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Evolutionary Trends in the Subsocial Sawflies Belonging to the
Neodiprion abietis Complex (Hymenoptera: Tenthredinoidea)

GERD KNERER AND CARL EDMUND ATVVOOD

Department of Zoology, University of Toronto, Toronto 181, Ontario, Canada

SYNOPSIS. Populations of the Neodiprion abietis complex occur on firs and spruces in
North America. A distinct western population on white fir differs greatly in appear-
ance from the four eastern strains, of which two feed on balsam fir and one each on
black and white spruce, respectively. Differences in developmental rates, larval survival
on the various food plants, and host selection by the females supply the isolating
mechanisms between the strains in the field. All populations cross-mated freely in the
laboratory, and the resulting hybrids indicate the transmission of several morphologi-
cal and physiological characters. It is speculated that the ancestral line of the complex
fed on pine before a jump to spruce and then to balsam was made.

INTRODUCTION

A sawfly that "attacked in swarms" many
of the ornamental "fir-trees" in Massachu-
setts was described by Harris (1841) as
Lophyrus abietis. It is now difficult to es-
tablish whether Harris meant balsam fir or
the more commonly cultivated spruces
and he obviously included Neodiprion
nanulus Schedl in this description since he
found "the same insects or some very
much like them . . . on the leaves of the
pitch pine also." Felt (1905) illustrates the
same N. nanulus larvae as Lophyrus abie-
tis on hard pine and adds to the confusion
by crediting this "species" with two gener-
ations per year and also observing it with
yellowish heads, "very abundantly on
white cedar." It seems that N. abbottii can
account for the extra generation, whereas
Monoctenus whose only food plants are
Thuja and Juniperus undoubtedly is the
cause of the second error, since no pine-
feeding or spruce-feeding diprionid will
accept Thuja as a food plant.

MacGillivary transferred Lophyrus abie-
tis to the genus Diprion in 1916 and two
years later it finally became Neodiprion
abietis (Rohwer, 1918). Just which biolog-
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ical unit should come under this name is
still uncertain, and this situation was
reflected by Ross's (1955) grouping of this
assembly into "the Neodiprion abietis
complex" which included forms reared
from Abies, Picea, Tsuga, and Pseudo-
tsuga.

Infestations attributed to this complex
have been recorded over the years on bal-
sam fir (Abies balsamea [L.] Mill.), pitch
pine (Pinus rigida, Mill.), "hardpine"
(=pitch pine), jack pine (P. banksiana
Lamb.), white pine (P. strobus L.), white
spruce (Picea glauca [Moench.] Voss),
black spruce (P. mariana [Mill.] B.S.P.),
white cedar (Thuja occidentalis L.) and
white fir (Abies concolor [Gord. and
Glend.] Lindl.) (Struble, 1957; Bird,
1929). Outbreaks have been reported from
the prairie provinces of Canada t'o the
Atlantic and from Northern Ontario to
New Jersey and Missouri (Bird, 1929).
Parts of California from Modoc County to
Fresno County were infested by the white
fir sawfly in 1953 and 1954 (Struble, 1957).

The following account confines itiself to
populations having one generation per
year and eggs that overwinter on the tree.
The black headed larvae feed on either fir
(Abies, spp.) or spruce (Picea, spp.).

SOURCE OF MATERIAL AND REARING METHODS

This study entailed the collection of
thousands of eggs and larvae from many
locations and from a variety of plant hosts.
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408 GERD KNERER AND CARL EDMUND ATWOOD

The main collections which were used for
experiments and later bred in the labora-
tory are listed below:

Early Balsam strain: Barrie, Ont., May
1965; Ottawa Valley, Ont., March 1968,
March and May 1970, May 1971; Toronto,
Ont., May 1970, January and April 1971.
Late Balsam strain: Bancroft area, Ont..
June 1965; Minden area, Ont., June 1968
and 1970; Spry Bay, N.S., July 1967, 1970.

Black Spruce strain: Winnipeg area,
Man., May 1964; Spry Bay, N.S., July,
1967, 1970.

White Spruce strain: Innisfail, Alberta,
June 1968, May 1970; Spry Bay, N.S., July
1970.

White Fir strain: Knox Mountain, Cali-
fornia, May and June 1971.

Newly hatched larvae were transferred
to glass containers with fresh foliage and
kept under daily observation. Moults, mor-
tality, and feeding patterns were recorded,
while the foliage was changed at appropri-
ate intervals. Cocoons were kept singly in
shell vials placed in plywood boards.
Emergence of adults was noted daily and
the insects were either preserved or used
for breeding experiment. For that purpose
females were hand mated with males and
placed on suitable foliage on the same day.
Larger populations were introduced onto
caged trees and mating and egg-laying pro-
ceeded naturally. The eggs remained on
these trees at least until January, at which
point the embryos resumed their develop-
ment when brought into the laboratory.
Potted trees sheathed in plastic bags were
used in the last few years for mating and
oviposition and then left in a coldroom at
3-5°C for two months to break the dia-
pause of the eggs. Newly hatched larvae
were tested for food choice by placing
them in the middle of a petri dish in
which the cut leaves of the test plants were
arranged like the spokes of a wheel on
moist filter paper. Larvae brought in from
outbreak conditions often showed a high
mortality caused by parasitoids and dis-
eases, whereas laboratory reared material
was virtually free from this type of catas-
trophe.

DIAGNOSIS OF FOOD PLANT RACES

Many collections of sawflies from a vari-
ety of firs and spruces have been made
over the last thirty years and over 100,000
larvae were reared in pursuit of the biolo-
gical information presented below. All too
often the samples were too small or the
material in too poor health to be of value
for a detailed study. This was unfortunate-
ly true of larvae collected from alpine fir
in British Columbia, which gave rise to
minute adults which were very much diff-
erent from all other strains observed be-
fore. A collection from Engelmann's
spruce, also from B.C., however, did not
seem to differ from the white spruce mate-
rial brought from Alberta. No additional
information was secured on N. deleoni
Ross, a western species reared from Abies
grandis (Ross, 1955). The bulk of the in-
sects investigated came from balsam fir,
white fir, white spruce, and black spruce.

Of these trees, Abies bahamea has the
greatest distribution range across the
northern latitudes of the continent. In On-
tario and the provinces east to the Atlantic
seaboard, occasional defoliation of this tree
by sawflies has been reported but there is
little evidence so far that the western sec-
tion of Canada is subject to similar attacks.
Populations there have mostly been on
spruces.

The most common population in south-
ern Ontario consists of blackish larvae
(Figs. 9, 13) which make their practically
simultaneous appearance in early spring
and leave the trees about the end of June
to spin a cocoon in or near the ground
(Fig. 1). The adults of this "early balsam
strain" are present in July and the females
lay their eggs mostly in needles on
branches near the tops of fairly mature
trees. The rusty brown tops of these trees
in summer are characteristic of an attack
by this strain, since the skeletonizing of
the leaves by the larvae causes their subse-
quent discoloration on drying. Most popu-
lations studied were rather uniform in
morphological and physiological respects,
but one isolated unit at the southernmost
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FIGS. 1-4. Comparative hatching (striped) and
adult emergence (solid) of different strains. The
eggs were left in field cages until mid-January and

edge of the host's range at Toronto showed
an unusually distinct striped larval pat-
tern and greater fecundity in the females
(Fig. 5).

A much rarer population was found
near Bancroft and Minden, Ontario, which
shared the same trees with the early bal-
sam strain, from which it could easily be
distinguished. The hatching of its larvae
was late in spring and occurred over a
period of several weeks, and first, second,
and third instars of this "late balsam
strain" were found feeding side by side on

brought to the laboratory at the same time to
ensure identical treatment.

July 20, 1970 (Fig. 2). The larvae of the
early balsam strain had at that time left
the foliage and the partly eaten leaves had
turned brown. The larvae of the late bal-
sam strain showed distinct dark stripes on
a light green background and were more
robust than their darker colored relatives
(Figs. 10, 14). The eggs were scattered
throughout the crowns of the trees and
even smaller trees were frequently at-
tacked. The fully fed larvae descended to
the ground in August, and the eonymph
spent some time in the cocoon before turn-
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FIGS. 5-8. Mean size and oocyte count of various
strains and hybrids. FIG. 5. Distribution of seven
populations and their regression curve. FIG. 6. In-
termediate parameters are shown by the hybrids of
the early balsam X late balsam strains, but
"hybrid vigour" is expressed by crosses of late

ing into an adult in September or October.
A distinct population of the late balsam

strain was found in Nova Scotia in July
1968 and again in the same month in 1970.
The periods of larval hatching and adult
emergence were the longest of any strain
studied and are probably adaptations to
the maritime climate, permitting the fe-
males to carry on egg laying into the late
fall (Fig. 3). Its prompt mating and ovi-
positing behavior made this strain by far
the most suitable for laboratory rearing.

Populations on white spruce are widely
distributed from east to west and occur at

balsam X black spruce strains (dark line indicates
female contribution to the cross) . FIG. 7. Hybrid
measurements from crosses of the white spruce X
both balsam strains. FIG. 8. Back-cross of the "su-
per-hybrids" with late balsam males and two other
hybrid females with white spruce males.

times in epidemic numbers. Wind breaks
of white and European spruce are favorite
targets of this strain in Alberta, Saskatche-
wan, and Manitoba (Bird, 1929). The lar-
val hatching and adult emergence of the
"white spruce strain" in the west resembles
that of the late balsam strain in Ontario,
whereas the Nova Scotia population on
white spruce shows much longer develop-
ment times and falls between those of the
black spruce strain and late balsam strain
of Nova Scotia (Figs. 3, 4). There are
other similarities; the color pattern of the
large mature larvae shows the same dis-
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SUBSOCIAL SAWFLY EVOLUTION 411

FIGS. 9-12. Larval feeding pattern of four N. abie-
lis strains on jack pine. FIG. 9. Dark larvae of the
early balsam strain skeletonizing the foliage.
FIG. 10. A similar feeding pattern is shown by the

striped larvae of the late balsam strain. FIG. 11.
"Whole-leaf" feeding by larvae of the white fir
strain. Fig. 12. "Whole-leaf" feeding by larvae of
the white spruce strain.
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FIGS. 13, 11. Skeletonizing o£ spnirt' needles by unite spruce strain cm balsam fir foliage,
larvae of the early and the late balsam strain, FIG. 16. Larvae of the white fir sawHy on its nor-
respt'itiwly. FIG. 1">. Dead first instars of the mal host. Abies concolor.
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SUBSOCIAL SAWFLY EVOLUTION 413

tinct stripes and the adults are almost in-
distinguishable in all these strains (Fig.
12). The females also distribute eggs
throughout the tree crowns, and are com-
monly found on small trees even in shade
under larger ones. All these egg distribu-
tion patterns may break down in epidem-
ics.

Populations on black spruce in Manito-
ba and Nova Scotia resembled those on
white spruce in both larvae and adults but
both spruce strains in the West differed in
their developmental times from the popu-
lations studied in Nova Scotia (Fig. 4).

Pacific populations are not as well
studied at the present although the white
fir sawfiy has attracted some attention by
its outbreaks on mature stands and Christ-
mas tree plantations. Both adults differ
markedly from the eastern strains; the fe-
males by their bright green abdomens in
life and the males by their long, feathery
antennae. The larvae hatch early in spring
and are dark gray in the first few instars
but develop distinct stripes later (Fig. 16).
Eggs are laid on small as well as on large
trees and severe outbreaks resulted in com-
plete defoliation of large tracts of white fir
in California (Struble, 1957). The early
hatching and development of the larvae are
followed by a nymphal diapause of several
months or a full year in the cocoon before
the adults fly in October or November.
The insects thereby escape the intense
heat of the summer and encounter more
favorable weather for mating and egg lay-
ing in late fall.

HOST SPECIFICITY AND LARVAL SURVIVAL

Separation of the various genetic units
outlined above is difficult on morphologi-
cal grounds alone with the larvae and im-
possible if only the adults are available for
examination. Nevertheless, three main
fractions can easily be recognized. The
white fir populations and the early balsam
strain are both very distinct and differ
from a third group that includes the two
spruce strains and the late balsam strain.
This state of affairs appears taxonomically

less than satisfactory but the inclusion of
nonphenetic and biological criteria clearly
delineate these "half completed" species
and indicate some of the evolutionary
mechanisms acting upon the systems.

The purity of monophagous insect races
depends on the reluctance of the females
to lay their eggs on anything but the spe-
cific host. Such a behavior pattern is rein-
forced if the resulting larvae show poor
survival on any but the usual food plant.
Experiments with newly emerged N. abie-
tis females of different strains showed that
selection for the "right" tree was very rigo-
rous if the insects were given a choice of
two or more hosts. Results differed from
one strain to the next if the choice was
removed in another set of experiments.
The white fir sawfly, for example, accepted
the unfamiliar balsam fir as an oviposi-
tion site, and the larvae hatched after the
young tree had been subjected to a period
in the coldroom. Other strains were less
likely to lay on the "wrong" host and the
spruce strain females appeared to damage
the balsam needles to such an extent that
insertion of an egg became practically im-
possible. The strictest host specificity was
demonstrated by the sympatric populations
from Nova Scotia. The branches of the
balsam fir interlaced with those of black
and white spruce but no oviposition mis-
takes by females of the three strains were
observed in the field. Experimental tests
confirmed the impression that the females
would die with their full egg complement
unless they were given the appropriate fol-
iage.

The oviposition site is of great impor-
tance to the larva of the various Ar. abietis
strains since they do not do equally well on
all trees and are too small to move readily
to another host. It is, therefore, of interest
that food preference of the young larvae
did not always coincide with the choice
their mothers had made a few months ear-
lier.

In a series of ten experiments, newly
hatched larvae of the early balsam strain
were offered the choice of freshly cut nee-
dles of balsam fir and white spruce. After
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414 GERD KNERER AND CARL EDMUND ATWOOD

24 hr, 38 spruce leaves and only 27 balsam
leaves showed feeding scars. Balsam fir,
however, was preferred in a similar experi-
ment over black spruce by a ratio of 32:14
and was 2 1/2 times more attractive than
jack pine. The white spruce strain rejected
balsam fir completely when one of the
spruces was present and preferred white
spruce over black spruce by a ratio of 35:5.

The choice of the spruce strains and
the white fir strains is naturally limited by
the inability of the larvae to feed on the
balsam fir successfully. The larval food se-
lection thereby reflects not only a taste
preference but also becomes a matter of
life and death if these larvae make a
wrong choice. This contrasts sharply with
the two balsam strains which were found
to thrive on balsam fir, white fir, white
spruce, black spruce, jack pine, and to a
lesser extent, on red pine. The spruce
strains could handle only jack pine in ad-
dition to the spruces, whereas the white fir
sawfly showed very high mortality on jack
pine, otherwise a generally acceptable food
for this complex. Every attempt to rear
larvae of the spruce strains or the white fir
strain on balsam failed. The newly
hatched larvae formed apparently normal
feeding aggregations, skeletonized the
leaves for several days but later wandered
all over the foliage and finally died before
molting into the second instar (Fig. 15).
Older larvae transferred to balsam fir foli-
age at first fed intermittently, then wan-
dered in the container, getting smaller all
the time. The oldest individuals some-
times molted into small prepupae and gave
rise to a tiny adult, but more often, larvae
would waste away until they finally died.

A physiological difference between the
balsam strains and the other strains allows
the former to assimilate a food known to
be rich in terpenes and other organic sub-
stances which could protect the plant
against many would-be predators. In an
experiment, these active ingredients were
extracted from macerated balsam leaves by
a series of organic solvents and imparted
the same protection to the spruce foliage
when sprayed onto the leaves.

It appears that these substances are not
evenly distributed in the balsam leaves but
are concentrated in the core of the nee-
dles. The larvae of the balsam strains seem
to have adjusted to this by evolving a
unique feeding method. The usual feeding
pattern of Neodiprion spp., is to consume
the entire leaf except for a short stump.
This is how the two spruce strains and the
white fir sawfly attack the foliage (Figs. 11,
12). Both balsam strains, however, strip
the outer layers from the needle, killing
them and resulting in a characteristic rusty
color. This feeding pattern must be ad-
vantageous enough to have been incorpo-
rated into the behavior repertoire of these
strains since "stripping" of the leaves is not
only elicited by the unpleasant terpenoids
in the center of the balsam leaves, but any
other suitable foliage is consumed in an
identical way (Figs. 9, 10, 13, 14).

HYBRIDIZATION EXPERIMENTS

The genetic control of the larval feeding
pattern and other traits became more ap-
parent by massive crossbreeding of the var-
ious strains. Rather surprisingly, all crosses
gave viable offspring and it was even pos-
sible to mate the hybrid females from one
cross with the males of a third strain. The
F2 females of such a combination did not
show abnormalities despite harboring a
genetic assortment from very diverse
sources.

Several traits were obviously dominant
and carried by one or a few genes. This
was shown to be true for the darker larval
color of the early balsam strain which was
passed on to the Ft generation in all
crosses in which this strain participated
(Figs. 17, 19, 20). Equally strong was the
transmission of the "whole leaf feeding"
pattern so prevalent in the spruce strains
and the white fir strain (Figs. 18, 19, 21,
23). All hybrids between the balsam strains
and the spruce strains ate the needles of
jack pine and the spruce in this manner
but changed to skeletonizing of the leaves
when transferred to balsam fir (Figs. 20,
22, 24). The pattern was revealed once
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SUBSOCIAL SAWFLY EVOLUTION 413

FIG. 17. Larvae of the early balsam strain $ X
late balsam strain $ cross. FIG. 18. Hybrid larvae
from the late balsam strain $ X black spruce
strain $ cross. FIGS. 19, 20. Hybrids of the white

spruce strain $ X early balsam strain $ cross;
the larvae on spruce (left) and on balsam
(right) are the same age and had been transferred
to their respective foliage as first instars.
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FIGS. 21, 22. Hybrid larvae of the late balsam
strain $ X white spruce strain £ cross; whole
leaf feeding on spruce (left) and skeletoni/ing on

balsam (right; . FIGS. 23, 24. A similar experi-
ment with the progeny of the black spruce strain
$ X late balsam strain £ .
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more when the larvae were again placed on
the original spruce foliage.

Some other traits became intermediate
in the hybrids. Hatching and emergence
times fell almost exactly between those of
both parents when the early balsam strain
was crossed with the late balsam strain.
Hybrids derived from the early balsam
strain and the spruce strains behaved in a
similar manner as did the progeny of such
an unlikely combination as that between
the Nova Scotia late balsam strain and the
California white fir sawfly. The results
were hardly affected by a reversal of the
sexes in any of these crosses mentioned.
The same was not true for the hybrids
coming from a union of the late balsam
strain with the black spruce strain. In
these experiments, the sex of the contrib-
uting strain was of great importance since
the hatching and emergence times of the
hybrids were so different from one another
that they left those of both parents in an
intermediate position. Other oddities in
these hybrids concerned body size and
fecundity, which generally were under pol-
ygenic control in the crosses, resulting in
an intermediate position from that of the
parents (Figs. 5-8). But here they exceed-
ed both their parents in size and in fecun-
dity and actually dwarfed all other strains
in both parameters (Fig. 6). The excep-
tional values were not retained in the back
crosses in which all the individuals pro-
duced resembled the smaller parent (Fig.
8).

Some of the most interesting aspects of
these experiments concerned the different
survival rates of the various hybrids on
balsam fir. The lowest survival (5-25%) oc-
curred in the spruce X early balsam strain
crosses, especially when the latter con-
tributed the female. A slightly better sur-
vival (25-33%) was shown by the hybrid
larvae of the white fir sawfly X the late
balsam strain, a rate which was almost
doubled by the most successful combina-
tion of a spruce strain with the late balsam
strain (about 50%). The results of the
experiments were often very uneven be-
cause of the delicate nature of the larvae

which often responded dramatically to
minimal differences in the quality of the
host.

EMERGENCE OF NEW GENETIC UNITS

The pine-feeding nature of most Di-
prionidae convinced Ross (1955) that the
ancestors of the Ar. abietis line fed on
Pinns before becoming established first on
Abies and later on Tsuga, Pseudotsnga and
Picea. Our survival experiments support
the pine-feeding origin of this assembly
but favor Picea as the host to which the
initial jump was made before the most
specialized strains evolved on Abies. Evolu-
tionary experimentation is obviously con-
tinuing in this very active group where
colonization of new hosts and modification
of different developmental times supply
the spatial and temporal isolating mecha-
nisms. Both mechanisms not only account
for the food plant races but go a long way
in explaining the many subpopulations of
each strain. Larval hatching and adult
emergence times may have evolved as
adaptations to regional climates: the white
fir sawfly avoids the hot Californian sum-
mer by a combination of a fast larval de-
velopment and an extremely late adult
emergence, whereas the late balsam strains
of Ontario and Nova Scotia reflect a con-
tinental and maritime climate respectively
in their remarkably different developmen-
tal times. But other selection pressures can
work on the life cycles of these insects even
more decisively. The two balsam strains
in Ontario have reduced competition for
resources by the virtual elimination of
overlap in the larval and adult stages, and
the same process seems to be at work in
the more complex situation encountered in
Nova Scotia, where the larvae of the three
Ar. abietis strains hatch at approximately
the same time, feed on three different but
intermingling hosts, and give rise to adults
of identical appearance that emerge at
slightly different seasons.

The typically disjunct distribution of
members of this group does not encourage
gene exchange on a large scale among sim-
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ilar populations, and this must have made
possible the many genetic subunits ob-
served. Hybridization experiments indi-
cated that a single dominant mutation in
either sex and resulting in a suitable
preadaptation could establish a new homo-
geneous population which could thrive for
many years in the right environment or
disappear quickly under adverse condi-
tions. Such an innovation could be a
greater fecundity as the one noticed in the
isolated early balsam strain population
near Toronto, but it could also be a slight
difference in the developmental times
which seems to be controlled by a few
genes also. Such a change could cause the
new line to get out of synchrony with the
critical flight period of the parent popula-
tion and form a new entity. This process,
once under way, could subsequently add
more isolating mechanisms to form two
very distinct strains on the same host, but
would more often stop when initial isola-
tion was less than perfect and the new
mutants got swamped and absorbed by the
original population.

The most interesting speculation con-
cerns the colonization of Abies by a pine-
feeding or spruce-feeding ancestor. Acci-
dental invasion of new hosts occurs in all
plant feeding insects and the process some-
times results in the adoption of a new food
plant by a preadapted form or an intro-
duced species (Thorpe, 1930). The N. abi-

etis line jumped to fir on at least three
different occasions, but it was the defense
mechanism of Abies balsamea which re-
quired the greatest preadaptations. The
early balsam strain must have changed to
the new host a long time ago and evolved
into a distinct unit in almost every respect.
The late balsam strain's appearance and
physiology, on the other hand, betrays its
more recent origin from the spruce strains.
One must assume that both balsam strains
were formed by mutant spruce popula-
tions after many attempts. Although barely
surviving initially, the new lines were
ecologically separate immediately from the
parent populations and could then suc-
cessfully evolve into the highly adapted
balsam strains as we know them today.
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