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A CONTRIBUTION TO THE MORPHOLOGY AND BIOLOGY
OF INSECT GALLS.

By A. CosENs, M.A.

life histories. sSme of thTth^ricrLi'?'"''%'"^°^^^ '" ^^'^
a« crystallued in the popTr n^Zj^Ti [T^ '^r'^^'^^^
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investigators that in reality the host does derive benefit from the ab-
normal swellmg smce it has been the means of restricting the ravages of
the parasite to a limited area.

^ have confined the subject-matter of this research to the Zooceddia
mcludmg the Insecta and Arachnida. In the Insecta the following orders
are dealt with-Hemiptera, Lepidoptera, Diptera and Hymenoptera.
INo attempt has been made to treat any one order exhaustively, but the
work was restricted to the living gall material at hand. As a preliminary
to the botanical work, several seasons were spent in rearing the producersm order that unquestioned identification could be assured of the various
forms studied.

Concerning the anatomy of our American galls, the only work done
previous to this is that by Cook,« -vho must be considered the pioneer
in this branch of the subject. The anatomical studies pursued are con-
sidered important as forming a foundation for deductions

The recent investigations of Weidel« on the eariy developmental
stages of Neuroterus have added valuable data to the ontogenetic work
It IS exceedingly necessary that some of the American species should be
worked out in the same manner, but before this can be done with assurance
of success, an American Adler must settle the questions concerning the
alternate generations of our native forms.

Special attention has been paid to the Sawfly and Lepidopterous
galls, since the anatomy of the former has hitherto not been dealt
with at all and the ontogeny only very inadequately. The latter have
also been neglected to neariy the same extent. The order Diptera and
the family Cynipidae have presented the most interesting biological
phenomena, notably concerning the feeding habits and the nature of the
gall-producmg stimulus, two factors that are closely parallel if not in-
deed identical in these two sections of the gall producers.

With the exception of Pachypsylla ceUidis-mamma Riley all the
matenal was collected in the vicinity of Toronto. It was fixed in picro-
subhrnate or Flemming's weaker fluid and cut in series in paraffin or
celloidin. A double stain of safranin and hajmatoxylin was invariably
used. '

The investigations described in this paper were carried on in the
Botanical Uboratories of the University of Toronto under the super-
vision of Prof. J. H. Faull, who suggested the subject and to whom I
wish to acknowledge my indebtedness for invaluable criticism and as-
s^tance throughout. To Dr. C. D. Howe I wish to express my obli-
gations for direction in the physiological experiments. My thanks are
also due to Mr. W. A McCubbin, M.A., for valuable assistance in the
photography and to Mr. J. H. White. M.A., for normal material.
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Order Acarina.

The following species are described in this section :

—

Older Acarina.

Fam. Eriophyidx.

Eriophyes Sp. {Fagus grandifolia Ehrh.)
Eriophyes querci. (Quercus macrocarpa Michx.)
Eriophyes Sp. {Acer negundo L.)

Eriophyes Sp. (Populus grandidentata Michx.)
Eriophyes Sp. {Populus tremuloides Michx.)
Eriophyes Sp. {Prunus nigra Ait.)

Eriophyes abnormis. {Tilia americana L.)

Eriophyes serotina Beut. {Prunus serotina Ehrh.)
The numbers referred to are from "A Catalogue of the Phytoptid

Galls of North America," by George H. Chadwick, ayrd Report of the
State Entomologist, New York State Museum, 1907.

Eriophyes Sp.

Chadwick's No. 65
Host Fagus grandifolia Ehrh.

This gall occurs on the under side of the leaves of the host plant.
It is an erineum, white and frost-like at first, turning to a brown colour
at a later stage.

The anatomical structure of the interior of the leaf remains per-
fectly normal, the effect of the stimulation being confined to the epider-
mis. This produces a large number of unicellular, capitate hairs, re-
sembling miniature mushrooms, the resemblance to which is the more
striking since the stalks of the hairs are bulbous at the base, as shown
in Fig. 3. The hairs on the normal leaf are long, acicular and unicellular.
As this gall is produced with no increase in the number of cells in the leaf,

anatomically it stands as a simple type of "hypertrophy", the remaining
forms all exhibit the more advanced phenomenon of cell proliferation.

Eriophyes querci (Garman).
Chadwick's No. iia

Host Quercus macrocarpa Michx.
In this gall, which is of the "dimple" type, the depression is on the

under and the elevation on the upper side of the leaf. The hollow is

filled with a dense mass of brown pubescence. In rare cases the elevation
is on the under side of the leaf, when the pubescence then covers it.

The leaf blade in this case has become of nearly twice the normal
thickness. This has resulted from cell division which has occurred in

the tissues of both the palisade and the spongy parenchyma, producing
a compact mass of undifferentiated cells, entirely without intervening air
spaces. This tissue is shown in Fig. 6.
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!«.
^* •P'*'*™'? •>" responded to the stimulation by produdne manylong, accular unicellular hairs, which are narrowed at theS^S

celUdar and accular on its reproductive axis. The same feature is true

Th& rZ ^^^'^''' »"d in all probability of the other oik,

LvLl^". .^ * "'"*.' '^' °o^ of the production of a new type oftnchome, but of a reversion.

Eriophyes Sp.

Chadwick's No. 2
Host i4cer negundo L.

pubiLti""''
*''"'''*' °" *^' ""''" "*** °^ **** '*^'' ^'*^ ^* * ''•»"*«

much "thf u ^!ll K
'" *^,^P'-*«*1'"8 «I^««. the leaf blade has been very

Tr^ rirc?
• I

proliferation in the mesophyll. The cells produced

sLaln"'
'"

k"
"*

*4!? "l**""*
^'^^ '^'"^ ^^ ^ those of the normalspongy parenchyma. The hairs produced in this case not infrequentlyinsist of from 2 to 3 cells which are very much convoluted. They arewell sho»^ m F.g 4. The hairs on the normal leaf of the host are straightor only very slightly curved, but the glandular, convoluted type of hair

t^'-^t
inflorescence. Both the normal and abnormalhairs arecomposed of the same number of cells.

Eriophyes Sp.

Chadwick's No. 84
Host Populus grandidentata Michx.

the itf Ttf'""^]^- ^"u
'"'*'' "** '°"^*^* P*'^ °° the upper surface of

.ton dark ^! ^ " '"'* ^""^ "''°^^' "^*^ *^« ""*«"*» "^ the depres-

The cells produced by the palisade parenchyma can be distinguishedn thu. case from those arising from the spongy parenchyma Theformer are almost square m outline and placed in two very regular rows•mmedmely below the upper epidermis, and parallel wit?" Thistissue can be seen m Fig. 2. The latter constitute a tissue made up ocells which are circular to elliptical in outline. These cells are much•mailer than those produced by the palisade layer. The outgro""hsfrom the lower epidermis described in various waysL trichomes.Se.
Tow^r^nS

"^ '';°1"''^ ^^ " complicated folding, in which only tSkwer epidermis and the spongy parenchyma participate, as shown in

A cross section of the gall shows a number of vascular strands, butm my opinion the gall-produdng stimulus only enlarges the vSns thatare already pre«nt in the normal leaf; it doe. nTJriginate a spldavawrular system for the gall.
"peaai
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Eriophyes Sp.

Chadwick's No. 88.
Chadwick considers this form, first described by Jarvis - the same

Ler sfd^ec/th ^^ /'t'?" '^ ^'"^^^^^^'^^ ^y a depres^ioron th

Host Populus tremuloides Michx.
A dimple gall with the elevation on the under surface of the leaf.

uTe foW-MTt
" * ^^ T ^''"" '^"" '•'^ surrounding normal leaf and

Slour
^"^^ concavity are greenish-yellow or reddish in

,r^Jl
d«a'"8 *ith the anatomical structure it is to be noted that the

oC^'J^""?^"^ ^'"' '" "^'^ ^^^ remained normal. The folds areproduced m the same manner as in the ^.ceding species, except that in

?h.Ir " ?.^V^^' '""^'"^^ '^''' ""''«'8«^« ^' folding processThe nature of this folding can be seen in Fig. i

.

Eriophyes Sp.

Chadwick's No. 93.
Host Prunus nigra Ait.

f«un^/*^
""''** elongated pouch gall, greenish or whitish in colour,found cr the upper side of the leaf with the opening on the under side.

Dlet.Vv -.^""J "^f'T" °^ '^"^ "°""^' mesophyll have been com-pletely altered in the affected part of the leaf. Its cells, which, with theepidermis, constitute the wall of the gall, are larger than the normal andare elongated parallel to the long axis of the outgrowth ThTupir

but r^:n f^Vr" ^^^P'^*-™- °f »»>« gaU has not been affectS.

muc? T 1 the lower ep.dermis which line the gall cavity have becomemuch enlarged and in addition have produced a large number of closelyset tnchonies which project into the gall cavity. The nature of these is

3 cells m length. Around the opening of the gall a circle of closely setaocular hairs occurs The hairs on the outside of the gall and on^henorma leaf are also of the acicular type. The vascular strands are mv

lo'SL vdns
'' "°""^' ^^^ ''"* ^^^' *°^ '™P^y ^"^ «™"''^

Eriophyes abnormis (Garman).
Chadwick's No. 144

Host Tilia americana L.
A very much lobed pouch-gall, usually on the upper side of the leaf

SJdioL^
^""^ " surrounded by a dense growth ofSar
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The anatomical structure of this gall shows it to combine the char-
acteristics of a pouch-gall with a type in which the epidermis lining the
larv-a cavity is thrown into folds, as described in the case of the galls on
Populus. The foldings of the lining of the gall cavity often coalesce, and
practically divide the cavity into a number of compartments. Mor-
phologically this is one of the most highly differentiated of our Phy-
toptocecidia. The lining epidermis has produced a large number of
acicular, unicellular trichomes; these in some cases almost fill the cavities.
The hairs surrounding the ga'l aperture are of the same type, as are also
the normal hairs of the leaf. Glandular cells are much more abundant u
the gall tissues than in those of the normal leaf.

Eriophyes serolina Beut.

Chadwick's No. loo
Host Prunus serotina Ehrh.

This is a club-shaped gall, produced on the upper side of the leaf
of the host. The aperture of exit, which is on the lower side, is sur-
rounded by fine white hairs. It varies in length from 5 to 8 mm. and at
a aistance from the apex of about two-thirds the total length, it is nar-
rowed into a stalk with an average diameter of i mm. In color it varies
from green to a distinct red.

The stimulation has not produced very marked changes in the struc
ture of the leaf near the origin of the gall. Apart from the fact that the
spongy parenchyma has divided more actively, the mesophyll is normal.
The upper epidermis of the leaf that forms the outer covering of the gall
has Its cell walls abnormally thickened. The lower epidermis that line^
the gall cavity has larger cells than the unstimulated epidermis, and from
these cells originate elongated, unicellular trichomes with bulbous bases.
The hairs on the normal leaf are acicular and unicellular. While the
cells in the neck of the gall are arranged in rows parallel to its length
the larger cells tnat form the main body of the gall are not regularly
placed. The vascular strands pass up from the leaf at a distance of
about three cell layers from the gall cavity.

Summary.
In some forms the effect of the stimulation does not extend beyond

the epidermis, on which the producers are located, but in other species
It IS transmitted throughout the mesophyll of the leaf.

The abnormal activity of the epidermis is expressed in the curving
and folding of the tissue as well as in the production by it of various forms
of trichomes.

In general, when the effect of the stimulation extends to the mesophyll
the distinction between the palisade and the spongy parenchyma is lost.
In place of these tissues a compact mass of uniform cells is produced.
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The types of the galls constitute a clear phylogenetic series from the
simple erineum to the well developed pouch-gali. The distinction be-
tween the different members of this series is largely a difference in degree
rather than in kind, and seems to be exniainable on the assumption of a
gradually increasing intensity jf stimulus from the lowest to the highest
member of the series.

The literature of this group of galls contains a m mber of state-
ments, to the effect that the host plant under the influence of the gall
stimulus can originate entirely new types of hairs. Whilr it is true, as a
general rule, that hairs produced by an organ under such a stimulus differ
from those originated by that organ under normal conditions, yet in such
cases I have found that the abnormal type of hair is being produced on
another part of the host plant. Thus the curiously convoluted, glandular
hairs, originating in the dimple galls on the leaves of Acer negundo L.,
are duplicated exactly in the hairs occurrint; on the reproductive axis
of the same plant, and the long acicular hairs composing the brown pubes-
cence that fills the concavities on the leaves of Quercus macrocarpa
Michx have their exact counterparts in those produw«d on the flowering
axis of that plant. In the former example the normal hairs on the leaves
of the host are straight and acicular, in the latter they are of the stellate
type.

Order Hhmiptera.

The following Hemipterous galls have been studied:—
Fam. Aphididae.

Gall on Populus balsamifera L. (Unclass.).

Hormaphis hamamelidis Fitch.

Hamamelistes spinosus Shimer.

Aphid Corrugations on Birch.

Pemphigus vagabundus Walsh.
Pemphigus rhois Fitch.

Chermes abietis Choi.

Chermes floccus Patch.

Fam. Psyllidap.

Pachypsylla celtidis-mamma Riley.

Aphid Gall (Unclassified).

Host Populus balsamifera L.
A pouch-like gall on the under surface of the leaf, produced by a

fold in the blade near the base of the midrib. One edge of the fold is
attached along this midrib. The slit-like opening, which is on the upper
surface of the leaf, extends the full length cf the gall. This species re-
sembles very closely the gall produced by Cecidomyia majalis Bass. The
general sMicture is shown in Fig. 7.
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wiuth! 4.71^'"^"*^
*'°"' ""* °' attachment to midrib, lo-w mm,

;

the noriJll!T °l*nV*^!.
•"'"** '^' ^°""' *'** «"" *" re^mblance to

taLnT . "J'^" ?." «1'"PP««'«'- A compact ma« of tiwue ha.

Dhviril'' ?• '^""k °' *'*.''='' "^ '""'^'^ '^'^^ ^''-" «o™»J •"««>-

fnH ,.-S •

"''.' ^^^ '"**"°' °^ '*>' «*» ^J'* «"> become .mailer

fntt ^r «I t"h

P™7'"™^ ~"»«"f- The upper epidermi. forming thentenor of the gall remams practically normal, except that it produce.onger and more abundant 'richomes than when unstimulated The«

h±r ""^
r*"^ '^T

^^"^ •" ^'''^- A cro«. aection of thi,^
w.To 7""r^ °^ «»» ^'th porous laminated sclerenchymatSu.
walls, one of whu:l is suuatcd near the midrib and the other exactly op-posue on the othe, «de of the gall opening. Thu. each .ide of the gall

Hormaphis hamamdidis Fitch.

Host Hamamelis virginiana L.

The gall formed by this species is found on the upper side of the leafof the host, but the larva, escape from an opening^ the under sSeThe mature gall is conoidal in shape with the apex usually slightly be, tover. General structure is illustrated in Fig. ,2. A circular ring of
Uss^ue covered w.th pube«:ence surrounds the gall opening which is rfiown

4
^^''"*"'''°"'=-Average length of gall 10.5 mm.; diameter at baM

con, ?t ^\ " *^0'"PO?fd of small cells placed close togetlier. forming acompact and very uniform tissue. The cells are arranged wich theironger diameters pomtmg in the direction of the gall apex. h. a longi-

denTlrr? u' ^^n"'f
'^""^"^^ "^^ ^" *° P^^ "P «*<=h side at adepth of about three cells from the gall cavity. The beaks of the larva,

often found imbedded in the wall of the gall, were inserted far enoughSalmost reach these vascular strands. The hairs that surround the Railaperture are acicular and unicellular.

Hatnamelisles spinosus Shimer.
Host Hamamelis virginiana L.

w^»7^1•^^"'
.'" ""''

'i^'^'
^'^ "•^•'^^ '''^**^' buds. These are some-what elliptical ,n outline with gradually tapering stalks. They arecovered with spines, which are usually curved. The op^.-ning is situated

1^"T °^ "^^
'f'i ^^ *^* «^' P™P«'- This oiening is funnetshaped and 18 surrounded by a circular ring of tissue as in the preceding

•peaes on the same host. The pubescence is absent in thi. ca«.
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pimeniioni>-Average length including ttalk ai mm.; averan
width 10 mm.

This gall is covered by an unusually small-celled epidemMs. The
spmes that are so oticeable a feature are found to consist of projections
of the epidermis, tilled with cells in continuity with the mesophyll. The
cells of the gall are almost perfectly circular in outline and packed to-
gether very closely. This tissue is very uniform e:.:ept in the four or
five layers adjoining the gall cavity. In that zone the cells are smaller
and richer in protoplasmic contents, constituting a fairly well marked
nutntive layer.

In cross section of the gall about thirty main fibro-vascular bundles
are cut

;
these are comparatively large and situated near the larval cavity.

Two of these have been cut in the section shown in Fig. lo. Other
smaller strands are cut further out. The gall receives all the fibro-
yascular strands that, under normal conditions, would have passed up
into the flower. The interior of both th^ and the preceding species is
almost perfectly glabrous.

Aphid Coniigations on Birch.

(Betula lenta h.

[Betula alba var. papyrifera (Marsh) Spach.

The primary folds in the leaf that form this gall run parallel to themam veins, with the latter as boundaries between them. Their cresU
are on the upper side of the leaf, while the hollows which form the larval
chambers are on the under side. The primary folds are divided into
secondary folds, and these again into depressions resembling minute
Acanna dimple-galls. This complex arrangement is conditioned entirely
by the veining of the leaf, since each fold, primary or secondary, is sup-
ported along its edges by veins. The folding can be seen in Fig. 9.

The anatomical characteristics of these galls show that the folding
of the leaf has not entirely changed the structure of its normal mesophyll
Around the gall cavities the spongy parenchyma is neariy normal through-
out and the palisade layer is recognizable in different places. The cells
however, are considerably larger th.n the cells of the normal mesophyll!
The ceIs of the lower epidermis, that form the lining of the gall cavities,
are well filled with food materials for the larvae. The supporting veins
on each side of the fold send out branches that supply the gall with an
adequate vascular system.

Hormaphis hamamelidis Fitch and Hamamelistes spinosus Shimer
as worked out by Pergande,* show that they inhabit alternately Betula
iNfra L. and Hamamelis virginiaua L.

Hosts

i,
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The galU on the birch leaves are produced by the fourth genera-

tion of Hamamelistes spinosus Shimer. Pergande de«:ribed them a*

"pseudo-^alts or corrugations".

The witch-haze! galls produced by the stem-mother of this speaes

are plentiful in this locality, but Betula nigra L. is not found here. The

Aphids have consequently been compelled to extend their list of food

plants to include B. lenta L. and B. alba var. papyrifera Spach.

Pemphigus vagabundus Walsh.

Host Populus deltoides, Marsh.

All the leaf rudimenU of the terminal bud appear to be concerned

in the production of this s<ill. \ et it is in reality a large pouch-ga'.l with

its wall thrown into smaller secondary folds. The apex of the stem, from

which the gJl originates, is usually swollen to neariy twice its normal

diameter. These galls often remain on the host plant until the next

season's galls begin to appear.

The cells composing this gall form a compact and fairly uniform

tissue and a nutritive layer is not cleariy differentiated. About one-

third of the thickness of the gall wall, on the side next the larval chamber,

however, is composed of cells that are somewhat larger than the remam-

ing cells. The epidermal cells, lining the gall cavity, are elongated mto

short trichome-like structures. The phyllome origin of this gall is re-

vealed by the presence of well defined stomata on its epidermis. These

structures are numerous and appear to be quite normal. Glandular

cells are plentifully distributed. Vascular strands pass irregulariy

throughout the wall of the gall.

Pemphigus rhois, Fitch.

Host Rhus typhina L.

A balloon-shaped gall with the regularity of its outline destroyed

by the elongated lobes that cover its surface. A gall is shown in Fig. 14.

The epidermis is slightly pubescent and coloured red, shading into yellow

and green. It originates from the under side of the leaf, and the point

of attachment on the upper side is indicated by a small papilla covered

with a dense pubescence. These galls vary in size from very short types

less than i cm. to those that are 4 to 5 cm. in length.

In the part of the leaf blade folded to form the gall, the mesophyll

has been entirely changed. The effect of the stimulation has even de-

stroyed the normal characters in the mesophyll for some distance from

the point of attachment of the gall. The gall consists of a compact

tissue composed of cells considerably larger than the normal cells of the

mesophyll. The cells of this tissue are arranged in layers parallel to the

epidermis of the gall. The vascular strands are situated about four cell

layers in from the fall cavity. In all pouch-galls t tracheary tissue is
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compoRcd of the ordinary vascular elements of the normal leaf that have
been stimulated to increased activity. There is not a special trachear>'
system originated for the gall. In the galls the strands occupy a definite
position, since in the normal leaf they occupy a definite place in relation

to the spongy and t^ -^alisade parenchyma. I-arge glands f.re present
in the gall ti&sue, as snown in Fig. 14. A gland is found invariably asso-
ciated with a ibro-vascular strand and seems to have its counterpart in
the very small gland that runs through each vein of the normal leaf.

In some cases the abnormal glands have acicular trichomes projecting
into their cavities.

Ckermes abietis Choi.

Hostsl^*'^'"
oW« (L) Karst.(Pi

[Picea mariana (Mill) B.S.P.

A polythalamous gall produced by the swelling of the base of the
young shoots. Since the twigs are not usually killed the galls are sur-
mounted by a variable length of normal stem. The galls in general
vary from ccnoidal to nearly spherical in shape, but in some cases, owing
to the stimulation not having aflcctcd the entire circumference of the
stem, the gall does not extend completely around it and is consequently
less regular in outline. The surface of the gall is co\ered with the en-
larged bases of the aborted needles. These give a faceted appearance to
the gall and produce a likeness to a miniature pineapple.

Dimensions:—Longer diameter a-3 cm.; shorter diameter i-a cm.
The gall in this case is a joint production of the cortex of the stem

and the bases of the leaves of the host. The cells of the epidermis, lin-

ing the gall cavities, in some cases have been prolonged to form very short
trichome-like structures. The hairs at the aperture of exit, as seen in
Fig. 1 1, are composed of one or two cells.

The resin ducts that occur in the normal cortex are found consider-
ably enlarged in the gall. In addition to these, there are out near the
gall periphery numerous smaller resin ducts, as shown near the marjfin
of Fig. II, that do not have corresponding structures in the unstimulated
tissues. These additional ducts pass in from the swollen bases of the
aborted leaves. A cross section near the base of these leaves cuts from
four to six resin ducts, while a normal leaf does not contain more than
two of these structures

Chermes floccus, Patch.

Host Picea mariana (Mill) B.S.P.

In this species the gall is produced by the swelling of the entire shoot.
In comparison with the former species, the leaves are little, if any,
swollen at the base but are w T^erous on the gall than on an equal



TlAiriACTIONf or THB CaMAOIAM IN9TITVTB (VOL. U

iMgth o( nomul tern, owing to th* shortening of the ttem axia. The
larval cell* are in the cortex of the ttem at the bates of the needles.

Dimensions:—Average len^tth a-6 cm.

The abnormal development of the cortex, especially that part con*

tained in the wings on the «tem, produces the entire mass of this gall.

The stimulation has increased the number of resin ducts in the cortex.

Several cross sections of gails were compared with corresponding sections

from normal stems. The average number of resin ducts in the abnormal
to that in the normal was in the proportion of so to la. The smaller

acceoeory resin du 's are shown in Fig. 13. In every section examined
the additional ducts were in an irregular circle outside the normal ducts.

The ducts produced under stimulation were larger than the corresponding

normal ducts, but those that were found only in the abnormal tissues were
smaller than the normal structures.

Fam. Psyllidte.

PackypsyUa ceUidis-mamma Riky.

Host CeUis occidmlalis L.

A complicated form of pouch-gall produced in the mesoph'-M of

the leaf of the host. On the upper surface of the leaf the gall is indicated

by a decided depression in the centre of which is a slight elevation that

marks th> opening of the gall. The part projecting from the lower

surface, is oblate-spheroidal in shape, attached to the leaf by a slightly

tapering cylindrical stalk. The average number of galls found on a Imf
is usually about ten, but in some cases much higher. The surface of the

gall is smooth except for a imr fine scattered hairs, glaucous and greenish-

yellow in colour.

Dimensions:—Height from point of attachment 6-7 mm.; width

7-8 nun.

The anatomical structure of t' s gall shows it to be a more complex
type than any other of the Hemiptera discussed in this paper.

Besides the folding of the leaf the blade has been further changed

in thickness and in the character of the cells. The production of the

greater part of the abnormal tissue is due to a wide, well differentiated

cambium layer, that extends right across the gall and at its n;argin

passes into the tissues of the normal leaf between the palisade and the

spongy parenchyma (Fig. 15). The iarval chamber is lined by this

cambium sheath which thus fu-^ctions as a nutritive layer. Bordering

tins suone is a well developed protective tissue composed of cells with

uniformly thickened walls. The sclerenchyma is laminated and pene-

trated by branched canals, prese.^ting the ^.aine character as that found

in the galls of the Cynipida.
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Outilde of this protective tone Het the chief mue of the g«ll, com-po«d of thin-walled irregularly .haped cell., as illustrated in Fig. 15.
Typical cells of the protective sheath arc also found scattered throughout
this tissue. As the gall become, older these cells increase in number.

Summary.

These galls are characterized by a folding and wrinkling of the leaf
wlien they occur on that organ; in this particula. oy resemble the
Phytoptocecjdia. This common characteristic is due to the fact that in
the orders Acanna and Hemiptera the stimulation is all from one side
The sphencal type of the Cynipida is produced by a stimulus equally
diMemmated in all directions.

The tendency to produce trie home structures from the stimulated
•tirface so marked a characteristic of the Acarina forms, is in this group
practically absent; the only hairs produced are those surrounding the
gall aperturee.

*

In most species of both gioups there is little differentiation of tissues,

P u n
P™*'^*'^*^ sclereichyma zones mentioned in the genus

fachypsylla and the unclassified species on Populus balsamifera Lmark a d.stmct advance on the specialization attained by the Acarina
galls and an approximation lo the more complex types found in the
orders Diptera and Hymcnoptera.

The increassd number of resin ducts in the tissues of the Conifera
stimulated by species of the genus Chenres is an important feature of
these galls.

Order LEPinopTEKA.

The Lcpidopterous producers referred to in this paper occupy the
following positions in Dyar's List of North American Upidoptera.
United States National Museum, Washington, 190a.
Fam. Sesiids.

Memytkrus tricinctus Harris.
Fam. Tortricidx.

Eucosma scudderiana Clemens.
Fam. GelechiidcC.

Gnorimoschema gallasolidaginis Riley.
Gnorirtoschema gaUaaslerella Kellicott.

Fam. Tineida.

Slagmatophora ceanothiella Cosens.
The host plants of the various species are.

—

Memytkrus tricinctus Harris.

Populus Iremuloides Michx.

&i

m
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£t cosma scudderiana Clemens.

SoKdago canadensis L.

SoUdago serotina var. gigantea Gray (seldom).

Gnorimoschema gallasolidaginij Riley.

Solidago canadensis L.

SoUdago serotina var. gigantea Gray.

Solidago rugosa Mill (seldom).

Gnorimoschema gallaastereUa Kellicott.

Solidago latifolia L.

Solidago casia var. axillaris Gray (seldom).

In speaking of the host plant of this producer Busck" makes the

following statement: "I have before me specimens from Miss Clarke,

which were unquestionably bred from the white wood-aster, Aster divari-

catus L. {A. corymbosum Ait.) near Boston."

Stagmatophora ceanothiella Cosens.

Ceanothus americanus L.

Tucker** states that C. ovatus Desf . is also a host plant of this species.

The following dates taken from records of specimens represent ap-

proximately the time of emergence of the moths:

Memythrus tricinctus Harris—July 4 to 8.

Eucosma scudderiana Clemens—June 8 to ao.

Gnorimoschema gallasoUdaginis Riley—August 5 to 15.

Gnorimoschema gallaastereUa Kellicott—August 12 to 19.

Stagmatophora ceanothiella Cosens—June 23 to 30.

The two species of the genus Gnorimoschema pass the winter in

the imago stage but Eucosma and Stagmatophora in the larval form.

Several galls of the Eucosma moth were opened December il,

and the data collected were as follows:—^The larva was in a dormant

state in the portion of the stem of the ^lant immediately below the gall.

Before passing into this inactive condition the larva had carefully pre-

pared for the emergence of the imago from the gall. The wall of the

gall cavity had been eaten through until the part remaining was thin

enough to permit the pcissage of light. The exit thus prepared was

located at the upper end of the gall and was on an average 2 mm. in

diameter.

A silk lining covered the whole of the interior of the gall and a

partition of especially strong silk crossed the cavity just opposite the

opening mentioned above. This partition did not pass straight across

the gall but was found always in a slanting direction. It was attached

to the gall wall just above the aperture and was always higher on that

side.
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Galls produced by the Stagmatophora moth were examined a few
days later and the larvae were found to be passing the winter under
very similar conditions to those described in the case of the Eucosma
species. The Stagmatophora larvae were not perfectly dormant, how-
ever, and soon Ijecame quite lively in a warm room. They were found
invariably in the gall cavity with their heads a short distance below the
prepared exit. This had been constructed as in the preceding case and
was situated at the same place. The silk lining covered the interior of
the gall but in this case was gradually narrowed to the size of the hole
around the edges of which it was attached. As the plant stem was not
hollow above the gall, the roof of the gall cavity occupied much the same
position as the slanting silk partition in the Eucosma gall.

The silk lining common to both of these galls helps to prevent the
loss of moisture and the consequent desiccation of the larva.

The cross partition of the Eucosma gall and the tapering neck found
in the lining of the Stagmatophora species seem to have the function in
common of guiding the occupant of the gall to the prepared exit.

Memythrus tricinctus Harris.

This form has hitherto never been considered a true gall maker

—

just why it is difficult to understand. Beutcnmaller» reports it as
a borer in stems of poplar and willow and in galls of Saperda concolor.
I have repeatedly, however, bred this species from swellings on the
smaller branches of young trees of Populus tremuloides Michx. These
swellings were spindle-shaped, gradually tapering at each end to the
size of the normal stem. In external form they were quite typical galls
of the Lepidopterous class.

A comparison of the larval chamber of this gall with that of the
Eucosma species shows that the two have certain features in common.
Thus, although the opening in the stem made by the young larva in
entering closes in the Eucosma gall, but not in this one, it can be found
in the earlier stages of both. The silk lining in the larval chamber is not
present, but the slanting silk partition has a similar structure and position
to that found in the Eucosma species. This partition shuts off the per-
manent larval entrance from the part of the chamber in which pupation
takes place. The place of exit has the same relation to this partition as
that Heecribed in the Eucosma gall. The opening is prepared in the same
manner. The larva eats through the wall of the gall until the part re-
maining is translucent just as in the case of the Eucosma or Stagmato-
phora forms. The larvae in the two latter species prepare this opening
in the fall, but the Memythrus larva does not complete it until shortly
before pupation in the spring.

^^

1

M



3 '3 Transactions op the Canadian Institute [vol. ix

Dimensions:—As the size of the gall varies with that of the stem,
an average of several specimens was taken. Length. 60 mm. ; width, ao
mm.

;
diameter of normal stem at place of location of the gall, 12 mm.
A cross section of thi' gall, when compared with the normal stem,

shows an abnormal thickening of the cortex and an increase in width of
the bast and wood. Throughout the annual rings of wood are bast
fibres, sometimes arranged irregularly in patches, in other cases forming
fairly definite zones on the outside of the annual ring. The fibres are
shown in Fig. 16.

Eucosma scudderiana Clemens.

"The galls are at the top of the main stems of the plants, usually
within the flowering panicle, rarely on the branches of the panicle:
usually but one g: li on a plant, occasionally two, rarely three.

"The galls are spindle-form, varying in size from 10X16 mm. to
iaX28 mm.; diameter of stem below gall from 4 mm. to 5 mm.: the
average of ten galls collected in ten seasons, 100 specimens, was t 21

J

mm., diameter of stem below gall 5 mm. "—Brodie."
The gall mass in this case is produced from the vascular bundles

and the inter\ening parenchymatous strands. When the larva enters
the stem it first eats out the pith. After the exhaustion of this source of
nourishment, its food is supplied by the radial thickening of the bundles
into the gall cavity. The secondary wood elements thus formed remain
somewhat parenchymatous and can scarcely be distinguished from the
cells of the medullary rays. The cortex is somev hat thicker than that
found in the normal stem but this is not a very marked feature in the eall
production.

In the normal stem of Solidago canadensis L. there is a gland opposite
each bundle both on the side of the cortex and on that of the pith. The
glands in the cortex of the gall are the same in number but are very much
larger (Fig. 21). Likewise they are not regularly arranged but grouped
two or three together. This is due to the fact that since some of the
bi dies have developed much more rapidly than others, their alignment
has been destroyed.

The glands corresponding to the normal inner row were not foundm the gall. This is accounted for by the early removal of the pi .. of
the stem by the producer larva.

Gnorimoschema gallasolidaginis Riley.

"Galls usually on the lower third of the stems of Solidago cana-
dtnsts L. occasionally or the upper third, rarely at the summit of the
stem. The galls vary in form from spindle-form to prolate and oblate
spheroid; and in size from loXai mm. to 18X30 mm.
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"Some observers say the interior of the gall is lined with silk. I
have never found this, but preparatory to the exit, the mature larva be-
fore pupating constructs a silken hammock in the upper end of the gall
and opposite the aperture of exit. The larva resting in this hammock
bites out a hole to the epidermis of the gall which is carefully left. The
hole is bevelled towards the outside, and then neatly filled up with the
material gnawed out, mixed with a silk-like substance, doubtless from a
gland, which forms a tight-fitting, hard plug which cannot be pushed in
from the outside but is easily pushed out from the inside. "—Brodie."

The anatomical features of this gall are very similar to those de-
scribed in the Eucosma species. The gall mass is produced by the radial
increase in thickness of the bundles and the growth into the gall cavity
of the intervening parenchymatous strands seen in Fig. 20. There is
greater proliferation of the cortical tissue in this case than in that of the
Eucosma gall and the cells produced are much larger than those found
in the normal stem.

The remarks concerning the gland production and distribution of
the preceding species are also applicable to this form.

Gnorimoschema gallaasterella Kellicott.
"In a collection of galls made May 29, 1890, a few miles north of

Toronto, most of them were at the top of the stem, surmounted by a few
leaves, occasionally but one, usually two. The galls at this date seemed
to be mature, subtriangular, corresponding to stem of plant; from 20
mm. to 32 mm. long, and from 10 mm. to 15 mm. diameter. In size
form and structure the galls closely resemble the galls of G. gallasolida'-
gtnts Riley. Rarely they occur on th- roiddle and lower third of the
stem of the plant. "—Brodie."

"The gall produced on Solidago casta var. axillaris Gray by this
producer is quite unlike the 5. latifolia gall in appearance, but as both
galls are merely spindle-Si.aped enlargements of the stems of the host
plants, this difference in outward form can easily oe explained. The
glaucous, terete and slender stem of S. casta produces a gall with glaucous
epidermis, circular in cross section and gradually tapering towards each
end. On the other hand, the smooth, angled and comparatively thick
stem of 5. latifolia gives rise to a gall with smooth epidermis, somewhat
triangular m cross section. This gall has also a greater diameter and
tapers more abruptly than the S. casta gall. "—Cosens."

The anatomy of this gall presents the typical structure of a gall of
the Lepidopterous class. The cortex of the stem does not play an im-
portant rdle in the production of the abnormal tissue; but when the
host plant is Solidago latifolia L. the gall cortex is thicker than that of
the normal stem. As in the case of the gall produced by G. gallasoli-

hl
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daginis Riley, the bundles and the medullary rays are extended into the
gall cavity and furnish the principal part of the tissue proliferation.
Only a very shallow seam of normal wood is found in the galls produced
on 5. cas a var. axillaris Gray.

Glands do not occur in the normal stems of either of the host plants
and were not found in the tissues of this gall.

A section through the aperture of exit of a gaU on S. casia var
axillans Gray showed that the edges of the opening had been prepared
by the larva for the reception of the "plug" that closed the opening.
The sides of thib aperture, roughened by the gnawing away of the tissue,
would not admit of the "plug" fitting tightly and at the same time
shppmg out easily when occasion required. Consequently the gnawed
surface is smoothed over by a layer of material that presents a perfectly
even surface. This levelling-up material is uniform in character and
does not show any trace of vegetable dihris. At right angles to its
free surface, an effect resembling checking takes place, a change that it
has probably undergone in drying. This is illustrated in Fig. .i .

The "plugs" of the galls produced by the genus Gnorimoschema
have been reported as consisting of silk and material gnawn out by the
larva in preparing the openings. My observations incline me to the
belief that the material, forming the plug and lining the opening, con-
sists entirely of an exudation from the larva. It seems to be a plastic
silk-like substance.

Stagmatophora ceanotkietta Cosens.

"These abnormal growths are found commonly on a main stem, but
rarely on a branch. The flower cluster is sometimes entirely aborted
but usually only partly so, the lower pedicels in the cluster remaining
normal. In the majority of cases this gall is terminal, but in a few in-
stances the stem was found to project a short distance beyond it.

"The gall has the relatively simple structure of a spindle-shaped
enlargement of the stem. In length it varies from lo to 15 mm. and
in greatest width from 5 to 8 mm. It is roughened on the outside by
the stumps of the aborted branches. On account of the shortening of
the stem axis and the consequent crowding of the nodes, these branches
are more numerous on a gall than on a corresponding length of normal
stem. This gives the gall a gnarled surface and forms a strongly pro-
tected case for the larva. The gall in some cases is surmounted by a
tuft of leaves growing from its apex.

"The aperture through which the moth escapes from the gall is made
always near the upper end."—Cosens.**
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As in the preceding galls descnbed, the principal part of the gall

tissues ill this species is originated from the vascular bundles and paren-

chyma strands (Fig. 17). The latter are very wide and the abnormal
cell division is more marked in them than in the bundles. The wood
elements produced remain undifferentiated and pith-like. The cuticle

of the gall epidermis is much stronger than that found in the normal stem.

The epidermis itself has responded to the stimulation by the production
of an extra layer of cells. The cortex of the gall contains approximately
one-third more cell layers than the normal cortex as seen in Fig. 18.

The normal stem of Ceanothus americanus L. contains glands in

the cortex. These are fairly regularly spaced around the stem but are

larger and more numerous at the nodes. Glands occur also in the pith

of the stem, the petioles of the leaves and the reproductive axes. But in

parts of stems, contiguous with galls, though glands occur in the pith there

are none in the cortex, except at the nodes. Glandular cells, however,
are plentiful in the cortex of such stems.

A cross section of a gall shows larger and more numerous glands

than a corresponding section of the normal stem. The probable ex-

planation of this is that owing to the shortening of the stem axis, nodes
are cut more frequently. In the gall cortex there are also narrow, eko.

ated, glandular cavities, that do not seemingly correspond to anything
seen in the normal stem. They require further elucidation. They are

in groups each containing three or four glands, as illustrated in Fig. 19.

Summary,
The galls are all of a comparatively simple type, for while there

is considerable proliferation in the tissues there is little differentiation.

The medullary rays and vascular bundles respond the most readily to

the gall stimulus, yet cell division takes place in the epidermis of the

species Stagmatophora ceanothiella Cosens.

The highly specialized habits of the larva, developed in caring for

vhe welfare of the imago, make the group very interesting. Thus in

each of the forms studied provision is made by the larva for the emergence
of the moth from the gall. These habits are seen at different stages of

development. In Stagmatophora K.eanothidla Cosens and Eucosma
scudderiana Clemens the gall wall is simply gnawn partly through, while

in the Gnorimoschema genus an aperture of exit is carefully prepared

and plugged. These different methods of procedure are remarkably
suited to the habits of the insects. In the former a plugged exit would
not be suitable as the insec* winters in the l?-val condition and the drying

of the gall vould prevent the plug from slipping out easily. In the latter

the galls are still green when the insect becomes mature and the plug

mechanism is preferable. It is clear then that in these galls the producer

I
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Jl^lrth ^Z " ^:^^^^' ^'^ '*• °*" '^"*'* than in the highertyp« a^d the plant render, a relatively .mailer amount of a»i.tanoe.

^anJ • ''"""^*r °^ th* ^^i^-J participant become, more effective.Te
oT3'^ 'nto providing more suitable condition, for the maturingof the producer, which consequently become. Ie» active on iu own be-half and more dependent on the ho.t.

« «w own oe

While gland, are invariably larger in the gall tiuue. than in theOMTe.pondmg normal .terns. Stagmatophora ceanothieUa Co«n. fur-

of gUndt
"^ """"'* '''*'" *^"* " * **"*"« •'^""^

'" ^« ^^^^

»nd G gaOaaslerella Kelhcott. The daughter cell, are in du.ter.

.ZXTST ,
^•'J'Pt^r'^"- between the cell, are alway, very

wa^l.. This form of mitosis produce, only a very .mall portion of the

HTf^ '"/«« -Pecie,. but in the Dipterou. gall NeolZptera p^.fohata Felt (Fig. 23) ,t originate, neariy the whole maw. This formalbe referred to again and the cell divi.ion illustrated in the pirtTtW,paper dealmg with Dipterou. galls.

of £^«,!J!*''%?^^*^?.
^""""^ '^^ °P*"'"K **'~"8'' *hich the larvaof £«c«ma 5<:«Afena«a Clemen, has entered the stem, it is certain thatthis Upidopterous producer always oviposits on the o^tside^fXh^tand this may prove to be true of the entire group.

Order Diptera.

The anatomy of the following species is considered re-
order Diptera.

Fam. Cecidomyida.

Ctcidomyia bulla Walsh.
Cecidomyia balsamicola Lintner.
Cecidomyia impatientis O.S.
Cecidomyia ntajalis O.S.
Cecidomyia ocellaris O.S.
Cecidomyia peUex O.S.
Cecidomyia triticoides Walsh.
Lasioptera corni Felt.

Lasioptera impatientifoHa Felt.

Neolasioptera perfoliata Felt.

Rhabdophaga batatas Walsh.
Rkabdophaga strobihides Waldi.
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Fam. Trypetidae.

Eurosta solidaginis Fitch.

The classification is as far as possible in accordance with Aldrich's
catalogue of North American Diptcra, Smithsonian Institute, Wariiing-
ton, D.C., 1905.

Cecidomyia bulla Walsh.
^^^{Helianthtu decapelalus L.

\Helianthtis divaricatus L.

"Galls found usually on the stem, often from leaf axils, occasionally
on petiole and midvein of leaf, rarely on flower disc, protruding from
between scales of involucre.

"The galls are attached by an ample base and are very irregular in
form and position, usually somewhat compreseed, varying from nearly
spherical to flask and cone shaped and from equilateral triangular to
spur-shaped.

"Dimensions.—The average of twenty galls was, base, 5.5 mm.
thick and extending 8 mm. from stem. "—Brodie."

On the side of the stem from which the gall originates the vascular
bundles are very irregularly arranged and elongated transversely in the
direction of the gall axis. From these bundles vascular strands pass
out into the gall mass. The principal part of the tissues in this gall
originates from the medullary rays, as can be seen in Fig. 39. When
the cortex of the stem passes into the abnormal cortex it becomes con-
siderably thicker

; this is due chiefly to the increase "'n size of the cells as the
number of rows remains approximately the same as in the normal cortex.

Glands are found in the normal cortex of Helianthus; they are
arranged in such a manner that a gland is placed opposite each fibro-
vascular bundle. These glands are very much larger in the abnormal
cortex of the gall. Besides these glands there are others that have
not a counterpart in the normal stem. These are elongated in the
direction of the gall axis and are most abundantly produced in the
vicinity of the fibro-vascular strands.

There are practically only two zones represented in this gall, the
epidermal and the parenchyma. The cells of the latter become slightly
smaller towards the larval chamber but a well defined nutritive layer is

not differentiated.

Cuidomyia balsamicola Lintner.

Host Abies balsamea (L) Mill.

A monothalamous gall formed by a folding of the leaf with the upper
surface on the inside (Fig. 39). An enlargement ellipsoidal in shape is
thus produced. The needles affected are near the apex of the stem and
the galls su% situated close to the base of the needles.
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Dimennonar—Diameter along the leaf average a.3 mm.; shorter

diameter, average 1.5 mm.
The abnormal part of the leaf differs very markedly from the normal.

The cuticle is entirely absent from the upper surface of the leaf that
lines the interior of the gall. While the epidermis is uniformly thickened
the normal cells have much heavier outer walls. The normal meso-
phyll cella are circular to widely elliptical in outline (Fig. a8), but the
abnormal cells are very much elongated (Figs. 39, 30). Since the en-
doderaiis is poorly developed the mesophyll is not clearly separated from
the pericyde. In this region the transfusion tissue is well represented,
but the non-pitted parenchyma is not so abundant as in the normal
(Fig. 31). The abnormal resin ducts are increased in size and have the
protective layer irregularly developed.

In Ubulated form is given a comparison of the anatomical structure
of a normal leaf with one infected by the gall producer Cecidomyia bal-
samicola Lintner and one from a witches' broom produced by Meidium
tloHnum on Abies balsamea (L.) Mill.

The data for the last named were obtained from Anderson.*

Leaf Stnictun.

Cutielt

Epidcnnis

Nonul Lmvw.

Well developed on
both mirfaces.

The outer are
thicker then the in-
dde wallt. Both
ere laminated and
perforated byporet.

Affected with
Mciiitmtkaiium

PnttM but leta

developed.

Epidermal celle
more irregular than
in normal ; leea

thickened and lel-

dom laminated and
provided with pore
canals.

Stomata

Hypoderm

More numerous on
the lower than on
the upper leaf sur-
face.

Well developed at
the basal half of the
leaf.

Like the normal
but fewer on each
surface.

Hypodennal cells

fewer, but usually
larger, thicker
walled and more
irregular than in
nonnslleavee.

Affected with Ctti.
dtmyia haliamiula

Lintner.

Abnormally thick-
ened on tne lower
aurfaoe (outside of
the gall), not de-
vek>ped on the
upper (inside).

On the outside of
the gall the epider-
mal cells are ir-

re|[ular and have
uniformly thicken-
ed walls; they are
not clearly lami-
nated but pore
canals are more
plentiful than in
the normal. The
inner epidermis is

not thickened.

The same as the
preceding affected
by the fungus.

Cells irregularly de-
vek>ped, uvanably
curvied and com-
pletely filled with
laminated scleren-
chynw.
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RetinCMAl*

Eadodannto

TimiMfutioii TiMuc
of tlw Pnicyclc.

Non-pitted Pkrni-
cbynw of the Peri-
cycle

Fibro-vaecutar
Bundle

Unwlly two teyen
of paliMde p*i«n-
chynw devtioped
on th« upper leaf
surface. The re-
mainder of the me-
•ophytl coniitt* of

Vmjff parenchy-ngy parei
(leit- 38}.

Two circular canala
pment. Thetecon-
liat of an outer
layer of thick
walled oclU and an
inner epithelial
layer of thin walled
ocUs.

Contisu of a tiMle
layer of thin-walled
elliptical cellfl that
bound the me-
•rahyll on the in-
•ide and eeparate it

from the pericycle
(Fig. 31).

Alwaye prceent

:

found in two
mataea, one bor-
dering each phloem
area iFlf. 31).

Fills between the
two divisions of the
bundle and projects
on each side but
more plentifully on
the domi (Fig.

31).

Phloem and sylem
consiM of an aver-
age of 7 rows of
cells. Medullary
rays found between
the rows.

No distinction bu-
tween palisade cells

and spongy par-
enchyma.

Imwular; varying
in form and sise,

on account of the
absence of the layer
of stfengthming
cells.

£ndodermis seldom
distinguishable.
Cells irregular in
form and siae. No
distinct boundary
between mesophyll
and pericycle.

Nearly always
present.

More irregular in
form and size.

Laiser and thiclor
walled than in nor-
mal.

Phloem and xylem
less developed than
in normal. The
cells are often
larger and thicker
walled. Medullary
rays are absent.

Cecidomyia impatientis O.S.

Host ImpaUens biflora Walt.
A spherical, polythalamous gall attached to the

tapering stalk. Produced by the deformity of a Bower
Dimensions:—Diameter at right angles to stalk

The same as the
preceding in the
fungus, but the cells

are very much
elongated in a plane
perpendicular to
the midrib and
parallel to the epi-
dermis.

Resemble the nor-
mal type in shape
and are the same in
number, but are
considerably larger
and the strength-
ening layer con-
sists of very irrw-
ularly shaped cells.

Only a few cetla

differentiated and
these are irregular
in shape and much
•nbrgcd (Fig. 30).

Found in firom a-4
layers around the
inner side of the
endodermis. It
compriacathegnat-
•r pint of the peri-
cyde. The odis
contain pratopjaa-
mic material mg.
30).

Developed only be-
tween the bundles
and in a single row
along the edge of
the bast (IHg. 30}.

Phloem and xylem
better developed
than in the normal,
the latter is more
im»ular. The me-
dullary ray* are
abeeat.

host plant by a
bud.

6 mm.



-.;Bi

3«0 TlAMlACnONt OF TIB CaNADIAK iNtTITVn (vot. »
There are three well differentiated zones. Immediately inside the

•mall celled epidermis is a mass of large thin-walled cells irregularly ar-
ranged. The walk of these cells are seldom straight but usually present
a wavy outline. They diminish in size progressively, passing in from the
periphery of the gall until they merge into quite a well defined nutritive
zone. This tissue is Ulustrated in Fig. 3a. In this zone the cells are
ve^r much smaller and are arranged in rows radiating out from the larval
chamber. Vascular strands pass irregularly throughout the gall. There
is no indication of a protective layer separating the two inner zones.

Ctcidomyia majaUs Bass.

Hcsts/g:^"" '^f L-
.[Quercus coectnta Muench.

A flat pouch-like gall on the under side of the leaf. The opening
which extends the entire length of the gall is on the upper side. It is
produced by a folding of the blade of the leaf; this fold is parallel w»»h
and very close to the midrib or a main vein.

Dimensions.-—Along the line of its attachment to the leaf, diameter
4-7 mm.

The gall has been formed in this case by a folding of the blade of the
leaf. The resulting type recalls the pouch-like form usually associated
with the Eriophyidc or more rarely the Aphidide.

The part of the blade included in the fold has not a well defined
palisade and ^wngy parenchyma, the mesophyll being practically uni-
form throughout. The ctlls of this region are much larger than those
of the normal leaf and are placed together without intervening air spaces.
At the apex of the fold the leaf blade is much thicker than at any other
part of it (Fig. 27).

The epidermis that lines the interior of the fold seems to remain
intact throughout all the developmental stages of the larva.

Cecidomyia oceUaris O.S.

Host Acer rubrum L.

A circular ridge on the under side of the leaf and a slight convexity
on the upper surface constitute the chief part of this gall. In the depres-
sion the larva rests covered with a viscid fluid secretion. The effect of
the stimulation extending out from this centre is shown in the different
coloured concentric rings produced in the leafblade. These colourschange
in the course of development of the gall through various shades of red,
green or yellow.

The slight depression in the leaf blade that constitutes this gall has
been produced in the following way. The part of the leaf blade that
forms the bottom of the depression has remained practically normal,
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but Around this the bUde of the leaf hw betome about five timet a* thick
as the normal organ. A circular ridge it thus formed that produce* a
Mucer-ahaped hollow in thv leaf blade. This car. be clearly teen in Fig.

33- The cells that form this ridge are placed at right angles to the blade
of the leaf, in nearly the poaition of the palisade parenchyma. There
ha* been very little increase in the number of the cells, the accretion in
thickness of the blade being due principally to the lengthening of the
cells already present in the normal leaf.

Wherever a vein occurs in the gall, the cells are arranged in less

regular rows and the individual cells are much larger and not nearly so
elongated in outline. Intercellular spaces are not found in any part of
tlie gall tissue. The feeding habits of the iarvie are such as do not
necessitate the destruction of tn? •pidermis lining the gall.

Cecidomyia ptllex O.S.

Host Fraxinus americana L.

This gall is formed by a swelling of the blade of a leaflet on each
side of the midrib, the cortex of which also undergoes a proliferation that
merges insensibly with the mesophyll. Since the production of tissue
is unequal on the two sides of the leaf, a folding of the blade occurs with
the upper surface on the inside and the midrib at the apex. The
depression thus formed constitutes the larval chamber.

Dimensions:—^Along the line of che midrib 10-25 mm-
The greater pari of the gall mass is produced from the mesophyll

of the leaflet but a small part originates from the cortex of the midrib.
The epidermal cells have not been stimulated to division. It is possible
to determine the origin of the cellular elements from the circumstances
that in the gall, as in the normal leaf, the veins mark the boundary be-
tween the palisade and the spongy parenchyma. About two-thirds has
originated from the spongy parenchyma and the remainder from the
palisade layer. The greater amount of tissue thus produced from the
lower surface causes the folding of the leaflet with the sinus of the fold
above.

The cells produced from the spongy parenchyma are several times
larger than the normal. They constitute a tissue in which intercellular
air spaces are entirely lacking. On the other hand, the cells that owe
their origin to the palisade parenchyma, while larger than the normal
cells, are considerably smaller than those originatad from the spongy
parenchyma. The latter with their epidermal covering constitute the
nutritive layer of the gall. Near the ourface of this tissue, where the
larvse are feeding, the cells have initiated divisions; here too they show
sign* of collapsing.
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Ctddemyia iHticoidtt Wal«h.
"On Salix eordata Muhl. A polythalamoui woody gall .70-1 tfj

inch long and .30.37 inch in diameter, bearing a remote resemblance to
a head of wheat with the kernels elongated, naked, pointed and very
protuberant, its general outline oval or elongate^oval. and formed by the
twelUng of a twig to j or 3 times its former diameter, the swelled portion
being very much contracted longitudinally, so as to bring each kernel-
«ke bud neariy or quite into contact with the base of the one that pre-
cedes It in the same row. the whole nuwiber being rrranged in four irrcKU-
l«r rows."—Walsh.**

The larval chambers in this gall are placed usually along the line of
the fibro-vascular bundles of the stem, and wherever a chamber is situ-
ated the vascular tissues are not developed.

An examination of a young stage of this gall shows that nearly the
whole of the pith and cortex of the stem consists of a well defined aeri-
ferous tissue. It is absent in only a few cell layers that surround the
larva chambers. Represented in Figs 34, 35. 36. At this stage there is

« well differentiated protective sheath, of about five cells in depth
around each larval cavity. The cells of this layer have uniformly thick-
«ied walls and are arranged in concentric rows around the larval chamber
Each cell of this zone contains either a crystal aggregate or a well defined
single crystal of calcium oxalate. Inside of this protective sheath is a
nutritive layer which consists of about six rows of thin-walled cells
The cells of this zone have the same 'uig, , al arranjjon.ent as those of
the protective sheath. Many of them are empty, this being especially
the case in the innermost row. Likewise, many are commencing to
collapse on account of the withdrawal of their contents. These zones
are represented in Fig. 38.

A section of a gall at a much more advanced stage of development
presents several important differences. The aeriferous tissue is very
much compressed in the pith and somewhat in the cortex. The cell walls
oj the protective zone are now much thicker, and a well defined crystal
of calcium oxalate completely fills the lumen of each cell (Fig. 37).

Weidel« has recorded a phenomenon similar to this occurring in
the gall Andricus corticis Hart.

"Oft ist das ganze an sich schon grosse Zellumen durch einen ein-
zigen Knstall ausgefUllt. dem anscheinend so ansehnliche Zellulose-
masMnspaterhin waren sie verholzt, aufgelagert wordcn sind. dass diese
die Wand des Behalters erreicht habcn und mit ihr verwachsen sind."

My observations differ in one respect from Weidel's, namely, there
IS no ensheathing mass of cellulose around the crystals found in the gall
dealt with here. In deciding this point tests were made at different
stages with Schulze's solution.
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Th«ft it a iHinbium tayer lying juat outiide the protective tone in
the later itaget. The nutritive layer contista of a mast of coltapwd cella

that tuin deeply with hsmatoxylin. Thew layers are ahown in Fig. 37.

Lasiopttra comi Felt.

11 . jCwTiKi altemifolia L.

[Cornus paniculata L'Her.

Thia gall appeara on the upper side of the leaf as a circular elevation
but does not project on the under side.

The colour is entirely green when young but becomes surrounded by
a circle of red at later stages.

In anatomical structure the tissues that compose thia gall are the
aame aa thoae in the normal leaf.

The lower epidermia and the row of mesophyll cells immediately
in contact with it remain in the normal position. The upper epidermis
and the remainder of the mesophyll become arched and thus separate
from the lower epidermis and the part of the mesophyll that adheres to
It in the manner shown in Fig. 40. In the space thus formed the larv«
are found.

LasiopUra impatientifolia Felt.

^^^ilmpatiens biflora Walt.

[Impalims pallida Nutt.

A monothalamoua gall, projecting chiefly from the under aide of the
leaf. It conaiato of an elongated, apindle-ahaped awelling of the midrib.

Dimensions:—Longer diain^i^r 8-ia mm.
Shorter diameter 3-4.5 mm.

Practically all the abnormal tiasue in thia case is produced from the
cortex of the midrib of the leaf. The stimulation haa extended out only
a very ahort diatance into the adjoining mesophyll. The general mass
of gall tissue consists of large cells with a few small intercellular air
spaces. The epidermal cells are larger than those of the normal epi-
dermis, their increased length being particularly noticeable. The features
are shown in Fig. 41.

A nutritive layer is not differentiated.

Neolasioptera perfoliata Felt.

Host Eupatorium perfoliatum L.

A spindle-shaped swelling of the stem forming a monothalamous
gall. It varies in sire in proportion to the diameter of the stem or branch
from which it originates.

It may be stated as an almost invariable rule, tha' .. : en a gall and
the plant organ from which it originates have a commo.i epidermis the
cell walls of that epidermis are thicker in the area covering the gall than

_ ]

Tiir."' wmn'' ^"Vrif.
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elsewhere. But this gall is an exception to the rule. While the outer
walls of the epidermal cells are considerably thickened in the normal
they are much less so in the gall. Also the two layers of collenchyma
cells underlying the epidermis in the normal stem are absent.

The increase in size of the stem where the gall is situated is due
pnncipally to increased cell division in the cortex, since the epidermis
produces only two additional layers. The cells produced in the cortex
are larger than the normal, but the most peculiar feature to be noted is
the mode in which division has taken place and the relative arrangement
of the products of division. The location of this tissue is illustrated in
Fig. 23. The method of cell division is clearly the same in this species
as m the two Lepidopterous types Stagmatophora ceanothiella and Gnori-
moschema asterella. The clusters contain from 2 to 6 members produced
from a smgle cell. The dividing walls are straight, and at the stage ex-
amined had the greatly elongated nuclei in close contact with them
These nuclei were seldom exactly opposite but usually diagonally across
from one another. These characteristics are represented in Fig 23
SchUrholT" has described the mode of division in callus, contrary
to the views in vogue, he states that the nuclei divide mitotically only
There is good reason to believe that the phenomena observed here corre-
spond very closely to those given in his account.

Near the inner edge of the cortex, glands are regularly spaced around
the stem. This is a rather remarkable fact as they do not occur normallym this part of tho stem. Indeed it was only after a careful search that
they were located in the transition region between root and stem. The
search was extended to other species with the result that they were
found in Eupaloria purpureum L. in the roots, the cortex and the re-
productive axis, but in E. urticafolium Reichard as in E. perfoliatum L.
only at the base of the stem.

Rhabdophaga batatas Walsh.
"On Salix humilis Marsh. A polythalamous gall of very variable

shape and size, pale green when young, the colour of the bark when mature
growing on twigs .06-. 19 inch in diameter and always some distance from'
the tip of the twig. Sometimes it rescmbl s a small kidney-potato
pierced lengthways by a twig, and has then most generally a smooth
polished surface studded wich a few buds, one or two of which occasion-
ally give birth to a shoot, and it then reaches 1.35 inch in length and
.6 inch m diameter. Sometimes it resembles a young apple pierced
lengthways by a twig and attains a diameter of .3 inch."—Walsh.**

In this gall the larval cells are situated in the pith of the host plant
just inside the line of the fibro-vascular bundles. The epidermis has a
much thicker cuticle than that borne by a normal stem of corresponding
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age. The cortex is approximately four times as thick as the cortex of
the normal stem. This is due principally to the increased size of the
cells. 'u- c^Us of the nutritive layer are very similar to those of the
8U randing tiss,,e hut a well marked protective zone defines its outer
lin ts. This IS clcr. \y shown in Fig. 25.

T..^ cells of I'le protective zone present a characteristic very rarem '.-.n-'o.is, feal'., although frequently found in the Cynipid galls
namely, the wau» of the cells are not uniformly thickened but are much
heavier on the side next the nutritive zone. This unequal sclerification
>s Illustrated m F.g. 26. Crystals of calcium oxalate, that were so char-
actenstic a feature of this zone in C. triticoides Walsh, seem to be en-
tirely absent in this gall.

Rhabdophaga strobiloides Walsh.

Host Salix cordata Muhl.
"The galls are very uniform in size and form, usually top-shaped

sonie inclining to spherical, a little oblate below and prolate above, and
as the female oviposits but one egg in the terminal bud of the willow
shoot, the galls are terminal and monothalamous

,n /T^K^"
i^ a rather tightly and regularly arranged mass of from

70 to 80 aborted leaves, representing perhaps about i m. of the leafage
of a normal branch. ^

.., , 'T!l! T[^^!
measurement of 200 galls was 12 mm.Xis mm., and

the lengtfi of the deformed part of the branch included in the gall around
which the aborted leaves were packed was 6 mm."—Brodie "

The leaves that constitute the principal mass of this gall do not
take any part m supplying the larva with food. The tissue that has this
function IS composed of a mass of small, thin-walled cells. It terminates
the stem axis and the larva is in immediate contact with it (Fie 24)
This tissue which really furnishes a nutritive layer seems to originatefrom a cambium-like tissue at the base of the mass of cells

An important factor in the production of this gall is the practical
cessation of growth of the bud axis.

practical

The aborted leaves that compose the gall exhibit very slight ana-
tomical aberrations.

Eurosta solidaginis Fitch.

Host Solidago canadensis L.

A monothalamous gall produced by the swelling of the stem of thehost plant. Very rarely it is found on a branch of the flowering panicleA separate gall is almost perfectly spherical in form but occasionally twoare produced together forming a common gall, prolate-spheroidal in shape.
Dimensions.—Average diameter of fifteen galls. 23 mm.

I

1,'lfc



3»6 Transactions of the Canadian Institute [vol. ix

The cells that compose the principal mass of this gall are slightly
smaller than those of the normal pith but in other respects they resemble
them very closely. The irregularity in position of the fibrovascular
bundles and their imperfect development are well marked features.
Yet a sufficient water supply is ensured to the tissues by vascular strands
that are given oflf from the bundles. These strands extend in a radial
direction towards the centre of the gall.

The cortex is considerably thicker than that present in the normal
stem. This is due in part to the greater number of cell layers, but also
to an increased size.

The glands that are present in the normal stem of Solidago cana-
densis L. occupy certain fixed positions. One gland is present in the
cortex outside each bundle and one inside in the region of the pith. The
glands found in the cortex of the gall are very much enlarged and have
not their characteristically regular arrangement. In the gall pith they
are abundant throughout (Fig. 43), but decidedly more plentiful in the
vicinity of the fibio-vascular strands. This is the most striking example
of gland proliferation found in the galls studied.

The tissues that supply the larva with food are not differentiated
into a nutritive zone.

Summary.

The galls produced by this order of insects vary very much in their
degree of complexity. Some forms such as Cecidomyia ocellaris O.S. are
as simple in structure as an Acarina, "Dimple", gall; other species as
Rkabdophaga batatas Walsh present all the specialized anatomical char-
acteristics of a Cynipid gall.

The abundant production of glands in tissue under stimulation is

very cleariy exemplified in Eurosla solidaginis Fitch. At first sight it

appeared as if glands were not present in the host of Neolasioptera per-
foUaia Felt, but they were located at the base of the stem and in other
species of Eupatoria.

The unequal thickening of the tangential walls of the sclerenchyma
protective layer in Rkabdophaga batatas Walsh is a very unusual pheno-
menon in this group.

Cecidomyia triticoides O.S. is the only gall of this group in which a
well defined crystal layer was found. In it each cell lumen is entirely
filled with a single crystal of calcium oxalate.

The production of the aeriferous tissue, that occupies practically
the entire pith in the gall Cecidomyia triticoides Walsh, is one of the
most interesting phenomena exhibited in this group. The nature of this
will be discussed in the biological section of the paper.

The collapsing of the nutritive zone after the cell contents are with-
drawn is well exemplified in Cecidomyia triticoides Walsh (Fig. 37).
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The unusual type of cell division in the cortex of the hosts infected

by certain Lepidopterous forms, e.g. Stagmatophora ceanothiella Cosens
and Gnorimoschema gallaasterella Kellicott and described in that group,

is also found in the Dipterous gal! Neolasioptera perfoliata Felt (Fig. 23).

It was not found in any Cynipid form.

A comparison of a leaf of Abies balsamea (L.) Mill infected by
Cecidomyia balsamicola Lintner with one from a witches' broom produced
on the same host by /Ecidium elalinum {Melampsora Caryophyllacearum)

brings out a number of interesting points. These are given in the tabu-
lated form following the description of the species C. balsamicola Lintner.

Order HYMEyopTERA.

Following Marlatt's Revision of the Nematinae of North America,
U. S. Dept. of Agriculture, Washington (1896), the sfKcies considered

in this paper are comprised in the Subfamily Nematinae, Family Ten-
thredinidae. They are included in two genera, Pontania and Euura.
The species referred to are :

—

Euura S. gemma Walsh.

Euura S. ovum Walsh.

*Euura (undescribed).

Pontania pisum Walsh.

Pontania pomum Walsh.

Pontania desmodioides Walsh.

Pontania hyalina Norton.
- ntania (undescribed).

-all on Salix lucida (undescribed).

Gall on Salix humilis (undescribed).

*Specimens of the first three producers marked (undescribed) were
sent to S. A. Rohwer of the Smithsonian Institution.

I have been successful in rearing the producers of all of the unde-
scribed forms except in the case of the one on 5. humilis Marsh. This was
accomplished in the following manner. The galls were collected at the
time of the falling of the leaves of the host plants and were placed on
earth in breeding jars which were kept under conditions of heat and
moisture approximating as closely as possible to that of the natural

habitat. Pupation took place at a distance of about a couple of inches

below the surface of the soil and the adults emerged the following spring.

The dates of emergence were ;

—

Pontania (undescribed), April 14 to April 24.

Euura (undescribed), May 2 to May 6.

Gall on 5. lucida (undescribed), April 20 to April 22.

•While this paper was in press, Rohwer** published the description of these producers.
Following the order above the names assigned are,

—

Euura strissima Rohwer,
Pontania crassicomis Rohwer, P. lucida Rohwer.
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SaHx^r,?n'''!'"'^°u
°^ "^"""^ «*" P"""*""^" '° definite specie, of

£«ttffl 5. gemma Walsh
Pontania desmodioides Walsh
Pontania (undescribed)

found on Salix humilis Marsh.
Pontania hyalina Norton

on 5. alba L.

Pontania pomum Walsh
on S. cordata Muhl.

£«ttra (undescribed)
on 5. serissima Fcmald.

Gall (undescribed)
on 5. lucida Muhl.

Pontania pisum Walsh
on 5. discolor Muhl.

ttn^'it 'r^'''^-
^ •'!''" "''* ^°""^ ^'^^ ^bo^« «P«='«« o^ any other host

S L olrth:;! "^f^"
''\*^'" °^ ^^" '^ '^•«^- '* -"•'^ --^o

wo-n?.^
•**'^ '^'^^'°"' ''^*^'^^" t'^'^ l^ost plant and producerwouW be more .nt.mate than when the gall does not stand so S7nthe scale and as a consequence the restriction to one host plant woild b^T^X ""?;'' ^^"^ P'-^^"*^^^ ^y *»•« Cynipid* a?e ^ te^foun^

'^'""'« -S- gemma Walsh.
On 5a/,« humilis. The lateral bud of a twig enlarged so as to b«

Te^n^H 'r '°"'' "'"^ ^"^ ^'•"^'^ ^^ ^»^^ -*"-• ''"d Sfor'irblgi^

S^th ifte^t
' T"'; ''' '=''''™^' ^"^'^^^ ^^l^^"^'- entirely unchrngS

e^hr^;
"'^ '°'°"''- ^"t«"^«"y- instead of the normal downyembryo leaves, ,t contains eariy in the autumn a homogeneous ,^3^een fleshy matter, which is afterwards gradually conluS brthe'

ment. The gall is monothalamous. sometimes one only on a twie sometimes two or three or more at irregular intervals, ve^rarely as ZZyas three or four formed out of three or four conse^utl^ buds
"^

Length .17 to .36 inch

Breadth .10 to .17 inch.—Walsh «*

cro«i'^^''°r ''^?''f '

^-^"^"'^ ""'« differentiation of tissue. Across «K:tion shows that the entire mass of the gall consist, of «„all
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thin-walled cells, shown in Fig. 68. The bud scales surrounding this
group of cells resemble those of the normal bud except that the cuticle
of the epidermis is abnormally thickened.

Euura S. ovum Walsh.
"On Salix cordata. An oval or roundish, sessile, monothalamous

swelhng, .30 to .50 inch long, placed lengthwxys on the side of small
twigs, green wherever it is smooth, but mostly covered with shallow
longitudmal cracks and irregular rough scales which are pale opaque
brown. Its mtemal substance fleshy in the summ- r like that of an apple
but with transverse internal fibres. When rip3 in the autumn filled with
reddish-brown spongy matter, with close-set transverse internal fissures
at right angles to the axis of the twig. On cutting dowTi to the twig at
any time a longitudinal slit about .30 inch long becomes plainly visible."—
Walsh.**

As already noted the host of this gall in this locality is Salix humUis
It remains to be determii.d .whether there are two distinct species of
producers or one species with two hosts. Walsh's description of the gall
on Sahx cordata corresponds to the form occurring here on 5. humilis.

The ovipositor of the producer has in this case made a longitudinal
cut in the stem. A transverse section at the place where the gall is
located showfi that this wound extends in Trom the epidermis to the boun-
dary of the pith. The activity of the young tissues, abnormally stimu-
lated, soon fill this fissure with a mass of small, angular parenchyma
The rapid division of these cells forces the exposed edges of the cortex
and central cylinder apart so as to form a wedge-shaped opening which
is filled up with the gall mass (Fig. 71). It should be stated that the
newly formed cells originate mainly from the division of a cambium
bordering the pith at the bottom of the fissure. But other tissues also
respond co the stimulation initiated by the ovipositor of the insect
Thus a section of the stem at a short distance from me gall shows that
the outlying cambium has become abnormally active and has produced
a layer of bast neariy one-third thicker than that found in the normal
stem. Likewise the activity of a cork-cambium layer has thrown off a
strongly cu ticularized epidermis present in the eariier develof .nen tal stages.

Undescribed Sawfly Gall {,Euura N.S.) on SaHx serissima Femald.

'4

ns.!.- L BMfirMm »U attMhad M • taf if ite koM BtaM.
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. , "^ii" ^f '" P""?""^^ ^y ^^^ abnormal swelling of the petiole of th.

bears the gall „ ,h. one from ,he axil of which the p<^rcle rf tie caSS,

.'^::^a,JXXtrJx.::^-:^£r '^^^^^^
appearance is due to the petiole of fh^ tJu i° • .

misleading

TK» «oii ,

peiioie ot the leaf breaking just above the »!!

Dimensions.—HeiKht of trail 7 » t,.,, . j- ,
P"

Tu
"cnjm 01 gaii 7-6 mm. diameter at base e.? mm

undi.ete„tla.e.'"cer.:lS'.rh;tTtJl,ro^t^^^^^^^^

•<r^ c ,• ..
Poni^inia pisum Walsh.

.tee„sxt;tu.ritirj'^etrxi'rr-

?aissrreiitttir;;tr- ttif-r f« -two, and occasionally two are^fli^, ' cL " """ "^
even without pubesce^nc, in oth^ .". e shnvS 'LTaJwrd';.; 'themed um-sizedonpsu-itJi f«.,,* * 1

"'•'-'^' Kcnerally studded m

point of attachment is marked on the iTpLr sS o7 h.T' ^''^ ^*^*

sub-hemispherical depression."-Wal!h« "^ ^^ ^ ^^'^

midrfoltd^'wlnhZsrhT-.^'*.^? ^^" ^"^"^*- ^-- -

Phyll and is attacheT^t^jJ^rt J,hVLt"!r ^li"^""
°' ^'^^ '"^-

it is always placed is cut bv tV/ ^.^ ''^^ ''^•"' "^" ^^ich

strands paLo'utf^mhi^tth'e Si bT'*°''
'°"^^^'' ^"^ --"'-

iStL'rolle'":^*'^ "^^^P*^^" -^ epidel'fofi laf^ buT:-tage was not secured young enough to show the relative amo^tJ
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^ produced from each. The epidermis bears numerous lenticeis, organs

, which KUster** mentions as occurring on the gall produced by Pontania
salicis.

At the point of attachment of the gall the blade of the leaf is strength-

ened by s<;veral rows of cells derived from the upper epidermis and the

palisade parenchyma, as shown in Fig. 81. Thi.se cells seem to have
remained unmodified in any way, since their arrangement in rows is still

clear in fairly old stages of the gall. Consequently they differ very
markedly from the irregularly arranged cells of the main part of the gall

body.

Pontania pomum Walsh.

"On Salix cordata (and very rarely on S. discolor). A smooth,
fleshy, sessile, globular or slightly oval, monothalamous gall, resembling

a miniature apple, .30 to .55 inch in diameter, growing on one side of the

midrib of a leaf, and extending to its edge or sometimes a little beyond it.

The principal part of the gall generally projects from the under side of

the leaf, and only about one-sixth of its volume from the upper side,

although very rarely it is almost equally bisected by the plane of the leaf.

Scarcely ever more than one gall on a leaf and very rarely two of them,
more or less confluent so as to seem like one k.'dney-shaped gall. Ex-
ternal colour greenish-yellow, generally with a rosy cheek like an apple

especially on the upper surface and often with many dark little dots on
its surface."—Walsh.**

The ovipositor of the producer of this gall has been thrust laterally

through the midrib of the leaf into the mesophyll. The wound has com-
pletely severed the bundle of the midrib, as seen in Fig. 76.

The full-grown gall presents an epidermis with a very thick cuticle.

The remainder of the gall consists of a complex of thin-walled cells

arranged so as to constitute a typical aeriferous tissue (Fig. 77). A
similar arrangement of cells is not found in the normal leaf, the mesophyll
of which consists of a fairly compact tissue. The vascular strands growing
out from the wounded bundle form a complete ring around the gall,

situated about half way between the epidermis and the centre.

I was successful in obtaining this gall at such an early stage that

the egg membrane was still unbroken (Fig. 76). This phase shows that

the epidermis, the palisade and the spongy parenchyma mutually take

part in the gall production. Counting along a line passing through the

centre, four of the cell layers are seen to have arisen from the lower

epidermis and six from the upper, eight from the palisade and fifteen

from the spongy parenchyma of the leaf. Hence it is noteworthy that

the new tissues are not the product of a cambium but have been contri-

buted to by every morphological region of the leaf. Tiie cells that are
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The cuticle. «> marS aSlr^ of th ''T '° ^'^"'^ ^^^ «'^* ^•
exceedingly thin T^ eoirrL hi

"'^^^^^K" °' ^^e .r'dermis. i.

bottoms of deep pits (Fir^firTH" T^°T 'P""^'"' ^'^"^ ^^e

circumstance that the 'L^- ^' '^^ "°" ^"''"" "'™"^*' ""
grown out have nott^riS Xr^V'?.-'™'"

"'^'^'^ »'^'" »>*-«

by their fellows and "^avrSn UftTtf ^T°"'
Participated in

shown in the text fig beW ^'"^"' '"''*" "

FI,. l-Hlr. «W,tto. *«. riu ta u» «««... of ,.^, w^.
Pontania iesmodioides Walsh

^ee:mon?t!;:.a"gal.''of™'r^^^ ''t^'
«->'^- yellowish,

semicircle adjoining thetdn'b /a le"^
'""''^ °^ ^'^^

of a Desmodium of like ZZ^l'^i^^rS^^r: ^^^ '^^
'l^ ^^inside edge of the "ouarter" r\^\Tu ^

. ^[ °' ^n orange, the thin

upper and lower sidi«i of Tl,^ i»,f i, .

equally divided bet»-een the

rathe, the hir^ Us^aUv thei i K """V"" *' '""" "»"»" "

•ides rf the n,id,ib.--Le„„h .,Xo LI WaS,".
'"" "' °° "'^^

r;u"d,roftSd';r.\rf^°'
't' ^'^« ^^^^^.

of th. produl^ Th'til'TJ' 'X^ """'
ft"' '»' '"^ -x-i'"

the .tSe ,„taS''tr„':r„:^"b:*' If^."" "'^^'^ '^
dermis, the ,p„„gy ^Zl^>^ ^l r'T"' '" *' "'"»' 'P'"

normal leaf (Fie 80) iTthiTi . '1'"^'= l"-™"**™" of the

su_p, the uppef5ier;:;Ll;Ltl";?,rr'£^oi"'r 'i" "
•^•

and palis«ie parenchyma Kven layeread^ TlTl '?' '""^- divided aa yet, and prohahly tS :o"t;r.T^.^:Zd'Si:;^? IST
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gall. The abnormal cells from the palisade parenchyma show clearly
their origin by their arrangement in rows at right angles to the surface
of the leaf. The cells produced by the spongy parenchyma, on the
other hand, are not regularly placed but include air spaces. The result
is that the abnormal tissue in this case also resembles the normal tissue
from which it is derived.

This stage of the gall shows that the cavity present in the mature
gall has arisen between the tissue produced by the spongy and that
derived from the palisade parenchyma of the normal leaf.

Ponlania hyalina Norton.
" Fleshy galls occurring in two parallel rows, one on either side of the

midrib, sometimes touching but not originating from the latter, and
rarely extending to the edge t* the leaf; sometimes as many as twenty
on a single leaf; in other cases confined to a row on one side of the leaf
or occasionally occurring singly; shape irregular elongate-ovate, pro-
jecting equally on both surfaces of the leaf; length 7 to 10 mm.; the
abortive ones smaller. Colour on upper side more or less brownish red;
beneath white, with slight purplish tinge."—Mariatt."

The anatomy of this gall presents scarcely any differentiation of
tissue. When mature it consists of a mass of thin-walled chlorophyll-
bearing cells the innermost of which are arranged in rows almost at
right angles to the blade of the leaf, as seen in Fig. 75. Cells are so much
alike that they afford no clue as to their origin.

Again I was able to obtain material so young that the larva was still

confined within the egg membrane (Figs. 73, 74). It shows that the
spongy parenchyma, the palisade parenchyma and the epidermis of the
normal leaf were jointly concerned in the production of the abnormal
tissue. The spongy parenchyma has contributed neariy half of the
ei re mass, the cpidermes three layers each, and the row of cells

immediately overiying the lower epidermis three layers. The remainder
has been derived from the palisade parenchyma.

Undescribed Sawfly Gall {Ponlania N.S.) on Salix humilis Marsh.

'4

Hi. •.—Two mlU •ttMfaid oa epporft*Mm of ita midilb.
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This is a monothalamous gull found on the leaves of Salix humilis.
It is spherical in shape and in that feature resembles P. pomum

but in other respects it differs very markedly. It extends from the side
of the midrib almost out to the margin of the leaf and is divided into
two hemispheres by the leaf blade. In consequence the gall protrudes
nearly equally from each leaf surface. Usually there are two or three
galls on a leaf. WTien two are present they come in contact with the mid-
nb at the same place but on opposite sides, as illustrated in Fig. 79. In
a few cases four and even five gails were found on one leaf. The galls
are pubescent but not as densely as the under surface of the leaf.

Dimensions.—Average diameter i cm.
The mesophyll of the leaf and the upper epidermis are mutually

conwmed in the production of this gall. In one. sufficiently immature
to show the relative amount of tissue arising from each source, it was
found that the upper epidermis had produced two cell layers, while the
lower had not responded to stimulation ; and that the palisade and spongy
parenchyma had each produced one-half of the remaining mass. The
hollow in the gall, present from the earliest stages, has been formed
between the tissue arising from the palisade and the spongy parenchyma
respectively.

When only one gall originates from the midrib at any pomt, the
••ascular bundle is cut approximately half throuK i (Fig. 78). But more
frequently ti^-o galls are located opposite one another, one on each side
of the midrib, in which case the two incisions meet and completely sever
the bundle, as seen in Fig. 79.

Vascular strands pass almost completely around the gall, along a
line half way between the epidermis and the gall cavity. These 's
originate from the midrib in the neighborhood of the injury anj . .j

opposite directions.

Undescribed SawfJy Gall on 5. lucida Mi hi.

^- 4.—Two Kite productd on Um nmf !<•( of Uic hott.

This gall consists of an enlargement of either the petiole or midrib
of S. lucida. Neither of these organs bears, as a rule, more than one gall
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lit a time, but occasionally the petiole of a leaf carrie* two or even thret

and the miarib in rare instances two.

The midrib galls are fairly regularly elliptical in outline with the
shorter HU meter across the leaf. The swellings in most cases are nearly

equally divided between the upper and the lower leaf surfaces. The
petiole galls vary from spherical to ovoid in shape. In the latter case

the smaller end of the gall ib towards the apex of the leaf.

Dimensions of the gall:—Longer diameter 6-ia mm.; shorter dia-

meter 3-7 mm.
The very marked proliferation of tissue in this gall is not accompanied

by a differentiation that presents many points of interest. The cells are

larger than those of the normal leaf and the nuclei are correspondingly

larger. The bundle is cut nearly through by the ovipositor (Fig. 8a).

The free ends of the bundle thus stimulated grow out until in some cases

they almost surround the gall. This elongation is produced in part by
the increased diameter of the vessels but also by the production of new
cellular elements.

The pith, exposed by the cutting of the bundle, produces almost
all the abnormal tissue (Figs. 83, 84), but the cortex contributes some.
The cells are arranged in curved lines that pass across from one elon-

gated end of the bundle to the other. Between these rows are many air

spaces which are elongated in the direction of the lines of cells (Fig. 84).

Undescribed Sawfly Gall on Salix humilis Marsh.

rifr i.—Lml o( tin hoM wiU> atUelMd fiU.

This is a monothalamous gall produced by the abnormal swelling
of the leaf petiole of S. hu nilis. It is conoidal in shape with a long taper-
ing apex which is towards the blade of the leaf. As it is situated at the
base of the petiole the uniform enlargement of that organ is often pre-
vented by the axillary bud. This causes the gall to project to a greater
extent on the outside of the petiole and produces an irregularity in the
outline of the gall. The surface is quite glabious in spite of the fact that
the epidermis of the leaf is decidedly pubescent.

Dimensions:—Length of gall 6-9 mm.; width 3-4 mm.
Nearly the entire mass of this gall originates from the vascular

bundle of the petiole which has been stimulated to activity by the in-
sect's ovipositor. The small thin-walled cells of the gall substance
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Io;iS::irZ„^"'"Tr"„'''^""^ •" '^^ P'^h «' the bundle near

but .how. i^. of.luUtion in tttT' " ""' "^'"'^"^ *'»''='«"«1

chief proliferatlr ' ^ '"'' *^''^^""« ^''^ P''^ P^°d"ce. the

mor. .c,ivel>- ,ha„ ,h» ,»fade parnicTx™
""""^ Pa^nchyn,.

.he ^S'UrwhtltXe"'''"" "H'''^"
cl.-c,„Wc. of

|or™a »,M bJor'ai^LLifrrsviJivri ^[s'r
'°

lose their arrangement in vertical rows anrf fh.Tu fu
"''''*'

wa. nearly (ull g,own Mv^r^,.; J T " '"^' ""' •*' 8»"
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cause of cell activity, productive of lawfly galU. is the wound caused hy
the act of ovipciting. But there it a slight possibility that secretions or
excretions from the developing larva may be- active through the eat
membrane.

The protective sclerenchyma sheath of the more advanced t)^)** of
galls IS absent in this group, and the only protectiv. ,!.-%ice appears to
be the cuticularizing of the epidermis and the presena- of tannm in the
cells. The cuticle has also a more important function in preveuung the
desiccation of the underlying thin-walled tissues of the gall.

The possible significance of the aeriferous tissue found in Ponlanta
pomum Walsh will be discussed later in this paper.

Lenticels on galls seem to occur very rarely. They were found in
thu group only in the one species, Pontania pisum Walsh, a leaf gall.

The restriction of the various species in many cases to single hosts
seems noteworthy when the minor specific differences between the
members of the Salicaccx are considered.

A series of the undescribed species of Euura on Salix serissima
Femald furnished undoubted examples of cell proliferation produced
by the excrement of the larva! producer (Fig. 72). This fact is discussed
in the biological section of the paper.

Localization ok Tanmn-Bearino Tissue in Sawfly Galls

KU8tenmacher« has discussed the question of tanii.n in certain
Cynipid galls and Ccok»^ has detected it in different stages of a number
of galls, but no attempt has been made up to the present to work out its
distribution in the family Tenthredinidae.

Pontania pomum Walsh
Tannin-containing cells are abundant in the epidermis of this gall

They are found also in the "Aeriferous tissue," but arc not so numerous
there. They are plentiful in the vascular strands, but can scarcely be
demonstrated in the tissue next the larva.

In the normal leaf of Salix cordata Muhl. these cells are abundant
especially so in the vascular tissue and the epidermis.

Undescribed Pontania Gall on 5. humilis Marsh.
Tannin-containing cells are very plentiful in the epidermis and in

six or seven rows of cells that immediately underlie that ussue. They
are also present in the vascular strands and in the tissue next the larva.

In the normal leaf of 5. humilis Marsh these cells are not present in
the epidermis of the midrib but are found in the bundle of the midrib
etpedally in the bast portion.
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Pontania hyaUna Norton.

t;«,.
"
^f""

^'*' ^"""'^ abundantly in the epidermis and in the ealltissue generally, except the cells on which the larva is feeding

r^luJl
*^* "°""*' '^.^^ °^ •5- «^*« L- on which this gall is found, these

tt^^-iTtrthtisr^
°^ ''- ""^^ ^- -« ^'-^^"'^"

Pontania desmodioides Walsh
Tannin cells are plentiful in the epidermis and in the underlvinetissue but gradually diminish in number in the tissues nearlle a^aThis gall also is found on 5. humUis Marsh.

Undescribed gall on petiole of Salix lucida Muhl

h,.t il*"?'".«"«
"« f°""d practically all through the tissues of the gall

o»«Jt"""
""' "'^ ^°""'' throughout the normal petiole except in theparenchyma tissue immediately underlying the epidermis.

/ X T
Conclusions concerning Tannin-bearing Tissue.

from^^hi^'";rginrs''"*'"'
•" ''" ^'""^ ^''^^ •" ''' "°""^' ^--

S \tt^ ''""T V" '".°'* ^''""'*^"' '" '^' ^P'd^™« ^nd the bast.

S t Z ^^^^"* '" '^"^ °'^'' ''^^^ ^"^^ y"""^^'- «t«K«« of galls.
(4) It does not appear to function as food for the lan'a; as thetannin cells are less abundant in the tissue on which the la^lrf^ed

for «£ ! J""
« f'^ays plentiful in the gall epidermis it may servefor protection by rendering the gall tissues unpalatable.

Technique used in Testing for Tannin.

chloride'sItuU!^'*T
""^ ^' ^ "^^"'^'^ ^'"*'°" ^^ ammoniumcnionae saturated with ammonium molybdate.

Razor sections of the galls were used for testing.

Notes on Ovipositing by Sawflv Gall Producers.

Pontania hyalina Norton.
The leaves of Salix alba L. are folded in the bud with the undersurfaces towards the outside. The ovipositing takes placT ^fore 1leaf selected has separated from the others in the same bud. As a Ls^!

leafcFig 74"
'"' °"'^''" '^ '""^^^'^ '"'^ ^^^ -"*-• «-f--SX

May 37th, 191
1
.-On this date a producer was observed ovioositin*
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August nth.—Galls were found in which the ovipositing could have
taken place only a few hours before. The ovipositing in this species must
continue over a period of at least two months.

Pontania pomum Walsh.
Pontania desmodioides Walsh.

P ese producers begin to oviposit at about the same date as the
above species. The period of ovipositing must comprise a comparatively
short space of time as the galls of these species are all at about the same
stage of development on the same date.

The galls produced respectively on Salix cordata Muhl. and Saiix
kumtlts Marsh, by these producers are not found near the tips of the
young stems, but the galls on Salix alba L. produced by Pontania hyalina
Norton are found on leaves along the whole length of the young stems.
This difference in the location of the galls is caused by the period of ovi-
positing being much longer in Pontania hyalina Norton than in the other
two species.

The first effect of ovipositing by Pontania pomum Walsh, visible to
the unaided eye, is a dark red colour produced in the leaf blade surround-
mg the spot where the ovipositor has entered. This colour is also visible
for a short distance along the midrib of the leaf. When the gall is opened
at this stage the egg of the producer can be found with the aid of a lens
It is elliptical in outline and of peariy lustre. The membrane is trans-
lucent and the egg contents can be distinguished through it.

Order Hymenoptera.

Whenever possible the specific names have been selected from the
monographs by Wm. Beutenmulier,'-'* that are now being issued from
the American Museum of Natural History, New York. These publica-
tions give full synonymy and bibliography of the different species.

The following species are here described:—
Fam. Cynipidae.

Holcaspis globulus Fitch.

Holcaspis bassetti Gillette.

Philonix erinacei Beut.

Pkilonix hirta Bassett.

Philonix nigra Gillette.

Amphibolips confluens Harris.

Amphibolips inanis O.S.

Dryophanta palustris O.S.

Andricus imbricaria Ashmead.
Andricus singularis Bassett.
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Andricus piger Basaett.

Andricus petiolicola Bassett.
Andricus (undescribed).
Rhodites multispinosus Gillette.
Rhodites lenticularis Bassett.
Rhodites ignotus O.S.
Rhodites bicolor Hair.
Rhodites gracilis Ashm.
Rhodites nebulosus Bassett.
Cynipsf conj/rtcto Stebbins.
Soknosopheria vaccinii Ashm.
Aulacidea tiabali Brodie.
Neuroterus majalis Bassett.
Aylax glechoma Linni (referred to the section on Cytology).

Holcaspis globulus Fitch.

. Host Quercus alba L.

of tht rr^'^-o-' ^P^'-ca' gall produced at the nodes of the stem

ish.g;r^u?ua7's':3sr,;r*"wr'°^^^
chamber is free fro^Jh: ^inde Tthellf "^r t' "^^Z

'^^'
the producer is placed at the end of tLi^faSi' ce!i

''^"^ °' ^^* °'

Drniensionsi-Average diameter 13 mm.

witk U» reminder of tte gaf Be^th Xil' I,,'"y'=.""'i"»i'y

tour or five lay.™ of all. ^th thriTkn. ,?" "P*™" "«
o.«.egall. i.ti.irl!LrotS:';S'.^S,'^''J,Sf'' '^E'"'^zone. Here the cells an. in «^:,i " ,^ P

.
P^rt of the parenchyma

with only a few smai air na^, Tr' °T> ^ ^^'^'^ ^'"P^" *!«"«

the nearer the^ a^ toTh Ta^al chaX 1 ^'T7^^ ^'°"«^*«*

zone is a poorly defined LmwLrJu '"'"^' °^ '^' parenchyma

crystal lay^ Lch ceH oTtht ,^
'^^* "^^^ ^^^''"^"y '"^^ a

second caLium'^tS .^'
fh'i ^^ Tl rfin^JftuT

l""^- ^
layer on the inside. From this canihinm tL * •

,^^ ^^^ ">^*al

™» ^^« o, .11.. ai™<^;r„^ro'^rr:j3'u'sr

.1..^, 1..^^::,:^^rrr^tr^z i^:;::;^:"'"^'
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Holcaspis basseui Gillette.

A ^-^ *u .
""^^ ^""^^ rnacrocarpa Michx.

inthe. of the stem.
"^ * "' °"'" """' "n>pl«.ly 4 to 5

cumd ta mott cmT' ?^„, '"*""«'« » "«'«"« Point ihat i, re-

young, b-ny„,t;^.,^trr;°,^""r^rf >" »-«.
sembles closely that founH in tK- V ^^"™-

.
^"^ '^rval chamber re-

at maturity, but it diSn het^ ^TZ ''"'"' ? "^'"^ °^'^' ^"^ ^'^^

in ta^ring^o a P^inf:tTetrnS^thTtir^ '^" ""^'^ ^^" ^"'

Dimensions.-Diameter at base, average. 16 mm

ttem „. „„ch ,^„„ ,h„ ^^ o^inaly„w il.0 »„r xrC"!the nutritive lavpr ar» m.,^». _ 1
zone, ihe cells of

globulus T^^^SLTb 6s) Th^ kT."'
''^•'"y ^'^^^ *^°^ °^ ^•

tissue hold thiZe'^'la L SkSn" a"X ^"'Jll^
^^^^^'"'--"^

relation of the crystal uZrTT f ^ P'-^^^drng species. The

Philonix erinacei Beut.

. Host Quercus alba L.

sionally the upper surface of the leaf.
^^ """*" °' '^^

The gall is spherical or ellipsoidal and slightly flattened on th»face m contact with the leaf Th^ r^«;„«.
""^""y "^"^"ed on the sur-

elongatedinthedirectonofthe Jdn "^tlT Tl '' "^""^'^ ^"^
up into numerous facets each orwhi.l,,,'^"""

""^ '^^ ^^" '^ '^'^'^^l

trichome structure that' icomJ '"^ ^"* "' ^'^^ "^"^^ '"to a

maturity. TSrc^ourof tht^-^^ TJu T-^ "' '*"" ^"" approaches

redtmts^hetritlt^lXtS
^_^^Dm.ens.ons .^Longer diameter .0-.5 mm.; shorter diameter

*;:

'^

I
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In the earliest stage examined the gall was a mm. in diameter.
At this time none of the cell walls are sclerenchymatous and the nutri-
tive ion IS only about four narrow cells in width. Outside of this layer
IS I part of the parenchyma zone in which each cell contains a laree
crystal mass.

•

At a stage in which the gall is full grown but still soft, all the zones
are diflferentiated. The epidermis is thrown into folds and is covered
with a heavy cuticle (Fig. 64). This is absent in the sinuses of the folds
and on the epidermis covering the spines. The parenchyma zone is
gradually converted into a protective tissue of porous sclerenchyma.
1 he thicker deposit is usually on the walls of the cells nearer the periphery
of the gall. Along the outside of the nutritive zone and throughout the
protective layer generally are lines of small cells almost square in outline
The walls of these cells are very thick and the lumen of each is filled with
a single crystal or a mass of crystals. In galls that had become hard all
the cells of the parenchyma zone were found to have scarified. The
sclenfication is partially complete in Fig. 64.

The nutritive layer of this gall diflfers very little in appearance from
the parenchyma zone. Its cells do not contain the rich protoplasmic
contents common to the nutritive zones of typical Cynipid galls.

Philonix hirta Bassett.

Host Quercus macrocarpa Michx.
A monothalamous, spherical gall originating from a principal vein

of the leaf. Found somewhat irregulariy spaced along the vein and about
equally distributed between the upper and lower surfaces of the leaves.

The epidermis has the same faceted appearance found in the pre-
ceding species, but in this form the trichomes are represented only by
short points. Colour greenish yellow. When the leaves become tinted in
the autumn the galls assume a reddish brown colour.

Dimensions:—Diameter 2-3 mm.
The anatomical structure of this gall differs from P. erinacei Beut

on y m the distribution and nature of the protective zone. This tissue
IS limited to a layer 3 to 4 cells in thickness, just outside the nutritive
zone. The sclerifying deposits are limited almost entirely to the outside
tangential walls of these cells and gradually entirely fill them. As a
result of this the pores pass completely across the cells in the older
stages. The small square crystal-bearing cells are, in this species, just
outside the regular protective sheath.

Philonix nigra Gillette.

Host Quercus alba L.
A monothalamous gall attached to the principal veins on the under

side of the|leaf.
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This species is spherical in form and has an epidermis covered with
a short dense pubescence that gives a felty appearance to the exterior of
the gall. A fibrous mass of cells surrounds the centrally plared larval
chamber. Colour gray turning darker when dry. Individuals of this
species are so numerous that the ground, under the trees infested by
them, IS often covered thickly with galls.

Dimensions:—Average diameter 8 mm.
Outside the nutritive zone is a wide crystal layer, each cell of which

IS completely filled with a crystal mass. The sclerenchyma of the pro-
tective zone IS formed in a very unusual manner. The sides of contiguous
cells are thickened in such a way that there is an almost spherical deposit
at the points where the cells are in contact.

Radiating out from the protective layer are long narrow cells which
form the minor part of the parenchyma zone. The remainder of this
zone consists of irregulariy elliptical, thin-walled cells. The epidermis
IS covered with a dense growth of trichomes with thick laminated and
sclerified walls.

AmphiboUps conftuens Harris.

Host Quercus coccinea Muench.
A monothalamous gall attached to the petiole or midrib of the leaf.

The midrib is never continued beyond the point of origin of the gall.
Globular to prolate spheroidal in shape and invariably terminatingm a minute point. The thick walled larval cell at the centre of the gall

is surrounded by a sponge-like mass of fibres that is at first white but
becomes dark brown when the gall is dry. At a very eariy stage of de-
velopment the epidermis of the gall is pubescent but later it becomes
smooth. The colour is at first green but this changes to a lustrous light
brown when the gall is old.

Dimensions:—Average diameter 40 mm.
(a) Stage in which the gall is 2 mm. in diameter.
Almost the entire gall consists of a compact tissue, which is composed

of small uniform cells. Lines of narrow elongated cells, however, passm a radial direction throughout this tissue. These cells do not extend
into the gall cavity nor out to the epidermis, they traverse about two-
thirds of the gall radius. As they approach the epidermis the lines curve
around and run parallel to its surface. Spiral vessels are in some cases
differentiated in these rays and the elements are more numerous near
the point of attachment of the gall.

(&) Older stage 9 mm. in diameter.
The gall wall can now be divided roughly into three sections. That

part lying next the larval cell resembles closely the compact tissue de-
scribed in the preceding stage, except that immediately adjoining the

'*
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«vity a typical nutritive layer has been formed by the elongation of th.

loTv^ ' 'Tf
^"'^ ^l^^'eton-Hlce. The cells composinTTl™long very narrow and frequently branched. In many casesT bfanrlf

^

attached to the main cell without the formationTan ^er^ct'rpamion between the two. The outside zone of the three isT^S of*

rrd^is."''-
^'^ '°"" ^ '^'^^ «"" tissueSttLr;

(c) Mature stage.

The protective zone is now the most characteristic feah.«. «f fi.-

Se^L k^re Ich"^ "''^r^'T
''"'^'^^ °" **^ outsidVwalls of

^T..T ^ ^ ^^""^^ *''^" th°«> ^n the inside. Further out theSn t.'"'
'°""^ '" '^^'^' ™^ ^"'^ their walla a« unUonSythickened. This protective strengthening of the cell walls e«enrf« I^

:;feVfi'S.'°°"'^
"""^^' ''^'"^"^-'''^ -"»• -- of^tchrtifvi^

Amphibolips inanis O.S.
Hosts Quercus coccinea Muench.

Quercus rubra L.
Resembles the preceding species in external appearance and in it.attachment to the midrib or the petiole of the leaf
In shape It is more nearly spherical than A. confluens Harr and ithas a much thinner rind than is found in that soecii Th^^' ,f

m position by a number of fine radiating fibres.
Dimensions:—Average diameter 35 mm

r.uJV^^
^'"" !**^ ^''^ anatomical structure of this gall is oracti

mg tissue from between the strands disappears

nf « . ,*^^ '"^*"r
^^" ^^^ P'-otective zone is very apparent. It consistsof 8 to 10 rows of comparatively small elliptical cells The walls7^2cells are umformly thickened, constituting a porous scler^rw

Dryophanta palustris O.S.

Hoetsl^*^^*" rttira L.

^Ojw'-cim «jcc»n«i Muench.
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equally on each side of t"-, leaf. In the majority of cases the gall extends
out almost to the margm of the leaf and only the edge of the blade rims
.ts outer side. Rarely this gall is found originating from the peduncle
of the stammate catkin of the host.

H^unne

The very young gall of this species is densely pubescent, while the
well-grown specimens are usually quite smooth. In galls collected when
the leaves are just begmning to unfold from the bud the larval cell and

1„H tSi'f ""T °, ""'. f" 1:'
""'*^' ^"' ^^^ «~" ^ ««r'-ation occursand the larval cell is left rolhng freely around in the outer gall. Colour

of mature gall green with patches of red in some places.

• ^u^^'^T
°^
M^"* ^^ "^^^ «'*P^« ^™°> the time of the open-mg of the buds until the producers emerge from the galls. After anotherweek the galls are wrinkled, dried up and brown. About ten days before

the time of emergence of the producers the larval chambers were removed
from several galls and placed under dry conditions. While the time of

r^K* ^l°t''TJ
"^"^ "°* appreciably changed, the insectsm almost every case had difficulty in freeing themselves from the larval

cells and one wmg usually remained shrunken. It would appear that the
outer gall dunng the later stages of development functions only as a
moist chamber for the prevention of the desiccation of the larval cell.

The youngest galls examined were obtained from leaves that were
just breaking out of the bud. At this stage the larval chamber still has
organic connection with the remainder of the gall (Fig. 49) A well-
defined cambium zone, in which mitosis is taking place, divides the gall
wall into nearly equal parts. The parenchyma layer on the outside
extends from the cambium to the epidermis. It consists of small cells
that resemble closely those of the cambial zone. The inner half of the
gall, forming the nutritive layer, is composed of much larger cells ar-
ranged in rows radial to the larva. A canal passes from the outside into
the larval chamber The epidermal lining of this canal is continuous
with that of the epidermis of the gall and is covered with the same class
of tnchomes (Fig. 49). It gradually passes over into the innermost
layer of the nutntive zone.

In a very short time after the opening of the buds, the larval chamber
IS severed from the remainder of the gall. The break occurs near the
outside of the cambium zone, and separation has commenced in Fig. 50At this stage the protective layer is not yet differentiated. Soon after
the separation occurs it is produced, however, and the four zones of a
typical Cympid gall are complete.

The cells of the protective sheath are placed tangential to the larva.
There are two layers of these cells, both of which have one tangential
wall thicker than the other. In the outer row the thicker wall is towards



346 TtANSACTIONS OF THE CANADIAN INSTITUTE (vOL. IX

ot! 'r^l ''l!'""'*''
*'"* '" **** •""•'' ~^ the reverse i. the ca«! 0„ theouts^e of the protective zone are about two layer, of round^K^nected parenchyma cpIIh CFi» .t^ -rt.

'" "» rouna.iooseiycon-

staee is 8tHIvS \ ^J-
^^^ *=*"*' mentioned in the earlystage 18 still visible, penetrating the outer wall of the gall and that of th.arval chamber. A layer of collapsed tissue is now cleaSy defin^ aroi^d

ci'vTt '1 "" u""^
''^^ ^^'«- «')• The inner layer of the ^Zchyma zone is also showing this same tendency to collapse

Andricus imbricaria Ashmead.
Host Quercus coccinea Muench.

a.li» , A
^^" ''*"'"«' ^""^ *he stem of the host plant. Severalgalls are found near each other on the stem but they are nev" r croldS

are fouildTtrvTct'''"^r ' S'"^

---^'
' ^Jithalamor^'ms

the gaH menX-S H
'''' '^^^"^ ~""«=*«' ^^h the remainder of

TJaU eSLl Sf JT °^ '*' P°'"* °^ attachment is marked bya small, elliptical, depressed area surrounded by thin scales of tissueThese scales repre^nt tissue forced aside by the emergen"
"

the young

Dimensions:—Diameter 6-9 mm.
This species has the four zones well HifforpnHat^/i ti,

striking features of the anatomical struct:^! a'^TSingT::-^
'"^-^

The cells of the protective layer contain large crystal masses andhave their walls uniformly thickened. Radiating lin^oUeS^i outfrom this protective zone (Fig. 48). through the parenchyma heTt^ and

^ir, T'^""'"
"^"^^ ''""^^ ^^^ «""P°^ of na^ow ebngat^cells and are from , to 3 cells in width. These rows of cells tonSTtgreat deal of starch and a substance that takes a very de^pstaFn withsaffranm. Large cells of the parenchyma zone separate ttesebTndTofcells from each other, as seen in Fig. 48.

Andricus singularis Bassett.
Host Quercus rubra L.

It IS a monothalamous gall closely resembling in external form^ryophanta palustns O.S., but its outer wall is much firmer a^lt d^not waher so quicklyafter the producer emerges. The ellipsolSall^chamber is suspended at the «ntre of the |all by radtrg'^Sr^J



«9«a) MORPHOUWY AND BlOLOOY OP INSECT GaLLS 347

tiMue which pan inwards from the gall rind; this gives the species a
superficial resemblance to small specimens of Amphibolipz inanis O.S.

Dimensions:—Diameter 10-15 mm.
The larval chamber in this species is suspended at the centre of the

gall by fine strands of tissue. These are composed of long, narrow, fila-

ment-like cells interspersed with spiral vessels. These fibres represent
the inner part of the parenchyma zone. The outer part of this zone
resembles closely that found in the gall produced by Dryophanta palus-
Iris O.S. The cell walls of the epidermis arf strongly thickened and this

is the case also in the underlying layer of cells of the parenchyma sheath.
The protective zone, when the gall is full grown, consists of two rows of
porous, laminated sclerenchyma cells. The outside tangential walls of

these cells are much more thickened than the inside walls. The cells of

the nutritive layer are unusually large and almost square in outline. By
the time the gall is nearly mature many of them have been emptied of
their contents and a wrinkling in the radial walls shows that the whole
tissue is collapsing (Fig. 59).

Andricus piger Bassett.

Host Quercus coccinea Muench.

A polythalamous gall produced by the swelling of the petiole or

midrib of the leaf. It is situated always near the distal end of the petiole

or the proximal end of the midrib.

It is an irregular, elongated structure, somewhat triangular in cross

section. When it originates from the midrib the projection is almost
entirely from the under surface of the leaf, the broad flattened part of

the midrib above rising very little above the general suriace of the blade.

On the under surface of the "- each side of the gall is a row of

small openings. The larval cell i are in two rows following the line of the
openings. The total number ir the gall varies from 20 to 30.

Dimensions:—Length of I 'nger diameter ao-25 mm.
A nearly mature specimen shows the following anatomical charr.cter-

istics. The four typical zone are well defined. Surrounding the nutri-

tive zone are three rows of cells that form the protective zone. The walls

of these cells are porous laminated and uniformly thickened. Outside of

the protective sheath is a zone of tissue of about the same width, each
cell of which contains a large crystal aggregate. These masses of crystals

alone distinguish this tissue from that of the parenchyma zone into which
it gradually passes by the crystal groups becoming less plentiful.

Connected with the openings mentioned in the macroscopic descrip-

tion are remarkably straight canals that extend in as far as the protective

sheath. At this point they are closed by cone-shaped plugs of scleren-

chyma (Figs. 43, 44), that extend out from the protective zones of the
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Th» al» appear, more likelyVo JeT
'" ''«.<'««'»P"Wt of thi, ,dl,

i4»</n«iM Petiolicola BaMett.

the leal a. that .poM..
'""'•"«•«<'•• th. «me place on

.urf^'H'^^a^^';;^:^^^ i«-
oue at .„e Place on I.

They are arranged ^lult^JJ^TtZ'S^ """Z
"*"^^'« '" """t:^

from the epidermis.
°^ *** «*" « ^^out the same distance

!^rt:^S;:'J-::lf;;-,,en b«a. part .o-u mm.
Wtt but the indivi^uXTCmS: Te^^'^''"

^^" '" ^
'
^'-

The galls sectioned were nearly maTu^iut tht fP'''
'" ^'^ "P^^""-

species was not found. * ^''^ "y"^' '^yer of the former

chamtrX'.'Tir TheJ^'^^nil, do^^t Tl- *T"" "^^ '--•'
but mto a rrain canal of largS^« ,t

" L *^" "•'""^'^ *° ^^^^ °"t^de
mto the mass of the gall (fZ^^^T Tu' '

r"^*^^*"* «*••**"«
by the protective sheath as b ie iS' n^

"'*' "^"^'"^ ""^ "«*«d
are Imed with a cuticulari.ed epfdeT Z."'^"'- ^' °^ *^« «"«'•
d-mis (Fig. 45). The lininTouSeZ^^TZrZ ^*^ '''' «^' *P'-
chomes bu. these structures do not ^^^[T^""^ *.''""^^« ^^
tanes. A tubular outgrowth of th^ n?^- ** P"**"* '^ ^^ ribu-
canal. This sclerenchymwous shLT-"'* '°™ ""'^^""d'' t*^* "Jn
several layers of parencSJyma ceJs q- ^''"^*'? ^""^ "^^ *="'^' ^^
cork cambium is d^ereS^ '• ""^* °^ *''» P™*««ive tube .

Andricus (Undescribed).

although close to its baU in m^^^ ""^ *"'^'" *^* '"^^e of the leaf.
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They corr«pond to ihe larval cell., varying from 3 to 7 in

the leaf,

number.

Diinen.ion.>-Ungth parallel to axi. of midrib 10-15 mm.
Although nearly mature specimens of this gall were sectioned aprotective zone was not found.

"ectioned. a

In this species each larval chamber ha. a canal related to it Inth» respect U rjK^mbles A. piger Bassett. A section of the ^11 at a verC

T^,!.
** l^*^«'°P"'«nt -how. that the canals open info tie U^S

l«^r . ^''k
*•*' «^" '^•"" oWer. each canalT, blocJbXplugs of sderenchyma. One of these occupies the same position refat^to the larva chamber a. in the two preceding species; the^hiMom^

.n Fi. .V t"'^ °^T'-
"^"^ ""^ °' sclerenchyma are Z^«nF.g.47. Tnchome. do not appear to be produced in the canals.

Rhodites multispinosus Gillette.

Host Rosa blanda Ait.

th. *'°''k"
*°.°''°j'* Polythalamous gall produced by the swellins ofthe stem or branches of the host plant. Since the larval «lls Ir^TrrZ^

the gaJl. the abnormal swelling completely encircles the stem.The gall IS reddish brown in colour and has its surface usually den«ilvcovered with fairly stout prickles.
u»uaiiy aensely

Dimensions.—Average diameter 25 mm
The principal mass of this gall is formed from the cortex of the stem

wus d. A well-marked protective tissue, composed of cells withporous, sclerenchymatous walls, separates this parenchyma zone fromthe nutntive tissue that lines each larval cell
The response of the gall epidermis to stimulation is shown in theproduction of the numerous prickles that are so marked a hrctlristkof th.s gall. Smce the stem of the host is usually unarmed this fea ureappears the more remarkable.

"n-rmea inis leature

Rhodites lenticularis Bass.
Host Rosa blanda Ait.

A monothalamous, lens-shaped, thin-walled gall produced in themesophyll of the leaf of the host. They sometimes Hr sbgly b«usual y several are located on one leaflet. They often are rcS,wd^that they lose their circular outlines.
crowaea

This gall projects chiefly from the under side of the leaflet
Dimensions.-I^nger diameter a-3 mm.; shorter diameter" i-a mm.Smce it 18 pa^ible to trace a considerable part of the unalter^meK,phyll of the leaf along the upper surface of tWs gall proSt

»

must have con:menced in the spongy par«,chyma of tieTeaf ?S
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normal epidermi. of the leaf paB«Hi over the .urface of the gall without

SvfcdU "deSl " "''"'
"L'^"

"' ^'^ "^'*' ^ ''''>»-^'- layer oTat:

tiMue O^th
'^

^"''^'^r
"'' "°""*'' P""^ "f '^' '"^ '^-n the gallUMue. On the under .urface a corresponding protective layer occur, ata d .tance of three row. of cell, below the epidermi.. The cell. o""h'.protective xone have uniformly thickened «:Ierenchymatou. waH. Segeneral .tructure of the gall i. .hou-n in Fig. 63. In.ide thf. lave/

I

camb^t.„ue i. differentiated, from which the cell, o "he nutri ive It
arranged m rad.al Ime,,, pre«ntmg very much the wme appearance a.the cambium from « hich they have originated.

PP^arance a.

RkodUts hicoloT Harr,

Ho.t./''^" fttomto Ait.

\Rosa Carolina L.

thicker""*'"'''""*'"''"
""*'"""*'• ''°"°'^ '^^" '"''*'

'
'"*"

'
^° * """• '"

face If'theTeaf
."''' """' " """"' ''"^ *°^^^**" f™"* *"«= "PP«' '»'•

The gall bear, numerous stiff prickles that average about the Mme

;?, Dimension..—Average diameter 1 1.5 mm

ation'^f'tiLTl-r' "'"^"T
°^ '•'" «"" P'*^-*"*' ^^^ •'"'« diflferenti-

Sl. Thi?t
P"^"^'^^'"- ^""^ con««t8 ol large irregularly riiapedall^ Th,s tissue passes mt^ the nutritive layer with little change in therfiape or size of the cells. The protective zone is entirely abwnt.

Rhodites ignotus O.S.
Host Rosa blanda Ait.

A polythalamous or occasionally monothalamous gall attached tothe under side of the leaves by a small extent of surface. Thc^la^^are generally found clustered together and often deform the entire leaf

diam^eTaTrnm "'' '"'" ''^"^^^ " """"= ""^^'^^^ »^°«-

VVhile ^.mewhat variable, the shape appioximate. usually to anm-egular oblate-spheroid At the apex of the gall is a shallow deprl^io^

aTd^Tbro::!^etuf
''''' '' '--• ''^ -^^""^^ ^« ^^ucou.

The anatomical structure of this species presents the rare feature oftwo protective layers^ These are each of about five cells in thic^e^ inhe full-grown gall. One of them is found in the usual position .epara^i^g
the parenchyma and the nutritive zones. The otherT situated in Se
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parenchyma ju«t beneath the »mall-cclled epidermii.. This out»idc pro-
tective iheath gradually paaees into the parenchytua zone by the con-
stituent cell walls becoming thinner. The Urge siie of the cells in the
parenchyma layer marks them out from the roundtr and smaller cells of
the nutritive zone.

Below the depresseo area, mentioned in the macroscopic description.
is a small patch of sclerenchymatous cells In position and character
these cells appear to be homologous to the groups of cells that block the
canals in different species of Andriciis. Only the mature stage of this
gall was examined, but in all probability the depression at the top is the
remains of a canal that connected the gall cavity with the outside in the
early stages of development. A part of the normal epidermis of the leaf
was held fast by the closing of this canal, and when the gall was forced
out beyond the leaf tissues a small patch of the epidermis of the leaf was
ca Tied out on it. This persists in the later stages ui development as the
scj 'e of tissue in the depression.

Rhodites iracilis Ashm.
Host Rosu blanda Ait.

A thin-walled, monothalamous gall produced from the mesophyll of
the under surface of the leaf of the host. Occurs singly or in clusters on
the leaflets.

It is irregularly spherical with a broadened top, in the centre of
which is the same shallow depression and scale-like patch found in R.
ignotus O.S. Numerous ridges radiate out from the point of attachment
of the gall, pass up its sides and project as short blunt tubercles around
the top.

Dimensions:—Diameter 5-6 r.im.

This species resembles closely R. bkolor Harr. in anatomical struc-
ture. It presents little differentiation of tissue. The protective sheath
is not present, and the parenchyma and -ritive zones are n.arked out
from each other only by the cells of i: ,.' I .iJer being slightly smaller and
more circular in outline. The observatici -.

. .n the preceding species con-
cerning the depression at the summit ol ine gall and the discussion of
them also apply to this species.

Rhodites nel/uhsus Bass.

Host Rosa blanda Ait.

This species, as the preceding, is mc lothalamous and thm-walled. 1

1

also originates from the mesophyll of the leaf of the host. It occurs
usually in dense clusters deforming the entire leaflet.

The gall is spherical in form, bearing at the summit the depressed
area and scale-like patch characteristic of the two preceding species.

i

:'

it
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The surface of the gall is smooth or covered with short weak .™„^Colour green, tinted strongly with red.
"^ "**•

Dimensions:—Diameter 5-6 mm

stru ™e "TLTl^^f k'°^'^
•*?'' "'^'"^ ^'^'•'» '" anatomical

mucrtie same way a^nVt: Z^'" '"' '^""'^^'"^ '^y"» ^'ff-^"

zone is agaSTbsTt Thp ,

'^•'"* *"*'"'• ^'''^^'' '^^ Protective

to accouT^oftrscall inThe d'lr"'"'" '1^*^ *"° P^^'"»' ^°""»'

applicable also In tSLi "''""" '* *'* ''""""'^ °^ »^« »""»• «

Cynipsf constricta (Stebbins).
Host ^rcaj coccinea Muench.

veinofZT. f^'T"' ^*"/"«'"^*'"« ^^^ *he midrib or a principalvem of the leaf
.

Its origin from a vein is shown in Fig kx U isuLSfc>und on the under side of the leaf but occur, occaaiSi/lfy on Se""pt'

neck'^which"is'sli?h't/°""
°' " ''''^ «"""0""t«l "y a short cylindrical

''^. ilt.r^hertsrat'^rtS
" ^" ^^ smoothXr.^,^

Dimensions :-Diameter of spherical part 3.5.3.5 mm.

from the epidermis to the inner limit of the laver At ^TZiA ^

th^ ;* / '•

^*'' ^ anator.nical structure of this part shows dearlvthat ,t functions as an outer nutritive zone. Its walls aVethranHtK

^ rrrr^'i!'^
"'-^f- ^^ ^°- - *^« nuTritfvr:,:^^^^^^^^^^

ceL tL
^^' ''"''^ «'^'"" ^^« »'«> "mattered throughout SJecells. This zone is separated from the cambium tissue in Ae later ?/

src:sr rr^i^^^^rnrr^^^^^
'^^^ °^ ^^^^-' pororscfe^Xi

betwLrtL J^^- ^ ,

P™*°P'^«'"'<: -naterial. and the system of canals

f.«^ •
"»^^'^"*' «"» is very complete and clearly defined TW.

^ x^e h^P; ""'°T "r ^''^ -""-""nent from theouS „u^tive wne has to pass through this tissue to reach the larva
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Soknotopheria vaccinii Ashmead.

Hostsf^'*""'**"" P'^^^ylwinieum Lam.
I Vaccinium canadense Kalm.

A polythalamous gall originating from the lower part of the stem of
the host plant.

In the majority of cases this gall is reniform in shape but rarely it
IS irregularly spherical. The surface is depressed where it is attached
to the stem, which is almost invariably bent at that point. Thecolouris
green, often with red tints turning to brown as the gall becomes older.

Dimensions^—Longer diameter 10-30 mm.
At an early stage, while the tissues are still soft, the anatomical

structure of this gall presents practically no differentiation. It consists
of a mass of dense tissue, the cells of which are small and placed very
dose together. The small-celled epidermis is covered with an exceed-
ingly heavy cuticle. At regular intervals small papilla occur on the
epidermis which seem to secrete a glandular material from small open-
ings at their tips.

*^

When the gall is mature all the cells, except a few layers below the
epidermis, have sclerified walls. The thickenings are decidedly heavier
on cr.e wall than on the opposite.

Aulacidea nabali Brodie.

Hostsf'^''"^'"*" "*" ^•

\Prenanthes allissima L.

_

A polythalamous gall originating from the stem or the main root of
the host plant It occurs at or near the base of the stem, usually just
below the surface of the ground but in some cases it is situated some
distance above the ground.

The single galls are irregulariy spherical, but these are generally
clustered in such a way as to form roughly cylindrical masses. In some
cases these completely surround the stem, but in others they only partly
encircle it.

.? 7 f» "y

Dimensions:—Diameter of single gall 5-10 mm.
The cambium of the stem stimulated to unusual activity produces

the abnormal tissues in this case (Fig. 66). Along the line of contact of
the gall with the normal stem, the cambium produces wood and bast
but in abnormally large amounts, as can be seen in Fig. 66. In the gall'
tissue proper, in place of wood, radial lines of nucleated thin-walled cells
occur. A few rows of vessels are interspersed among these cells. The
stimulated cambium produces these parenchyma cells also on the side
where the bast would normally occur. In the gall tissue on the outside
01 the line of the cambium, small patches of vessels are found. These
have arisen from dumps of cells detached from the original cambium

5 I
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Associated with these isolated masses of vessels, often occurs a smallamount of bast that appears normal. When the detached cambium is
curved, wood is almost invariably produced on the inside of the curve and
bast on the outside, giving rise in some cases to almost perfect concentric
bundles.

The club-shaped cells of the nutritive zone do not follow the general
rule and radiate out from the larval cell, but are oriented with their lonjj
axes at right angles to the cambium. The nuclei of the cells in this zone
are abnormally large and often present good examples of amitosis (Text
i"ig. 6).

The normal cortex passes over the gall with little alteration during
the early stages of development, but later a cork cambium is differenti-
ated that throws off the cortex and covers the gall with ite characteristic
corky layer.

Neuroterus majalis Bassett.

Host Quercus alba L.

..
A Pp'ythalamous gall originating in the mesophyll of the leaf and

divided into two nearly equal parts by the blade. The galls are found
usually m contact with the side of the midrib and extending out to the
margin of the leaf.

This gall is characterized by a flat, irregular shape and a finely granu-
lar epidermis. It is translucent and of a light green colour until the pro-
ducers emerge when it becomes light brown and opaque.

The apertures of exit of the mature insects seem to occur invariably
on the upper surface of the gall.

Dimensions:—Diameter parallel to leaf blade 19-24 mm.; diameter
at nght angles to leaf blade 7-9 mm.

Only the mature gall was examined. At this stage the nutritive
zone consists merely of a narrow line of collapsed t. .-e (Fig. 67) From
two to three rows of cells constitute a protective layer. The tangential
walls of these sclerified cells are unequally thickened, the heavier deposit
being on the wall nearer the larval chamber. The parenchyma 201
consists of large thin-walled cells, the majority of which are empty ana
devoid of nuclei. A small-celled epidermis continuous with that on the
normal leaf passes over the gall.

Summary.
All the galls in this group have three tissue zones developed and

only very seldom is the fourth absent. The three always present are the
epidermal, the parenchyma or tannin and the nutritive. The paren-
chyma zone, as shown by Cook« is subject to a great amount of varia-
tion. The fourth, not always present, is the protective or sclerenchyma
zone.
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Even in one genus there may be considerable variation in the degree
of development of the protective zone. It is entirely absent in Rhodites
eractHs Ashm. and R. bicolor Harr., but two distinct layers are found in
R. tgnotus O.S.

In several species of the genus Andricus canals were found passing
from the exterior towards the larval chambers. In the eariy develop,
mental stages these opened into the gall cavity, but later were blocked by
outgrowths of sclerenchyma from the protective zone. They were located
in the species Andricus piger Bassett. A. petiolicola Bassett and Andricus
N.S. (Figs 43-47)-

A canal similar to those in the Andricus genus was found also in
Dryophanta palustris O.S. In this species the plug of sclerenchyma is
not developed (Fig. 49).

An epidermal scale was found in the bottom of a depression at the
apex of the galls produced by certain species of Rhodites. Below each
scale a small mass of sclerenchyma is differentiated. These structures
seem to be homologous to the canals in the genus Andricus. They are
present in the following species: Rhodites ignotus O.S., R. gracUis Ashm.
and R. nebulosus Bassett.

The gall Solenozopheria vaccinii Ashmead has the sclerified tangen-
tial walls of its protective zone much thicker on one side than on the
opposite. This is very unusual in stem galls, although a common feature
in leaf galb.

The collapsing of the cells of the nutritive zone after the withdrawal
of the contents is exemplified in almost any gall studied. It is, however,
particulariy noticeable in Dryophanta palustris O.S. (Fig. 52)

.

Empty cells were found throughout the nutritive zones in the later
stages of neariy all the galls examined. Good examples of this pheno-
menon are furnished by Andricus singularis Bassett and Aylax gUchoma
Linn4.

The separation of the tissues so as to produce a free larval chamber
gall is shown in the species Holcaspis globulus Fitch and H. bassetti
Gillette; also in Dryophanta palustris O.S. (Fig. 50). In the last species,
as Cook" has shown, the separation of the larval chamber takes place at
a very early developmental stage.

Mitotic phenomena were observed in the cambium and near it in the
adjoining parenchyma zone of Dryophanta palustris O.S. The number
of chromosomes remains as in the normal. Good examples of amitosis
were located m the nutritive tissues of Aylax glechoma Unni, and
Aulactdea nabali Brodie (Text Fig. 6).

The parenchyma zone of Amphibolips confluens Harris furnishes an
example of a tissue consisting of long filamentous cells from which

-i

r.
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ftoHferation of glan^X t S.e j^^^^^^^

»Pongy parenchyma.

nutritive zone that clearlvaSI .
" ^"""P'*^ °^ ^" °"t«^ accessory

(Fig. 54).

"^ '
'" '"PP'y'"« *^^ '^"^ *ith nourislS

Notes on the Protective Zone

Walsh (FiKs a^S^^Z
^'P*!™"". ^°™'». such as Rhabdophaga batatas

veJt:s:r:t:rj-;tr^-pp'i!^ - ^^ ^^^ --thout a
to be that it forms an inner'^^^nl^dZ-

•"'"^°" "°*'°" ^^P"*"
animals other than insecS^ The ,atti T T""* P"^'*^' ^"^ "'^
fe« very seldom JSi^i. r '

u" ^ °^ enemies appears to inter-

birds^ring o^n^eH of p!^JI
'"'"*'°"'. °"' example-he found

examples of su^clses have LmTf ^^ ^^i^bundus Walsh. Very few
»«.e«i GiHette are^LsioLZLn^'r^'::!!'^^ Galls of ffo/«*,^
of Eurosta solidatini^^tT. ^^ ^^ woodpeckers, and the larve

to get at the inhabitant N^ oSy fre fS^
.^""^W^"* ^*«^ Walsh

animals but a sclerenchymatou, ^'u^wSd ^.T ^**^'^«!,''/ -<*
device against them.

"^ * ''^'y poor defensive

Adler' has advanced the idea tha* *\,u
that are parasitic on^ep^u'Sfrvt Thrr^^ '"""'* '^^
since the parasites oviposit atTrom^tiy^" . ,

*PP^" ''^'^ """l^ely

chyma is differentiatrilatfvr^Tl^^^^^^^^^
The same writer cites thelarSofLLr fr'T™""' °' ^« «»"•
as other protective devi^Ss/^rS"' ^h^"''^""'

*^^^^^^^
applicable in this case; the eall is notl»™^" u "^"^ argument is

thick at the time^^i!fterar ^ •°'"'*'"'P'^^
^al. A^pHiboUps cXThIS hoTdTall^: fmm

"^'"^^

tTcStrrti! ^ir^^iie'^rf :,f;;e^

-^^^^^^^^^

a heavy casualtyL oSng tfpII^Tti ^1?* ' T**^""
*''' ^' "^

of this specie, were oDen«fa„H^n
^"""« '^" "^^^^^ hundredsPeae. were opened and on an average about 75% were found to
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be parasitized. In some cases a tree would not yield a single perfectproducer, although a couple of dozen galls were examined
It st-ems safe to conclude that if this zone has ever functioned as anieans of de ence against parasites, it is no longer operative. Apparcn ly

ventio 'or "'" '"".""" ?'* '^^" ''" ^''-"^^^ ^"^^'^ tissue isX p e-vent.oa o injury to the producer by desiccation during its later larvaland pupal stages of development. A thick or cuticulLized Sdermiwould also afford protection in the same manner
tp'derm.s

h., l''"';T"'"V*"'
^"''" °^ '^' "'^'"^'"^^ comprising this zone, Weidel"has re ently made son.e interesting observations. He makes the follow-ing too sweeping statement in his summary —

"Auch das gallentragende Organ der Mutterpflanze hat einemEmfluss auf die Gestaltung der Elemente in der GaMe. de m dL bla ^burtigen Galien fuhren in der Schutzschicht einseitig "rdickte d e'abrigen allseitig gleichmSssig vcrdickte Zellen
"

^«-™'«te, die

fnrthl^; 'f
'^" be accepted only as a general rule, and at least requiresunher study. IS indicated by the fact that our American galls furn shundoubted exceptions. Thus the gall produced on the stemofLSPennsylvamcumL^m. by Solenozopheria mc«„« Ashmead has ce th^have a much thicker deposit of sclerenchyma on one tangential wal thanon the other. In some cases practically the entire cell lumen sfiTled v^thsc erenchyma and the deposit has grown entirely from one side of thecell. Also . number of leaf galls have their protective zones compoedentirely of ceIs with uniformly thickened walls. The folloJinnpecTes

Bass, and Neuroterus majalis Bassett. The statement quoted is tTuThowever, in the majority of cases and is important as inchV^uing a Is Weeffect of env.ronment.J conditions on the elements co. ,sing the gaM.

Cytology of Galls.
Cell division in the Cynipid galls was not found to present anv unusual phenomena. In the cambial layer of Dryophanta ^/. " "

sTnwhich m.tos,s;^.-as taking place the chromosomes were found be dghtm number. They are slightly curx-ed and show a decided tendenc?togroup in pairs when moving out from the equatorial plate The ro^ttips of the host Quenus coccinea Muench. were found to gfve theslmechromattc count and the chromosomes present the same feature of moM^;out to the poles of the spindle in groups of two
^

In several galls .mitosis was noted and very marked examnles inhe nutritive zones of the galls ^«/a«V/.. ^aiJercKJie (Tex Tig"

)

and Aylax glechoma^ Linn6. Cell division did not appear to accompanvthe phenomenon in any of the cases exanuned.
accompany
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In galls other than the Cynipidse. the only cytological phenomena
that presented unusual features were found in the orders Diptera and
Lepidoptera. An unusual type of cell division was observed in the cortex
and epidermis of Neolasioptera perfoliata Felt (Text Fig. 7) and in the
cortex of Gnorimoschema gallaasterella Kellicott and Stagmatopkara
ceanothteUa Cosens. This has been already referred to in the descriptive
part of the paper and only the main features will be noted here. The
mother cells produce from a to 5 daughter cells and these remain in
groups that are easily recognizable. The elongated nuclei are found in
contact^ with the .septating walls but not exactly opposite each other.
Insthe^Dipterous genus Neolasioptera this was the only form of cell
division that occurred^in the^gall. but in the Lepidopterous genera it
was found only in a limited area of thejabnormal tissue."

Fit. t.—Nacld from the nutrldre layer of
AuUcUta MtiU Brodl*.

Fi(. 7.—Cell dMrfon In the epMennla end OMta
of Ntolatiopltn frnfcUf FeU.

The Beginning of Gall Development,

In some species of galls that originate from stems, veins or petioles,
the eggs of the producer are deposited within the tissues of the host in
or near the cambium zone. Adier and KOstenmacher have detected
eggs actualb' placed in that region, and while my own observations In
the case of Cynipsf constricta Stebbins were made on older develop-
mental stages, yet the nature and arrangement of the tissues were such
as would seem to preclude any other conclusion. The origin of this gall
from the vein is shown in Fig. 53. In leaf galls that are produced in the
blade as Rhodites lenticularis Bass. (Fig. 63), a cambium is differentiated
in the mesophyll into which, in this case, the egg is inserted. Two inde-
pendent observers, Beyerinck and Weidel, have demonstrated beyond a
doubt, however, that the egg is in some cases placed on the epidermis
of thejhost, and consequently there are at least two distinct methods of
ovipositing.
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The two observere, who deal with the development of galls from
eggs deposited on the outside of the host, hold entirely different opinions
concerning the early stages. Beyerinck*' supposes that after the egg is
placed at the selected spot, the tissues under it grow very little, if at all
but those immediately adjacent undergo rapid proliferation until the
egg IS completely enclosed, forming a gall of the "Umwallung" type
Accordmg to his view the larva possesses the power to stimulate the
tissues through the egg membrane without rupturing it

Weidel, on the other hand, holds an entirely different opinion con-
cerning the enclosing of the larva by the tissues of the host. He has been
able to convincingly demonstrate that in the gall Neuroterus vesicator
Schlecht, the cuticle of the leaf is punctured before- the larva is completely
free from the egg membrane. "Die in der Eihaut noch vollstandig
emgeschlossene Urve durchbricht diese an einer Stelle und senkt in die
Epidermis des Blattes ein Organ ein durch das die Cuticula durchbrochen
und das pflanzhche Gewebe verletzt wird."—Weidel.« 1 he influence of
the larva« soon produces proliferation in the tissues of the leaf, and
following this a degeneration commences at the epidermis and extending
quickly forms a cavity of sufficient size to hold the larva. Into the larval
chamber thus prepared the producer gradually passes, and the opening
through which it entered is soon closed by the growth of the stimulated
tissues.

While the excellent work of Weidel cannot be questioned concerning
this particular gall, it is not necessary to assume that this is the only
method by which a larval cavity is formed. In my opinion the method as
descnbed by Beyerinck is found in some of our American species of Andri-
cus and Dryophanta, reference to which will be made later. Weidel's
objections contained in the following quotation do not seem serious
enough tb warrant the setting aside entirely of the "Umwallung" type
of development. "Gerade diese Stelle war es, die mich zu meinen Unter-
suchungen anregte, denn eine grosse Anzahl von Fragen bleibt bei diesen
AusfOhrungen Beyerinck's unaufgeklart: Wie kommt es, dass an der
Stelle, wo das von der Urve abgesonderte Enzym am starksten wirken
muss, kerne Vergrosserung der Zellen stattfinden soil, sondem nur in
einiger Entfemung? Was wird aus Epidermis unmittelbar unter '.'.em
El? Aus Beyerinck's Figuren muss man annehmen, dass sie in Nahrge-
webe umgewandelt wird, da sie die Urve unmittelbar berOhrt Wie
kommt das, "Sinken," oder, "Vergraben." zustande, Vorgange, fOr die
»hn seme ErklSrungen selbst nicht befriedigeu?"—Weidel .«

Concerning the first question, as to why the proliferation is more
pronounced around the larva than in immediate contact with it, it may
be stated that this is a usual occurrence in the lower groups of gails in
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which the stimulus is applied in one direction only. The stem mothers
of the genus Chermes thus become surrounded by a ring of tissue that
grows out around the point of attachment of the insect (Fig. ii). The
Dipterous gall Cecidomyia ocellaris O.S. also furnishes a very striking
example of this phenomenon. In this species the leaf is scarcely at all
thickened under the larva, but the proliferation is so marked around it
that the producer ultimately lies in a concavity, not formed by the leaf
becoming depressed, but by the outgrowth of the circular ridge of tissue
(F>K- 33)- Any explanations offered to account for these facts are merely
conjectural, but it seems likely that the enzyme content requires a certain
degree of concentration in order to exhibit its maximum activity, and
that immediately in contact with the larva it has not the requisite dilution
to cause the greatest proliferation. It is a well-known fact that the
amount of growth of plants in culture solutions varies with the degree of
concentration of the nutrient substance in the medium; thus there is an
optimum quantity and as this is exceeded growth is more and more
inhibited. An example of this is furnished by the checking of the growth
of Penicillium when the culture solutions are too concentrated.

With regard to the question. "WTiat becomes of the epidermis under
the egg?" I agree with Weidel that there is little likelihood of abnormal
cell production until the larva punctures the egg membrane, but when
this occurs the epidermis becomes part of a nutritive zone and will
undergo such rapid changes that its epidermal characteristics will soon
disappear. The chief alterations will be expressed in the much richer
contents of the cells and in their steady collapsing as these contents are
withdrawn (Figs. 49, 51. 52). The latter change makes it extremely
difficult to follow the normal into the abnormal epidermis unless at an
extremely early stage. While the enclosing of the larva i.s due chiefly to
the giowth of the surrounding tissues, yet the collapsing of the nutritive
layer will assist it to a certain extent.

Weidel's phot< raphs show that in Neuroterus there is not at any
stage an opening into the lar\'al cavity that is lined with the epidermis of
the leaf, and that tier the larva enters its prepared chamber the oponing
is very soon closed. In the method of development as state«l by Beye-
rinck we would expect to find such an ope-ng persisting for some time,
and if we do, that must be accepted as -irmatory evidence of the
truth of his hypothesis. In two different lera. namely Dryophanta
and Andricus. I have found canals leading mto the gall cavity in the
early developmental stages (Figs. 43-49). The epidermis of these struc-
tures is continuous with the gall epidermis aad it bears the same class of
trichomes as the latter. The canal is very marked in Dryophanta palus-
tris O.S., and its lining which is the same as the gall epidermis, can be
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traced until it passes over into the inside layer of the nutrifive zone
(Fig. 49). This canal can scill be detected in well-grown specimens.

Only mature material of Andriru.i piger Bassett and Andricus
pttiolicola Bassett was obtained, and w .le the canals with the epidermal
lining an well marked, they are shut off from the larval cavity by out-
growths of sclerenchyma from the protective sheath (Figs. 43, 44).
There is little doubt, however, but that in early developmental stages
they open into the gall cavity as in the genus Dryophanta. This view,
indeed, I have practically confirmed in the examination of an undescribed
species of Andricus on Quercus macrocarpa Michx. In this form the canal
is blocked at maturity by sclerenchyma (Fig. 47) as in the former species,
but at an early stage I have found it extending into the larval chamber.

Summary.
The evidence seems conclusive that there are two types of early

developmental stages of gails when the egg is deposited on the epidermis
of the host. The method of formation of the larval chamber as described
by Beyerinck is found in certain genera, as Dryophanta and Andricus.
while the method worked out by Weidel occurs in Neuroterus and in ail

probability other forms.

Feeding Habits or the LARVifc of Gall Producers.

With the exception of the family Tenthredinidae, all gall-producing
larvae have started to feed before the abnormal production of tissue
commences. The narrowing of the problem of gall production to the
influence of the larvae on the tissues of the host has given additional
importance to the problems dealing with the feeding habits of these
larval producers.

Order Arachnida.

Fam. Eriophyidae.

The members of this family have mouth parts of the sucking type.
With their cone-shaped beaks they pierce the cell walls and withdraw
the liquid contrtits. The cell walls are not used as food.

Order Hemiptera.

Fam. Aphididae.

Fam. Psyllidae.

The feeding habits of these families are similar to the preceding.
The possession of a suctorial proboscis makes it possible for them to ob-
tain the liquid contents of the cells by merely puncturing the walls.

Order Lepidoptera.

The larvae in this case consume the entire cells that line the interior
of the galls.

Order Coleoptera.
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Fe«l«ng habits aa in the preceding order.
Order Diptera,

Fam. Cecidomyida.
Fam. TrypetidK.

».c^W bn»., bo,.. «„ u,. veC"l'tt"S'S''Tl;:

that these do not form a part of the foorf nf fi.» i„-, «
"'=«*" wans, and

confirm this view In sevtV«l .- u 1
""* ^^ observations

C«:i*«i,y,o (^Sm-, O r7F^ ^ f"'?
^ i^«o/,tera corn," Felt and

whirX ,a;:^"Jer?obtSL'f;J^°^'
*'' "^"^ °' ^'^^ '""'• ^'>™"«»'

other forms a.*X«t Soi^uS ST,^ T/"^- ^"
Pellex OS fh*r«ii. «f /u "t*?"**

"^'sn (i-ig. 37), and Ceadomyia

tST^thdra^ ""
°' ""^ ""*"^"'' '°"^ '"^ -"*»>-• - the conte^:;;

Order Hymenoptera.
Fam. Tenthredinidae.

By the time the larvae in this family are full f«^ „„»,.•
the galU but a thin rind on the outsiKf each SCh^ ^."T"' °1
content, are swallowed indiscriminately

^ **'" '"" "^""•' *°^

Fam. Cynipidae.

toe iMemct r„w, (Fig. ,8) ST-,,! 3l^?i
*"8«.'<»> ""Pecially 1„

urv.*it;f:::i'°l*rorr;;j.7'^f
'kj--. i. u«d >. .ood by o.

»jy be .««.,ed a. an"L™r.:-ll^J^S'^TSl^^^.



191*1 MORFHOLOGY AND BlOLOCY OF INSECT GaLLS 363

food and it immediately attack, and devour, the juicy tissue with great
avidity. The cell, which are demolished, wonderful to relate, are replacedalmct at once. The cell, of the gall pith remain capable of divi.ion a.
long as the larva in the chamber require, food, and the surface cell, which
have been devoured in the gall chamber arc soon replaced by new cell.."

KO.tcnmacher»« ha. advanced an entirely different view and hi.
opinion maj be taken a. representiuk, the theory of the other Khool of
oMerver..

,.• K?l'^^"'T"?'!i
'"^ ^""'''" entschi.pfte Larve. welche ihren Ti«:h

re.chl.ch gedeckt findet. be.wt die innem Zellen de. Nahrungsgewebe.
welche lo«:. von der Eiweiss-Zuckcr-Oel-Emulsion strotzend. hervor-
ragcn an und saugt dioselben regelmftssig ringsherum aus. wahrend dieKhr dUnnen Wandungen wrhmal Khiauchartig Ubrig ble.bcn."

In deciding between thei* two theories the question to be answered
». doe. the larva eat both the walls and contents of the cells as stated byKemer or doe. .t extract in some way the contents of the cell., leaving
the w:ll« practically intact? Several different point, are involved in
the di«:us3.on of this question, (a) The abi^nce of frass in the larval
chamber, {b) The completeness of the alimentary canal in the larva
(c) The nature of the stomach contents, (d) The presence of collap«Kl
tiMue and empty cells in the nutritive zone.

.,• wu*" *
IT^*"'!

^^'P''^ «^" '^ examined the larval chamber, in
which the producer has passed through its early stages, is found unfiledby excrement. Concerning this matter my observations agree with
those made by Walsh in respect to the Cecidomyia larvje. By way ofcompanwn. if a mature gall is examined, the larva of which i. known to

w 1?^."* *"""*• ^ ™'"Pa'-''tivel> large quantity of excreted material
.8 found (F.g 68). The mature larva and its frass from a gall of Pontaniapomum Wal.h were dried in a desiccator and weighed. The followinK
re.ult was obtained:

•""•»»

Larva .0115 gm.
Fraw .0319 gm.

In view of the comparatively large amount >.f frass in ti.e sawfly gall it.
absence in thoM of the Cynipidae apjienr- significant

Th.. fact concerning the larvae ol , Cynipid* has not received
attention since it has been supposed that the intestine of the Cynipid

^\ '!!l\'''',"'^*y-
Comstock" makes the following statement on this

point: The lar^ae are maggot-like and without a caudal opening to
the ahmentarj- canal." Serial sections were made of the larva of the
producers Philonix nigra Gill (Fig. 61). and Amphibolips confluens Harris
If ig. 63;. These action, prove conclusively the completenew of the
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intestinal tract throughout, and that therefore if Kerner'. theory becorrect fras. should I* found a. in the sawfiy gall..
^

a clZ'^" "'VT''
'" '*'°' °' KUstenmacher* view is furnished bya companson ..f the stomach content, of a Cynipid and an "qdUne

which can be detectc-d nothing that is recognizable as having formed^apartofact. I -F.g.55). As this material passes along the d gestivTt^ctbecomes less dense the nearer it is to the p<.Merior opc-nhS and i 'ent rely absent m the last part of the canal (F^s. 61 6a) The a«er rnn

urr»"ndmg cells, and parts of cell walls can be easily detected The«contents are shown in Fig. 56, and at a higher magnification !n" Fig ,

7

ct;' nutirr " '"^
'i'^"?^-^

'^^*'-" ^'-- ^^^ classes of sfoL"'

?r:n itiitTar."^ "
^"^-^ ^ ^^-^^'^ -- ^ -"> ^'-^--'^^^ed

of the walls of the cells immediately surro'u'Sing the larva givTs'dirctevidence .„ favour of this hypothesis. The nutritive layers of a |ar«number of Cyn.p.d galls were examined at different stages of c evlpmen"and K. none of the examples did the walls of the cells appear ohaTCeaten away by the larva. A layer of collapsed tissue (^igs s/cg^)especially m the older specimens, is often found around the insfde ofSlar^'aI chamber and there are also many empty cells throughout tt!nutntive zone. These are .ho.^ in the inner row of cells bpfg' 59 tn some cases the radial walls of the cells are wrinkle,!, indicit ng that

lenTin^Fi^'^'Th^'^r"""'"^.
''''' '^^" ^ -" ^^^ "^ "^^ «' a

c2 Thl'^l\ I ^u "" "''' ^"""'^ '" '^' tangential walls of thecells. The majority of the empty cells are found in the row that line!

'eeutrlwh
^'"

''""i
''^"'"^ ^^'«- ^^- ^"^ "^"ers are diltrib ted

ngf ot. Th"' T ''' '^"'"^ ""*^'*'^" ^'^"^- T''-« can be seen In

:^s-^£:..:^;:dt-h:--:^-^s^^^^

II .n inciuiline larva i. (ceding in ,he gall, . ragged, broken ed™ .,(wue ,s fo„„d l,„,„g u,e caviy i„ which it i. livii-g"', m„kS cTnM^
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A numb, r of invettigatora have — c^trW ft,n» . t
i> lecrcted by the larva of the H t '""" °' '^"'J""*'

.tate. in thi. connectL't at t .o.M 'h f"
'^"""'"•^^'^'''" i^M

the*e Ian*, I,ut enzym" 'ctL h^ ?* '^ •''»<'"'^^»i^*' "dor from

would «cn. .0 .,\cZlreZon^.^^^ ""/""? '"""^ *" ^''^ °"'«'d«^-

and the prc,ximu> of ,.e hnT ^^Z 7
"''*"' ^'"''""' ^^ ""«"

taken with the ..uroJe o T%- ^T"'"
*'"'" ^'^^'^^^Sh' under-

producing th'fchanT ^d " 1"' **''-'"'*"' '^' '^^^ ^«* ''^f^'''' ''

FiR.-T Si;ui'
S OF ExPEHIMrNTS

Second Shries of Kxperiments

..a!^'7J^'°-^''''"^
"''^^"eplacdinthesameq,... -y<f.and treated as in preceding case.

w
'

No sugar was found at the end of 8 hrs .. ?-, - , .

begmning of the experiment sugar was detect I

'..' :.".

of 34 hrs. -
- ' I.

'

Third Skkies of ExPEmuENrs.

of .ugar at any time P ' ""* ^'^' '^' '"'«*^'«'* '"^'^^'O"

the c!i;n?H f'^
^'°'" '''•'^ experiments we conclude that
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no tests have been made, but the observations of Weidel*' point con-

clusively in this direction. He noted that the walls of the protective

sheath become deligniiied ; this is strongly suggestive of the presence of

a hadromase or allied ferment.

With the purpose of discovering the source of the enzyme a

number of species of Cynipid larvsR were examined for glandular

structures. An enlargement of the first two segments immediately

below the mouth was found to be a common characteristic of all these

specimens. Regularly arranged on these projections are two pairs of

op>enings as shown in Text Fig. 8. Longitudinal serial sections of

Philonix nigra Gillette and Amphibolips confluens Harris show that

these openings are connected by ducts with cavities lined by a glandular

epithelium composed of large cells. From these cells the enzyme
containing material pasoes into the cavity and from thence to the

outside by means of the duct. There seems little reason to doubt but

that these structures are salivary glands opening externally, and that

they are the source of the enzyme. A gland with the connecting duct

is shown in Text Fig. 9. Only the two species mentioned have been

examined by serial longitudinal sections, but the external openings were

noted in several forms and in all probability these glands are a

characteristic common to all the Cjnipidx.

Hf. S.—Hc*d of Cynipid larvm ihowlnf atenwl opcniagi
of tbt aivary gland* iint balow Uw moutb.

Fig. 9.—Londtudinnl tectJon of Uie lonr*
of PkUonix nigra GlUette. poatinK tfafoufb
• inUvBry gSand and IM auociiitd duct.

Concerning the feeding habito of the lar\ ae of the Cynipidae, we can
state positively that the ceil contents alone furnish the nourishment and
that these are withdrawn from tiic cells without destroying the walls.

An enzyme secreted by the salivary glands of the larva partially pre-

digests this food. This ferment must act through the *cfcll membrane

•Ihave found that the froth on planti in which the "Spittle Insects' of the
Faitiily Cercopidc develop, also contains an enzyme that rapidly changes starch to
•ugar. Expcnments by Miss J. McFarlane that are not yet fully completed seem to
: ''icate a larger amount of sugar in the stems surrounded by the froth than in
cotreaponding parts of unaflfected stems.
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lining the interior of the larval chamber. None of the nourishment
taken into the alimentary canal, passes from it as excrement; it is
either completely absorbed or remains in the digestive tract until the
completion of the larval stage.

The invariable inert appearance and partially coiled condition of
the larva would seem to indicate inactive feeding habits, but the theory
of food absorption through the body wall is quite untenable; since the
complete digestive tract, containing often large quantities of nourish-
nrient, as in Fig. 62. shows conclusively that the food enters the canal
through the mouth.

Gall-Producing Stimulus
All actively growing tissues are capable of responding to a gdl-

producing stimulus; the growth energy already present in them is con-
trolled and compelled to expend itself in a definite direction These
abnormal tissues that result have the common characteristic of remain-
ing longer in a plastic state than if they had been p.oduced under normal
conditions of growth.

The stimulating influence produces an effect on tissues at a con-
siderable distance from the centre of application. Thus in the Acarina
galls this influence extends to tissues other than the epidermis on which
the mites are located, and in such a case as Slagmatophora ceanothieUa
LMens the epidermis of the stem undergoes division, although the larva
IS feeding in the pith (Fig. 17).

The power to stimulate tissues to abnormal activity is not confined
to gall-producing larvae. Certain inquilines likewise exhibit this ability
to a limited extent. By a fortunate chance I have been able to establish
this fact m the case of an inquiline larva found in the gall of Holcaspis
globulus Fitch. Reference to Fig. 65 will show that a nutritive layer has
been developed around the inquiline. That it possesses the power of
stimulation to a less extent than the producer is obvious from the fact
that It was unable to originate a cambium of its own, and in consequence
the nutritive zone is incomplete on the side opposite to the producer-
larva. This 18 shown in Fig. 65. Yet it is equally obvious that, feeding
as It was m proximity to the cambium of the produce, , it was able to
excite that zone to the production of typical nutritive cells instead of the
parenchyma zone cells that would have resulted had the producer alone
been m control. Kuster« records a similar instance of inquiline-pi oduced
galls in Rhodites eglanteria.

>i k «*

KUster« states that the excrement of the larval Ponlania salicis is
capable of producing cell division. I have found this phenomenon
occurring also in Fontania pomum Walsh and particulariy good examples

.i
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in the undescribed sawfly gall on Salix serissima (Bailey) Fernald (Fig.

73). While I have made no attempt to determine by experiment the
cause o( this unusual example of cell proliferation, yet it would seem
highly probable that the enzymes, introduced into the protoplasm by the
ovipositor of the producer and swallowed by the larva, have not entirely
lost their power by passing through the digestive tract but are still able
to excite cell division.

The gall producer's influence works remarkable changes in the
affected part of the host; even apparently new tissues, glands, trichomes,
etc., make their appearance. The activity of its protoplasm is so much
increased that hypertrophy or hyperplasia is an invariable accompani-
ment of gall production. The conventional view to account for these
phenomena is that the protoplasm has been endowed with entirely new
characteristics and power to produce something foreign to the normal
host. But this is probably true only in a very limited sense, for according
to my experience at least the prototypes of such apparently new tissues,

etc., have been found elsewhere in the host or its relatives. Seemingly
the correct explanation is that not only are dominant characteristics in

the protoplasm stimulated but also in certain cases latent properties are
called into activity, and thus apparently new structures appear in the
host. Attention has already been drawn to examples confirming this

opinion, but the evidence will now be more fully elaborated in the case
of glands, trichomes and aeriferous tissue.

It may be stated as an unvarying rule, that when glands are present
in the normal tissue they are always more plentiful or larger in the gall

originating from that tissue. This is exemplified in the galls produced
by Eurosla solidaginis Fitch (Fig. 42), Aulacidea nabali Brodie (Fig. 66),
and numerous other species to which attention has been directed in the
descriptive part of this paper.

But glands also occur in certain galls on parts of the host that are
normally glandless; thus they are plentiful in the gali produced by Neo-
lasioptera perfoliata Felt on Eupaloria perfoliatum L. (Fig. 23), but are
not found at the same location in the normal. At first sight they appeared
to be new structures, but were finally discovered in the normal host at
the base of the stem. In E. urticafolium Reichard they likewise occur
in tlie transitional region between stem and root, while in E. purpureum
L. they are present in the roots, petioles, and flowering axes as well as
in the cortex and pith of the stem. In the case of gland production it is

dear that not only have active characteristics of the protoplasm 'i. L^at
direction been stimulated to an activity greater than the normr 1 mazimum
but nearly dormant properties have sometimes been arou' -d into action.

W'?^.f-'
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^Tienthegal produced types diflerent from the normal they were searchedfor success ully on the reproductive axes of the host. The unSubr
S: rhai';;: f;rr,«--/''----

lFi«. 6) are totally ^"^Hle ^^stellate hairs of the leaf, but the.r exact counterparts are found on thereproductive axes of the host Quercus macrocarpa Michx. The much

of ^cer «.g«„rfo L. (F.g. 4) are found plentifully distributed over thrreproductive axes, although the normal leaf hairs arc straight
The production of aeriferous tissue in certain Salicaceous galls sub-stantiates m quite as striking a manner .he view I have advanced Thet

fo hrr""/''"''^''
"' " '^P''^'' ''^^^^^*'"'' ^-«"'^- comparable indeHto that found in such aquatics as Nymph*a. ' .tamogeton or Saururuswhile in the corresponding part of the host . doc-s not occu . ndeedthis statement may be extended to include all the species of tl e h.«t"genus^ A cross section of the gall originated on S cordata Muhl byCeculcmyra IrUuo^des Walsh shows this tissue surrounding each larval

acL i;:"'>r/p'''''"''°"'''^
^"'^^''"' ^^^ stcmand extends entTrdyacross the pith (Figs 34. 35. 36). This tissue i, found also in the gall

(Fig. 77), but IS not found in the normal tissues; indeed, the mestmhvllof the leaf of S^cordata Muhl. is peculiarly compact in structure ft ifigured by Cook- in the cortex of the stem gall produced on Sd,s^l^Muhl. by Cectdomyia rigida O.S.
""co'or

With the purpose of determining the distribution of this tissue in

S "?"?
S-'";

'
"Z""''

°'.;''"'" °^ '^"^^^- -- examined byMr. T. A. Sinclair and myself with the following results a detaileddescription of which .-ill be published later. It wasLund in ife p ima^corcex of the stems of the following species and invariably more pTn^-fulat the node8,-5a/«x humilis Marsh.. 5. alba L 5 rnlrni.JiTT
5. lucida Mum S. discolor Muh,., S. n^M^'r^Z^IS'
5. .em««a (Bailey) Fernald. 5. cordata Muhl.. Populus deuLs Marsh'P. balsarn^feraL., P. tremuloidcs Michx. and P. ,rand^dcn,a,am^^
t was also differentiated to some extent in the pith of the .-ten, o P6«/,am./.ra L. and />. deltoides Marsh.. P. ,rar,d.dentota Mi.lx. and

s^emTittors " ''•^ ""'' '"''^^''"" ""^ '">^ "-- ^-"d in";^stem p, h of Sahx was in sections through the bases of branches otSjord^ta Muhl and 5. alba L. Possibly it may be present in the correpondmg region m other species. It can be- traced a greater distance fro nthe growmg tip m the cortex uf Populus than in Salix before it b.a n"unrecognizable owing to compression. I, is apparently nearly a Jay-present m the p.th and cortex of the reproductive axes of Populu and
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Sa!ix. The leaf petioles of the following specie* were foiaid to contair it,

—

Populus baUamifera L., P. deltoides Marsh., Salix kumiiis Manh., 5. alba

L. and S. cordata Muhl. The ti'wue is developed mnd^ more plmtifully

on the side adjacent to the stem.

In general then this tissue is indicated in the pitfa of the stem of

Populus but is restricted in Salix to the bases of the br^iches. It is well

represented in the primary cortex of the stems of both Populus and
Salix, rather better so in the case of the former genus. It is abundant

in such primitive regions as the reproductive axes, nodes and leaf traces.

Thus the unexpected appearance of this tissue in the galls cited is readily

explainable on the same grounds as in the case of glands and trichomea,

namely, the power to produce this tissue is latent in the protoplasm of

the host and it becomes sufficiently active to reinstate the tissue only

when the gall-producing stimulus gives rise to unusual conditions.

Concerning the nature of this powerful stimulating agent there is

at present a growing tendency to ascribe it to enzymatic action. It is

difficult to say just how wide the application of this method of stimulus

may be, but as plants present so many features in common in their re-

actions to produce the different t^i^es of galls, universal enzyme action

would seem to be at least a safe working hypothesis. It is only, however,

in the case of the Cynipidae that we have any experimental evidence

concerning enzymatic action. As described in a previous part of this

section, I have been able to prove, in the case of the gall Antphibolips

confluens Harris, that the larva secretes an enzyme capable of changing

starch to sugar. It is now my purpose to discuss this fact in its relation

to gall production.

KUster,** after experimenting with Cynipid galls in culture solutions,

arrived at a conclusion that furnishes some experimental data on lae sub-

ject. "Bei normaler Entwickelung wird der Inhalt der Nahrgewebe von

den Gallenticren verzehrt; untcr abnormalen Verhaltnissen kann aber

(las Nahrmaterial \on den Pflanzenzellen selbst verbraucht werden.

Gallen von Pediaspis Aceris (Cynipidc), die von ihren Bwohnem be-

freit und auf nahrstoffarmen LSsungen oder auf gewiihnlichem Leitungs-

wasser belasscn werden, bleiben wochenlang am Leben; der Inhalt der

Nahrgewebe schwindet dabei. Werden Gallen gelicher Art ceteris paribus

auf Zuckerlosung verbracht, so bleibt der Inhalt der Nahrgewebe un-

verbraucht oder erfahrt noch eine geringe Vermehrung."

These experiments prove that a gall is able to extract nourishment

from the nutritive zone to assist in its growth in general. It appears

axiomatic then that the greater the quantity of soluble food there is in

the nutritive layer, in excess of what the larva requires, the larger is the

supply the gall has at its command and the more marked will be the
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proliferation of gall tissue. The larva consequently by accelerating therate of change from starch to sugar is indirectly stimulating hproto!plasm and thus controlling the gro,v-th of the gaU. The genefa priSe
.s apphcable here that the available food supply govems'very la^£.ze of an organ and consequently must influence the activky oflts nro!toplasm. It .s mteresting to note in this connection that the si of thegal and the contained larva arc directly proportional to eaThltThe relations between the two are reciprocal. The larger larva ensur^a greater enzyme production and hence a more abundant fo<^ suppWand presumably a larger excess for the stimulation to cell prXS
li ofTl rlT' "h""

'^'^^^ ^'^^''^ ^° ^ proponionafto thesize ot the larx a. The evidence seems conclusive that the nutritive zonefunctions as an organ for preparing soluble food materials Jo SJe
acrtha"t in ad r :

"^"^
t"''"^^

'"^''^^ ^"'^'^^^ confirmatio:; ^om thefact that in addition to the empty cells lining the larval chamber there

Z7. .if ^^^n u ^u"
'^™' '^ P*^'"' '° '^^ conclusion that the con-tnts of the^ cells have been used in supplying food for the proliferatS^of tissue in the other parts of t he gall.

Ffomeration

Summing briefly, the larva secretes an enzyme, capable of chanein..starch to sugar, which acts on the starchy constituent^ of the nutrit ^eone and accelerates the rate of their change to sugar. The materia!thus prepared supplies nourishment for both the larva and the gaT Theprotoplasm of the latter is thus rendered unusually active since it ^t

The hypertrophy and cell proliferation and probably also the ap^"ance o vestigial tissue or other primary characters are the i^^se ofTheprotoplasm of tne host to the additional food supply

direcJ'exTim'^r "n ' ? ^"^^^^"^^ '^'^ '^"^'^ ^>' ^""^^^ «"d ".ore

VVindJT ,.J^'^"^'^
'" '^'"''°" ^'^« '"J«:ted into seedlineWindsor beans at different points with the purpose of stimuIatiT thf

tissues to increased cell proliferation WTien tL nl^.^ f""''^^'"8 .^^^

below the arch of the hy'pocutyl.^1.^^^^:^^^^some of the experiments. These were not conclLive howe'efo^g ohe variation in size of the normal
f lant in that region and the Cery^elt

whTn on"lv S""'''''"'''^"'^^'
°' '^^'^^^'"^ '-^---^ callus f:rSn^htn only d fferences m amount are to be expected. It is further vervd fticult to simulate the action of the producer-larva in briin7tiediastase into contact with the proper tissue.

wringing the

Thediscoveryofanenzymeasanexudaiicn from gall-producer larva-
;:"

' :t- "'"''""r
""' ^^-"^*-" ^hat he had induced cd prXa "onby mjecng into plant tissue tJ.e water in which larva, had £en Zlh2

fSM^
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if

The theory, just stated, furnishes an explanation intended to account

only for the stimulation of the protoplasm expressed in cell proliferation,

hypertrophy and the production of unusual structures. There are other

gall characteristics, however, that can scarcely owe their origin to the

action of enzymes alone on the protoplasm of the host. For example,

the colour of galls appears to be controlled partly at least by the intensity

of the illumination. Thus the galls produced on Salix cordata Muhl. by
Pontania pomum Walsh are little, if at all, coloured when the host is grow-

ing in deeply shaded stations. Besides this environmental effect, how-

ever, theri is another factor that may also have an influence on the

colour of this gall. De Vries" states that the red colour in plants is a dor-

mant characteristic in the protoplasm that can be reinstated by stimu-

lation. As a distinct confirmation of his view he found that red tints

were produced in the leaves of Viburnum opulus L. as a consequence of

bruising. This experiment seems to be closely paralleled in the sawfly gall

Pontania pomum Walsh, where a red colour is apparent in the leaf of Salix

cordata Muhl. in a v,;ry short time afcer oviposition. It seems very

probable that in this case as in that of Viburnum the dormant red char-

acteristic has been reinstated by the mere mechanical injury. It is note-

worthy in this connection that shades of red are the predominating tints

in gall structures, so that in the production of colour enzymatic action

may frequently be operative in reinstating the dormant character red,

especially in the case of galls in which che mechanical injury is negligible.

Further, the shape of the gall and the relation of the various zones

to each other are not explainable by reference to any one factor. They
doubtless result from a combination of factors. Just what all of these

may be is yet not apparent but this much is certain that there appears to

be an entire lack of evidence supporting the view that the protoplasm

of the host has become endowed with a property that enables it to pro-

duce a fairly definitely shaped but withal abnormal structure. Such a pro-

nounced change would surely be expressed in the hereditary character-

istics, yet there is not a vestige of proof tending to show that insect galls

ever produce the slightest vaiiation in the descendants of the host. Not

only so, but in the case of stems growing beyond the gall, there is no

certainty that the prolongations are abnormal except for the slight

dwarfing which is possibly explainable on the basis of an interrupted food

supply. Examples of such stems are furnished by Ceddomyia trilicoides

Walsh on Salix, Chermes abietis Linn, on Ficea, or Eurosla solidaginis

Fitch on Solidago. KQster also found in his regeneration experiments

that the roots produced from specimens of Pontania salicis were perfccth

normal. There is siill another argument to be cited in opposition lo this

view, in the fact that one gall may be parasitic on another. Thus when

''i:^MiX ~msKS£if:Hm' \
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Biorhita forticornis Walsh is produced on Neuroterus batatus Fitch the
stimuh from the different producers are exerted on nearly the same
region of the host at the same time, as both these species are stem galls
and commence to develop just as the buds are opening. In such a caw
as this if we assume that the protoplasm of the host has acquired char-
acteristics necessary to the production of a certain form of gall, it seems
unlikely that it could also possess the characteristics that would enable
It to originate an entirely different type at the same time

With the exclusion of the likelihood that the genetic characteristics
of the protoplasm have been modified in any way. we must turn to the
environmental factors to account for the shape of the gall and the re-
lations of Its various zones. Among these one feature that must have",
certain amount of controlling effect is the direction in which the stimulus
IS applied. The various types of dimple and pouch galls, in which a curv-
ing of the affected organ is a very marked feature, are originated by
stimuli disseminated in one direction only, while a Cynipid gall with it«
characteristic spherical inner gall arises when the influence is about
equally distributed in all directions. In some species it is also clear that
the location of the egg has produced an effect on the external form of the
gall. If the egg is deposited on the epidermis of the host and the tissues
grow up around it, a gall of the type produced by Cecidomyia ocdlaris O S
results (Fig. 33). Even in the Cynipid* this factor has been in operation"
In species of Andricus the openings of the canals give a characterisUc
appearance to the galls, and in A. petioUcola Bassett the gall is drawn out
to a decided tip in the region of the canal. These canals owe their origin
to the fact that the galls are of the "Umwallung" type, and the larv»
have been enclosed by the growth of the surrounding tissues

In some galls such as Dryophanta palustris O.S. a cambium is differ-
entiated at a very early developmental stage, and has a very marked in-
fluence on the general relation of the zones in the gall. This cambium
layer ,s shown in Fig. 49. The cells produced from the inside of this
cambial tissue constitute the nutritive and srlerenchyma zones, while
tliose given off from the outside form the parenchyma zone and epidermis
Ihe former that are under the immediate control of the larva and less
exposed to external conditions come to differ more markedly from thenormal than do the latter that are nearer the outside limit of the larva's
sphere of influence.

I

-i

1

1

I



374 Transactions of the Canadian Institute [vol. IX

Summary.

The idea that the gall-producing stimulus must of neceacity be

applied directly to the cambium layer is not true in all rases, as any

actively growing tissue will respond to a producer's influence.

The effect of this stimulus is operative on tissue at a considerable

distance from the centre of application.

Certain inquilines in Cynipid galls possess the gall-producing power

but to a less extent than the real producer.

Cynipid producers and probably others secrete an aniylalytic ferment

that pre-digests fotxl for the larva and may indirectly stimulate cell

proliferation by storing the nutritive zone with an unusually large quan-

tity of available iiourishment which can diffuse to all parts of the gall.

The gall-producing stimulus renders the protoplasm of the host

more active and awakens in it dormant characteristics, but apparently

does not endow it with power to produce entirely new structures. This

has been demonstrated in the case of glands, trichomes and aeriferous

tissue.

The red colour of galls is perhaps adormant characteristic that may
be reinstated by enzymatic action but there are other possible inducing

factors such as the light relations and in sawfly galls mechanical injury-

by the act of oviposition.

The shape of galls is controlled partly at least by the direction of the

stimulus and the location of the egg of the producer. In galls such as

the Lepidopterous types, where the larva burrows into the tissues after

leaving the egg, this feature has no effect.

The relation of the various zones in the Cynipid galls is influenced

in some cases by the early differentiation of a cambium layer.
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Fig. I,

Fig. a.

Fig. 3.

Fig. 4

Fig. 5-

Fig. 6.

Fig. 7-

Fig. 8.

EXPLANATION OF PLATES.

Plate I.

Eriophyes Sp. {Poptdus tremuloides Michx.). Section showing
the folding of the upper epidermis of the leaf. x 50.
Eriophyes Sp. {Populus grandidentata Michx.). Section showing
the nature of the folding produced on the lower surface of the
'*^^-

X60.
Enopkyes Sp. (Fagus grandifolia Ehrh.). Section through a
number of capitate trichomes. The almost normal character of
the leaf is shown. y en
Eriophyes Sp. {Acer negundo L.). Section through the gall,
showing a large number of convoluted trichomes. X35.
Eriophyes Sp. (Prunus nigra Ait.). Longitudinal section in
which is shown the elongatibn of the cells in the direction of the
long axis of the gall. The peculiar nature of the trichomes is
also shown.

^30.
Enophyes guercx Garman {Quercus macrocarpa Michx.). Section
in which the long acicular trichomes are shown, as also the thick-
ening of the leaf blade. ^30.
Unclassified gall on the leaf of Populus balsamifera L. The
uniform nature of the abnormal cells is apparent. The gall
cavity is occupied by the mycelium of a fungus. x 10.
Transverse section of band of sclerenchyma from the preceding
gall, showing the pores that traverse the tissue. x lao.

Fig. 9-

Plate II.

Aphid corrugations on the leaf of Betula lenta L. produced by
the fourth generation of Hamamelistes spinosus Shimar. The
formation of the larval chambers by the closing of the folds is
shown.

y^^^
Fig. 10. Hamamelistes spinosus Shimer on the leaf of Hamamelis vir-

giniana L. Transverse section that passes through a spine,
cross sections of two bundles are shown. X35.'

Fig. II. Chermes abietis Choi, on the stem of Picea abies (L) Karst.
Longitudinal section, showing two larval chambers with their
apertures of exit. A number of resin ducts are cut near the
margin of the section. v »©

Fig. 13. Hormaphis hamamelidis Fitch on the leaf of Hamamelis vir-
giniana L. Longitudinal section passing through the aperture
°'«^*-

Xio.
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Fig. 13. Chermes floccus Patch on the stem of Picea mariana (Mill.)
B.S.P. Transverse section, shewing the smaller accessory resin
ducts.

j^jj
Fig. 14. Pemphigus rhois Walsh on the leaf of Rhus typhina L. Longi-

tudinal section of a young gall, showing a number of glands. X 15.

Plate III.

Fig. 15. Pachypsylla ceUidis-mamma Riley on the leaf of CeUis occiden-
talis L. Section through the larval cavity, showing the cambium
tissue and the sclerenchyma sheath bordering it on the outside.

Fig. 16. Memythrus tricinctus Harris on the stem of Populus tremv'oidfs
Michx. Cross section through the thickened annual rings, show-
ing the clumps of bast fibres. X20.

Fig. 17. Stagmatophora ceanothiella Cosens on the stem of Ceanothus
americanus L. Cross section, showing secondary growth in the
wood and the abnormal glands in the cortex. X50.

Fig. 18. Normal stem of the host of the preceding species. Section
taken near the gall ; glands are not present in the cortex. X 50.

Fig. 19. Glands found in the cortex of S. ceanothiella Cosens; these corre-
spond to those shown in Fig. 17. X 150.

Fig. 20. Gnorimoschema gallasolidaginis Riley on the sten. of Solidago
canadensis L. Transverse section showing an abnormally large
gland in the cortex. Xx^.

Plate IV.
Fig. 21. Eucosma scudderiana Clemens on the stem of Solidago canadensis

L. Transverse section sliowing the proliferatior in the bundles
and the medullary rays and also the enlarged glands in the
cortex. ^j.

Fig. 22. Gnorimoschema gallaaslerella Kellicott on the stem of Soli-
dago latifolia L. A transverse section through one side of the
aperture of exit, the material used by the lar\-a in smoothing
the sides of the hole for the reception of the plug is shown.
The cross checking in this material can also be seen. X 120.

Fig. 23. Neolasioptera perfoliata Felt on the stem of Eupatorium per-
foliatum L. Transverse section showing an unusual type of
cell division in the cortex and epidermis of this gall. The glands
shown near the inner boundary of the core..:: are not found in
the normal stem at the same height. X55.

Fig. 24. Rhabdophaga strohiloides Walsh on the stem of SaHx cordate
Muhl. Longitudinal section showing the larva in contact with
the small celled tissue at the apex of the stem. XflS.

•.1

3
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Fig. 35,
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Rkabdophaga batatas Walsh on the stem of Salix humilis Marsh.
A transverse section that shows the larval chamber surrounded
by a nutritive zone which is bounded on the outside by a well
dehned protective sheath. ^^22.

Fig. 26. A part of the protective sheath of the preceding species en-
larged to show the unequal thickening of the tangential walls.

c" r^ .J . X200.
I<ig. a;. Cutdomyta majalis O.S. on the leaf of Quercus coccinea Muench.

Section at right angles to the midrib. The folding of the leaf
is shown and the uniform character of the mesophyll of the
gall. The epidermis lining the gall cavity is shown intact. X 15

Fig. a8.

Fig. 89.

Fig. 30.

Fig. 31.

Fig. 32.

Fig. 33-

Fig. 34.

Plate V.

Abies balsamea (L.) Mill. Transverse section of normal leaf.

X35.
Cecidomyia balsamicola Lintncr on the leaf of A. balsamea (L.)
Mill. Transverse section showing the folding of the leaf and
the elongation of the mesophyll cells. The irregularity of
the cells in the strengthening layer of the resin ducts can also
be seen. y,_
C. balsamicola Lintner on the leaf of A. balsamea (L.) Mill.
Transverse section through the midrib. The chief points
shown are the irregularity in the development of the endo-
dermis, the large amount of the transfusion tissue and the
relatively small amount of the non-pitted parenchyma. Xioo.
Abies balsamea (L.) Mill. A section, through the midrib of a
normal leaf, corresponding to the preceding section (Fig. 30).

^ .. Xioo.
Cectdomyta tmpatientis O.S. on Impaiiens biflora Walt. Sec-
tion through a larval chamber, showing the general nature of
the cells of the gall and the smaller cells of the nutritive layer.
The two dark masses attached to the nutritive tissue in the
lower part of the gall cavity consist of the mycelium of a fungus.

^ ^ X30
Cectdomyta ouUaris O.S. on the leaf of Acer rubrum L., showing
the almost unchanged character of the leaf immediately below
the larva and the great amount of proliferation in the region
surrounding it. The general arrangement of the cells at right
angles to the leaf blade is also shown. X30.
Cecidomyia triticoides Walsh on the stem of Salix cordata Muhl.
Transverse section in which is shown the general arrangement
of the larval chambers and the distribution of aeriferous tissue
throughout the cortex and pith of the gall. x 10.
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Fig. 35.

Fig. 36.

Plate VI.

Cecidomyia triticoides Walsh on the stem of Salix cordata Muhl.

Fig. 38.

Transverse section showing the character of the aeriferous
^j""*^- X50.
Cectdomyia triticoides Walsh on the stem of 5. cordata Muhi.
Transverse section of a young gall, showing the well defined
nutritive layer lining the larval cavity and the protective zone
bounding this tissue on the outside. The aeriferous tissue is
also shown. j,g^

Fig. 37. Cecidomyia triticoides Walsh on the stem of 5. cordata Muhl.
Transverse section through the nutritive and protective zones
of a mature gall. At the top of the figure is a dark band of
collapsed nutritive cells; below that a lighter coloured and
wider band of sderenchymatous cells, the lumen of each filled
with a crystal of calcium oxalate; and below that again a layer
of cambium of nearly the same width as the preceding zone.

^ J . . . .

.

X 150.
Cectdomyta tnttcotdes Wal h on the stem of 5. cordata Muhl.
Transverse section of a : ng gall, corresponding to the pre-
ceding mature form. The nutritive zone is at the top of the
figure, its cells are filled with rich protoplasmic contents, with
the exception of those in the upper row and a few scattered ones
throughout the zone. The protective zone is shown below this
tissue, but the cambium layer is not differentiated in the early
''^^^-

X150.
Fig. 39. Cecidomyia bulla Walsh on the stem of Helianthus divaricatus L.

Transverse section through stem of host and attached gall,
showir g the elongation of the fibro-vascular bundles in the
direction of the gall axis and the very marked proliferation in
the medullary rays. At the upper part of the figure, in the
-" cortex, an enlarged gland is partly shown and also other
. .ds at the junction of the gall and the stem of the host. X 18

.

Fig. 40. Lasiopura corni Felt, on the leaf of Cornus alUrnifolia L. The
section shows the lower epidermis and one row of mesophyll
cells in normal position and also the strongly curved character
of the upper epidermis and the remaining mesophyll cells.
The normal appearance of all the cells is also apparent . X 1 8

.

Fig. 41. Lasiopura impatientifolia Felt, on the leaf of Impatiens biflora
Walt. Section at right angles to the midrib, showing the
generally uniform character of the cells. Cells containing the
mycelium of a fungus are shown a short distance in from the
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gall cavity and above it. These ceils give a false appearance
of a protective zone. X-o.

Fig. 42. Eurosta solidaginis Fitch on the stem of Solidago canadensis L.

Transverse section, showing the proliferation of glandular tis-

sue and the general arrangement of the glands along the lines

of the fibro-vascular bundles. "Ka^.

Plate VII.

Fig. 43. Andricus piger Bassett on the leaf of Quercus coccinea Muench.
At the lower part of the figure a thick nutritive layer is shown,
bordering the larval chamber; outside of this tissue is the pro-

tective zone from which a cone-shaped projection originates

that blocks the canal leading in from the outside. The epider-

mis lining this canal is shown continuous with the general epider-

mis of the gall. X35.
Fig. 44. Andricus piger Bassett on the leaf of Q. coccinea Muench. Sec-

tion showing a nearly complete larval chamber. The other

parts correspond to those in the preceding figure. The epider-

mis lining the canal is not shown so well in this case, as the section

passes along the edge of the canal. X35.
Fig. 45. Andricus petioUcola Bassett on the leaf of Q. alba L. Section

passing through the main canal. The epidermis of the gall is

shown passing into the trichome bearing I'ning of the gall. X 25.

Fig. 46. Andruus petioUcola Bassett on the leaf of Q. alba L. Section

passing through the termination of the main canal, showing a

number of trichomes and two larval chambers blocked by masses
of sclerenchyma. X45.

Fig. 47. Andricus (undescribed ) on the leaf of Quercus macrocarpa

Michx. Section passing through the edge of a canal and show-
ing the two masses of sclerenchyma almost united. X35.

Fig. 48. Ar^ricus imbricaria Ashmead on the stem of Q. coccinea

Muench. Sectic showing the numerous bands of cells radi-

ating out from the boundary of the protective sheath, the light

coloi ired layer in the figure. The darker coloured nutritive zone

bounds the protective layer and lines the gall cavity. X }0.

Plate VIII.

Fig. 49. Dryophanta palustris O.S. on the leaf of Quercus coccinea Muench.
Section of a very early stage in which the inner and outer

galls arg still in contac. The following points are shown, a

canal passing from the outside into the larval chamber, the
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trichome bearing epidermis of the gall continuous with the
hning of this canal and passing into the inner row of celb of
the nutritive zone, the bay-like depression in this zone where
the canal enters. ^

Fig. 50. DryophaHta paluslris O.S. on the leaf of Q. cocdnea Muench.'
Section of a somewhat more mature stage than the preceding
showing the commencement of the separation of the inner gall
from the outer in the region of the cambium layer. xia

F.g. 51. Dryophantapalustris O.S. on *Jie leaf of Q. cocdnea Muench.
Section of the wall of the inner gall, showing the nutritive zone
with a line of collapsed cells next the larval chamber and a row
of empty cells just inside the collapsed tissue. The protective
layer borders the nutritive on the outside and a few round cells
of the parenchyma adhere to the protective zone X70

Fig. 52. Dryophanui palustrU O.S. on the leaf of Q. cocdnea Muench.'
Section of the larval chamber of a mature specimen, showing
the insect breaking out of the inner gall. At this stage the
nutritive layer has entirely collapsed. xis

Fig. 53- Cynips ? constricta Stebbins on the leaf of Q. cocdnea Muench
Longitudinal section showing the origin of the gall from the
midrib of the host in the region of the cambium layer. X 100

54. Cyntps ? constricta Stebbins on the leaf of Quercm cocdnea
Muench. Longitudinal section of an early developmenul
stage showing the general structure of the gall. The dark mass
at the top of the figure represents the supplemental nutritive
zone of the gall; it is separated from the spherical part of the
gall by a cambium tissue. The protective sheath that separates
the nutritive from the cambium in later stages is not yet dif-
ferentiated. A nutritive zone is also shown lining the larval
chamber.

X̂40.

Plate IX.

Fig. 55. Holca ins basseUi Gillette on the stem of Quercus macrocarpa
Michx. Section through the gall cavity with enclosed larva
The character of the cells of the nutritive zone is shown and the
unbroken edge of its inside boundary. The finely divided
material of the stomach contents of the larva is also shown. X60ng. 56. Section of a larval inquiline from the gall Holcaspis basseUi
Gillette. The broken edge of the tissue on which the larva
has been feeding is shown, also the comparatively coarse material
of the stomach contents. vg-,

Is,



.184 Transactions of thb Canaoun Institute. [vol. IX

Fig. 57. Content* of the stomach of the preceding inquiline. The black
maaaes are parts of cell walls, while the lighter roundish particles

are crystals. X300.
Fig. 58. Holcaspis basstUi Gillette on the stem of Q. macrocarpa Michx.

Section through the nutritive zone of a nearly full grown speci-

men. The nutritive zone is shown to consist of elongated cells

next the larval chamber and elliptical further out. The dark
rone is a crystal layer that bounds the nutritive zone on the
outside. A cambium is differentiated between the nutritive

and the parenchyma layers but it is not well shown in the figure.

X60.
Fig. 59- Andricus singularis Bassett on the leaf of Quercus rubra L.

Section through the nutritive and protective zones, showing
empty cells throughou* the nutritive layer and the wrinkling
of the radial walls of its celU in general. X 100.

Fig. 60. Aylax glechoma Linn* on the leaf of Nepeta hederacea (L.)

Trevisan. Section through the nutritive and protective zones,
showing the unbroken lining of the gall cavity and the row of
empty cells that borders the XaxvdX chambers. X8o.

Plate X.

Fig. 61. Philonix nigra Gillette. Longitudinal section of the larva,

showing the external opening of the alimentary canal. X15.
Fig. 6a. Amphibolips confiuens Harris. Longitudinal section of the

larva, showing the completeness of the digestive tract. X 15.

Fig. 63. Rhodites lenticularis Bassett on the leaf of Rosa blanda Ait.

Section through the larval chamber, showing the nutritive
layer lining it. Bordering this tissue on the outside is the cam-
bium zone from which practically the entire gall is originated.

The dark band shown plainly at the right of the figure is the
protective sheath. X»o.

Fig. 64. Philonix erinacei Beut. on the leaf of Q. alba L. Section in

which the four typical zones of a cynipid gall are shown, namely
nutritive, protective, parenchyma or Unnin, and epidermal.
The sclerification can be seen to have passed out into the par-
enchyma zone. X25.

Fig. 65. Holcaspis globulus Fitch on the stem of Q. al^a L. Section
through adjoining larval chambers of a produ n and an in-

quiline, a complete section of the latter is shown. The nu-
tritive tissue that supplies the inquiline with nourishment can

II
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^•"^^K ^T °^«:"^"^ «nt*«'y '«>'" the cambium differ-
entiated by the producer of the gall. It. irregularity on the

.;• ^ 1^ *'P?°'*** *° ^^^ P''*^""' '» v'O' marked. xwF.g. 66. Aulccuiea nabali Brodie on the .tern of PreHcnthes albcL.
Section hrough the stem of the host and the attached gall.The relation of the cambium of the host to the cell, of the galltiMue IS shown. ,•

X30.

Plate XI.

Fig, 67.

Fig. 68.

Fig. 69.

Neurourus majalis Bassett on the leaf of Quercus alba L. Sec-

?2r ?^^V !f7^'
fh^'"^*' containing the pupa of the pro-

«8t. of the collapwd nutntive zone and the protective layer.At the upper right of the figure the general nature of the cells
01 the parenchyma zone is shown. y-^
Euura S. gemma Walsh on Salix kumUis Marsh. Section througha mature gdl, showing a larval chamber containing a pupal
producer and 8e^eral large mawes of excrement. The general^ture of the small celled tissue of the gall is also shown X30Euura (N.S.) on the leaf of &iHx serissima Femald. Trln^i
verse section, showing one uninjured bundle of the petiole andthe parts of two others widely separated by the proliferation
of the tissue stimulated by the laceration of the bundles X ^sFig. 70. Euura (N.S.) on the leaf of Salix serissima FemaW. Sec^iS
of a younger stage than the preceding, showing as before one
uninjured and two injured bundles. y,.

Fig. 71. Euura ovum Walsh on the stem of SaUx humiUs Marsh Trans-
verse section through the stem of the host .ind the gall originated
from It. It shows the wedge-shaped cavity occupied by the
gall mass and the origin of the latter from a cambium tissue atthe boundary of the pith of the host. y ,0

Fig. 72. Euura (N.S.) on the leaf of Salix serissima Femald. Section
of the gall showng proliferation induced by the excrement of a
larval producer.

X lo.

Plate XII.

Fig, 73. Pontania hyalina Norton on the leaf of Salix alba L Section
of gall with larva stiU within the egg membrane. Prolifera
tion IS shown well advanced in all the tissues of the leaf x«

^.g.74. Pontania hyalina Norton on SaUx alba L. Section' showing
the wound of the ovipositor. v
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ng
. 75. Pvniemia hyoHna Norton on the iMf of 5bli« alba L. Sertion

of a more mature itage than numben 73 and 74. The amount
of gall tiMue derived from the various aourcca can no longer
be dktinguiahed. The uniformity of the tiMue is very marked.

« _^ « Xaj.
Rg. 70- PoHlania pomum Walah of the leaf of Sahx cordata Muhl. Sjc-

tion through an eariy developmental stage in which the 'arva
had not freed itself from the egg membrane. There is sht.'wn
the laceration of the bundle of the midrib by the ovipositor and
the proliferation in the varicu tissues of the leaf. x ao.

Fig. 77. Penlania pomum Walsi. jn Saiix cordata Muhl. Section of a
nearly full-grown gall, showing the distribu..cn of the aeri-
ferous tissue and the location of the vascular strands. x 18.

Fig. 7«. Pentama (N5.) on tne leif of Salix humUis Marsh. Section
at right angles to the midrib of the leaf to which the gall is

attached. The general character of the gall tissue is shown and
the distribution of the vascular strands fram the vounded
bundle. Xao.

Fig. 79. Pontania (N.S.) on the leaf of SaUx humtiis Marsh. Section
through the midrib from ^*ich two galls had originated. The
bundle is shown oomj^dy severed. X8.

Plate XIII.

Rg. 80. Pontama dtsmodioides Walsh on the leaf of SaHx humiUs Marsh.
Section throui^ a chamber containing an unhatched larva.
PtoUferation is well marked mall the tissues of the leaf. X40.

Rg. 81. Pontama pisum Wat.:, on the leaf of SaUx discolor Muhl.
Section cf a mature gall, showing the general character of the
ttssuea. T "le ()ark band at the upper right of the figure marks
the line of /it achment of the gall to the blade of the leaf. Just
beneath th.s line the proliferation in the palisade parenchyma
is shown.

_ X30.

Rg. 8a. Undescrioed gall on the leaf of 5o;»x lucida Muhl. Section of
a young gall on the midrib, showing the commencement of the
pioliferation in the pith of the bundle. xao.

Rg. 83. Normal leaf of S. lucida Muhl.
oompariaon with the preceding.

Section through midrib for

X2$.
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