredinis which had
been credited as being a very effective parasite in former outbreaks, was
present at a very low level., Dissections of larvae were made and it was found
that most of the eggs that had beer deposited by the parasite were encapsulated
by blood cells of the host. Experimental studies showed that the capsules in-
hibited embryonic development and eventually killed the parasite (Muldrew 1953).
It has been postulated that this resistant form of the larch sawfly appeared
fortuitously as a mutant which had considerably greater survival power than the
susceptible form and which;as a consequence of natural selection, increased
rapidly to become the dominant form of the larch sawfly over a large area.
This development of a resistance mechanism by the larch sawfly against M,
tenthredinis has been cited as an example illustrating that the kinds of
mutations observed in Drosophila and other organisms in the laboratory can
provide a basis for the type of character change actually observed in popu-
lations in the field (Ross 1962 p. 85). The evidence on which this hypothesis
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is based is largely circumstantial and should be carefully examined to deter-
mine the extent to which it supports the supposition.

Mayr (1963, pp- L432=3) points out that the present state of know-
ledge concerning speciation and gene%ic change in populations of uniparental,
asexually reproducing animals is poor. He states that with plants, if each
morphologically distinct clone i3 considered to be a microspecies, then a
single mutation may indeed produce a mew "species". The majority of authors
accept the view, however, that even though there are morphological differences
between strains -thzl zr¢ not bridged by geme flow, there is usually so much
morpholcogical agreement among these strains that it is justifiable to treat
them as compornents of collective species. Mayr points out though, that
amongst the lower animals not a single case is taxonomically well analyzed
and he poszses the following as questions for investigation:

"What form of competition is there between straing? How often and
urder what circumstances do such strains bscome extinct? If there
is continued mutation in such strains, why does it not lead more
often to the develcpmeni of morphologically distinct full species?
Why do such strains remain bunched as collective species? From
what source de they receive the genetic variability that permmits
them to cope with natural selection and to continue evolving? Is
it possible that a sexual phase does occur in such species under
exceptional circumstances and that it provides an equalization of
the gene contents of the various diverging strains?"

Reécently in the United Statez, the President's Science Advisory
Committee in a report entitled "The Use of Pesticides” {1963) discussed
biological con%rol as an alternative to chemical control., They stated that
there are two disadvantages of the biological control method that are par-
ticularly importanty f{a) that control of the pest is seldom complete encugh
to prevent economic damage, and {(b) that "the host may become resi$tant,
just as it may develop resistance to¢ chemical controls", As an example of
the latter they cite the development of resistance among Australian rabbits
to myxomatosis, Swan (196&, p. xiv) cited the resistance of the larch saw=
fly as the only case on record where a host has become resistant to a para-
sitoid that had formerly been an effective biological comtrol agent. It is
thus important %o determine whether the development of the resistance of
the larch sawfly <o M. tenthredinis is fundamentally similar to the develop-
ment of the resistance of insecls to insecticides and whether this case can
be cited as an exampie indicating that resistance of hosts Lo parasite
enemies may become more frequent if the method of biologizal control is
pushed much more imtensively in “:s fuiare than it is at presemt.

History, Backeground and Speculation

The first definite records of the presence of the larch sawfly in
Nerth America came from Massachusevts and Maine in 1880. During the next
six years there was an explosive outbreak throughout the New England States
and the Maritime Provinces of Canada, Outbreaks.then occurred progressively
westwards south of James Bay about 19003 in Minmesota and Manitoba about
1909; in Alberta in 1923, and then on Western larch in British Columbia in
1930,



= 3 =

When Dr, C. G, Hewitt was appointed Dominion Entomologist in 1909
he came directly from an investigation of the natural enemies of the larch
sawfly in England. The larch sawfly had been a serious pest in the Lake
District of Engliand during the period 1704 to 1913, Parasitism of the
larch sawfly by M. tenthredinis had reached 62% at Thirlmere in 1910 and 82%
at Grasmera in .‘_912° Hewitt's studies in Canada convinced him that M. ten-
thredinis was not present in North America, although there is some circum-
stantial evidence indicating that it may have been present (Appendix I)., If
it was, it appears that the strain that was present was not a very effective
or well-adapted one since there is no unambiguous evidence that it was de-
tected by investigators during the period 1880 to 1910,

Through Hewitt's efforts, parasitized larch sawfly cocoons were
obtained and relieases of adult M. tenthredinis were made at Ottawa and in
Algonguin Park, Ontarioy; in 1916° Parasitized cocoons were set out near
Quebez City and in Algonquin Park in 19113 in Riding Mountain National Park,
Manitoba in 1912, and in the Spruce Woods Forest Reserve, Manitoba, in 1913.
It should be stressed that the practice of setting out parasitized cocoons,
rather than releasing adult parasites cnly, is no longer carried out because
of the danger of releasing hyperparasites. Moreover, the strain of the larch
sawfly that is resistant to M. tenthredinis may also have been introduced’
into Canada from England at that time. Maw {1960) found that the resistant
larch sawfly was present in England in 1955, There is no direct evidence
that resistance was present in England as early as 1912 but there is some
evidence that the effectiveness of M. tenthredinis decreased markedly follow-
ing the high rates of atbtack recorded for 1910 to 1912, Wardle {191} ) records
the trend in percentage parasitism by M. tenthredinis at Thirlmere during the
years 1910 to 1213 as being 62, 18, 8 and 2 respectively. In 1913 two other
parasites were much more important ~1n terms of percentage parasitism; namely
Hypamblys albopictus which emerged from 25% of the cocoons and Myxexoristops
stolida wnich emerged from 24%. In most plantations the decline in M. ten-
thredinis parasitism was associated with the decline in the larch sawflv pop-
ulaticn - but not in every instance., The larch sawfly had ceased to be an
important pest in Britain by 19133 the dead and dying trees were felled and,
in fact, because of the war, almost ali of the older larc¢h stands had been
cut by 1918. The insect was not found again in Britain in any numbers until
1948 and up to the present it has not caused any serious damage there. This
is inconsistent with the hypothesis that because of the greater survival power
of the resistant form, as compared to the susceptible, it increases to out-
break numbers. To fit the facts to the theory cne must speculate that in
Britain the complex of comtrol factors iz keeping the population down in
spite of the hindrance to M. tenthredinis caused by the resistance reaction.
Parasites apparently do not form an important part of this complex as Maw
(1960) found M. Yenthredinis to be the only parasite present in 1955,

Thus it may be that the resistant larch sawfly was introduced into
Canada rather than arising here fortuitously. One can argue that the original
mutation occurred in Britain or, alternatively, in continental Europe, since
both the larch sawfly and its host Larix, are known to be introduced species
in Britain. According to the laﬁter view, the susceptible form may have been
introduced into Britain first, and the resistant form later. The susceptible
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form may have come from the lowlands of Europe since it is known to occur
in the plantations of Bavaria at present. This form may have had its
origin in the lowland larch stands to the east; perhaps in Asia. The
resistant form may have come from the stands of native Larix decidua in
the Alps where it is known to occur at the present time. Plans have been
made to test the hypothesis that the larch sawfly in Eurasia is comprised
of two strains; a lowland ore that is susceptible and an upland one that
is resistant.

The phenomenon of the encapsulation of M. tenthredinis eggs may
be examined in relation to the hypothesis often advanced by conventional
parasitologists that a parasite which does not tend to kill its host is a
more completely adapted type that reflects a host-parasite relationship of
long standing (Wardle and Buckle 1923). Doutt (1960) has emphasized that
this view is erroneous when applied to insect parasitoids. He points out
that there is a preponderance of evidence indicating that the imsect species
of an ecosystem tend to evolve toward stable; balanced relationships or in-
creased security of ecological position within the ecosystem. They may be
aided in this by natural enemies which, although fatal in their action on
the host, are themselves well-adapted species. It seems highly likely that
in the initial phases of the larch sawfly = M. tenthredinis relationship,
when the parasite was in the process of becoming adapted to this host, that
ore of the obstacles the parasite had to overcome was the encapsulation of
its eggs by this host. It can be argued that with the achievement of this
adaptation, M. tenthredinis may have become too successful a parasite and
was thus unable to maintain a stable relationship when not held in check by
encapsulation or some other similar restraining influence (yide Wynne-
Bdwards 1962, for a discussion of intrinsic methods of density regulation
within species). Evidence can be cited from Bavaria and British Columbia
to show that at times both the susceptible larch sawfly and M. tenthredinis
populations both seem to virtually disappear. It can also be argued, how-
ever, that where there is a high incidence of encapsulation, as in eastern
Manitoba, the parasite density has also declined to extremely low levels and
this fact tends to negate the hypothesis that encapsulation favors the stab-
111ty of the host-parasite relationship.

A possibility that should be con31dered is that resistant indivi-
duals of the iarch sawfly have always been in existence at leasat somewhere
in the world from the time that M. tenthredinis first became adzpted to the
larch sawfly. There may be certain regions (Alps?) where the larch sawfly
has existed for a long period of time but into which M. tenthredinis has
moved only relatively recently. Possibly the place where M. tenthredinis
first became adapted to the larch sawfly was Asia and it may be only com-
paratively recently that the parasite has invaded the Alps, finding there
a strain of the larch sawfly to which it was not well=adapted.

Another possibility that should be kept in mind is that what may
be occurring in any given region over a long period of time is a sequence
of "measures and counter-measures” on the part of the larch sawfly and
M. tenthredinis populations. The degree of adaptation of the parasite may
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be in a continual state of flux in a given region with changes in hostepara-
site relationships in different regions probably not being synchronous. An
adaptation by M. tenthredinis that allows its eggs to no longer be recog-
nized by the larch sawfly as a "foreign body" may be responded to by an
adaptation of the larch sawfly involving a change in its hemocytes such that
they acquire a greater sensitivity to detect the parasite eggs as being "non-
self" and thus become able to encapsulate them.

On the basis of present facts and supporting evidence, however,
it does not seem to be too helpful to carry speculation to this extent, al-
though it does suggest possibilities for further investigation. In terms of
the increase of the resistant strain in Canada, however, it probably does not
make much difference whether resistance arose as a mutation here or was in-
troduced from Europe.

In Canada; following the original releases of M. tenthredinis from
1910 to 1913, there appears to have been no follow-up program to monitor the
establishment, build-up and spread of the parasite in Ontario and Quebec but
it was found to be common in these regions 15 to 20 years later and McGugan
and Coppel (1962) assume from this that the early releases were successful
and that the parasite had spread widely. Criddle (1928) studied the build-
up of M. tenthredinis near Treesbank, Manitoba, and found a progressive in-
crease in parasitism from 0% in 191) to 66% in 1920, The host was scarce
there until 1926 and 1927 when an average level of parasitism of 75% was re=-
corded for the area,

No further importations were made from England after 1913 but
during the periods 1926 - 1927 and 193i; - 1945 an extensive redistribution
program was carried out with releases being made in Newfoundland, Nova
Scotiay, New Brunswick, Quebec, Ontario and British Columbia. More than
30,000 adult M. tenthredlnls were released, most of which were obtaired
from collections made in southeastern QuebeC° indicating a high rate of
successful atvtack for M. tenthredinis in this region at that time. Careful
follow-up studies were “made in the Maritimes (Reeks 195)) and in British
Columbia (McLeod 1952) and parasitism by M. fenthredinis reached levels of
70% in some locations in both regions. The association of high percentage
parasitism with declining outbreaks has been interpreted as indicating. that
this parasite played an important role in reducing host numbers in these
areas. Recovery records made by the Forest Insect Survey over the past 25
years show that the parasite is now present over virtually the whole range
of the sawfly in North America.

Larch sawfly populations began to increase again in southern
Manitoba in 1938. Over 10,000 cocoons were collected in the Spruce Woods
Forest Reserve during 1938 to 19),0 but no M, tenthredinis were recovered.
The parasite was found to be present in small numbers in 1941, however.
Since 1940, cutbreak conditions have been recorded from a progre831ve1y
enlarging area now extending to New Brunswick in the east and almost t¢ the
limit of occurrence of tamarack in the west (Fig. 2). This figure was pre-
pared mainly from data published by the Forest Insect Surveys of Canada and
the Lake States. Only the outer boundaries of light infestations are plotted
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for successive years. For purposes of comparison, figure 1 shows the ranges
of L, laricina, L. occidentalis and L. iyalli.

The larch sawfly was recently found infesting alpine larch for
the first time and tests showed that this material was typically resistant
==~ indicating an origin from the infestations on tamarack to the east. On
the other hand, recent increases in larch sawfly populations on western
larch in both Idsho and British Columbia have been found to be completely
susceptible == indicating that they originated by build-up of residual
populations deriving from the outbreak of 1930-1949. If this latter out-
break originated from susceptible larch sawflies that crossed the Rockies
some time approximately during 1923 to 1928, however, then the resistant
larch sawfly may repeat this crossing and eventually appear in the stands
of western larch, Certainly every precaution should be taken to ensure that
a crossing is not accomplished accidentally through the activities of man.

In figure 2, the spread of light populations through Quebec could
not be plotted as noe:xbensive surveys were carried out during this period.
It appears that the boundaries of light infestations did not advance north
to the limits of the range of Larix laricina in step with the advances to
the east and west, but this probably is a reflection mainly of the fact
that surveys were not extensively carried out in the north. Figures 3 to
8 differ from figure 2 in that only the moderate and severe infestations
are mapped but the full extent of the boundaries are shown rather than
simply the outer boundary. It can be seen that as the outbreaks moved
east and west the infestations in the central area subsided. The outbreak
in Ontario subsided more rapidiy tkan in the west, The moderate and
severe infestaiions in Quebec and Labrador could not be mapped due to in-
sufficient data but it is kmown that the larch sawfly was abundant and
widespread in western Quebec from 1955 to about 1961 and in central and
eastern Quebec from approximately 1960 to the present (Bracken and
Magt%ﬁeau 1960; Annual Reporis, Forest Insect and Disease Survey 1957 to
1963).

The quesiion may well be asked: if the resistan% strain that
appeared in Manitoba originated from the cocoons placed in the bogs during
the parasiie releases of 1912 and 1913, why did it not also appear in Quebec
and Ontario where similar releases were made in 1911? The answer may be
that the material that was placed out in 1911 was collected in different
plantations in Britain than was the material placed out in 1912 and 1913 and
resistant larch sawflies may not have been y*emewb in the earlier col eﬁtiano

Alternati=alv, i1f they were present. they may have been ﬂmmnazatlvely few,
ox ngt well=-adepied o the new <wi+tians, &nd may nov nave survived in
Canads,

The encapsulation or resistance reaction that was first noted in
central Manitoba was subsequently found to be characteristic o¢f populations
from the outbreak areas that developed east and west of Manitoba. This
fact; in conjunction with the general appearance of the outbreak boundary
as spreading out, with considerable regularity, from one epicenter, supports
the theory that it is the larch sawfly adults themselves that are spreading.
If resistance has appeared independently in a great many locations, one would
not expect such regularity. If climatic release is postulated as an import-
ant, prsrequisite to the outbreak conditions one must demonstrate that
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a period of favorable weather preceded the population build up as it
developed eastward and westward over the 20=year period and this seems
unlikely although, admittedly, it has not yet been thoroughly studied.
An argument against the applicability of the theory of climatic release
in this case is that the influence of weather on the larch sawfly is
largely exerted through its effect on the fluctuations of water levels
in bogs, which determine;, to a great extent, the survival of larch saw-
flies cocooned in these bogs. The water tables in native stands of
tamarack and nearby plantations that have been subjected to the same
weather conditions have often differed greatly bescause of differences in
elevation and drainage. During the period of outbreak; however, the in-
festations in both these native stands and the adjacent plantations have
occurred roughly contemporaneously.

If the larch sawfly has indeed spread by the dispersal of adults,
the evidence indicates that this has occurred at an average rate of 60 to
70 miles per year, unidirectionally,over a period of at least 15 yesars. Al-
though the dispersal to the west has been against the prevailing winds, it
has been almost as rapid as the spread to the east. This is an indication
that the larch sawfly has dispersed mainly under its own powers. On the
basis of the assumption that dispersal can occur from areas harboring light
infestations, the movement of the outbreak may take the form of a ‘wave
front! as illustrated in Figure 9 (adapted from Skellam 1955, p. Lli). There
is some indication from Figure 2 that this is a reasonably good representa-
tion of larch sawfly dispersal in North America since 19,0, allowing for
irregularities due to topographic features, lack of stand comtinuity, etc.
Figures 3 to 3 indicate that populations in a given region usually begin to
decrease after five or six years of moderate to heavy attack and this is
shown in Figure %,

An alternative assumption is that dispersal occurs from a given
region only after populations have built up to a high level in the region.
The minimum time between the appearance in a region of the first invaders
and the time that neavy defoliation occurs is estimated to be about five
years. On this basis, in order 1o account for an average rate of spread
of 70 mileg per year we must postulate that some of the adults must travel
approximately 350 miles in one year, This hypothesis is illustrated in
FigureX:, At the point of origin an initial build up occurs during the
first five years, During the fifth year long-=distance dispersal occurs
into the area bounded by circles of roughly 70 and 420 miles radius.

During years 5 to 10 continued dispersal into this region occurs in con-
junction with build up in local areas. One would expect that "spot'
infestations would appear which would progressively increase in size and
coalesce, At the end of the period, infestations near the point of

origin begin to decrease. During years 10 to 15, dispersal into, and build
up within, would occur in the region bounded by circles of 420 and 770 miles
radius.

The cart.ographic picture (Fig. 2) irdicates that the 'wave-front®
hypothesis (Fig. 9) is a better representation of what has occurred than
is this hypothesis, A certain amount of long-distance dispersal may be
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involved, however, and evidence indicating that it does occur is presented
later in the discussion concerning infestations in Larix plantations on

the prairies. A third hypothesis is that dispersal “is a combination of
both fwave front! and long-distance types of spread, Figure 11 is an
attempt to iliustrate this. Although populations at the point of origin are
still low five ysars after initiation, some long-distance dispersal is
postulated to occur at this time. Many hypothetical constructs could be
made intermediate between Figs. 9 and 10 depending on the assumptions con-
cerning tne relationship between density and dispersal and the average and
maximum distances covered by adults in any one year.,

There is little direct evidence that long-distance dispersal of
the larch sawfly actually occurs. A number of workers have pointed out,
from observational and some experimental evidence; that most of the larch
sawfly aduits appear to be lethargic and fly only as far as the nearest
tree to begin oviposition {Drooz 19553 Turnock 1960, p. 507). A working
hypothesis migh% be that a small proportion of the population differs be-~
haviorally and physiologically, although not necessarily morphologically,
from the majerity, and these may ccmprise a dispersal phase of the species.

There are some parallels between the European spruce sawfly
Diprion hercyniae (Htg.) and the larch sawfly. Both have the thelytokous
habit of reproduction. It is not known when D,. ergzniae was introduced
but it had spread westward as far as Ottawa by 1922, six years before the
first known cocourrence of heavy populations in America. These latter in-
festations occurred in the Gaspe region of Quebec; where, between 1930 to
1938, the area of heavy infestation increased from 2,500 square miles to
scme 12‘0(2(;° The annual maps plotiting the course of this outbreak {Brown
and Fleming, 1938) indicate that spread was not of the 'waves=front! type.
The virus disease which appeared in the southern part of the outbreak area
in 1938 spre2d rapidly during the next four years and by 1943 the outbreak
was over, The insect continued io spread in spite of low populations, how-
ever, and has now almost reached Manitoba., The spread ir Ontario since
1940 shows some indication of ‘wave-iront' movement (Reeks 1963) but the
average rate of spread (roughly 10 to 20 miles per year) is considerably
lower than that postulated for the larch =awfly., There is no good evidence
that the average rate of spread was greater during the period of high pop-
ulations than it is now. More direct evidence exists for D. hercyniae than
for the larch sawfly indicating that long-distance dispersal actually does

occur, Balch (1939) stated,concerning D. hercyniae jthat -

*in fairly caim weather, and particularly when exposed to direct
sunlight; the adultes soon take to fiight. They fly strcngly. and
their girection is determined by air currents. A considerable
amount of evidence has been cbtained toc show that the sawfly has
an instincet for flight which is, temporarily at least, independ-
ent of the proximity of spruce. Large numbers have been cbserved
¢n the tops of mountains abore {imberline and a great many adults
drop into lakes and rivers. Although the largest distance from
the nearest spruce at which advlts have been taken from water is
one mile, the probability is that many of these came from much
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longer distances. When liberated, such adults again take
to the air, flying strongly as soon as they are dried out.
Studies of the ovaries of these insects show that nearliy
all have laid some of their eggs prior to flight but most
of them are capable of laying the greater part of their
normal complement of eggs after having taken fiight.”

Williams (1958) cites as examples of migration among sawflies;
Athalia rosae L:inn. which in England is an occasional immigrant from the
continent but which may at times arrive in large numbers, and Athalia
cordata Lip.,, which was seen in vast numbers by R. B. Benson in August,
19ﬂ§, in South Devon flying to the east against a light east wind. Few
such observations have been made for the larch sawfly but occasionally
an adult has been seen flying strongly about four feet above the ground
in cleared areas. Jarvis (1904) found adults floating down the Porcupine
River in Ontario during an outbreak and noted that the shore of Night Hawk
Lake (482 30', 80° 00') was covered with them.

fvidence supporting the lorng-distance dispersal hypothesis appears
to be provided by the manner in which the isolated plantations of larch
south of the native stands became infested by the larch sawfly. Some of
these are shown by x's in figure 2. The ones in the Cypress Hills Provin-
cial Forest and Dollard, Saskatchewsan are over 200 miles from the nearest
native tamarack. Some of these are vary snal: plantations; for example
the one at Cypress Hills consists of only ahout a dozen Siberian larch
trees, Most of these plantations were set out as small trees beiween
1910 and 191A. The records showing the shipments of %famarack from the
Indian Head Forest Nursery Station were kindly supplied by L. C. T. Peterson
(pers. zorm. Sept. O, 1963) and are shown in Table I.

Table T

Numbers of small tamarack trees shippesd from the Indian Head Nursery
Stationg 1910-1916

Year Manitoba Saszkatchewan Alserta
1910 R ,950 - 24,0650 11,925
1911 1,L50 5,975 1,995
1912 3,625 15,190 3,675
1913 None Nons Nons
191l 925 26,910 9,000
1915 None None None
1916 None ,00 300

‘Totals 1L,950 72 4555 19,895
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In addition 1,050 Siberian larch were shipped to Manitoba durirg
1910-1915 and 810 during 1931-1935 (Walker 19.,5). The records on the
numbers of Siberian larch shipped to Saskatchewan and Alberta were not
found but Ross (1912, 1913, 191L) reported that 3,82Q, 51L, and 8,880
respectively,were available for distribution from the Indian Head Station
in these years. Peterson reports that the reason that larch was discon-
tinued as a shelterbelt species in 1916 was that larch seedlings flush so
early in the spring that fall planting is required which is unsatisfactory
to farmers. ‘

By 1942 the trees that had survived in these plantations were
quite large, Larch sawfly attack prior to 1942 is recorded for only two
plantations, namely those at the -forest nursery stations at Indian Head
and Sutherland. The larch sawfly was first recorded at Indian Head in
191} but ‘large numbers' were present at this tims and spraying was carried
out. This larch sawfly may have come from the Spruce Woods Forest Reserve,
Manitoba. Coxe (1910) reported that in 1908 he collected 30,000 small
tamarack trees and also a carload of moss in the Spruce Woods Forest Reserve
for shipment to the Indian Head Station., Nairn et al (1962, p. 2.8) present
evidence indicating that the larch sawfly was probably present in fairly
high numbers in the Spruce Vioods Forest Reserve by 1908 and its cocoons may
well have been present in the moss collected there, Only a few larvae were
found at Indian Head in 1915 but the trzes were sprayed again. The sub-
sequent seguence of events was as followse

Year Degree of Attack Spraying

1616 - 1920 no larvae found nec

1921 = 1926 moderate to heavy each year

1927 - 1934 scarce no

1935 moderate no

1936 heavy ves

1937 - 1912 no larwvae observed no

1913 = 196G light to heavy 1943, 1946,
195G - 1960

The first record of the presence of the larch sawfly at the
Sutherland Nursery Station was made in 192).
arrived in material shipped from Indian Head.

In all probability the insect

Reports of the attack on plantations other than the above two

began to appear in 1941.

The attacks occurred roughly contemporaneously

with the westward advance of the outbreak in native tamarack o the north

as is shown in Table II.
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Table II

Records of larch sawfly attack on plantations in the agricultural
ar=a of the Prairie Provinces

(locations in parenthe ses are near stands of native tamarack)

Year Manitoba Saskatchewan Alberta
1941 (Crystal Lake)
1942 Lemberg
19LL Dauphin
Dropmore
Reston
1945 Gerald
1946 Dropmore (Archerwill)
(Armley)
Doilard
Saltcoats
1947 Brandon (Archerwill)
Clearwater (Armley)
Franklin (Dahlton)
Gladstone Dollard
Hamiota Gerald
Killarney Langenburg
Morden (McKague J
Morvis Quill Lake
(Russell) (Tisdale)
Shoal Lake Yorkton
Sperling
Waskada
1948 Buchanon
1950 Provost
Consort
1951 Consort
(Wetaskiwin)
1952 TWetaskiwin)
(Ponoka)
1953 Decker Scott (Innisfail)
Clanwilliam (Célmar)
McConnell (Lacombe }
Rackham Lloydminster
Turtle Mountain {Oliver)
Forest Reserve (Ponoka )
Provost
(Red Deer)
Sedgewick
Three Hills
Wainwright

(Wetaskiwin)
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Table II (Concl.)

Year Manitoba Saskatchewan Alberta
195 Carman Saskatoon
Isabella Battleford

Pilot Mound
St. Elizabeth
Waskada
1955=59 Cypress Hills
Provincial Forest
(Battle Creek Ranger
Station)
1960 Cypress Hills Seebe
Provincial Forest Brooks
(Battle Creek Ranger
Station)
1962 Auburndale
East Kootenay
fire trail

(on western larch)
Radium (on western

larch)

(Tnanks are here given to Messrs. L, O. T, Peterson and C. E, Brown for
checking the records and supplying additional information.)

By 195k, Brown et al reported for Alberta that

"south of the North Saskatchewan River , from Edmonton east,
larch sawflies were present wherever larch occurred.,”

From Figure 6 we note that moderate infestations of the larch sawfly reached
southern Ontario about 1956, During the period 1957-1960 the attack of
isolated plantations by the larch sawfly was commonly reported for this
region,

An alternative hypothesis to that of long-distance dispersal is
the postulate of build up from a residual populatiom. Turnock {19&C), for
example , stated that "although the recent cutbreak extended westerly from
southern Manitoba there is no evidence to suggest that dispersion played any
part in this movement, The rapid extension of outbreaks, the scattered
nature of host stands, the lethargic behaviour of the adults, and the sub-
sequent independent population fluctuations in adjacent stands indicate the
presence of a small residual popuiation which responded to some generally
favcurable condition." However, there could not have been a residual pop-
ulation in these planted trees prior to 1890, The insect may have been in-
troduced as cocooned larvae hidden in the roots of the small trees distrib-
uted from Indian Head during 1910-15, It seems likely, however, that if the
larvae had been common in the nursery beds containing the small trees the
damage would have been severe and would have been noticed. Moreover, if the
larch sawfly had been present in all the plantations listed above since the
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time of plantingy surely it would have been noticed during the 20 or more
years prior to the time of attack. Moreover, one would expect the suscep-
tible strain of the larch sawfly to be present rather than the resistant
strain. In this connection, also, L. O, T. Peterson (pers. comm.) stated
that "the practice at Indian Head of washing the rocts of the tamarack
seediing before dipping them in a mud bath prior to packing would go a long
way towards excluding insects that might have reached the seedling plotg.™
He also is of the opinion that if some sphagnum was shipped with the small
trees in the earlier years "the probability of the adult emerging from the
discarded sphagnum, laying eggs on the newly planted seedlings, and the
larvae surviving to produce subsequent generations seems rather remote.®

Another hypothesis is that larch sawfly adults may have been
accidentally introduced into these isolated plantations by being transported
in vehicles (car, train, etc.), but it seems to be pushing chance too far to
propose that this is the explanation for the origin of infestation in all
of the plantations. The most probable explanation thus appears to be that
the larch sawfly adults flew into these plantations,

A larch sawfly outbreak occurred on western larch in British
Columbia from approximately 1933 to 1949, This population was a susceptible
one and M. ifenthredinis became very abundant. During the later stages of the
outbreak lsrgs numbers of cocoons were collected and almost 75,000 adult M.
Lenbhredinis were obtained and released in the area between Prince Albert,
Sask,, and northwestern Ontario. These releases, however, failed to increase
the affective parasitism significantly. No difference was found between the
respective abilities of the B. C. and the central Canadian M. tenthredinis
to overcome or avoid the encapsulation reaction of the resigtant larch sawfly
(Muldrew 1953).

In cartain areas of central Canada the density of M. tenthredinis
is currently at a very iow level. In a life-tabie study plot near Rennie,
Manitoba, the average density of adult M. tenthredinis for the period 1956
to 1963 was approximately 225 per_acre as compared to a density of 75,000
per acre for larch sawfly adults.® Percentage parasitism has averaged
about 3.3 in this plot. In such arszas, where selection pressure exerted
by this parasite is negligible, there is no evidence as yet that the sus-
ceptible strain of the larch sawfly is increasing in frequency. This
situation differs from what generally occurs when insecticidal pressure is
removed from field populations of a species that has developed resistance
to a particular insecticide. Here there has usually been a aignificant and
often rapid decline in resistance (Keiding 1963 but for an exception see
Perron 1965}, The findings indicating that reversion from resistance to
susceptibility typically occurs following release from selextive pressure
derive from studies on cross-breeding or Mer::ilsn populaticns whereas the
larch sawfly exhibits thelytokous parthenogenesis and this may be an ime-
portant difference.

1 From data of the Life Table Study Group on file at the Forest Entomology
Laberatory, Winnipeg.
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The spread of the resistant strain of the larch sawfly appears to
offer additional support to the evolutionary theorists who stress that with
non=sexually reproducing forms, there is competition between lineages each
descended ffom a single ancestor and only the most efficient lineages sur-
vive. If there is no opportunity for the spread of mutations from one line-
age to another, the species must depend entirely for its evolution on the
occurrence of mutations in the separate lineages. If this has actually
occurred in the larch sawfly, it can be seen that it can happen with great
rapidity and perhaps such species,; in spite of the lack of cross breeding,
can evolve as rapidly as Mendelian speeies.

This speculationy; however, is based on the.assumption that ferti-
lization never occurs in the larch sawfly and it is important to bear in
mind’ that this may not be correct. We know that an abundance of spem is
produced in the male; that the males often react vigorously to the presence
of females when “hey are placsd together in cages or vials and that mating
occasionally occurs, It is quite possible that it occurs more readily in
the field than it does in the laboratory since this is known to be the case
for mary other insects. It is not known whether sperm is transferred to
the female or whether effective fertilization (gene-exchange) occurs. More
work is evidently required on this important point. Smith (1955) has stated
that if the males are aonfunctional and if mutation and structural re-
arrangement of chromosomes does not occur, then the abandomment of hetero-
zygosity is proyressive and irrevezalble and the benefits associated with
heterosis are thereby excluded. Fertilization of eggs in the larch sawfly
thus might have important evolutionary consequences even if the rate at
which it occurred was very low, say in one female of every thousand pro-
duced (see Dobgzhansky 1%L, p. 302-3), Smith {1955) implies that only the
fertilization of an egg destined uo be 2 male larch sawfly {i.e, one in
which there is a failure of auto-fertilization} produces a fertile adult
female since the triploids would be sterile. Thus in the iarch sawfly only
one 7~ Lwo per cent of all eggs fertilized by sperm would produce fertile
adult females unless auto-fertilization were preceded or circumvented by
sperm-fertilization in some way., One wonders whether such a low rate of
gene exchange could have evolutionary significance., On the other hand one
wonders whether the production of males would not have already disappeared
through natural selection acting over a very lomg pericd of time if they are
completely inutile. The larch sawfly undoubtedly evolved from a normal bi-
sexual form as evidenced by the occasional production of males (Smiph 1955)
and it is assumed that it has had its present methiod of reproduction for at
least several million years.

Evidence from Experimental and Survey Studies

During the period 195l to 1958 an attempt was made to investigate
the hypothegis that the larch sawfly populations in the Prairie Provinces
were composed of a mixture of both the ‘resistant' and ‘susceptible' strains
of the larch sawfly and that the 'resistant? form was competing successfully
with the ‘susceptible?! ore and gradually replacing it because of its postu-=
lated greater survival power., Many larch sawfly adults were obtained from



=26 =

central Alberta in 1954, during the initial stage of the outbreak in this
region, The split-family technique was used in which the progeny of each
female sawfly selected was divided into two portions; the larger being
tested for resistance by cage=parasitization and subsequent dissection and
the smaller being overwintered to maintain the clone for further testing
the following year. On the basis of the 1955 results some clones were des-
ignatad as being comparatively resistant and others as being compara=
tively susceptible. However, it was later found that these differences
between the clones did not persist if a sufficient number of families were
tested over a series of yearsy all clones eventually being classified as
rasistant,. An example is shown in Table III. Clones A and B in this table
both originated with females collected at Prince Albert, Saskatchewan, but
similar results were obtained for the Alberta material,

Table III

Change in rating of susceptibility to M. tenthredinis of two
clones when reared over a four year period

cumulated cumulated
1955 results [L955-1958 results [1956-1958 results
clore clone | clone clone clore = clone
A B ' A B A B
No, of families tested 11 6 28 22 17 16
Hosts parasit- } Number 92 69 305 193 213 124
ized by M. } Suscep- L7% 22% 27% 19% 17% 18%
tenthredinis ) tibility
Designation of clone Compara- recis4 resid- = resis- rg2is- resise
tively  tsnt | tant tant tark tant
susceptible |

The term "susceptibility” used in the above table is synomymous
with the term "per cent hatch® and signifies the number of hosts containing
at least one living M. tenthredinis larva expressed as a percentage of the
total number of host larvae parasitized by M. tenthredinis. Estimates of
per cent hatch have shown considerable variability wishin various regions
over the years but the long-term averages are mostly within the range 15%
to 30%4. The term "effective parasitism” by M. tenthredinis is defired as
the percentage of the total number of host larvae dissected in any given
collection that contain living M. tenthredinis larvae. The rate of effect-
ive parasitism in resistant populations has usually been less than 5%.
'Total parasitism' by M. tenthredinis refers; of course; %¢ the percentage
of the total number of host Larvae dissected that contain gither living M.
tenthredinis larvae or eneapsulated eggs. BEstimates of the percentage of
the total eggs deposited that hateh correspond to Ysusceptibility' cnly in
instances where there has been no superparasitism. If the latter occurs
this estimate can cause confusion for the firsgt larva to hatech usually
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kilis the remaining eggs.

It was found in this study that both susceptible and resistant
individuals usually o=zcurred within the same family as shown in Table IV,
Many families were found to have only four or fewer individuals parasit-
ized since the incidence of attack and also the survival from egg to co-
cooned larva was often low. Only families in which five or more indi-
viduals were parasitized are considered in Table IV.

Table IV

Distribution of resistant and susceptible individuals within
families of central Canadian

origin
No, of Total no. of Total rp, of
families  resistant sus ceptible

— ~-individuals indiwviduals

Families containing both
resistant and susceptible iy 762 290
individuals

Families containing
resistant individuals 33 323 e
only

Families containing
susceptible individuals
only

FJ
[}
Ui

The susceptibility rating for the total 1,380 parasitized larvae
included in this table is 21%,

A fairly large degree of variabiiity in per cent hatch was found
between the various families tested even within each clone, but in spite of
this it was concluded that the population as a whole in this region was re=
latively homogeneous with respect to resistance to M. tenthredinis. It is
known that the early infestations in Central Canada began in areas in which
the larch sawfly had been very scarce during the preceding 10 or more years.,
It is felt that the evidence supperts the view that the resistant sawfly
moved into such areas and built up with littie or no competition from the
residual, susceptible population. Supporters of the hypcthesis that re-
sistance has arisen independently in many locations might argue that the
competition took place when the density of the larch sawfly was very low
and by the *time that 'light' populations were widespread, the proportion
of susceptibles was negligible, If this mutation has occurred so commonly
in central Canada, however, it should alsc have occurred by now in Newfound-
land, Pennsylvania, British Columbia, Bavaria and other areas where the
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susceptible strain has bzen present for periods of up to 50 years or more,
In some of these areas M. tenthredinis pressure has been high at times and
yet no resistant form has been ‘selected out' to date.

As mentioned above there was much variability in per cent hatch
even between families belonging to the same clone when these were tested at
different times under different conditions. There is evidence that this
variation is largely envirommentally controlled. It was found that when
M. tenthredinis eggs were deposited in 'urhealthy' larch sawfly larvae most
of them hatched successfully. This 'unhealthiness' could be caused by
partial starvation, excessive parasite attack or disease. An experiment
was carried out in which groups of larvae were first exposed to M. tenthred-
inis attack in cages and then reared under a series of constant temperatures.
The results are shown in Figure 12. Per cent hatch is higher at the lower
temperatures.

There is some evidence that per cent hatch is higher in larch
sawfly larvae collected in late August or early September (Muldrew 1953,
fig. 2).

A working hypothesis for this aspect of the probiem might be
that both the rate of encapsulation and the rate of embryonic development
of M. tenthredinis vary with itemperature. At higher temperatures the re-
lation between these rates is such that the capsule is sufficiently devel-
oped by the late germ band stage of embryonic development that further
devel opment. {d:rzal closure and succeeding stages) cannot proceed. As
temperature decrezses, the rate of encapsulation slows dowvn faster than
does the rate cf embryonic development and at low temperatures capsule
development is too slow to effectively inhibit embryonic development. A
study attempting to measure these two rates at various temperatures has not
yet been carried out.

Envirommental conditions may account for some of the variability
that occurs within the resistant straing but since encapsulation occurs only
exceedingly rarely in populations of the susceptible straing, and since the
envirormental conditions to which the susceptible and resistant strains are
exposed are roughly similar, the difference between the two strains seems
most likely to have a gernetic basis,

Concerning the quastion of whether the species of food plamt in-
fluences the resistance of the larch sawfly, there is considerable infor-
mation which shows that susceptible sawfly larvae remain susceptible when
reared on Manitoba tamarack foliage {from the egg to the mature larval
stage). The sources of these larvae have been: B. C. {from western larch);
Newfoundland (from eastern larchj: Pennsylvania (from a plantation of
Japanese larch) and from Bavaria (from Japanese or European larch). The
evidence also indicates that the larch sawfly present in central Canada
prior to 1938 was susceptible. With regard to the converse, namely whether
the immunity of resistant larch sawfly larvae changes when fed on a differ-
ent species of host plant, we have the evidence that the larch sawfly in-



-29 -

90°F-
4(8)
80°F
x(26)
W
- 3
2 70°F - x(29)
<
[- -4
2 .
s . x (60)
w
-
o 60°F~
Zz
o
< .
W
-4
°F
50 x (50)
40°F Y T Y T 1
Q 10 20 30 40 50

PER CENT HATCH

Figure 12.- Per cent hatch of M. tenthredinis eggs in resistant larch
sawfly in relation to rearing temperature following parasitization.

(Numbers in parentheses show numbers of parasitized hosts obtained
from rearings.)
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festing plantatioms of L. decidua Mill and L. sibirica Ledeb. at Indian
Head, Sask., since 195l has been found to be typically resistant.

Robert van den Bosch in a recent paper (196lL) describes a case
of host resistance by encapsulation very similar to the larch sawfly -
M. tenthredinis relationship, and proposes that the explanation "may lie
in the biochemical nature of the blood ... as influenced perhaps by
nutrition ... which in turn could influence the encapsulating capacities
of the populations". He points out that this explanation "does not in-
volve a geretically determined factor but rather factors in the external
enviromment.” In proposing this, van den Bosch is attempting to explain
why it is that in both his study and in the case of the larch sawfly in
B, C.; @ low incidence of encapsulation is found in the susoceptible pepu-
lations and yet, in spite of heavy selective pressure, there is no trend
toward greater expression of this advantageous characteristic in the
population over the ymars., In commenting on the possibility that the few
M. tenthredinis eggs found to be encapsulated in B. C. sawfly larvae might
have been nonviable or of such a nature that they incited the same encap-
sulating reaction as do "inert objects™ in B. C. larvae (which explanation
I believe to be the most probable) he states that this "is quite temuous
in light of the fact that Muldrew (1953) has found that apparently non-
viable eggs of M. tenthredinis are not encapsulated by P. erichsonii”.
On the top of page 320, however, where I referred to such eggs, I pointed
out that they were all found in hosts in which at least one living M. ten-
thredinis larva was present. This shows that B. C. sawfly larvae which
allowed a Mesoleius egg to hatch due to inability to encapsulate, also
could not encapsulate the supernumerary eggs that were killed by this
first larva to hatch, In addition there is considerable evidence showing
that the first M. temthredinis larva to hatch in those "resistant" hosts
in which the immunity reaction fails, often has a detrimental effect on the
haemccytes that form the capsules. In such hosts "dead capsules" are com-
monly found., These capsules are relatively opaque ard lack the gelatinous,
translucent appsarance of a living capsule, They had undoubtedly formed in
these hosts before on® of the eggs managed to hatch and were almost certainly
healthy and functioning until this ewvent occurred.

A point that should be kept in mind is that although there is con-
siderable evidence indicating that the characteristic of resistance to
M. tenthredinis was an important factor in enabling the resistant strain of
the larch sawfly to become dominant over a large area, particularly in the
early stages of the procass, this may not be the only difference involved
or even the most important. In the genetic study outlined above, an attempt
was made tc determine if such other differences existed; and measurements
were made of weight of cocoon plus enclosed larva, weight of larva only,
weight of cocoon only, width of head capsule of fifth-instar larva, fecun-
dity, viability of eggs, incidence of disease and other mortality during
larval rearing. Due to a high degree of variability in these characteris-
tics, largely due no doubt to envirommental differences during rearing ;, no
significant differences between clones that were originally designated as
"comparatively resistant' or 'comparatively susceptible! were found when
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measurements were made over a series of years., Most of these measure-
ments, however, were made on material originating from central Canada and,
as stated above (Table III), it was later concluded that all these clones
belonged to the resistant strain. Some of the clomss studied, however,
originated from Newfoundland and other areas where the susceptible larch
sawfly was known to occur and it was noted that some of the larch sawflies
received from these regions were larger than sawflies collected in central
Canada., For example the average weight of cocoon plus contained larva for
1,7 sawflies collected at Notre Dame Junction, Newfoundland, in 195} was
92.8 + .8 ng, and for 157 sawflies collected at Glenwood, Newfoundland, it
was 88.5 + .9 mg. The average weight of central Canadlan cocoons plus en-
closed sawflies is 75-8C mg. A third of 25 Newfoundland females caged for
oviposition deposited over 100 eggs; a figure that was encountered only
rarely with central Canadian females caged under similar conditions. Data
supplied by R, J. Heron indicate that mean fecundity values for various pop=-
ulations in Manitoba are usually within the range of 70 to 90, although
extreme values as high as 130 are occasionally recorded. Butcher (1951)
dissected adults reared in Minnesota in 1949-1950 and found a mode of

about 58 with a range from O to 9C but these estimates are probably low
by a factor of about 10% based con the assumption that he failed to account
for the development of soms of the immature oocytes during adult life.
Reeks (155} ) records that six adults collected in Nova Scotia in 1937, and
thus presumably the susceptible strain, deposited an average of 115 eggs
with & range of 60 we 206, rapar. 11955 dissected 23 adults reared from
cocaens collentad in the field in Minnesota in 1928 {and theiefore prebably
the susceptible strain) and found that 6 of the 23 contained over 100 eggs
with 2 maximam of 130, This evidenze thus imdicates that the superiority
of the ‘reszistant' larch sawfly does not lie in either larger size or greater
fecundity for, if anything, the susceptible strain appears to be superior in
these respects. There may, hcwever, be more subftle differences that are
more difficult to measure, such &s resistance to extremes of temperature,
floeding, disease, etc,

Reeks (195);) studied the parasitism of the larch sawfly in Nova
Scotia and New Brunswick during an outbreak that occurred from 1933=19)2
and concluded thhat the populaticns at that time were highly susceptiblej
encapsulation not being encountered in several thousand sawfiy larvae that
were dissecced sven though M. terthredinis was relatively abundant. The
larch sawfiy was very scarce in Nova Scotia until 1956 when an increase
occurred in paris of the scuthern and western counties alcng the coast,
Rearing of cocoon cellections each year since 1956 has revealed an effect-
ive parasitism by M., tenthredinis fluctuating between 8% and 27%; a rate
consicerably higher than the five per cent or less that is usually found
in central Canada. Prior to 1562 most of this material was reared at
Winnipeg so that the adults could be used for experimental purposes, Be-
tween 1958 and 1962, howsver, a total of 780 field-collectsd hosts had
been dissected and 1n the 80 larvae parasitized by M. tenthredinis that
were found in this group, none contained an encapsulated egg of this para-
site. The first encapsulated eggs were found in 1963 as shown in Table V.




Table V

Parasitism of Nova Scotian Larch Sawfly Larvaes by M. tenthredinis

1958-1962 1963 Breakdown of 1963 material 196, Breakdown of 196), material
material material acceording to region I material according Yo region
Three counties  Other Four counties: Cther
near Chigrecto  counties near Chignscto counties
No. of hosts
dissected 780 831 1,193
No,. parasit-
ized by M.
tenthredinis 80 156 LG 116 103 68 35
No, containing
encapsulated : :
eggs 0 37 27 10 56 53 3
Per cent con=
taining en-
capsulated
eggs - 2L% 67% 9% SL% 78% 9%
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The incidence of encapsulation was much higher in the three countries
near the Chignecto Isthmus (Cumberland, Colchester and Pictou) than in
the rest of the province both in 1963 and 196l irmdicating perhaps that
the main invasion of the resistant form has occurred through this
isthmus. In 196, the above three counties plus the county of Hants
were considered as a group for comparison with all other counties com-
bined.,

The populations in Nova Scotia appear to be composed of a
mixture of both the susceptible and resistant strains. CGoncerning the
1963 results =- in 22 locations all of the parasitized hosts found harbored
M. tenthredinis larvae only; in five locations all of the parasitized hosts
contained encapsulated eggs only, and in only four locations were both M.
tenthredinis larvae and encapsulated eggs found. In 196l the corresponding
nunbers of locations in each of these three categories was 15, 10 and 5
respectively., A mixture of encapsulated eggs and living larvae is what is
usually found in collections made in zentral Canada as shown in Table IV,
The data in Table IV refer to separate families of larvae whereas the Nova
Scotia data refer to coliections from specific locations, most of which are
probably composed of a mixture of individuals originating from different
families, If only separate families had been collected in Nova Scotia, the
separation intc 'all resistant' and 'all susceptible! categories would
probably be even more marked,

In New Brunswick the larch sawfly was not found during the
period 19i1 to 1958, Progressively larger numbers have been found
since then in scattered locations. From the material collested in 1962,
418 larvae were dissected and 8 were found %o be parasitized by M. ten-
thredinis., In 1963, 505 larvae were dissected and 12 had been attacked
by this parasite. All parasitized hosts contained encapsuiated eggs
only: the absence of living M. tenthredinis larvae probably being due to
small sampie size in addition tc a comparatively high incidence of resist-
ance, In 194}, 18 parasitized larvae were found in 323 hosts dissected.
Of these, 1, contained encapsulated eggs and L contained living parasite
larvae, giving a susceptibility rating of 22%.

The situation in New Brunswick and western Nova Scotia thus
appears to be similar to that postulated for central Canada;, namely; re-
sistant larch sawfly adults have invaded an area in which the residual
and presumably susceptible population was either absent or of negligible
importance. The resistant strain also appears to have invaded those
regions of Wova Scotia where the susceptible strain and also M. tenthred-
inis have been present in comparatively high numbers since 1957. An
- opportunity thus exists to determine, in the first reasonabiy well-defined
instance of this kind, if competition ¢ccurs between the two strains in
this region and whether the resistant strain will become dominant as postu-
lated by theory.
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Geographical Strains of M. tenthredinis

In 1959 studies were initiated to determine the extent to which
various M. tenthrediris populations in North America differed in their
ability to overcome or avoid encapsulation in 'resistant’ hosts, Various
combinations of larch sawfly and M. tenthredinis originating from Penn-
sylvania, Nova Scotia, Ontario, Manitoba and Saskatchewan were tested but
no marked differences between these parasites were detected, although an
insufficient number of parasitized hosts was obtained to differentiate
small differences that might exist.,

As part of a renewsd cooperative effort to obtain biological
control of the larch sawfly in North America, which is discussed in
section III of this report; M. tenthredinis adults collected in Europe
were shipped to Canada. mhe results of studies on this EBuropean material
are included here for purposes of continuity.

Ir. 1959, a few M, tenthredinis of Austrian origin were received
at Winnipeg and were used in cage experiments to parasitize resistant larch
sawfly from Manitoba. Dissections showed that over 90% of 8l parasitized
hosts were successfully parasitized. Larger numbers of Austrian and
Bavarian M. penthredinis were received in 1961 and 38 groups of resistant
host larvae originating from eishi loccations in Manitoba and Saskatchewan
were experimentally parasitized, Neo evidence of encapsulation was found
in 60% of thase groups and parasitism of 59 larvae in which eggs were
deposited was again approximately 90% successful, In controls parasit-
ized by Canadian M. tenthredinis the parasitism was 25% successful,

Studies on the Bavarian-Canadian and Austiian-Canadian reciprocal
crosses of M. tenthredinis showed a high degree of successfui parasitism
when the female parent was European (61 of 76 parasitized hosts in 1961 and
29 of 31 parasitizsed hosts in 1962} and a lower degree of successful para-
sitizm when the female parsnt was Canadian (13 of 3l parasitized hosts in
1962), Some evidence was obtained that the characteristic conferring greater
suzcesg in hatching was transmitied to female progeny from the male parent
in Bavarian male X Canadian female crosses,

Because of these promising results, Bavarian M. tenthredinis
were released nsar Riverton, Manitcba, in 1963 and in the Whiteshell Pro-
vincial Park in 196, Austrian M. tenthredinis received in 1963 were not
released because European workers had found encapsulated eggs in certain
Austrian larch sawfly populations but not in Bavarian populations.

immonds {1963} considers that "the most important facter ...
in the material liberated for biclcgical control (is) the maximum possible
genetic variability, from which, by natural selection in the given environ-
ment ; the most suitable sirain for that environment would be developed®,
The release of the Bavarian genotype of M. tenthredinis is an attempt to
increase the genetic variability of this parasite in Canada,
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The detection of whether the establishment of Bavarian M. tenth-
redinis has occurred is more difficult than for the other species of
parasites that have been released; since no way is known at present of dis-
tinguishing it morphoiogically, from the local populations of M. tenth-
redinis. It is assumed that establishment will be followed by an otherwise
1n5xp1icab1e increase in total parasitism by thisz species coupled with an
increase in the per cent hatch of the parasite eggs, The release point
chosen in 1963, near Riverton, Man., harbtored a comparatively high larch
sawfly population. Unfortunately, there were no past records showing effect=-
ive parasitism and per cemt hatch for M. tenthredinis for this particular
stands It was felt thai the benefits of releasing the parasites where there
was a plemtiful supply of hosts outweighed this disadvantage. Past records
were available for a stand seven miles to the east of the release point but
here larch sawfly density was low in 1963, These records, which were
gathered by Forest Insect Survey personnel, are as followss

1N O - 0 [ ] fand sY} - o et 5, I
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Per cenmt )Total 15,5 17,3 10,9 1.h 2.2 1,3 1.” 5,0 2.4 0.5 1.0 L,S 6.5 S.L
parasitizm) Effect-

by M. ten=) ive 2.5 L.3 2.9 G.0 2.2 0.0 1.2 1.3 0.8 0.0 2.5 2.0 4.9 2.9
thredinis )

Per e
hatsh 16 25 26
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10¢ G 100 33 33 0 S50 L 75 U5

(sampling was not carried out in the years omitted.)

The mean total parasitism by M. tenthredinis was 5.5%, the mean
effective parasitism was 1.8% and the mean per cent hatch was ;?% Some of
the high estimates for per cent haich for particular years zars due to small
sample size. Alsc, in years where the dissection was carried out by an in-
experienced technician, there may be a bias due to the ease with which
M, tenthredinis larvag can be found as compared to encapsulated eggs.

Table VI presents dissestion data for material collected at the
release plot and two check plots. Check plot #1 is approximately seven
miles east of the releass point and is in the same stand as is the plot from
which the F. I. S. data presented above were obtaired. Chesk plot #2 is
approximately 10 miles from the release point and 4.5 miles north of check
plot #1.
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Table VI

Results of study made to monitor effects of release of Bavarian
M. tenthredinis

Iocation | Year | No., of hosts Parasitism by M. tenthredinis
dissected Total Bffecsive” Per cent hatch

Release 1963 358 12,1% 5.8% L,8%

Plot 196i 223 8.9% L.b3 50%
Che ck 1963 89 9,0% 2.2% 25%

Plot #1 | 196L 89 L.S% 2.2% 50%
Check

Plot #2 | 1944 | 188 15.5% 7o1% W7

It zan be seen that berauss of the reiatively high wvalues of

M. temthredinis parasitism obtaired in the check plots no conclusion can
ye? be reached as to whether the release of the Bavarian strain has resulted
in an increased incidence of attack by this parasite. It is zonceivable,
although highly unlikely, that the Bavarian adults dispersed as far as the
sheck £lots in 1963 when over 3,000 ware released., In addiiion to the lack
of knowledge cencerning extent of dispersion, interpretation is hampered by
larck of iaformation on the density and.effectiveness of M, tenthredinis in
the reiease plot and check plot #2 prior to 1963. The history of parasitism
1n the releass plot in the Whiteshell Provincial Park is well documented and

nee "native! M. tenthredinis is wery scarce here, interpretation of the
effeﬂt of the 196l release should not be as diffizult.

Tt is poasibie that certain characteristics of the 3avarian para-
sites may be so unfavourabis in the Canadian emviromment as to outweigh the
large competitive sdwantage that should result from their greater effect-
iveness in parasitizing the resistant larch sawfiy. If the fawvourable genes
manage %o persist in the gene pool, however, a favourable ccmbination may
eventually be produced.

Eonclusions

(a) Nature of the immunity reaction

The weight of evidence zppsars to support the view that although
envirommental influences {temperature, quality of food, etc,) may affect the
incidence of encapsulation in the resistant straing the important difference
between the susceptible and resistant strains is a genetic cne. That this
difference may be very slight is indicated by the studies of Salt {1960,
1961 ;. He has proposed that the reactions of haemocytes to forejgn bodles
can be explaired in terms of surface characteristics and states that
fEvyidence has accumulated which seems t¢ show that most, if not all of the
imternal surfaces of an insect are coated with a substance laid on them by
the haemocytes... The surface thus applied to the organs and tissues does
not attract aggregations of haemocytes.® Salt carried out experiments ir
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which he altered the surface layer of larvae of the parasite Nemeritis canescens
which, when deposited naturally into their normal host Ephestia sericarium,
stimuiate no reaction. He immersed these larvae in variocus solutioms and

found that when they were tireated eriefly with fat solvemts; of which octans
was particuliarly efficient, and then injected into host larvze by means of an
artificial ovipositor, they were then encapsulatsd. He states that befors
injection, the treated eggs were washed far some hours in insect saline but

it is a moect point whether ail traces of the chemical were removed. The
parasite lervaze were not killed by the treatment and could be seen to move
inside the cepsules. He conclnded that thas removal of a lipid constituvent

from the surface of these parasites also removed the specifiz propsrties that
provided its immunity to the haemcayiic reaction of its hasst,

As 2 working hypethesis based on Salt's theory we might assume that
the adaptation of M. tenthredinis tc the larch sawfly lies in iis ability to
produce eggs whose surface conssituents 'mimic’® the constituents of the ine
ternal surfaces of the larch sawfly %o the extent that the larch sawfly haem-
ocytes cannot devect the differences in molecular comstructicn. For the pur-
pose of this iﬁ@LaSlOﬁ ws might set up the following categeriess

S = surfaze type of zusceptible lLarch sawfly larvae (more partﬁcuiar Y
probably the 1lipid constﬂtnenv of the inmternal surfaces).
- surface type of resisztant Larch sawfly larvae.
3 type o Bevardsn M. Ltenthiredinis egg {prebavly the Lipid
constituent on the external surface of the choria:‘
U = surfase type of Canadian M, fenihredinis egg.

=
%

= Sl land

o
.
!

i o

The following zzsumpiiocns sppear o be sensistent with the evidence collected
to date: (a) that the differentes uetwaer. 5, B, and C are such that the
hasmouytes of R reant to ¢ bab the hasmocyres of S do net, Thiszs implies that
the difference between B and © i5 greater than the difference betwsen & and
C. Thus the degrse of chemical difference between S and R would be directly
related %o ‘the weqwz'“raty of tbe h&ew cytea to detect minone chemical differ-
enies, <the zensitiviiy 12y ¢ ' © rebwean Deoand Selype hacunoe
cyteg. &an alilerna’ise nos;ibilitv %o consider is thal K and 5 are identicsal
byt the hcemovyte of R differ from those of S in that they have a greater
seneitivity to dstect minvie chemical differences beiween zuifasss; ({(b)

that B i3 more czlosely similar to R than C is and the reaction of the R Lype
heemocytes %o B s less than it is to C with a consequent lower degree of
encapsulation being manifestsd.

One possible approach %o this problem would be to remove the lipid
consvituents {rom the various surfaces invoived and analyze them by spectro-
photsmetric or other means to determirs il chemical differences can be de-
tected, Anutner and cerhaps simpler, approach would be to carefully sep-
arate the cherions from both Canadian and Bavarian M. tenthredinis emb”ycﬁ
and (after washing in & physiologicsl sclution) inject them into type R an
S hosis singly and in various combinations and compare the reactions of the
haemecytes to them.
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(b} Crigin of resistance

Workers who were involved in assessing the effects of M., tenthredinis
on the larch sawfly in Canada prior *o the appearance of the resistant larch
sawfly generally concluded that this parasite was an important factor in re-
ducing populations in certain regions and keeping them at a low level, Sporadic
outbreaks did occur, however, for example in Manitoba in 1924=27, and in Ontario
and Quebec in the late 1930's and early 19LO's, but these were not well studied
from the standpoint of parasitism znd it is unknown whethz=r M. tenthredinis
was present in:the localities where the outbreaks occurred, during the initial
stages at least, There is some evidence that the parasite was important in
bringing some of these infestations to a clogse but it may have spread into
these areas during the course of the outbreak. In other words it is possible
that these outbreaks of the presumably susceptible strain of the larch sawfly
were due to the fact that M. tenthredinis was not uniformly distributed
throughout the whole range of tamaraczk in America at this time. On the other
hand, outbreaks have occurred in areas where the susceptible larch sawfly and
M. tenthredinis have co-existed for a considersble period; for example; New-
foundland, parts of Nova Scotia and Idaho, An intensive study might reveal
reasons why M. tenthredinis cannct operate efficiently in these areas. In
spite of this adverse evidence, howsver, most of the facts seem to be consist-
ent with the postulation that prior %o 1938 the larch sawfly in America, with
the exesption of central Manitoba, waz susceptible to M, ternthredinis and that
a resistant form sppearsd in Manitoba which built up rapidiy after 1938 and
spread widely.

If these agsumptions are sscepted as walid, three hypotheses con-
cerning the origin of resistante o M, tenthredinls can be made:

Hypothesis I = that resistance has arisen by mutation indepewndently in
Canade and Burasia in many differert locations.

The implication here is tha’t this mabta*ion occurs at a particular
rate thal can be measured (as is commonly done for mutations in Drosophila,
etc.), I believe that the bulk of the evidence, particulariy thai provided
by the maps, is against this hypothesis., Moreover, if this hypothesis is
true, cme would expect that by now the resistant larch sawfiy would have
appeared in such regions as Newfoundland, Pernnsylvania, British Columbia,
Idaho, Bavaria, etc,, where the sawfly populations have remained highly or
completely susceptible for many years. The evidence concerning the infesta-
tions in plantations may also be cited., Populations from these plantations
that have been tested have been found to be resistani. Proponents of the
hypothesis that the larch sawfly has survived in these stands since estab-
lishmen% must also assume that the mutation conferring resistance has also
occurred in each stand, since the evidence indicates that the larch sawfly
that was present in Ceniral Canada when the small trees were =et out was the
susceptible strain,

Hypothesis 2 ~ that the resistant strain in Canada origimated by mutation
tut that this cccurred oniy once, apparentiy somewhere in Manitoba priar to

1935,
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Probably before we can estimate the likelihood of this we need to
know more about the process of inheritance in the larch sawfly. For example:
does a rare effective mating ever occur?; how dogenetic differences segre-
gate out in the process of auto-fertilization that occurs in the larch saw=-
fly?s 1is the encapsulating ability controlled by a single dominant gens or
by numerous polygenes with cumulative effects?3 ets. Various possibilities
to be considered ares (a) that the ability to encapsulate is due to a muta-
tion that occurs exceedingly rarely, {k) that the rate of mutation for this
characteristic is fairly high but that a special set of emwirommental con-
ditions mus% be present at the time it occurs in order for the resistant form
to become dominant, and (¢) that a ccmbiration of mutations must occur or be
brought together in the same individual in order for a resistamt strain to
develop.

The studies on the genetis aspects of this problem cited above were
without much success in obtaining answers %o the above questions., The main
difficulties were unconirolled envircnmental conditions and inability to ob-
tain a high incidence of attack for esach clome without coincident excessive
superparasitism and/or high mertality in many clones during the rearing from
egg to cocoon stage. In the early stages of the study some time was zpent
attempting to adapt the use of the artificial ovipositor developed by
G. Salt (21955) to this problem. M, tenthredinis eggs for injection purposes
were chtained hy disseniing them cu% of zusseptible larch sawfly hosts pre-
viously parasitized in cages buat insufficient work was done %c perfect the
teshnigue to the stage where it was certain that the adverse effects on both
the eggs and the host larvaze were s5light encugh to approximate normal para-
sitization, encapsulatizn, etec., In future studies on gemsti: aspects more
attention should be given to uhiliring this technique.

Hypothesis 3 - that the resistant sitrain of the larch sawfly in Canada is a
distinct variety that was imroduced into Manitoba at the time M, tenthred-
inis was liberated there in 1922=1$13,

The avparent spread of the resistant form from an epicenter as
shown by figures 2-f msy be taken a3z support for this hypothesis, There is
a strong resemblance %o other cases where the spread of animals definitely
known 4o be introdvced has been studied {vide Elton, 1958, pp. 22, 25, 53;
113, etc.). Tt may be argued, however, that a similar spread would occur
fsllowing the appearance of a mutation having a high selective advantage,
and although there appear +o be few examples of this in the i1iterature;
Kettlewell {1961} has stated that industrial melanics are characterized by
rapid spread.

The implications of this hypothesis are: {a) that the resistant
strain required a 25-year pericd (1913-1938) during which a slow process of
adaptation to the conditions of the new enviromment occurrsd that enabled
this strain to build up rapidly tc become the dominant form in central
Manitobas (b that the larch sawfly material collected in Great Britain
in the years 1910-1912 for parasiie release purposes was mainly the suscep-
tible strain but included some representatives of the resistant strain.
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This, in turn, implies that the susceptible strain had been present in
Great Britain for many years and was the dominant form (as indicated by
levels of successful parasitism by M. tenthredinis up to 80%) and that

the resistant form was a more recent introduction (Wardle noted a reduce
tion in the effectivenass of M. tenthredinis during his studies from 1910
to 1913 and Maw in 1955 fourd a total parasitism by M. tenthredinis of
S5L% but an effective parasitism of 39%); and (c; as a necessary con-
dition for the above that the two strains occurred in Europe at that time
and that the susceptible one (lowland strain?) was introduced at an early
date and the resistant (alpine form?) at a later date., Maw (1960) states
that larch trees from both alpine {Tyrol) and lowland sources had been in-
troduced into Britain before 1860, the year the larch sawfly was first re-
corded for Britain and, presumably, small trees from upland sources at
leasty; were being introduced in the early part of the present century.

Although the evidence at present js insufficient to choose be-
+ween these hypotheses with any great degree of certainty the following
argument appears to support the third hypothesis. If resistance is due
to a mutation az proposed in hypothesesz 1 and 2, one can aczept the sug-
gestion that it would become dominant fairly rapidly as a result of selec-
tion due %o Mesoleius pressure. In som® regions, however, this pressure
has bteen virtually of no importance for a considerable period of time and
there is as yet no indication that the susceptible larch sawfly is re-
plasing vhe resistant in these areas, It is difficult to see why the
resistant strain should remain dominsnt unless crs also postulates that other
motaticns alsc cocurred in Canada that endowed this strain with superiority
in osther charasteristics. It is easier to conceive thai an introduced strain
would be different f{rom the ‘native' one in a number of charaziteristics of
which resistance %o M. tenthredinis may be the most easily detected but not
nesessarily the most important.

Smallman (1963) in discussing the drawbagcks of chemical control and
the alternatives %o it stated that "there are grounds for supposing that as
we push the development of these alternatives ,,. we will encounter many of
the same difficuliies. For one thing amy method that threatens the exist-
ence of a population seems certain to meet resistance of some sort.” The
example of the resistance of the larch sawfly to M. tenthredinis does not
appear to provide strong evidence supporting the view that resistance to
perasiteoids will commonly arise with increasing use of these agents., In
most zases where insects have developed resistance to inseciicides the
genes conferring resistance were present in the population at a low level
prior to the use of the insecticide as part of the 'hidden genetic variz-
bility' ¢f the spscies and these genss increased rapidly in frequency due to
intensive selective pressure. A corollary of this is the usual decline in
frequency of these genes upon the removal of the pressure. In the case of
the larch sawfly it would seem that the resistant genes, whether they arose
by mutation or were introduced, were not widely distributed im Canada before
1938 and additionally, it appears that resistance persists in larch sawfly
populations even after the disappearance of the selective piressure.
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Since the resistant strain of the larch sawfly appears to be almost:
identical with the susceptible in its morphology, behavior, etc,, its intro- ~
duction into America, or its appearance there if due to a mutation; would not
be comparable to the inmtroduction of an organism that is a completely nesw
element. Since the resistant larch sawfly would have to comp¥ete with other
members of the ssme species its success can probably be considered to be a
legitimate case of 'evolution in action'. The evidence imdicates that the
competition between the two strains and the initial achievement of dominance
of the resistant strain occurred in a localized area following which there
was rapid dispersal and build up and in which competition did not appear to
play an important role, Perhaps a similar evolutionary process occurs more
commonly than is generally accepted when a strain (or perhaps even species)
replaces another over an extensive area.

III. ADDITIONAL SPECIES OF PARASITES RELEASED AGAINGT
THE LARCH SAWFLY

The biolegical control program against the larch sawfly entered a
new phase in 1957 when agreement on a cooperative effort was reached between
the Forest Entomology and Pathology Branch, Department of Forestry; the
Entomology Research Institute, Bell ville, and the Commonwealth Institute for
Biological Contrel., Surveys were begun in Europs in 1958 and ecological
. studies were started in 1959. Since 19609 material from overseas has been
shipped to Canada and the adult parasites have either been released or
studied in cages, Coliections have been made in Austria; Bavaria, Switzerland
and Japan, Alternate hosts harboring parasites or potential parasites of the
larch saw{ly have also been collected, The numbers of parasites released to
date are shown in Table VII.

Table VII

Additional parasites released in Manitoba since 1961

Locality and Numbers

Species Pins Falls Riverton (extept

where noted)
1961 1962 1963 196l

Ichnsumonidase

Mesoleius temthredinis 3,021 816
{Bavarian material) (Rennie,

Man,)
Holocremnus sp. nr. nematorum 21 217 2,155 39
(P.A.,
Sask, )

Hypamblys albopictus 21l
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Table VII (Concl.)

Locality and Numbers

Species Pine Falls Riverton (except
where noted)
1961 1962 1963 196L
Tachinidae
Hyalurgus lucidus 99 109 692 Lé2
Myxexoristops stolida 281 77 29
Vibrissina turrita 149 521

All of these parasites ﬁere obtained from Europe except Vibrissina
turrita, which came from Japan.

In addition to the above species; other parasites exist which
attack the larch sawfly in Europe and Japan. None of these have been
released. Those marked with an asterisk have been studied in cages in
Winnipeg.

Additional parasites of the larch sawfly not released

Europe: * Polyblastus tener
* Rhorus lapponicus
Trematopygus sp.
clytus ormatus
Eclytus exornatus
Ctenigzcus hofferi
* Eudiaborus pedatorius
Erromenus sp., nr., haemorrhoieus

Bessa selecia
Irittepiis klugii

Japan: ¥ Mesoleius sp.
Bessa sp. (fugax?)
Aptesis (Pleolophus) sp.
Drino gilva aurora
Mastrus sp.

studied in cages at Winnipeg

As Pschorn-Walcher (1963a) has pointed out, the parasite complex
in Europe is much richer than in America, there being half a dozen species
showing a relatively high degree of abwrdance and constancy. He concludes
that "without doubt the larch sawfly is not indigenous to the Nearctic Region
and must be considered an alien element®. He prefers the view, howsver, that
the
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larch sawfly entered America by the Bering bridge in the Pleistocene; its
rarity in Europe milita ting against the view that it was imported by settlers.

The tachinids have been obtaimed largely from the alternate hosts
rather than the larch sawfly. Some of these alternate hosts feed on species
of plants other than lLarix and it is a moot question whether these species of
parasites may not be Comprised of a number of biotypes having different prefer-
ences for the various species of plants on which they search for hosts. The
biotypes emerging from alternate hosts may leave the tamarack stands after
release in search of willow, alder, etc,

Only one of the recently imtroduced parasites is known to be estab-
lished at present. This is the ichneumonid Holocremnus sp. nr. nematorum.
ihis species is apparently almost completely specific to the larch sawfly in
Europe and has one generation per year on this host. It is reported to
attack the firs*- and second- and probably third-instar host larvae, The
size of the egg is stated to be slightly larger than the egg of M. tenthred-
inis which is approximately 0.8 mm. when deposited. For comparison purposes,
the larch sawfly egg (3 days after deposition) is approximately 1.3 mm. long
and the mean length of the first-instar larva is roughly 2.8 mm,

In Europe this parasite is usually second in importance to M. ten-
thredinis in terme of percentage parasitism of ths overwintering larvae,
being present in up to 20-30%. Its efficiency in Europe, however, is ad-
verseiy affected by the hyperparasite Mesochorus sp. nr. crassicrus Thomson.
This species deposits its eggs in the embryo or first instar larva of H. sp.
nr. nematorum. It has commonly been found attacking 40 to 70% of the H. SP.
nr, pematorum in Europe. The primary parasite may prove to be much more
efficient in Cangda than in Europe in the absence of this secondary parasite,

The data showing the re.ease and recovery records for H. sp. nre.
nematorum in Manitoba are presented in Table VIII,

Table VITI

Estimated number of adults of Holocremnus sp. nr.
remavorum following release

Rivertcn
at release point at study plet 580' away

Date Pine Falls

1961 (1589, 56¢

released;
1962 2 1529, 655 (released)
1983 351/azr {(1,2L59, $10d released) 353/acre
1561 675//acre 279/acre
1965 10,700/acre™ " 779/acre*®

*  (Number of small (parasitized) cocoons present in the fall of 196}) x mean

survivel in cocoon stage 1961 = 1963,
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It was found to be characteristic of larch sawflies parasitized by
H. sp. nr. nematorum that both the feeding larvae (in the fourth and fifth
stadia at least, and the cocoons are significantly smaller than they are for
non-parasitized larch sawflies (Muldrew and Turnock 1965). The weight of the
larvae removed from cocoons is smaller by a factor of about 50%:. There is a
tentative indication that Bessa harveyi, a native tachinid parasite, and M.
tenthredinis attack a smaller percentage of Holocremnlﬂ-parasitxzed?hosts
than non-Holscremnus-parasitized hests. The ab1l1ty of H. sp. nr. nematorum
to reduce the size of this host may thus be an adaptatlon to avoid competi-
tion with other parasite species. In Europe, cases of multiple parasitism
involving H. sp. nr. nematorum and M. tenthredinis occurred about three times
less commoniy than would be eypected if parasite attack by M. tenthredinis were
random (Pschorn-Walcher 1963},

There are indications that the Holocremnus population in Pine Falls,
at least; is entering an 'explosive' phase of growth, and the fact that there
are life-table piots; both here and to the southeast; for which there exists a
body of population data; collected over a ten=year period in some cases; makes
this a unique opportunity to study the impact of this imtroduced parasite.

The Forest Insect Survey of the Winnipeg Laboratory has als¢ initiated studies
to determine the rate of spread of this parasite and this should provide in-
formation that will enable the determination of the optimum distance between
releases pointe if future results indicate that a redistribution program would
be bereficial.

IV, BRICGECGRAPHY - THE PROBLEM OF H& ORIGIN OF THE LARCH SAWFLY
IN NORTH AMERICA

Characteristics of introduced speciesz

Meogt of the successful cases of biological comtrol that have been
achieved have been dirscted against organisms that have besn introduced into
a country through various trade chennels, etc. within histeric times. These
usually arrived without the natural enemiez that attack them in their native
home. Since, on empirical greunds, introduced pests offer the best chance of
success, it is important to be able to distinguish between introduced and
native species where this is in doubt. As Balch (1955) has written, "this
is essential if we are to attempt gensralizations about the epidemiology of
introduced versus native species®,

Clausen {1956) stated that most of the major pests of agricultural
crops in the United States are of foreign origin. A good many, if not most,
of the major pests of stored grain, forest trees and species of importance
in medical entomclogy are also known to be intrecduced. The difficulty in
deciding whether a particular species is exotic or native usually concerns
species that may have been introduced before the native fauna of the region
had been well studied. Some of the imtroduced species rapidiy became abund-
ant and widespread, while others remained scarce and localized in distribu-
tion. Some of the criteria suggested by various authors as characterizing
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introduced species apply to both of these categories while other criteria
apply to one or the other of the two groups.

(a) Criteria that apply to both groupss

(1) The spscies is identical morphologically, physiologically
and cytologically with a spezies belonging to another region of
the world or differs only very mimately.

(ii) There is evidence of a restricted center of origin in the new
region.

(iii) The species feeds on a host that was itself introduced.

(iv) The species is anomalous taxonomically, and in terms of
evolutionary history, with the native fauna.

(v) The species was not found in the new region in reasonably
thorcugh surveys made there prior to the date of first discovery.

(vi) The species has an incomplete or anomalous complex of natural
enemies, in particular of specific parasites, If natural enemies
brought from the suspected native home establish themselves readily
this provides additionai supporting evidence., Graham (1963, p. 2255
points out that this criterion does not apply to forms such as wood
borers, seed-infesting insests, etc.,, which normaily have few
ensmies.,

(vii) The species is most likely to find a niche in a simple eco-
system, Elton (1958) argues that simple ecosystems are more
vulnerable *o invasions than are the more complex ones, The
turdra is usually considered to be a simple ecosystem as compared
to the complex tropical rain forest. Tropical isiamds, however,
are usually low in numbers of indigenous species and have been
successfuily invaded many times, Crops, or other man-made mono-
Sulitures (orchards, tree-plantations, etc.,) can also be considered
to be simple ecosystems., The simplification is often increased
by intensive management. Certain introduced weed species thrive
where the soil is regularly broken by man but are unable to pene-
trate habitats having unbroken soil.

(viii) Species reproducing by thelytokous parthenogenesis are more
readily introduced than forms in which mating is obligatory, since
one incdividual can give rise to an infestation, the potential rate
of increase is high and there is not the ricik, during the initial
phase of imvasiong of extinction due to6 the failure of mating to
occur because of low population density.

(ix) Species reproducing by thelytokous parthenogensis show genstic
uniformity in the rew region since the populations are composed of
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pure linesy; each of which accumulztcs a complex of mutations differ-
ing from those of other lines. The difference is usually propor=-
tional to the duration of the period of separation between the popu=
lations in the new region and the country of origin,

All of these criteria except (iii) and perhaps (vii) apply to the
larch sawfly to a greater or lesser degree, although the analysis
of genetic uniformity in North America versus Eurasia and

also the cytological analysis on a world-wide basis have not been
thoroughly studied.

(b) Criteria that apply t» species that have flourished in the rew
regions

(1) The initial build up and spread of the immigrant is often of an
'explosive' nature. Elton (1958) states that when a species reaches
the 'flood! stage its movement is seldom absolutely checked except
by the matural limits of the enviromment. This high rate of increase
is usually attributed to an absenca of the restraints which exist in
the native home. Such imtroduced species are often scarce in the
country of origin: sometimes so rare that an intensive search must
be made to find the native home of an introduced pest., It is con-
2aivable that some pesiz now considered to be 'native! are in fact
species tnat were imtroduced at an early date and have not yet been
discovered in their true native home, With some of the early in-
vaders of foreign lands the explosive phase has been followed by a
decline to lower average densities amd to what ! ~gen termed a
'balanced' relationship (e.g., the Canadian wat. w%-:a, Elodea
zanadensis, in Britain). If the larch sawfly is an introduced
species this process may be occurring in North America as it seems

0 be less destructive now than it was near the turn of the cen-
LUy,

(13} Tre invader successfully competes with native species often
replacing them in the region invaded. Elton (1958) points out that
it is often difficult %c deiermine what happens here since replace-
ment sometimes seems to occur without direct interference or “when
one species decreases through pure ccincidence from independent
causes during the increase of the other,” Sometimes &n invading
species finds an ecolegical niche that is unocoupied by any similar
form, the end result being the addition of cne species to the faunal
list. Elton believes that the interior causes invoived in the pro-

- cess of replacement constitute the "single most important problem
underlying all the facts® given by him in his bock,
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(iii) The progressive enlargement of the range in the new region is
shown by the collection records. With some of the earlier intro-
duced speciesy collecting was not extensive encugh to demonstrate
this. The Hessian fly, for example, was introduced into America
from Europe prior to 1780. Anomalies are likely to be found with
species capable of comparatively rapid spread arnd also where
spread may have been unintentionally aided by the activities of
man,

Criteria (i) and (iii) apply to the larch sawfly. Concerning
criterion (ii), the initial introduction appears to have been the
filling of an unoccupied niche while the appearance of the resist=
ant strain as the dominant form may be an example of replacement.

(2) Criteria that apply to species restricted in numbers and range in
the new region:

Many of these species appear to have been introduced in ship's
ballast. Brown (1940) listed L7 species of Coleoptera, many of
which were probably introduced in this way and over half of which
still have restricted distributions near the coastal ports of
eastern North America. These L7 species all are widely distribu-
ted in Europe. This method of entry was extensively documented by
Iindroth {1957}, especially for the Carabidae,

(1} Species with 'immature' or 'urmatural' distributions, usually
near a coastal port. There appears to be no limitation imposed by
soil, vegetation type, slimate, etzs., preventing such species from
increasing their range,

(1) Species limited to open, dry (artificially dzaired) land in
and around poris, often surrourded by a differing vegetation
type (forest, marsh, etc,}, Lindroth (1957} terms such land the
culture steppe’.

(111) Synanthropic species restricted to the more densely populated
parts of the new region and thus occupying discontinuous ranges.

Origin of North American Larch Sawfly

There are three schools of thought on the origin of the larch
sawfly in North America: f{a) that it was accidentally introduced from
Europe probably sometime between 1800 and 18753 (b) that it entered
America via the Bering land bridge sometime between the Miccers of the
Tertiary, some 25 million years ago andthe final disappearance of the bridge
at the close of the last ice age of the Pleistocene, some 15,000 years ago,
or, alternatively that it crossed the Bering Strait by long distance dis-
persal in post-glacial times =< most likely during the period of the climatic
optimumg and (c) that there is insufficient evidence as yet to allow the
conclusion that either hypothesis is more probable than the other,
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In support of the hypothesis that the larch sawfly is a recently
introduced species it can be mentioned that during the period from at least
18L6 to the time of the discovery of the larch sawfly in America in 1880,
small European larch trees, approximately one foot high, were being
imported from Ergland by the thousands, without quarantine restrictions, and
planted in the New England region (Hough 1878). Larch sawfly cocoons, soms
harboring parasites, may have been present in the soil arcund the roots or
in the packing material,

Some of the larch sawfly outbreaks that ocaurred in Europe during
this period were:

Denmark - 1.827-293 1839-48 (a severe outbreak on the island of
Bornholm)

Sweden - 1835-7?7

Germany - 1835=)0 in the Holstein district; 1874 at Kiel

Rehder (1940, states that Larix sibirica ledeb. was introduced
into America in 1806 and L. leptolepis (Sieb. and Zucc.) Gord. in 1861. He
was unable to find the records for the first introduction of European larch,
L, decidua Mill., and he refers to it only as being 'long cultivated!' in
Americs,

The first authentis record of the larch sawfly in North America

was made by Prof, C. S. Sargent who found larvae on European larch at the
Arnold Arboretum, Massachusetts. Packard {1890) presents evidence that the
sawfly was also present in East Turner Maine; about 150 miles north of the

rnold Arboretun, inm 1880. The Arzunld Arboretum has occasionally been held
responsible for having brought the pest in, for example Strickland (193L)
states that "it was accidentally imported into the Arnold Arboretum®;
Fletcner {1906) stated “the larch sawfly was imported into Amerieca, probably
with trees sent %o the Harvard Arborstum and Botanic Garden at Cambridge,
Mass.", and Fyles {1907) believed the insect "was imported at Bosten in the
cocoon stage hidden in #he roots of young larch or spruce trees obtained from
Norway®, However, Dr. R. A, Howard, the present director of the Arboretum,
writes that the Arboretum could not have been responsible {pers. comm,).
Nurseries were first established about 1875, and L, decidua and L. sibirica
were first brought in as seed in 18623 L. lsptolepis as seed from a supplier
in Massachusetts in 1872, and Picea ahles as young plants from a supplier in
New Jersey in 1878.

Audubon (1926} is often quoted as having stated that an insect,
presumably the larch sawfly, destroyed tamarack in Maine early in the 19th
century, Drooz (1960) pointed out, however, that Audubon simply recorded
statements by a lumberman to the effect that a green caterpiilar, three-
quarters of an inch in length, not only killed tamarack but ¥spruces, pimes,
and other firs,” This insect referred to was probably the spruce budworm
since Swaine and Craighead (192l ) report that a spruce budworm outbreak of
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great intensity began in eastern North America about 1806. The only other
report indicating the possible presence of the larch sawfly in America

before 1880 is the hearsay evidence given by Jack (1887) whose father had
told him that about 1835 the tamarack woods near Chateauguay, Quebec,

"were entirely defoliated; and looked as though scorched by fire" and "it

was more rnioticeable at that time as there were large tracts of tamarack

forest that have now entirely disappeared." Grsham (1956}, studied the

ring pattern of large tamaracks growing in Michigan and concluded that
periods of defoliation, which he strongly suspected were due to larch sawfly
attack, occurred in addition to the periods 1906=1913 and 1917-=1929, during
the following periodss 1877-1885, 186L4-1867, 18L9-185L, 1835-18L1, 1819-1823,
1791-1799, 1781=1786, 1752=175L, 17L5~17L9 and 173L=1741. Nairn et al (1962),
however; concluded that growth reduction in tamarack due to insect attack
could not be differentiated from that due to other adverse factors, at least
in trees growing in Manitoba and Saskatchewan.,

Another approach to the problem is to examine the state of knowledge
of insects attacking larch prior to 1880. The following table gives the
spe~ies listed by Packard {1881}, their present names, the date of the
original description, an indication of their specificity and aa indication
of their average abundznce. The fignres in parntheses show the number of times
the Forest Insect Survey of Canada has collected the species from tamarack
{#rom Forest Lesidepitera of Canada Vols., 1-3) over a pericd of approximately
23 yearse,

In Packard's subsequent compiiation {1890), made after he and
othera had examined larch closely whilz studying the distribution and habits
#f the larch sawily, the following species were added to the iist: a sphimx
uaterplllar (probably Sphinx gordius Cram (37)); Orgyia amtiqua L. (1L8);

Orgyia leucostigma J. K. Smith (72,5 Platycerura furcilla Packard; Biston
cognataria Gn, \80,9 three Eupithecie spp.; uoeeophcra laricella Hubnerg
a Selandrie sp. (possibly Anop.onyX sp.?)s Neophasia menapa ©, & F, (on west-
ern tarch): Deadrochonus sp. |probably simplex s Hylesinus opaculus;
Tetranychus telarius; plus anA,patelz sp., seven unnamed gecmetrids and two
unnamed tortricids. The fact that the first four spescies listed in Table
IX were known at lezst 15 years before the larch sawfly was first dis-
covered in America signifies that this host tr=e had not been neglected by

entomologists during this period, Graham (1956) postulated from tree-ring

atudies that there were ten outbrsaks of the larch sawfly, in Michigan at
Zx,eaasi;‘9 that occurred before the severe outbreak at the turn of the century.
The cduration of these outbreaks averaged five years and the abundance of the
sawfly must have been high in order to produce the moderate to severe
defoliation necessary to reduce the growth of the tree. If the larch sawfly
was so prevalent in Michigan prior to 1880 ore would expect it to occur at
similar levels of density periodically in the other parts of the range of
tamarack. I%t seems highly unlikely that entomologists would miss this
species and yet find the much less nobticeable species listed in Table IX
Moreover, as Ccppei and Leius (1955) and others have pointed out, tamaracks
of large size were apparently common throughout the swamp areas before 1880
but are of rare occurrence at present, indicating perhaps that long-comtin-
ved growth is now being repressed by a rew element in their environment; the
larch sawfiy,




Table IX

Insects Known to Attack

larch Prior to 1880

Name in Packard (1881)

A R A T

Present Name

NPT, TSNP B P ST

Samia columbia (Caulfield) Hyalophora columbia Sm,

Lachnus laricifex Fitch

Chermes laricifolia Fitch

Tolype laricis Fitch

Bacles imperialis Hgbner

Lophyrus abietis Harris

Tomicus pini Leconte

Cinara laricifex Fitch

Sacchiphantes laricifolil Fitch

Tolype laricis Fitch

Eacles imperialis Drury

Neodiprion abietis (Harris)

Ips pini (say)

Year of original Speci-

description ficity Abundance
1865 Specific on Rare (1L)
tamarack
1859 Specific on Rarely abundant
tamarack enough to cause
noticeable injury
1859 Forms "pine- Occasionally common
apple galls" (but not conspic-
on spruce - uous) on larch
the young feed
on larch
1856  Many hosts but Rare (31)
probably
first des-
cribed from
larch
1773 Many hosts Not listed in
Lepidoptera of
Canada
1841 Karely found Not common on
on larch larch
1826 Pines and Hopping (Can. Ent.
spruces 96: 976) does not

list larch as a
host

-OS-



Table IX (concl.)

Name in Packard (1881)

e e

Year of original Speci-
Present Name & peci

Abundance

Loptocampa caryae Harris

Arctia quenselii
(found in Labrador)

description ficity
Halisidota carysze Harris 1841 Many hosts
Apantesis quenselii Paykull 1793 ?

Not collected from
larch by Canadian
Forest Insect Survey

Rare. (Apparently a
northern Holarctic
species) not listed
in Lepidoptera of
Canada

-"[S..
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The other main proposal concerning the origin of the larch sawfly
in North America is that it entered via the Bering Bridge. The difficulty
with the land-bridge hypothesis is that during the Pleistocene, according
to present evidence; the bridge only existed during times of maximum cold
when the sea level had dropped about 500 feet as a result of the transfer
of water from the cceans to the ice caps (Hopkins 1959)., The evidence from
pollen analysis (Colvinaux 1963, 196l;) shows that although the region was
unglaciated during the last ice age, only tundra vegetation grew on it.
Insects that feed on trees would thus have remained as isolated in the two
continents during the glacial periods as they were during the interglacials.
Tundra forms, however, could either cross the bridge and occupy a rnew region
or if they already occurred on both continents they could migrate onto the
bridge and exchange genes if reproductive barriers had not developed during
the period of isolation of the previous interglacial or perhaps longer
period. Gilmore (19L6) appears to have been the first to propose the hypa-
thesis that the only intercontinental migrants betwean Asia and America
during the Pleistocene were those species that occupied Beringia during the
Glacial Ages - when the species occurring in the contirental centers were
blocked by ice sheets. He suggested that "the four bridges of the Pleisto-
cene allowed only the survivors in the bridge area to gain access to the
other continent and to spread farther when the ice melted®. Some modern
forms with almost continuous holarctic distributions have "survived in the
refuges, z2nd have subsequently repopulated former ice-covered areas, and
have irecontacted their conmtinental populations with subsequent fertility'.
There are many species which have the greater part of their range south of
the tumdra but which can exist under tundra conditions, and presumably,
with these, periodic gene flow between the Asiatic and North American popu-
lations during the glacial periods was sufficient fo preven’: speciation from
ogecurring., Gilmore documented his case by a study of the Microtus popula-
tions of the Beringian region. Simpson (1947) comsidered Giimore's hypo-
thesis to be an interesting one hbut he cautioned that "many complicated
details remain to be worked out"., He referred to an extensive unpublished
manus3ript of Gilmore's on this subjezt but I have been unahie to find this
paper in the literaturs. Simpson's objections appear to be based mainly on
his conclusion that certain "non-=tundra™ animals apparently crossed the
bridge during the Pleistocene {Lagurus, Felis, Bison, Pitymys, Camelidae,
etc,) but one wonders whether these are actually Tertiary migrants for
which the fossil evidence is incomplete., On the basis of this evidence
Simpson concluded that the Bering land bridge persisted throughout the
early and middle Pleistocene and that the actual migrations were mainly
interglacial. However, the most northerly point at which Tertiary
terrestrial fossil vertebrates have been found is southern British Colum-
biaj the majority of such fossils in North America having been found in
Wyoming , Montana, etc, MacNeil, et al (1961) havz commented that "it is
as puzzling as it is lamentable that not even fragmentary remains of
terrestrial vertebraies have been found in the coal-b®=aring or other non-
marine deposits of Tertiary age, despite the seemingly favorable litho-
logic, character of the beds over large areas of Qlaska." Fossil inver-~
tebrates of the Tertiary are also virtually absent in this region although
fossil plants are commonly found.
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from Asia to America under present corditions is highly unlikely. During
the warmer periods of post-Wisconsin time; however, it appears that this
gap was greatly reduced. Pschorn-Walcher {pers. comm.) favors the view
that the larch sawfly crossed the Bering Strait at this time. He points
out that Frenzel's (1960) vegetaiion map for Siberia during the climatic
optimum period shows a larchecembran pine-~spruce taiga all around the
Chukotka Peninsula as far east as Cape Dezhneva and a 'forest tundra!'
with larch and even Alnus on the southern Nsw-Siberian Island at 73° N.
latitude., He also mentions that even in the peried of the Russian-
American Company, larch forests were still common at the mouth of the
Anadyr River, in an area which is pure tundra today; the forests having
been exterminated by man since then., The gap between larch in Siberia
and Alaska during the climatic optimum thus may not have bsen much wider
than the Bering Strait itself, If the larch sawfly occurred on Dahurian
larch in Siberia at this time, then dispersal to Alaska over a distance of
approximately 100 miles is certsiniy a possibility.

There is no evidence in the form of specimens showing that the
larch zawfly is present in the disjunct area of tamarack that is now present
in Alaska although verbal descriptions of an insect found feeding on these
trees in 196i correspond to the larch sawfly. If the larch sawfly is
present there, proponents of the hypothesis that the insect was introduced
into America dusing the 180C's must assume that the sawfly jumped the
approximatsly 20C-mile gap that separates this disjunct area from the main
area of tamsrack,

The existence of this disjunct area was one of the main reasons
for E, Hulten's {193?) proposal that tamarack survived the Wisconsin
glaciation both in the Bering refugium and south of the ice-sheet. He
proposed that spread has occurred from both refugia but the advancing
bcundaries have not yet met. I have been uynable to find amy report of
fossil wood or pollen indicating *he presence of Larix in the Bering
refugium during the Wisconsin ice age although J. C. Ritchie of the
University of Manitoba believes it may have surviwved there cn the basis
of the presence of associate species. I believe a fairly strong case can
be made that tamarack from refugia scuth of the ice followed cinse behind
the ice-shee! as ii retreated northwards aml spread into Alaska sometime
after the corridor between the Cordilleran and Laurentide ice=sheets
opened up about 12,000 years ago, and reached its most northwesterly
penetration during the ¢limatic optimum, Its range may have broken into
the present disjunct areas following the onset of colder climatic condi-
tions. The Larix in Alaska was originally placed in a separate species,
L. alaskensis Cﬁight 1907) but i% was later shown that the distinguish-
ing characteristics of this popuiation also occurred in the northerly
populations of L. laricina from Great Slave Lake, Lake Athabaska,
Churchill, Manitoba, etc,, indicating that it is a geographic variety
(Raup 947, p. 105).

Some wecrkers have proposed that the larch sawfly crossed to
North America before the ice ages of the Pleistocene. Throughout much of
the Tertiary the climate in the north was warmer than at present and a
forest similar to the boreal forest of today existed in the regions where
turdra now occurs. The Bering land bridge was at times a wide conmection
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about 1,000 miles from south to north and was well forested. The ranges of
the ancestors of many of the speciesg of plants and animals characteristic
of the taiga or boreal forest of today occupied ranges comprising portions
of both #vrasia and America. With the onset of colder conditions during
the Pliocene i.e., near the end of the Tertiary about 6 million years ago,
this biota migrated south resulting in the isolation of many conspecific
populations of lants and animals in the two contirments. It is believed
that the evolution of thsse populations along separate lines has resulted
in the multitude of "twin species" or "sister speciss® that occur in the
respective coniinents todsy. It is believed that the following arguments
will show that unless the larch sawfly has evolved exceptionally slowly,
the populations in Eurasia and North America would have achieved varietal,
if not specific, status by now if these populations had been isolated this

long,

At present the great majority of the species of tundra plants of
northwest Alaskz are also present in northeast Siberiay, but no tree species
are zommon tc both continents, Rausck {1963) has listed 21 species of
mammgls that are found on both coniinents., Eighteen of these are tundra
forms; two (the beaver and moose) are characteristic taiga forms but are
often fourd north of the tree iine, and one {Cervus elaphus, the wapiti
of America or red deer of Eurasia) is more scutherly but is considered by
many workers o be Two separate spsciez, The mes% northwesterly parit of
its present ranze in North America is in the Upper Liard River in British
Columbia bu% Murie (1951) has stated that "i% is certain that a wapiti
qnite similar to the living animals occupied inbsrior Alasks in the
FPleistocene., Churcher {1959) ana.ysed the dentition of the holarciic red
fox, Vulpes vulpes, and found a clinel gradation from Eurcpe across %o
eastern America with greater diffsrences occcurring between both the Euro-
pean and Siberian biotypes and the Alaskan and eastern American biotypes
than between the Siberian and Alaskan forms,

In a study of the fresh-water fishes of the Berirgian region,
Walters (1955) found that 20 species osccurred in northeast Siberia and 20
in northwest Alaska 2nd that 19 of these were common to both continents.
The minnow. Phoxinus phoxinus, occurred in Siberia only and the lake trout,
Salvelinus namaycush, occurred in Alaska only. These had apparently
migrated into these regions in post-glacial times. Walters concluded that
the 19 common species, with the possible exceptions of the hump-backed and
dog salmons which may have entered boeth contirents from the sea post-
glacially, survived the last glaciation on the Bering land bridge.

Ross {1956) discussed the evslution of mountain caddisflies.

He noted that some species have evolved very slowly being very simiiar to
forms found in Baltic amber {formed about Eocers times - L0 to 60 million
years agc)., However, in spite of the fact that extensive dispersal occur-
red between Asia and North America during the Tertiary, cnly ore living
species, Glecsszosoma intermedicm, is Helarctic, This species is not truly
montain, however; existing successfully in cold springs in flat country,
and i% is vndoubtedly this characteristiic that enabled it to cross the
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Bering bridge during the Pleistocene. Moore and Ross (1957}, in their
discussion of the genus Macrosteles in Illinois, state that "in the case
of living species of Holarctic distribution; it is reasonable to suppose
that each evolved in either Eurasia or North America and has spread into
the other continent during relatively regent time; mogt likely during .
tne last ice age. Otherwise; based upon what has happened in other
branches of the greup,; populations of these Holarctic species on the
different tonbtinents would have evoived into discreet entities by this
time,"

Acton {1962) haz approached %the problem through a study of the
bandin pattern of the giant chromosomes of Chironomus tentans Fabricius
which he believes te be ideally suited to a study of speciation since they
are not affected by environmental variables. The larvae of the Europsan
and North Americzan populations of this species are identical and the adults
differ only minubely but there are striking differences in chromosomal
banding patterns between the *we populations. An Alaskan population was
found *o resembie the Buropean cne. Acton suggests that the Alaskan pop-
ulation survived the 1zst glaciation in the Beringian refugium and the
North American population in the eastern United States and the gap has not
yet been closed. He states that "C. tentans may have reached America in
either the last interglacial period, about 130,000 years ago, or the one
befure that, between 250,000 and 420,000 yeers ago.® He %aggests that
the two groups are des tired to become full species and that it has taken
this long for them to reach the halfway point. Crosses betwesen the two
groups produced eggs that were almost all viable. One might argue with
his suggestion of an initerglacial xrossing, however, since he implies that
because of the weak flight, short 1life ana restricted hacitat of this
species, long=cdistance migration is unlikely. Unless a land bridge existed
during the last or next-to-last 1nterg1acla1, a crossing at this time
therefore seems improbable, The species, moreover, occurs at Churchill,
Manitoba, and thus appears capable of crossing during a glacial period.

The situwation is not so clear when the evidence from other
groups of imsects, smaller plants, etc., is examined. For example, Townes
(1963} discusses the ephialtine ichneumonids in this regard. He states
that the ranges of most of the species extend over two or three life zomes
(Merriam's}. In much of his discussion he considers only the zone occu=
vied by the northermmost representatives and here; of [ Archtic {"mostly
tundra®) species; 2 {504, are Holarzticg of 26 Hudsonlan (®transitional
spe,¢es 15 (58% are Holarcticy of 69 Canadian ("mostly *ziga®) species,

3 {23%, are Holiarctic and none of the 83 species hav1ng their northern
ilmlus gouth of the Canadian Zone are Holarctic, He alsc states; however,
that

A?\

“we may question whether the Rering Strait is even now an
important barrier to migration. In regard to ichneumenids,
probably it is not., One hundred kilometers is not a great
distance for an ichneumonid to fiy, if it has a good tail
wind; and so far as a species is common in the Bering area,
indivicduals will cross with scme regularity. At present the
Bering area is Hudsonian and Arctic in climate. A slight
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warming trend would bring the Canadian zone forests to the
straity and during a warmer interval, crossing of the
Nearchic sphialtine species thait range as far north as the
Canadian zore would be easy, sven without a land bridge.”

A similar situation occirs with respect to plants. H. J. Scoggan
in his Flora of Manitoba {1957) presents the following summary for'the 270
Manitoba plants, exclusive of 193 introduced species, that are circumpolar
(out of a tobal of 1,417 species:

1 Arctic circumpolar 96 ) 57%
2 (Arctic) subarstis circumpclar 58 ) T

3 Subarectic circumpolar 8L 31%
L (Subarctic) temperate cirsumpolar 23 9%
5 Temperate ¢ircumpolar 9 3%

Groups 1 and 2 extend north of the tree line; group 3 extends
north to the ncrthern limit of the Northern Conifer Forest or Hudsonian
Biotie Province; greups I and 5 extend north to the southern boundary of
the Northern Cocaifer Forest {group i differing in that it includes
southern Labradsr, Newfoundland ; and the northern parts of the western
provinces),

Gniiirowt (L960) discussed 105 nearctic species of Fanniinae of
rg I Seven of *hese latter ars cosmepolifan and prob-

o Hic,
ably introdeced; 27 occur in Alszsks and five oceur in other parts of North
Americza. The species that orour in Am$ska ars mainly forest inhabltanis
thot C i ;1 ;ﬁt in Euﬂdra, The .peﬁ"eﬁ groups
*h =iz are Lower
s

rine whether
a and Amerlca have existed unchanged
zaare has been a considerable degree of
) tne taxenomic criteria by which species

for long periocds o
ioagadéctanne disper: , O gt
are differeptiased are lesaz st ringent, i.2.,, species in these groups may
correspond to genera in other groupsg. Chillcott has pcointed out "that
spezies and speoies groups do net necessarily evolve at the same rate, and
2 group showing considerablie evolutionary divergence may have simply had a
higher mutatiorn rate or had more oppeortunities to divergs into new
ecological niches ..., Wha®t appear to be closely related spescies; because
of a lack of differentiating characters, may actually have diverged much
onger ago than postulated, and subsequently undergone a period of very
slcw evolution.” Omcdeo (1963‘ cempares the chronology of mammal evolu-
ticn with that of oligechaete evolution diagramatically as shown in Figure 13 .

Iy

13 i

{(a} *he conspecifi.
7
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Arctic plants are noitoriously plastic and Polunin (1955) suggests
this is due wo: (a) periodic isolation and remingling of populations during
the glacial and interglacial stages; (b) wide ecological amplitude of the
species and associated wide morphological variationg {c) multiplicity of
micro-habitats; and (d) frequent introgressive hybridizaticns due to contin-
ual disturbance of the arctic habitat. This great variation tends to blur
distinctions that probably have arisen due to long separation of populations
in various areas.
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Figure l3.= Chroncleogy of mamma’ls and terrestrial oligochaeta {after
Omodec , 1963)

The great plasticity of arctic plant species may also be due in
part to wind pollination. If pollen is transperted from North America to
Asia or vice versa then gene exchange may be sufficient to prevent specia-
tion from occurring in the two contirents. Polunin (1955) stated that
"even a single pollen grain finding its stigmatic billet in a millenium
might serve to establish a subspecies, genetically speaking, in an entirely
new region.” Cene exchange due to long-distance dispersal of plants and
seeds seems less likely. Dahl (1963) indicates that plant species adapted
to long-distance dispersal by wind comprise roughly 20% of the total species
in most North Atlantic assemblages and analysis shows that in the fAmphi-
Atlantic! element of these assemblages the anemochorous species are less
numerous in Iceland; Greenland, etc,, than would be expected as compared to
species having no adaptations for wind dispersal. D. Love (1963) concluded
that the distributions of only a small fraction of the plant species show-
ing North Atlantic disjunctions could be explained by wind- water- or
animal disperssl of plants and seeds over the present distances., She con-
cludes that "these plants ... must have com to the Atlantic islands over
land connections, or over a system of landmasses at considerably shorter
distances from each other than at present," probably in pre- or early-
Pleistocene time.

It thue appears that each group of animals and plants (Order,
Family, etc.) must be examined separately with respect to the prevalence
within the
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group of species having Holarctic distributions and the nature of these
distributions to determmine, for any given Holarctic species, whether its
distribution can be used as a c¢ritericn indicating the nature of its

origin in a particular region. The Tenthredinidae were recently examined
by Benscn (1962) who lists 13 sawfly species that are Holarctic (out of a
total of approximately 1,000 sawfly species that occur north of Mexico in
America)., Thirty two species are iisted as arctic or alpine and could
conceivably have crossed the Bering Bridge under tundra conditions. Most
of these species feed on Salix, Carex, Rumex, Vaccinium, etc, Seventy one
species are listed as circumboreal but about 25 of these also ocaur in
subarc%ic and arctic regions. This leaves about L6 species that might be
classed as "non-tundra" but of these 6 feed on Equisetums 5 on Graminaes;

3 on Salixs 2 on Alpus, etc., and it may be that if their distributions
were better known many might be found capable of existing under tundra con-
ditions, He lists only six Holarzstic sawfly species that feed on conifers:
the larch sawfly; three Siricids (Sirex cyaneus, Urocerus gigas flavie
cornis and Xeris spectrum’ [--because these feed in wood and are long lived
the chances that they are introduced specles seem fairly high} and two
xyelids (Xyela alpigens and X, ebu#ura;, The latter two species were dis-
cussed by Burdick (194L) under the names X. middlekauffi and X. pini. The
first is transcontinental and feads on many pines while “he second occurs
only in eastasrn America and has but one host = white pine. Considering the
total nvmber #f sawfliss that attack conifers in Eurasiz znd North America,
it wouid seem ithau if the Bering Bridge was ever forssied during the
Plaistocene or if Long-distance dispsrsal of forest species across the
Rering Strait has been an importsnt means of eniry to Ameriza =-= there-
zhould be a grester number of Holaraiic species of sawfliss thai feed on
conifers than there are, Pschorn Walzher (pers. comm. ), however, belisves
this argumens is »ot fully convincing since z numbar of the Holarctie
sawilies {e.g,, Pontania, Phyllecolpa and Buura) feed on Salix and other
shrubs which oceur side by side with larch in the Alps in an “association
that might be termed "forest tundrs¥ {intermediate between taigs and
tundra}. The implication thai “hese species are equivalemt to the larch
2awWwily in that they are resiricted io regions sovuth of the tree line may
not necessarily be true, hoae“’er£ and the point that remains for further
investigation 1s whether they alzo exist in the tundra of the Beringian
region where larch is absent.

The rate of evolutlion in *he various groups of organisms under
discussion iz basic to the problem of whether populations of a given
species could have survived since the Tertiary in completely isolated
regions and still remain conspecific. It has already been mentiomed that
some insect species found in Baltic amber (ants, caddisflies, etc,) are
very similar to forms living today imdicating almost no evolutionary
change for approximately S0 million years. Evidence indicating such long
periods of stability, however, is not provided by studies on animal popu-
lations that have remained disjunct over this length of time. From
studies on long-standing disjunctions made on many groups of insects, in-
cluding Neodiprion sawflies, Ross (1962) came to the conclusion that

35,000 to 50,000 years was sufficient time for distinctive sister species
of 1nsects to evolve in isolated habitats. Zimmerman (196C) presents
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evidence tnat five species of obligate feeders on the introduced banzsna

in Hawaii evoclwved from endemic species of the pyraustid Hedylepta within

the course of i,00C years. It may be that populations of certain boreal
forest species on the two continents have remained conspecific during

per ods up Lo five million years but if true, these must be rare cases,
Pertinent in this regerd is the stavement of Carter (1961} that "ihe
shability or instabiliity of envirommental conditions is the most import-

ant fa~tor in the comtrol of the ra2%e of evolution” and the boreal

forest has certainly veen an unstable enviromment during the last million
years. It has long been known {Gray 1885 ° Danseresun 1957, v. 24) that
certain plant species ocour in boilr sagtern Asia and eastern North Americag
the sepalabed populatlins heving rémeined similar for 15 to 20 million years
without exchanglng genes, These are 3ll declduous forest =pyesies, however,
aad thig Loyt has prcbably been a more stable Lloms than has “he taiga.
The absenyy of bree speciesz in tuls groop =zemg paradoxizal in view of the
coniusion of pafiue moteniches that! zome exdisting spesies [of Pinus, Quercus,
eta2,; are aimost identicsl with spexies of Mioccers times | Stebbins 1950; 521,
551). As with insesis, £033%1 evidancte indicates slower evolution than does
evidence from disjunctionaz, Possibly the species known as fessils ¢id not
have a Helarstic diﬂ‘;r* hbution in Mivzars us.mes. Examples of comparatively
rapid swolation of plants are also knowni 1ia the gemus Cr egig active
evoivbion of new, highly specizlized spemles has been going <n throughout

the Pleiztnzene 213 Pensnh apozhs Babaosk 1947). Stebbime {1550) believes
that "glyer seliec m 3 fores2 ashing at tosly maximam iuaer 1%y » a normal rate
of mubtation, sznd the possibility of o a.:zonel hybridizsbicn ... 2 new spscles

0000 20uid evolive in )3 to 100 geunerations,’

In the casze of the larch sawfly, bwr species of its parasites
Tritneptis klugii (Ratz.) and Eslytes ornatus Helmgr. whish ozcur in both
Edarope and Aeriza ¢3d noi zshlews their present distribution as a result
of deliberate iuntredustions by man. Thsre is evidance alsc that Mssoleius
tenthredinis may have been in Americs before the earliest releases of this
species wers made inm 1910 {Appendix 1)}, To be conzistent, if one rejects
the hypothesis *that the larch sawfly was imbroduesd by man, ome must zlso
reject it for these paragites, and mast then postulate that all thrse or
four of thess insects have existed mamanged in both Burasis and North
America for at lesast the last few million ymars. ince eash such inetancs
appears to be of rare <courrsncs Lhls seems less probablie than the hypothesgis
that they were 211 accidentally introduced. The larch sswfly, however may have
been able %c crogs “he Bering Strait by long-distance dispessal when Larix in
both Siberia and Alaska grew north of present irea.-lines. OCwvuld these para-
sites alse have crosszed at that time? T, klugii must spend a good part of its
adult life searching far host cecconms in mose or soil and it is diffisult to
imagine this small insext dispersing over great distances. The latisr com-
ment , however, can alsc be made in relation Ic the hypothesis that T, klugii
has spﬂead across North America within the last hundred years or se, It was
found west of the Roskies #&ix ymars before the larch sewfly was first found
thers, The host in Idaho and Moantzna was a species of sawiliy feaciing on
lodgepole pine {probably Neodiprion burkei or N. nannulus conbortae), Ope
may speculate that the parasite transferred from the larch sawfly G0 this
host in western Albertz where the ranges of tamarack and lodgspcole
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pire overlap, thus facilitating its spread through the Rockies. The
following list presents the year of first collection for various local-
itities (based on data from Peck (1963) and Gahan {1938;..

Year Locality Host Insect

1883 Maine Larch sawfly

1885 Quebec Larch sawfly

1910 Minnesota Larch sawfly

1911 Ontario Larch sawfly

1923 (probably Lake States) HNeodiprion pratti banksianae

192l Idaho A sawfly on lodgepole pine

1926 Montana A sawfly on lodgepole pine

193k Oregon Unnamed host on Tsuga hetero-
phylla

- (probably Neodiprion tsugae)

1935 British Columbia Larch sawfly

1935 Oregon Neodiprion tsugae

1957 California Neodiprion abietis complex

{white-fir sawfly)

The comment made by Nairn et al (1962) in relation to the larch sawfly may
also apply to T, klugii but t with less force, namely: %The argument that
the appareni westward spread of this insect may be largely a reflection.of
increasing observation and entomological interest may have some validity
with respect o regions in northwestern Canada ... but is less convincing
with respe2t to southern areas of the western provinces, Careful study

of the natural history of this region by eminent observers and entomolo-
gists ... is a matter of record and it may be assumed that this insect
would hardly have escaped notice had it occurred in abundance.®

T, klugii has not been feound in England and *this may be an
indication that, if it was intrcduced from Europe, it came in with larch
sawfly material origimating from the continent. On the other hand pro-
porents of an entxy via the Bering bridge mlght cite this as evidence
supporting their case., Pschorn Wazlcher {psrz. comm,) believes it may
have entered thus under tundra conditions., He writes that "cocoon para-
sites are gererally not very specific and Nematid sawflies feeding on
Awarf willows, Vaccinium, Carex, etc. may have served as hosts for
Tritneptis and may have allowed this parasite to cross the bridge step
by step rather than by flight across an open strait.” It remains for
further investigation to determine whether T. klugii actually does para-=
sitize hosts that occur in the tundra. -

Concerning Eclytus ornatus, the distributional evidence is in
favor of its being a species that has been introduced from Europe., It
is fairly common in Newfoundland, Nova Scotia, New Brunswick and eastern
Quebezr: rare in Ontario and virtually absent west of Ontaric., To fit
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this case to the hypothesis of entry via the Bering Bridge one must speculate
that it survived the Wisconsin ice age only in a refugium along the Atlantic
seaboard and has spread westward extremely slowly during the last 12,000
years. Another possibility, however, is that the larch sawfly (and T.
klugii?) entered via the Bering Bridge whereas E, ornatus was recently
introduced from Europe. These problems could perhaps be solved by research
along morphological and cytological lines to determine if clines exist.

A finmal point for discussion concerns the suggestion that has
occasionally been made that perhaps man may have been instrumental in
transporting the larch sawfly across the tundra of the Bering Bridge in the
form of cocoons hidden in moss. Sphagnum moss may have been used then, as
it is today amongst the indigenous peoples, for such purposes as a substi-
tute for baby diapers, etc. The Wisconsin ice age was cqmposed of two
glacial stadia separated by an interstadial period. This can be roughly
illustrated as follwws:

h

Tenmp.

} i
80, U00 60,000 L0 ,000 20,000 9
Years before present

Hopkins et al {1965) state that sea level rose during the interstadial and
the Bering Strait may have been open., The evidence indicates that the ice
sheet was continuous across- »c»;:.ﬁ}. ‘m2rica only during the glacial stadia.
Man apparently crossed the Bering Bridge during the first glacial stadium
and dispersed southward with the opening of a corridor through what is now
western Alberta about 50,000 years ago. A few traces of his presence
dating back to 37,000 years ago have been found in Texas and Nevada. With
the closing of the corridor about 30,000 years ago a culture developed in
the Alaskan part of Beringia characterized by the fluted "Cliovis™ project-
ile points. This culture was based on the hunting of big-game animals
(mammoth, etc, ) and apparently developed in situ with little or no influ-
ence from Asian sources (Mason 1962, VYance Haynes 196)). With the re-
opening of the corridor along' the foothills of the Rockies about ‘12,000
years ago these people dispersed rapidly and occupied almost the entire
United States in less than 1,000 years. Mason believes that the adapta-
tion to big-game hunting "resulted in the opening up to man of the varied
envirorments oi the New World ... He was formed by his envirorment; but
that section of his enviromment with which he was in closest articulation
was mobile --- he had onlyto follow it". Giddings (1960) states that the
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archeology of Beringia "refusss to divulge the short term sites of people
on the move ... It shows rather the slowly changing record of several
groups of indigenous hunters and fisherman .... whose interests were as
local as the shores and river bans on which they dwelt ... We nesed not
give up the search for evidence of the migration of small bands;, or even
of uneasy hordes; yet the emphasis can be for a time, on the cultural
stability of a Bering Strait which is a centre, rather than a way station
of circumpolar ideas."

Even if Larix did exist in the Beringian refugium during the
glacial stadia its range would probably be reduced in comparison to its:
present range since glaciers occupied considerable areas in the mountain-
ous regions and vast portions of the lowlands were covered by a deep layer
of windblown silt (loess). Thus the transportation of infested sphagnum
or other moss from the range of Larix in Siberia to that in Alaska seems
unlikely, It is possible, however, that Larix grew farther north. than at
present in the glacial periods. According to Goradkov (in Berg 1950) trees
die in the tundra not from winter frosts but as a result of evaporation in
summer, since little moisture reaches the shoots by way of the root
system from the very cold soil. It may be that moister summers than now
prevailed in Beringia during the glacial periods. Goradkov also states,
however, that forest vegetation in the tundra avoids areas where-there is
permanently frozen soil and this was probably more extensive during the
glacial periods than at present in the Beringian region.
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APPENDIX I

Evidence of the possible presence of M. ténthredinis iﬁ North
America prior to 1910

The following evidence is not conclusive proof of the presence
of this parasi%e in America pric¢r to 1910 but in sum it is probably
sufficient to cast a reasonable doubt on the assertion that M. tenthred-
igig'was first introduced here in 19103

(a) Lintner (1889) reared a small sample of larch sawfly coccons collected
at Cherry Valley, New York State. Following the completion of adult emerg-
ence he opened the remaining cocoons and found in addition to some dead
larch sawflies "a pdle yellow=green pupa of a large ichneumon fly within

a slight inner cocoon', He believed this to be a Pimpla but this genus

has not been recorded as a parasite of the larch sawfly and it seems
certain that this was not tae correct identification. Experience has shown
that parasites of the larch sawfly that spin a thin cocoon inside that of
the host, .other than M. tenthredinis, have not been commonly fourd in North
America.

(b) Fletcher {1885) studied the larch sawfly during a visit to Dalhousie,
New Brunswick, 4n 188L. He mentions that he found Podisus modestus des-
troying the larvae and "two other species of insects harassing them; ...

a larger Hempiteron and a species of Ichneumon fly about half an inch
long, black, with red legs.”™ Although there are; in addition to M. ten-
thredinis, undoubtedly numerous ichneumons of this size and colorat10n9

it is very uncommon for forms like this, other than M. tenthredinis, to be
observed actually harassing larch sawfly larvae,

{c) S. A, Granam {1956) states that in his work in Itasca Park, Minnesota,
in 191L some parasites were reared from cocoons. These were apparently
destroyed by fire while in storage but he recalled that some ichngumonids
were reared. He also stated (pers. comm., letter of Sept. 6, 1963) that "as
I recall there were some specimens of about the size and appearance of M.
tenthredinis. I suspect that the parasite may have been present ; but no
one will know for sure.®™ If it was present, it seems highly unlikely it
could have had its origin in the releases of English material made in
Quebec, Ontario and Michigan in 1910 and 1911 or in Manitoba in 1912 and
1913, Griddle (1928) found no M. tenthredinis present in the cocoons he
collected at the release point i{n Manitoba in 191L.

(d) Happing, Leach and Morgan {1945) presented evidence, obtained from
the rearing of about 7,000 cocoons indicating that M. tenthredinis was
not present in British Columbla in 1933. In 193k, 393 JJ and 280 2%

M. tenthredinis were liberated near Fernie, B. C. In 1935, 1,157 Jd
and 815 ¥ were liberated there. Dowden (1937) reported the recovery
of M. tenthredinis from larch sawfly cocoons collected in 1935 along the
north fork of the Flathead River in northern Montana and stated that it
was present "in appreciable numbers.® This infestation was part of the
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one that was present in B, C. and the collection point was only LO miles
from Fernie but .it seems certain that the M. tenthredinis found in Montana
cannot be derived from the releases made in B. C. Even though a few adults
may have dispersed LO miles in 1934 it is highly unlikely they could have
built up to "appreciable numbers" in one year. I believe it is possible
that the parasite may have spread westward from Manitoba following the
1912-1913 releases there, perhaps crossing the Rockies shortly after its
host accomplished this (assuming it did). No populations west of Winnipeg
were examined for parasitism during this period. Graham (1931), however,
found that the parasite had spread eastward at least 200 miles by 1928.

If M. tenthredinis was present in North America prior to 1910 it
may have been accidentally introduced with the larch sawfly during the 19th
Century and, conceivably, it could have spread with its host across the
continent as Eclytus ornatus appears to be spreading nows;even though it
apparently did not reach high levels of abundance. There is certainly a
good deal of evidence to indicate that the releases made during 1910-191)L
and the intra-continental transfers made thereafter were highly effective.
Perhaps a superior strain was introduced at that time. Alternatively, some
workers may prefer the explanation that both the host and M. tenthredinis
have existed in North America for at least several thousands of years.
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