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The Birch Leaf'ﬁiner,'Fenusa'pusilla (Lepeletier), has been a pest

" of birch trees in North America since its introduction from Europe in.the

¢

early 1920's. It was first reported in Newfoundland during 1959 on -White
. . J. :
Birch Betula;papyrifera Marsh Since then damage by the leaf ﬁgner has ' .

" been noted-annually in the Province, particularly on roadside trees.

F)

2y

Tﬁis study was initiated in 4&72 to determine the- number of

'génerations of F. Eusilla per year/&n Newfoundland,,fhe number of laruai o

-

instars per generation, and the distribution of the insect in birch .
- : e v . L N }
according to cran~position and leaf age.'

o

In 1972 there were two complete generations end some indiﬁiduals

completed a third generation‘to the prepupal stage. There were five larval

.
1

.instars in:each generation." All birch leaves were vVulnerable to infestation

in the first4generation, whereas in later generations eggs and larvae were

more abundant‘on young leaves of terminal shoots. Larval mortality was

‘

¢
substantial. It decreased from the first to third generation in White

Birch whereas in Mountain Wh}te Birch,.Betula cordifolia (Reg.) Fern.,

larval mortality wds extremely high throughout the season. Five larvae

were .capable of:totslly destroying- the photosynthetic tissue of leaves uﬁ

- . .
© +
. B . -

£fo 60mm. long.f

s

] c . - ° . NSy . .
ng\parasitoid species of F.~gusilié in Europe, Grypgcentrus. :

oA

albipes (Ruthe) and Lathrolestes nigricollis (fhoms ) (both Hymenoptera.

‘Iv\

Ichneumonidae) were released onto Fenusa—infested birch in August 1972.. L,

e

Individuals of both species were recaptured. in 1973., '

-
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" sINTRODUCTION
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The Birch Leaf Miner"'(gen‘usa pusiila (Lepeletier)) is “widely

.distributed thr_oughout'Europ_e'where it is a commdn but not a ‘sérious pest

p" v
.

_in '«a'll-birch—?g-rowing'regicns (Eichorn and Pschorn-Walcher, :1973). It was

\{, -

apparently 1ntroduced accidentally from Europe il}to North Amt:rica in 1923

(Cheng and LeRoux, 1965) It was reported from Connecticut under the name

. F. Rumlla Klug. (Britton,\1924), and hds since spread' through,central and

eastern United Sqates a,nd parts of Canada, wheére it 15 considered to be a
o .

P

pest of economic importdnce in forest and ornamental’ birch'(Yoshimc\to,

1973;. Cheng and LeRoux, 1965) The insect was orted Latiging lea

‘e N - I

\\ damage to «White Birch (Betula papyrifera Marsh) in Newfoundl'and by Carroll
. /

o
.and Parrott’ (l95§) Since tﬁen some damage to birch has been- recorded

v
-

B ’ ’ :
"annually in the Province (Canadian Forest Service, 1‘96(.]-,1973),- but it is
. o : 2 . ' S ) . :
-. not consideréd to be of great economic importance (Newfoundland Forest

’

Reéearch Centre, 1973, ,1974'). . ' - - St

¢ v

-
{

sawflies whose‘ larvae Lare known to 'u.li'ne‘in bireh leaves by the pres\ence of
. 1

/ . . ' i
L four black marks, one on the ventra]. surface of each of the thoracic and
the flISt abdominal segments of seconti ‘to fourth instar larvae (Cheng and -
B LeRoux‘, 1965) (Platﬁ I, p. 3)., AJcey for distinguishing between the birch:”

leaf-mining sawflies, Profenusa alumna (MacG ) F. Eusilla (Lé4p. ) and

.
P

: - Heterarthrus nemoratus (Fall ) has been given by Lindquist (1959)

3

synonomy of F. Eusilla has been lis d by Cheng (1’967) Accounts of ‘the -
o ‘I
.. habits, 011( cycle, and hosts of F. Eusilla have been given, :ln the ‘New

England States by Friend (1931}, andi}n Quebec by Cheng (1967) and by

- ) . @ - .. S '
<7 The Birch Leaf Miner can'be distinguished from the species of ',/



- :y74-14‘

Ve, e}
R

S

e

11

o

2 Guevremont (1970) Ihe qdults are about 3mm. 'long; black;lexcept'for_‘

-9

-‘.:"vyéllow-brown tibiae and tarsi (Plate II, P 4) Mating occurs on'the uoper(

1eaf surface of host trees (Plate III p. 5) Eggs are laid into the '

“n

4

remain in thb same 1eaf throughout their development Mines of early—

3
f e
° g N

palisade mesophyll, of buds or young 1eaves (Plate IV, p. 5) and the 1arvae .

. ’- hid ‘..
. instar 1arvae are, kidney-shaped vhereas' 1ater—instar 1arvae tend to'be -

) .
-l Yag

gregarious and their mines may coalesce (Plates VI, p.- 6; JVIL, pJ 7). Full-:'

.

u grown larvae drop from 1eaves, form coccoons in the soil, and develop into

prepupae, in which form they overwinte? (Plate VIII, P. 8) . . R

Cheng (1967) was concerned with the biology of F. Eusilla in Blue
iy

Birch, Betula caerulea—ggandis Blanchard in the Morgan Arboretum of = .
“ i}

MacDonald Cdll e:.Quebec, Guévremont (4970) studied T. gusilla in Greyr fﬁ/'
p .

Birch, B. populifolia Marsh, in three habitats on Mt. Bellevue, Quebec.
' .
This study waS'undertaken to determine the *humber of’ generations ‘

~ -

gu5111a per year in Newfoundland the number of 1arva1 instars per

v
FARKN

1$generation, the distribution of the insect in birch according .td crown

.9 hd :

p051tion and 1eaf age, and the numbers of larvae capable of ‘totally

destroying 1eaves of different sizesx‘ Host trees were White Birch and

.Mountain White Birch, B. cordifolia (Reg ) Fern, Simultaneously. respon—3 ‘

siblllty was taken for f1rst release into North América from Europe, of o

Prl_poda nigricollis (Thomsi) (Hymenoptera Ichneumonidae) and of Grypocentrus

albipes (Ruthe) (Hym Ichneumonidae) o T



PLATE I.

F. pusilla larvae, 3rd and 4th instars, showing
the characteristic black marks on the ventral

surface of the thoracic and first abdominal
segments.



PLATE II. F. pusilla, male, on birch leaf.
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PLATE VII. Birch leaf, showing mines and larvae of
F. pusilla in the third and fourth instars.



PLATE VIII. Coccoons of F. pusilla.
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" south. Beneath the tree was exposed mineral soil.

o o MATERIALS AND METHODS .
3 *

v’
i

‘ ’P
The development of F. Eusilla larvae and the progress of destruction

to 1nfested leaves wés determined by repeated observations of marked 1eaves -

on three trees, a White Birch at Wild Cove Point (Tree 1), a White Birch
at Pasadena Field Station (Tree 2), and a Mountain White Birch (Betula
cordifolia (Reg ) Fern. ) in Pasadena Nursery (Tre% 3) Leaf samples were
coilected’repeatedly from the vicinity of these” three trees_(SQX&iwi—B).

Occdsional colleétfons were made from Fenusa-infested hirchret thirteen

_other'places, mostly from alongside the Trans-Canada Highway, in central

Y

and western ‘Newfoundland. ’

~Description of Sampliné Sites and Sample Trees . . ' LT

Wild Cove Point is a-cenp—site 1 mile’east of Corner Brook, west
Newfoud%iand The site has a southerly aspect to the mouth of the Humber
River. Tree 1 was one of several White Birch of similar height growing on

the edge of a clearing cut in construction of the camp-site. The tree was

fully exposed on the north’ side, and partly shaded by other birch on the

-«

.

Field Station is about 20 miles north-east of Corner ..

»

was growing in a field . adjacent to the Station and was_one

Pasaden

P

Brook. Tree

of several/White Birch of the same height, each one fully exposed on all
. , (
sides (Plate IXy p-. 10)." Ground vegetation beneath the trees wais dense.
. f B . . -
Tree 3 was growing alone in a seed-bed in the: Pasadena Forest

t

Nurser&, about 50 yards from Tree 2. It-was the bnly Mountain White Birch

; .
,of its size in the nursery. The seed-bed was kept weed-free (Plate X, p. 11).

e



PLATE IX.

Tree 2, White Birch at Pasadena Field Station
in July 1972.
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PLATE X.

Tree 3, Mountain White Birch in Pasadena
Nursery, July 1972.

11



: / e'XPOSed 1‘ea.VES- '_ ! (\ . ' ’ ; ‘ '

. CT ) o _ . ‘ ' 12 A
\ / . “ ! - " , ' . ; . .
. Within 20 feet of Tree 3 there was a_bed containing Fenusa-infested White
a . . P ’ :

3

- Birch,. 4 years 61q3 LY . ot
Particuld®s of the locations of fhe sample siEes, and heights of -
e ! .. .o 2 -
. ’?ﬁﬁ%gample trees are given in Table I,vbélow; p " o
” ' - ‘ﬂ TABLE I.: Locations of sampling sites and heights:of ' ~‘
) sample trees. ' B ' E
. R j o . Tree height (June
Tree ' Species Loc&tion Lat. | Long. 1972) ‘metres .
R N « ° Wild Cove o v . 0 ‘ O R
1 | , White Birch Point 48758 57 53 2.6 ,
- . L ' Pasadena’ = o . . o -
2 White Bilrch Field 49°0)' 57 36' . 2.3
. : - . Station- ' :
. ye .
: oo s . . Pasadena ' . - -
- 3. ‘Mountaln White g oo¢ L 49%1' .57%36' - .. 1.0 . e
Birch “e 2 :
: . ) Nursery . . v

v A

O L S
Each of the three trees was sub-divided into five crown regioms,

A
r -

Non-Destructive, Sampling - : ‘

as follows:
{ = bottom crown, inner region; -

shaded leaves adjacent tomain stem. ) e
o } . . a2 ' . - . *

ii = bottem crown, outer region; . \ ' _ o .
- . ) L : . .

iii = mid-crown, inner, shaded leaves.

" iv = mid-crown, outer, exposed leaves.

v = leading shoot, exposed leaves. ’

L S
For the two White Birch, 50 leaﬁesiper region were numbered in ink ‘ Q
on the upper epi&h{gif;\‘fn fegions i and iii, deaves were mumbered so that
. [} . ) R ‘,‘ " ' ’

¢ -



regions leaves were numbeged from the tips of-shoots downward@, so as to .
] 4

sample leaves which were . fully exppsed to light at thexstart of sampling

'-

+a

('exposed leaves'). Thirty leaves per regidn were marked similarly on the *

y T "Mountain White Birch " Leaves were examined twice a week from mid—Juné to
' . ’ . . w8

. late August. Leaf age, presence of eggs and larvae, and an estimate of.

v,

percent damage attributable to Fenusa in each .leaf,’ werﬁ recorded on each -
* ] occa91on. Numbers Bf eggs and larvae were estimated with or without a hand
"~ lens. Egg presence was assumed when upper leaf surfaces show€d grey

. \7 .
. blotches ‘(Plate V, p. 6). Presence of Jlarvae was judged by presence\gf

® 9

larval mines (Plates VI and VII, pp. 6 and 7) The method allowed esti-.

T S mationjof the developmental period of eggs and larvae in individual leaves
('case historiesw), and provided informaéion‘on intra—crown distribution
- . : . o ! : v B . ’
of Fenusa. . It was assumed that marking with a pen would not adversely
¢ - o ' " .

a . " v

. jaffedt leaves or'larval development., Leaves‘Were_not removed from Trees

N

- 1 and ‘2. Samples-were taken from Tree 3.

. Destructive Sampling _ d <,
'} , L ; - A destructive sampling method was also used, Leaves ‘were picked
/ . i <2
& : . o . from birch grow1ng within, 20 feet ‘of eachrof Trees 1 and 2 used in' non--
. D -

destructive sampling. Since Treeiﬁ was the only one of 1ts kind in the
~ : . .

nursery samples were taken from it. fﬁzzges showing ’ . sa eggs

‘or larvae or both were pickad indiscri om the upper: crown regions

oo of trees at the thfee sites (equivalent to crown‘regions iv and v of the )
;'- I ' non;destructive method) Infested leaves only were taken so that the

~

o ’ - maximum 1nformation on the biology of the leaf: miner might be obtained

A sample of 50 laaves per site was picked initially on each
)} e’ DI . ' -

by
.s



LU

,:18 October. Leaves.were placed i polythene bags and either dissepted soon

‘occasion. AnalysiS‘after the first- few weeks showed thdt a 30 1eaf sample

«

was adeqdate to.stabilize the variance: ' Therefore 30 leaf samples were o'’

~ - ) . ' ‘ ) e
taken after 20 July, All,figures*were.COnverted to numbers per-SO leaves.'

Destructive leaf samples were collected twice a week from 19 June to
- - : T . .

22 August and then once ' a week until leaf-fall 'Sampling was completed_on H

v
J" P '

Y -

. .-. 4N 3 . 0 . ) - . - to. - . T .
after,'or stored at O'C for 1ater examination.- Larvaétand exuviae from Rl

these samples were preserved in KAAD (l part yellow kerosene,_7 parts ethyl

"o =

alcohol 2 parts glacial aeet{#bacid and 1 part Dioxane)

Befnre.dissection all leaves' wereﬂcategorized‘and the pércent*

¢
i A
- \
S P . .

. s i . ¢ . i . '
damage .attributable- to Fenusa was-estimated. Lengths of leaves showing ®

o . . ¢

".total destruction were recorded separately and compared with the number bf

- M

3

larvae that were responsible for thisidestruction. The rrumber of eggs,

o ) . R, .
live la:vae in tach instar, and dead larvae in each instar, were recorded

o
~ o
» Te

for each leaf. A : ) S e R

Leaves wgge categoriéed aslfollows; - N
B =ﬂBud.. o LT . . . N
Y = Young leaf not . fully opened { - - 1_ | o ._:
Mym= Young mature leaf fully expanded and distinguished from mature 1eaves
. ?y having a 'young' leagﬂtéxture.. o .
%/Mature leaf. _ | e l-”:. Lo ;
0 d comparison of the accuracy of estimating numbers of eggs and'

1arvae in intact leaves in the field was made with counts when the same

£y

. leaves were dissected under. a binocular microscope. Other factors used "

. S . . .
when copputing the number and duration of gemerations of the leaf miner

' . were: estimates of abundance of adults throughout the summer; the period

‘between final instar larvae entering the.soil and emergence of adults; and'

5 " o

s - \ - [
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!‘ - ‘.,. ,' '..‘ J,.-_ 15

“the frequency of occurrence of leaves from which mature larvae had emerged.

B‘anch samples coLlected from thirteen other places in the Province were.

mpared with samples from the three main sites.;

'-'-.

s R 1
. ' LY v

T i Y . ; i \ R : . .. L ) _
. Acguracy of Field‘denting e : :, St B o

A
-

The-accpracy of field-counting eggs and 1arvae was tested on 4 and
K4

.

5 July, for. 10-leaf samples on’ both accasions. The field count fqr each R

leaf (F) was compared with the number of eggs and larvae found on dissection

~

o

N .

‘of the leaf under a binocular miéroscope (M). For each leaﬁigi percent

b

" error Was-calculated as follows: ' ~

.o meeer=MEaaee o
b N o . ,‘~~ .

Index of Adult Abundance . - '

An index of adult abundance (IAA) was determined by counting the

4 a

number of. adult Fenusa .seen in a l- minute search of’ upper surfaces of a

- .

- leaves of sample trees on each sampling date. Occurrence of maging was

‘also noted: o g oo

" The Soil .Period

o . \
* -,

The period between final instar larvae entering the solil and ‘the
' emergence of adults (the ‘soil period ) ‘was determined by collecting 50 -,
& .
larvae as they emerged from leaves apd by placing them individually in

|}

containers filled with finely sieved soil. These werz kept in ‘the .labor- .

0 v -

N

&
Yo

. - A . R . . i .
" B .
b s g n
. ) . : . . -
. AN * ¢ N
. . v

atory.until the adults emergedr - ) : ' . VAR

" -~

Occgsional Sampling from Other Areas .

.~
71

o A total of 35 samples of Fenuga-infested birch foliage was collected

v

S -
by members of the Canadian Forestry Service from 13 places other than the-
\ . -~ . . ) . . . ‘?

o
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three main collecting sites durihg 1972. . These were casual collections

»

’

.and will be called ?branchisqmpleé' to distingulsh them from destructive

? and non-dpstruct;ﬁe samples. Each branch sample consisted of part of ‘the

upper crown region’ of an infested birch (equivalent to -crown regions 1v
énd v 6f the noanestructiva samplihg)t Froa Fach sample ;Ovshoots Qére
cut, each shoot beafiﬁg'a_miniﬁum of 10 leaves. The leaves of each shoot.
were numbered fxom 1 to 10, from the tip,of the éhoot downwagés. Thus 100
léaves pe; sample.were examined. Each leaf was categbfized (B,'Y,‘Mf or M)
gnd th percent damage attributgable to F. pusilla Jag estimated. The
leaves'were then dissgcted and.the numbers.of eggs and 1$rvae counted under
a binocular microscope. .Thfoﬁgh these procedures e;cﬁ leaf provided infor—.
j\matiop cémparable to\each one from destructive ;ampling at the thrge main

sites, although the method of leaf selection was different. v

LY
Y

The Number of Larval Instars per Generation
The number of larval instars in the development period was deter-

mined by counting the number of exuviae in vacated le4f mines and by

1 ]
’

relating this number to the number of larvae knownm to have occupied the .
mines. - Thus, if -one larva had occupied a mine.and 4 exuviae were found,
. it was concluded that there had been 5 1arva1_inst§rs. This information

was Sbtained from'the destructive Jleaf samples collected at the three main

. .

)
L

- sampling sites. .

.’

The head-capsule widths of 100 KAAD-preserved larvae were measured
. Lo , : » .

-

N ' ~.
using a Leitz-Weitzlar microscope at X160, wifg‘an eyeplece graticule that

allowed measurement to the nearest 0.025mm. Of the 100 larvae measured,

»" 7

. 20 were known to be in the first instar (abéence of black marks on thorax -

and abdotien), 30 weté estimated to be in ghe second or third instar, 30

‘



Larval Mortality 'V-///

e M \ ' ‘ -
- ) - : 17

s
g [

ﬁerg estimated to be in the &hird or fourth inséﬁr, an] 20 were known to
be in the final instar (non-feeding and lacking the bljck marks on thorax

and abdomen). : . o

L4

An estimate of the. duration of each larval instar &as made from

s o 9

case histories of leaves marked on the three sample trees. } . ‘.

hiREEe f //‘ .

T - yd s i

’

s

"instar larvae and full-grown larvae counted in the destructive leaf

Estimates of larval mortality in the three trees were made in two

ways. The first method was to count -the number of living and dead larvae’
® - [ f

when leaves were dissected.” The second metfiod was by calculating.the

percentage mortality from the difference between total'numbers of first

A
(N

s ' .

samples.

- ° - .

Intra-Crown Distribution of Eggs and Larvae ’ B

The distribution of oviposition sites in the thyee sample trees

a

: o . ~ a .
was determined from the non-destructive sampling data. Total numbers of
egegs and larvae estimated.in é%gh crown region were ranked from 1 (greatest

numbers) to 5 for each sample data. An average Rank Order, of numbers

. compared with crown regionp;uwas calculated for each tree. The percen-—
P : " P

.
'

tages of sampled leaves showing presence of one or more eggs or Iarvae in

each crdwn region were also ranked from 1 to 5. |

Distribution According to Leaf Age

. - '

Every i;?isted leaf was «categorized before dissection into one of

the four leaf age-classes (B, Y, My;‘ar M). From this infbrmation, and

the number of eggs and larvae .in each instar counted in every leaf, the

perdent showing eggs, early-instar larvae, late-instar larvae, .and the

\ -

AN



o

@ +

;‘.: ' ‘ ) | . . . .18
percent from which,full—grown larvae had,emergéd, was calculated for each .
-1ééf'agé—claés. ' Data from'bradhh sqﬁpling was also used in determining

. . . A
- - N\

distribution. - . ' . - ) ]

Damage to Leaves

" A number of Jeaves containing mines occupied by one larva only were

v

" drawn :to scale on squared paper. The mines were traced and their areas

this way.\.

»
-

calculated. - The mipé areas of 10 larvae in each instar wefe:determined in
| (9]

* N 8

Also, leaves which were goﬁpletely‘destréyed by larvae were

dissected -and’ the numbers of individuals resbonsible.for the. destruction

detgrm}nedl This was done for 140 leaves, 10 in éagh,of 14 leaf-length

. classes. Leaves were from 20 to 85mm. long and were categorized by Smm. .

intervals. The numioéts of larvae respoﬂsible for totdl deétxuction of each

jleéf-length class wére then counted. All larvae wére included, i.e. 10- .

&

Hestruétion, or 10

any combination of larval

(x) over leaf length class (y). - . N ’

& . : )
larvae might mean 10 second-instar larvae were responsible for the
. : - . . . i
fourth~instar larvae were responsible, or it might mean

Lo

‘stages was respon;iblé'foghthe damage. A~

L

Regression Analysis was performed for the logarithm of.numberg qf‘lafvae

K ]

Y
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The Number of.Generations per Year and-
their Duration

L3

3

-3 1d the field, it was difficult to estimate the numbers of .eggs and

larvae in the markéd leaves: Sometimes it was possible to hold a leaf up

. . )

" to the sun and count the larvae inside the leaf. When leaves were wet the

L

upper epldermis above leaf mines wasftransparent and larvae in the leaf

. oo 9
could be counted with ease. On most accasions oni& an estimate was

possible.

.The percent error in field counting, eggs and 1arvae_tanged.from

-80 to +60.: fhis showed that estimates of numbers in marked leaves lacked.

precision. The results of two comparative tests to determine  percent
error are given'in Table II, page 20. .

' Observation showed that the period from ovipositionm to eggs
becoming apparent -as minute:grey—blotcﬁes on upper leaf surfaces was about

., N .

8 days for both birch species.

Case histories for individual leaves showed that the period from

)
"

eggs becoming apparent in leaves to emergence as full-grown larvae was from

14 to 33 (averége 22) days in White Birch (Table I1I, p. 21). In the small

s . 4
number of leaves of Mountain White Birch in which larvae developed to”

emergence, the development period-was. 17 to 34 (average 21) days (Table
111), -

. : . s Ve & .
From Site 1 Destructive sampling data show two peaks.of larval

o P . o R
abundance, in June - early July, and in August (quie 1V, p. 22; Fig.ol,

" p. 23). . Thereafter, the numbefs were less and,ﬁhere were no distinct
o S R . \

> .
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TABLﬁ III. Case histories of dividual leavés giving periods of
s . ‘ development of E/ pusilla -first generation eggs and
larvae in White Birch (Trees 1 & 2) and Mountain’
'‘White Birch (Tree 3) in 1972. (Development period 1s
) 'from egg blotches becoming visible to cmergence of
N . full-gropn larvae.) - . .
‘Tree ~ Date of Oﬂsefving Egg Blotches Developmént Period-  Frequency
Sl : 19- June 21 . - oz,
e 21-" - U R
oY : ) ‘ - . .
“13- July 3 ~ .26 y 1
. X = 22.5 N'=6
. ¢ A N N - K > " 1
: 2 ‘N . 28~ June : ) 14 . 3
S \28- _ - . ' 27 3
S : ' LI ' o )
/ _ 12- July . | ) 033 , i
-/ - % =223 0 N=7
- -3 . ..‘ 28~ June// T S ¥ 1
28- - 19 2
, . . "
. . o 28- X 3 - 1
. =T A -, : ‘ .- _ - _
. D © 4= Julyy. i ' 21 . . 2
- 7- .20 2
- , . I S - N=8
. - — . .
' ~
)
] - /7 *
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TABLE IV. Numbers of eggs 'and larvae of F. pusilla ay Wild Cove
_ Point per 50 infested leaves in 1972. '

t
(%

: = —
et g e T o e
.. . | .
" 19- June 294 % 0 0o 6§ o 84 - 378
21- 67 165 . 115 0 0 0 280 . 347
2%- 10 162, 223 0 0- 0 385 395
26~ - 89 183 146 + 0 0> o 327 - 416
- 29- C6l 186 123 . 64 10 o 383 444
1- -July 23 113 148 - 133 20 0 414 437
.o 0 = 58 143 113 120 0 434 . 434
6- 1° 30 . 66 63 70 48 277 . . 278
8- . }f"—, 1« 47 92 55 12 32 238 " 239
10- 7 4 22 74 56 14 170 177
13-+ . <11 w0 77 .75 22 7 281 " 292
15- . . 20 42° . 5 33 13 .13 106 126
17- .0 310 , 157 20 4 52« .52
21- 16 2 22 " 8 0 0 42 .7 S8
' 26= . 18 40 73 32 32 8 185 - - 203
R ST A R S 15 2 120 - 147
31- © 165 40 15 2 -5 0 62 - 225
T 3= Adg. N T3 % 19 13 . 3% 5 103 . 176
) 5- 100 42 13 8 27 0 90 190
’{ff~' 8- .83 187 15 2 9 1 244 327
At 5 98 90 40 2- 2 232 237
- o 8 97 78 - 40 o0 233 . 233
18- C a3 .15 12 65 47 7 146 159
21- 70 - 1 26 s2 _7L- 9 169 239
‘ * 30- 15 el 77 61 36 0 - 235 . 250
6- Sept. 21 7 23 1o 33 46 67
T L - 34 10 17 28 - 25. 0 80, 114
o 20- 3 17 9 2 .1 5 44 47
27- 0 26 18 9 . 4 0 57 .57
4= oct. 0 7 3 .5 0. 0 - 15 15
: 12- 0 16 3 01 o , 29 . - 29
18- S 1 3 0 24 24

. X &
(""See Figure 1, p. 23. ..
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Numbers of eggs-and larvae -of F. Eusilla 13

White Birch at Wild Cove Point per 50 %

infested leaves in 1972
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47 days. This is supported by the estimates of 1 day between adult emer—

. - . .
gence and egg-laying, 8 ddys for egg development, 22 days for larval

,would probably be longer in early summer and shorter in late summer, when

Y. . . ' 24
peaks. .Data from Site 2 is similar, except that numbers of larvae were

greater in August than at Site 1 (Table V, p. 25; Fig. 2, p. 26).

.The Index: of Adult Abundance IAA) for the three trees- (Table Vi,

.p. 27 shows that adults were present from early June .to September. For a

Trees 1 and 2 the Index showed three high periods: in late June, in- late

' [
[

July and ‘in mid-August. Adults were seen on Tree 3 from early June to late

* . o -
August in greater numbers than on the other- tyo trees on most occasions.

.

It seems likely that adolts were attracted to this isolated Mountain White

Birch from a bed of 4 year ‘old White Birch, 30 feet awoy.

‘ . -

The percentage of \Fenusa—'damaged' leaves showiné_presénce of egps
and larvae in Tree 1 ('fable VII, p. 28; Fig. 3, p. 29) indicated mid-July .

and mid-August a€ the times when large numbers of larvae emerged from

-

leaves, by the sudden drop’in percentago of leaves’ containing . larvae. -

These two times were presumed to indicate near—completion of two generations. °

Under laboratory® conditions, the 'Soil Period'‘was from 9 to 39

(average 2\0) days (Table VIII, p. 30).. Upder field conditions this period
Y B,

soils were warmer. The soil period would probably be influenced by the
’ . .- . -7
insulating effect of ground vegetation. . L

At Wild Cove Point the leaf miner apparently had 2 complete gener—

ations and a‘'small portion of the population completed a third generation

by reaching the prepupal (over;rintéring) stage. The first generatioh

commencéd op or about 7 June and terminated about 24 July,-a 'duration_ of
dévelopment, and 20 days for the soil period, a’'total of 51 days. Adults’

were first noted on 7 Juné, with peak emergence on 19-20 June (Table Vi,

N .
.
g . N Y /
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' ’”'Z:t.TABLE V. Nu'mng;s of eggs and ~lar\;ae of F. ‘p_u"sill'a at Site 2,
C " . Pasadena, per 50 infested leaves in 1972.
. 2l . /
, v —
- : . Larval Instars Total . Total Eggs
e "Date Eggs 1 2 - 3 4 5 Larvae and Larvae"
5--July * 10 22 107 170 17 5 321 s
J- 0 s12 23 109 120 46 ;12 310 - . 322
<= T« 3 97 " 65 .40 48 -0 7. 251 - 260
L4 .32 597 102 94 36 1 .. 292 32
19- 49 92 76 39 18 4 229 - 278
2= 8 58 103 47 . <0 O 218 C 227
’ 25- 107, 67 112 75 75 3 282 389
2= Aug. 0. S0 , 55 "37 .28 w7001 178
b= 0O 65 25 20 50 .~ 2 162 .. . 162
9- 27 48 . 13. 33 28 3 125 .. 152 . -
A R ' .
: 14- 0 35 23 -23 32 5 118 g _
18- 10 52 130 102 40 0 32 4 334
20- ‘8 47 68 .. 95  42.. 8 240, 248 .
22- 2 50 75 141 8 0 350 352
; : R
30 .0 8- 8.1 35 o . 58 ° 58"
R R .
© 15- Sept. == ==  om= e emem 0 oo o
, 21~ o .0 0 . 60 30 o 90 - 90
' - .. . . ) g
, 27+ o. 28 22 17 5 « 0 72 12 ‘
[ 4- Oct. , O "0 0 0 17 . o- - _ 1. . .17
13- o0 o 0" 42 25- 0 67 .67
+- - = \\. a
r - * ‘D ; ' - -
’ , :
\ ]
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. - o TABLE VI. Abundance oF F. Eusilla ‘(1AA) on three sample
) Rt trees used in Non-Destructive .sampling, 1972,
B wh e ‘Numbers are those counted in a l-minute = .~
- .. 1interval. M.= mating was observed 0 no'»
tadults- seen, -= + no d.at:a. . o B
“e * Date - aTx;ee 1 Tree 2 Tree 3
7= June - ‘ 3 . 20 -~ ., . 33M
T RV - s 3
- . 20~ 3 50, .15 .o 20
’ 26- .0 2, 10
DA 28~ —mTET T 20 M - 4
‘ " 30-. - 15- =7 . 20 M
- audy . el ol Y 5 M
. 154 0. 2 , 0
B - ~;;~v’ '. : ] ¢ ) . N a - P
.0 eT25- : . 27 M 25 o 10. 4
& e . I [
! R < ! 28- 2 ! ' 0 30 M‘l
—_— 3 5 0. 235 M

El
o
L3
N

0 . ’ .1 , O
; . 15- Sept. . 4 0. g
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’v"TABLE VII. % of leaves’ showing presence of F. Eusilla eggs:

L o . and.larvae in 5 crown regions of Tree 1, Wild.
C. . Cove Point, as obtained from’ Non—Destructive )
‘ ' : ' 'sampling in.1972. ’ .
. ) A
= A . . Crown Regions
. -, Date . - :
. S 1 11 - iid v v
A ) LY
- T 219~ June 20 22 T . 24 40
. oy . 8 . .
21-" 20 22 13 32 30
- : ; AN :
. Co T 24 . 24 . 26" 12 - 132 40 -
26~ . - 7 28 28 12 327 .40,
. ' ~ N v ’ ) .'- ’
;295 28" .28 12 32 46
. 3 July . 28 . u 28 12 32 .46
< . . . . .
| 6~ 28 " 34 16 327, 52 -
- u 'y N o . = ,
2 10~ 6 22 8. 18 46
“ . 13- 0 18 ) 16 24
17 | 8 § 14 22°
"2 0 14 0 2 .. 26
o B R _
. 31~ 0 22 2 6 26
; L 8- Aug. 0 — 10 "2 4, 36
v * T , - R ' .
. 13-, 0 4 2. 0 -6
’ 21- 0 2 2" 0 1
. ' -
’ I/- -
o R A
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Lo

p. 27)." Leaves from which mature .larvaé had emerged were observed first'
on 6 July. The period of greatest emergence was from 13 to'24 July. .Thus
it is 1ike1y that emergence of second- generation adults extended frofff about

‘ 24 July to mid-August, This conclusion is supported»by the index)’of adult'

. - ' SR ) ‘
abundance which showed a virtual absence of adult Fenusa at Wild Cove Point -

L

betureen 23 “June and 21 July (Table VI, p..27), and by ‘the increase. in the
, numbers of eggs after 27 July (Table IV, p. 22; Fig. 1,'p."-23).

A second generation commenceéd onor about 214 July aid terminated

about 7 September, a duration of 45 days. Adults were suddenly-ahundant'

«
\

' ; and seen mating on - 24 July. This peak of adult abundance was followed hy .
,"a peak in egg and larval abundance (Fig. 1) Theré wds a substantial drop
in inc'idence of larvae fro\n 10 August. N c i‘"

- s

. . ‘ LI . ; . . .
. There was considerable'overlap between .the first and second gener=

e at-ions. This 1s supported by. a case history of a leaf in which eges were -

":r . . first Been on 13.Ju1‘y and- from which larvae had emerged by 8 Aqgust. This -
most - likely refiresented‘ a preeocious 'second genei:ation from which thixd
L . generation adults might have developed by late August, when the bulk of .

[ A ]

‘ the populat’ion was still in the-second generation.‘ The peak of larval
_,-./——"""’_"— ¢
e T K ' !

e e

_______ - “.abundance on 13 July\in Tree 1-(Fig. 1, p. 2»3) could also :I;n'-dicate a second

generation, however his could also be explained by sampling error.

)

After 21 Augulst adult Fenus’a were scarce -at Wild Cove Point (Table
VI, p. 27) and small numbers of dggs were found until: 20 September. A few

larvae in all instars were present until the last sampling ‘date on-18
. ¢ L) ’ . , 3 .. ) . " . s '- y;
. - October. Most early—instar larvae found from late September onwards .were

dead conceivably because of changes in the dietary content of fall leaves.

' Early—instar 1arvae cannot fo'rm soil cocoons (Cheng and LeRoux, 1965) .

e —"

tProbably many of the fully, gro\m———larvae je that emerged prior to. 1eaf fall

— . v ' 0
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~

' (nid:bctober) entered the soil and formed overwintering coccoons. These

individuals represented a third generation. It.is also probable that some Y

of the second-generation.larvae that emerged from leaves from late-kugust

Ry

onwards overwintered as prepupae.

At Pasadena, Fenusa in Tree 2 also had two completg~and "a partial

\

third generetion. Adults were abundant from 7 June more r less contin-

w

. uwously until 30 August, only a brief absence being recorded from 3 to. 1l

Ju1y~(Table VI, p. 27), and 1t seems likely thgz there was a more protracted

first generation than at Wild Cove Point. N'f)el'ayed emexrgence of adults

might have resulted from the soil remaining cool.due to the insulation.'
. ‘ . : N

afforded by the thick hérbaceous ground cover. Leaves from which larvae ,

had emerged were first seen on 5 July, i.e. within one day of that recorded

at'Wilo Cove. Numbers of larvae did not decrease appreciably untilvg

) August and there was'a further sutstahtial decrease on 30 August (Fig. 2,
_ ‘p. 26). It is concluded ‘that between 7 June and 30 August (84 days) most
rinsects completed 2 generations, the. first from 7 June to 15 July (38

‘-ldays), the second from,about,l5 July to 3Q August (46 days). As at Wild

T

Cove Point, there was overlap between the two generations.

After 30 August adults, eggs and early-instar larvae were scarce,

although'@ive late—instar larvae were found up to and including 13 October.
\

It seems likely ‘that some second-generation and some.third-generetion ) T

'

prepupae overwintered. . : o P

- A comnosite graph for comparieon between Trees 1 and 2 is given in

Figure 4, p. 35. . - : uéikh
o ' Y

: Although the Mountain White Birch (Ttee 3) in Pasadena Nursery was

" more heavily infested with Fenusa than the other two trees, relatively-few

-

larvae developed beyon&:the second instar (Table IX, p. 34). 'Adults were

A 3
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TABLE IX. Numbers of eggs and larvae of F. pusilla in

Tree 3, Pasadena Nursery, per 50 infested trees

34

in 1972. c
Date ' Eggs - ‘ Larval Instars Total Total Eggs
. 1 2 3 _ 4 9 Larvae* and Larvae
- 19~ June 3735 13 o 0% 0 0 . 134- 1509
28- | 20 260 210 20 , 0 0 470 490
. 7- July, 0° 250 125 10 0 0 385 385
11- S0 s0 25 20 20 . 0 565 565 -
14 o 240 s 0 s 0 - 250 320
- . 10 30 8 5 0 0 430 540
8- - 30 25 60 15 10 0 330 680
1;‘Ahg.’- S1s 195 30. - 0 5 0 230 s
9- . :285" 90 20 0 0 0 920 1205°
5= 15 55 70 s 5 0 . 635 650
22- s 70 10, 10 o 0 930 l935 ’
30- 70 810 55 0 0 ’ 0 . 865 935
6- Sept. 50 885 .175 10 0 0 1060 1100 -
CAN 0 85 105 15 0 0 95 945
21 "0 1065 140 35 5 . 0 1245 1245
17- 0 43 305 1100 25 0 870 870
4-"Oct. 0 515 85 40 20 0 . 660 660
13- 0 115 60 0 G -0 175 1175
-% See Figure 5.
5
“ ) ’ ’
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‘abundant from 7 June to late Aﬁgust (Table VI, p. 27) aﬁd were obviously"
more plentiful than on the otﬁér two sampleltreeg.; Since few lafvae
L

%% reached maturity on Tree 3 it is concluded that many of these adults came
. L] ! ° .

4\;

't:ﬁm.othér White Birch in the.vicinity. A group of 4 year White Birch in
¢ a nearby seed-bed in the nursery was heavily infesée@ with Fenusa. Maﬁy of

the leaves on these nearby birch trees showed that larvac successfully

bd 2

emerged in contrast with the Mountain’White Birch from which few larvae

a

emeréch, “The graph showing numbers of: live larvae in Tree 3'(Fig. 5, p.

»

35) is quite different from those for Trees 1 and.2 (Figures 1 aggzg,/pp;:

e =~

23 and 26). One peak in early July repré§ents tHe-first geﬁefation.' From

» ) . - ) 3
'y August the number of larvae incre%?ed'substantially but very few of °

-
)

these were more advanced'than the second instar.
Leaves from which mature .larvae had emerged were first scen on 1]

July and were found’only-inncrown region 1i.

1

It is concluded that, in Tree 3, the first gencfation commenced on

5 0 . ¢, *

or about 7 Junc and terminated abothJI July for some individuals: many

5
-

faiied to ‘reach the prepupal stage. Some second genefatioq adults from.
; . - .
* these prepupae plus adults from surrounding trees were.responsible for the

s 2 .

increase in numbers of eggs from 1 August (Table IX, p. 34). Thereafter

-
B .
4 ]

the number of cggs and early-instar larvae increased markedly in most

-

léaveé, and the numbe¥xs of lérvae rémained high until 13 October. Late-

3 °

* instar larvae were found occasionally to‘eagiy‘0ctober. It seems that,some

1néiv1dudls completed two generations in Tree 3, but the high levél of

'fnfgstation déspitq low nuﬁbers of mature'larvae‘indicatgs.that.}nvasion .

‘ . .. . )

-from surrounding trees was responsible for maintaining the population. The
! &

?
[ .

., high mortality will be discussed latepL

S

-

Guévremont (1970) showed that there were 3 gomplbﬁe generations of

1

o
«

. ——



: F. gusilla=and a partial fourth generation (to the prepupa) on Grey Birch

LS '.4

" on Mt. Bellevue, Quebec. . Adult emergence was first noted on 18- May, three i

0

weeks earlier than was noted in Newfoundland in 1972. Un Mt Bellevue,

-

-the'first generatlon was from 18 May to 14 July (57 days), the second was

'from 21 July to 18 August (29 days), while the third generation was from

+ ) g

21 Apgust to 16 September (26 days) The timespans of the second two

.'generations are considerably shorter than those in Newfoundland."GuEVIemont

L]

noted that there was much ‘overlap between generationsaafter the first

. generation, and that thp duration of the life cycle varied accordlng to

)

'habitat. . .'j o - o \

- For comparison, Figure 6 (p. 38) is adapted from Guevremont 4}970;

\
. ~ .’,,- .

Figure 9, p. 39).‘ It shows the numbers of larvae found by'Quévremont in

Grey Birch in a forest margin habitat. Numbers of larvae found. at ‘Wild

Cove' Point have been added. Numbers at Wild Cove were appreciably higherﬁ

.t

than those of Guévremont;‘.The samples from Wild Cove were infested leaves,

v

: whereas‘Guévremont collected leaves at raridom regardless of the presence

. -

of eggs or larvae; the host trees were' different, as was the climate and

-
~

. . - - - : @ . . .
... .the year of study. The comparison i's valid only to the extent of showing

that fluctuations in numbers of larvae were of .a similar order of magnitude
: : e L o . \ o T ' ¢
P 1T, . . . - N .
in the _two "places on some OCCQSlOHéH'SUCh as anw apprecilable-decrease in
e . [ e . ' g .

nuﬁbers in early September:' T .
- > . . .- » s °
. “Cheng (1967) found that there were 3 complete and\a partial fourth

Sz s
’

) generatlon (td prepupa) of :F. Eusilla on Blue Birch seedlings in the’

) MacDonald College Arboretum, on- the west, end of Montreal leand Quebec,

2
~

in 1964 . He observed first generation adults from early May to 10 June,

with peak‘emergence from 9 to 20 May; second generation adults were evident

. » from 16 June to 14 July; third generation adults from 18 July to 13 Auguét;

-
»
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and fourth generation adults from 19 August to 15 September. He determined

~the end of each-of these generations by“sieving,soil samples and counting
the numberoof full and emptp c0coonsu lhe first generatlon terminated on l
or about 30 June, the second generation on 24 July, t%ird on 13rAugust,

and the fourth'on,7 September. Cheng confirmed that'overwinteridé.was in

-

the prepupal stage, not as a 'pupa, as previously reported by Britton-(1926).

A composite’ graph shoﬁing numbers of larvae according to Gudvremont

(1970, Fig. 9), Cheng (1965, Fig. 7), and the author (Wild Cove.Point, v

Tree 1) is given for comparison (Figure 7, p. 40). It shows that -a first .

e

generation in MacDonald Arboretum was completed before commencement of a
first generation at Wild Cove Point and that numbers of larvae decreased
sharply in all three places in early September. In view of the climatic
difference® between.the three places other similarities may be nothing more
than fortuitous, although further‘work might be justified'to see to what.

extent climatic differences affect the number and duration of life'cycles-

o

of the leaf miwmer.

s _ Ed

Elsewhere in North America, three and sometimes a full, or partial

B

fourth generation have been reported (Britton, 19263 Friend 1931; Cheng

and LeRoux, 1965). Cheng and LeRoux also reported that the number of
- generations tends to decrease with increasing host, age; older trees produce
e ' -

.fewer young leaves after the first leaf flush. ' .
~
In Europe F. pusilla has two generations per year in Eastern
Austria and the German_Rh1ne Valley (< 100m.a.s.1l.) whereas at’ higher
elevations, such as in the Black Forest (j> 1200m.a.s.1.) only one gener—
ation occurs. Information on the nufber pf'generations at lower elevations

is lacking (Eichorn and Pschorn-waleher,.1973§.

“

\ * In Newfoundland, where adult emergence of F. pusilla is nearly one .
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| a
:‘ month later than in mainland Canada, it is not surprising that there was
.{'one generation, less per year.' What ‘18 perhaps more important than,the ”
, :number of generations is the fact that from early June to September in any

o ¥ ®

- year in Newfoundland in the. areas studies, Eusilla larvae are likely to

]'be present inabirch leaves. From 1971 to 1974 first emergence of adults

has been noted in the first two weeks of June.. This consistency suggests

that there may.be similar consistenéy in the number of generations and

their duration. ! !
B ' 1

" The Number of Larval Instars per Generation
and the Duration of each Instar

a

Cbuhts of exuviae and larvae occupying mines showed that there were

5 larval'instars'in all leaves and‘in.all generationsf

K :Firstfinstar larvae were distinguished by size, by the absenceé of

v

the. 4 black marks on the ventral surface of the thoracic and first abdominal

" . . N

‘segmenty'and by the kidney~shape‘ahd small 6&ze of their usually individual
. '1eaf:mines. Instars '2 to 4 have the black- marks (Plate I, 5. 3)." Mines

of second-instar larvae were usually individual, more round than kidney—

<

shaped and larger than first-instar faines (Plate VI, p. 6).. First- and

‘second instar 13rvae did not ‘eat through main leaf veins.‘ It was usually
' [ \ .

) impossible to distinguish third—from fourth—instar larvae by size aloneu ’

*

Exuvial counts indieated t%at third-instar larvae were, frequently as large

as;'or'larger than; some fohrth-instars.n Third-'and fourth—instar larvae

ate through main. leaf veins, so that when there were ‘several larvae in ‘one -

. moa
o ’(

‘leaf their mines” often coalesced (Plate VII, p- 7). Commonly, several

larvae in 1nstars 2 to 4 were seen eating leaf tissue, parallel to each
K
other, w1th their mouth parts proximal tQ the leaf margin. _Because of the

'frﬁhs 1t was not always possible to find all exuviae in mined. 1eaves. Thus

»



(\

-mines are in»c9mp1ete accord with those of Cheng (1967)."

042_

data collected for some larvae coyld not be used in analysis.

’The fifth-ihstar larvae lacked the 4 black marks which characterized
instars. 2 to 4, and had distinctly hypognathous mouthparts, in contrast

with the prognathous mouthparts of the first four instars. The absences of

\

gut contents and measurement of leaf mine areas showed that the fifth-
. ‘ ! ¢ ~ .
instar larvae did not feed: their low ineidenee in leaves (e.g. Table IV,

P- 22) indicated that they vecated leaves shortly after ghe fourth larval

moult. My measurements of the five larval instars and the form of their
L]

Interest in the use of head capsule measurements of sawfly larvae
for détermining the number and duration pf instars has been shown by Taylor
(1930, i931), Miles (1931), Ghent (1956) and Cheng (1967). Whereas_Taylor
(1931) concluded that ;pplication of Dyatr's Rule fo sawflies ehould be

restricted to corroboration of the number of instars observed Ghent found
' ‘l/
that data on the Jack Pine Saﬁfly, Neodiprion pratti banksianae Roh. and

/

-,

F. pusilla, indicated that ‘the’ growth.of the head capsules of these specieé

was linear rather than exporential and that there was predictive value in
head capshle-measu;%mgnts. 2L | N
In-this«study the head-caﬁsele widths of F. Eueilla:confirm 5

larval igstars per generation (Fig. 8, p. 43) FirstJinetar larvae,haﬁ
w1dths from 0.250 to 0. 375 (average 0.300) mm. Of the 30‘larvae'tho§ght
to be in the second or thlrd instar, the majorlty (20) were second instar.
Head widths of these 20 larvae were from O. 325 to 0.450 (average 0.380)
mm. - Of the 30 larvae thought to be in ‘the third or fourth instar, the -
majority (29) were fourth instar. The head widths of the 9 third—instar
larvae were trom 6,500 to 0.550 (av;rage 0.530) mm. 'The‘head widths of

the 29.fourth-instar larvae were from 0.625 to 0.800 (average 0.705) mm.

®

N ’
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- -

Th'euhea.td capsx;le widths of the 20 known fifth-instar .larvae were 9.500 to
0.750 (avefage 0.660) mm. |
| ~ No attempt was made to'predict. what instar a larva was\in from .
.these data of head widths. ll‘he purboée was' to see 1f data from head t;ridﬁhs '
agreed'wi'th the observation of five instars: t’:hey.did. |
Average head capsule widths from éhent (1956), Guevremont §1970),
and this study a.re given in Table X, below. Guévremont found that- head

widths of larvae from leaves growing in open ("Prairie") habitats were

significantly larger. than those in forest, Further study is required.

L3

_TABLE X. - Average head capsule widths- (mm.) of F. pusilla
larvae, according to Ghent (1956), Guévremont

(1970) and the present study. ,
Instar " Ghent _Guevremont Newfoundland
. : L 1972
(;11 0.293 © 0,29 .+ 0.300
_ 11 6.416.' 042 ' ~0.380
I1I 0.552 - 0.56 10.530
1y 10.680 L o  0.705

P

v : -— ‘\\ . _— 0.660

Observation of marked leaves on the sample trees allowed estimations

™ " to be made of the duration of each larvhl stage. These estimates, and
. estimates of the duration of the other stages in the insect's life cycle,

~

are éiven in Table XI, p. 45. oo

Larval Mortality - -

t . - : .
As F. pusilla eggs develop the surrounding leaf tissue becomes grey.-

in colour and the upper leaf epidermis swells to a blister—-likg protrusion.- .
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TABLE XI. Estimates of the durationiof stagés. in the life
: cycle of F. pusilla in 1972. : S

Range .(days) . Ayerage (days)

. Adults, pre—ovipositing L= . / 1

From egg being laid to . ) )
its becoming apparent . s ‘ ) 8

as a leaf blotch ’ ,'

" From egg blotch to egg 24 3

~ hatching : o

] '~ Lt N . 3 B .
_'lst instar larva o 2-6 - 3° .

2nd instar larva o 3-7 R

3rd instar larva ‘ > 5—-7 .- T 5

 4th instar - . - I 6

5th 1nsm-/ ' R L= -1

- 3_}‘ ._ S h . " ,. . '
- $011 Period = - . 9-39 20 L

. Total = \51 days .
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If the eggs fail to- hatch_, ‘or the resulting first—instar larvae die, the

discolouration changes to‘brown, and the protrusions collapse. On this
1 ‘ ! : '

' basis, external examination of leaves showed that large numbers of eggs

J

_and first~instar larv‘qg died, partiéularly in Mountain White Birch. . oy
In leaves dissected soon after collectiom, dead' larvae were brown

and frequently shrivelled, whereas live larvae were pale-coloured and
. - . .

s,wgllen. %én leaves were dissected after cold-storage it ‘wis usually "
possible to distinguish live from dead larvae in the same way; However,
i‘nA some instances, all larvae in stored leaves were fouj.ﬂ t;o'be brown and

shrivelled on dissection, and it was not possible to tell how many of these

o =

. 2 ' .
R were dead at the time of colleqtﬁﬂ; the samples. .. In future mortality

-

studies it follows that leaves should be-dissected fresh.'
Leaf samples collected from the three sites at the end of July,”

' . 1l.e. at the end of the first generation, showed that at Sites 1 and 3,

betweﬂen 50% and 6 z"of tl‘1'e larvae were dead, whereas at Site 2, 177 were
d"éad. The majority of dead larvae at all three sites were in th‘e fi,rs.t or
second instar. It is probablebt_hat thése l;ar:/‘ae 'starved‘*in. éompetition
with late-.instar 1a;rvae. h A T -

~Scrutiny of Tables QIV.(p, 22), V (p. 25) and IX"(p. 34) shows that

there was considerable decrease in numbers of larVae from the first to the
- : - e . '-

fourth instar. The numbers of eggs were less, than numbers of larvae because

.
’ 4 “

) (\ the sampling method had been dgli\berately biased in favour of larvae.
. . .

Therefore, fepresentative counts of numbers of eggs were not obtained. But

‘ observations, mentioned greviously, showed that the numbers of eggs were

- greatéer than numbers of larvae. Numbers of fifth-instar larvae were

i

considerably less than numbers of fourth—in:star larvae because the foymer

spent only a short time in_ the leaves. .
: R el

7 ‘ e

‘ 4 N
Y { .
. . PR
, " LN
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The numbers of first-instar and fourth-instar larvae ‘were totalled

for each site for three -time per:}gds; each period spanning the estimated

M

duration of each generation, i.e.

.
-

¢

from early June to late July.; late July

’ . N
to early Septemberj and early September’ to mid-October. The difference

between numbers of first- and fourth-instar larvae was expressed as a

- percent decrease (Téble XII, below). The table shows that at Site 1

»

100%. An apparent parédoxf still exists &n that numbers of 'first:— and

éecqnd;ihstar larvae increased:in the Mountain White Birch throughout

Q

seeson. (Tgble IX, p.°34§ Fig. 5,7 p. 35)..

)
-

decrease was 507% or greater. In 'I.‘i"ee”3,_ mortality was consistently nearly

the

These were alive at the time of

.dissection but would not have survived, since early-instar larvae cannot

form soil cocoons.

o
0
o

© TABLE XII. ”Percentz décrease in numbers of F. pusilla 1'arva'é\

4

(%) from first (1st) to fourth (4th)=-tnstar for Sl
o ~ the three sampling sites as calculated from
! ) N destructive sample tables, in 1972/
. . ~ Site 1 site 2 - Tree 3
Generation . Time " : ) e
1st 4th % lst 4th 7 1st AFh %
co1 /-June to ‘. 1919 385 69 418 200 53 1949 35 98
.. C2-duly L - A
. T - . . o . 3
2 25-July'to 559 787 49 355 -329 10 . 4115 10 99.8 O
6—Septa . . - .
' 7=Sept.... 90 44 98.7

to 18-0Oct.

51 - == - 3950 50

A

»
s

Non—d_egt.rucrfive sampling showed that in Trees 1 angij?;?‘larvae

.developed 'tq emergence stage in all crown regions, whereas in 'Tre'e 3 larvae -

" emerged: only from shaded leaves.

. - ‘

A

-

Cheng °an'ds LeRoux (1965, 1§66) reported that considerable mortality

-

e
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~of eggs was associated with‘hardening of leaf tissue.__ Egg hatching waa

’

prdportional to the amount.of'tender foliage'prESent andxdecreased e

throughout‘the grdwing season. A large proportion of first— and seconér

instar larvae died owing to desiccation of the foliage. Late-instar larvae

-'were not so vulnerable,to 1eaf~desiccation. They found that mortality was .

A

greater in .9 year old than in 3-5. year old Blue Birch and that 1arval e

-

mortality was higher in the fall than in spring ) - : ' ",

l - o

- Guévremont (1970) found that mortality of larvae was greater in -

*

younger (4 ft ) than in older (10 ft ) Grey Birch,in an open habitat but

that mortality was higher in older trees in closed forest.

- o
-

B {3 appears that larval mortallty of F..Busilla varies according to

host species, host age, locality and the séhson. A method for determining'

: ———— .-_«'_.\_._.. JE A, e ma——— -

.

Jedf toughness in “insect feeding studies -has. been described by Cherrett c

(1968). The method could be used to test p0551ble differences between"vai

. - .
- - -

penetrability by Eu5111a ovipositors of shaded and exposed leaves, and

-

between leaves of different birch species. In addition, leaf toughness

may ‘be correlated with egg and'larval survival. ” Cheng (1967) has noted
L) - ° v ! '\-_/

that some species of birch are more susceptible to the leaf miner, than

1 e - .

[l

others:_White’Birch, Grey Birch and Blue.BirCh are among the more suscep-

o . . .
. .
a B »

tible.speciss. ' ;o
) b ' . ; ’ - B
" Intra~Cfown Distribution of Eggs and-Larvae ." J
- . ’ ' L. “ v N . ) .0 ‘
. 'Intra—crown distribution of eggs and lagvae in the'three sample

' trees is given in Table XIII, p. 49, Non-destructive sample tables, ffon’
Al -
which these - rank orders were obtained are given for the three\trées\in

'

v

-Qppéndlces I, 1I andtIll,(pp. 72, 73, 74, respectively).

. 4 ' °
e . . - ‘ . . .
- » .
EIN <

?

..l;

o

A}
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o , TABLE XIII.. Intra-crown distribution (regions i-v), of F. ¥
- . o : .pusilla’eggs and'larvae for three sample trees, ,
o o . as determined by Rank Order Correlation (1-5), .

"+ from Non-Destructive Sample Tables in 1972, ° . |

B S _ .. Tree 1 " Tree 2 Tree 3 i
P P , — ' A
‘ ' , 1. ' Shaded 'leaves, P SRR A s -
. - oL .: lower crowm . ’ )
/ . - o
" ii." Exposed leaves, . 5{ 5 L 3 ’
‘ lower crown ‘1..
Ciid.. Shadedlieayes, TS . ) o
. mid-crown . .5 oL 2 R 4 S
4 ' e . -l . \ : ~n T -t o . '
_iv. ~ Exposed leaves, . . o« L
1. . mid-crown S . A4 N 2",
A o - "’ N . -
28 Exposed léaves,~ 1 . 1 - 1
leading shoot ‘. oL T .

0

-

) ... w_w-.-.*@-_fe—f-.tw._ﬁs_.._ e e e e .m_'__.., B TEE IR f o .
e The leading shoot was consistently the region with greatest egg

-
-

and larval numbers. In Trees 1 and 3 lowest numbers were recorded in

shaded leavés. .Tre 2 was open—crowned,‘so that leaves in "innmer" crown

K;egions were not'completely shaded. This may explain the apparent paradox,

[
s - '

- . that numbers of’eggs and laryae were greater in reéion iiivthan in regions

11 -and iv in Tree 2. -

Y
L

,Percent infestation'ogffoliage:in each crown region was also

' "dalculated for the three sample trees. A leaf was considered to be

' ' e P ) . .
i * infested if'it showed one of more eggs or larvae. -Dataare presented in

. ) . A . e . . R

Tablé XIV, p. ‘50, for two sampling dates only for each of the three trees.:

. \' A . . . ~‘. \ . .

The first date was the peaﬁ infestation recorded. in the.first-generation;

R the second date was the peak infesnation recorded in the second generation.
D

The figures in Table XIV show that in White Birch an average of ZOA of the
'[i) . leaves marked for Non-Destructive Sampling were infested at the height of

™~ . o - . TN ..
o g oy, \ - ) .. Ci
.. . N . +



XIV.

’: first and second generations in 1972,

| .50,
B . . i !

Percentage of leaves shoﬁing présence of one or
more eggs or larvae of F. pusilla in five crown L
regions (i-5) for three sample trees on_ two s
dates, coinciding with peak infestation in the.

_ Trée 2

Tree 3

_ - ftee 1 -
Crown Region : — - : - ’ N
,-‘6—Jnly' 22~August ’ 25-Ju1y..14-§ngust‘ 4=July 22-August
1 28 0 v 100 30
_ii M v 2 28 75 80
141 16 2 26 90 60
iv n 0, ‘18 100 95
v 52 11 54 05,100 .
s Means 32 3 ‘30 92 73 ‘

v

L

the first genération.

Wild Cove P01nt

t

The .amount of infestation was less in the sampled

leavégvigzgoth trees in the second generation, markedly so in Tree 1 at

1
'

‘This does not necessarily indicate an actUal dﬁcline.in .

the degree of 1nfestation in the trees, because the leaves were marked

early in the £irst.generation.

In contrast with the two White Birch, almost "all of the marked

The.marked leaves age

I

‘generation infestation was younger ieaves

d; the_focus of second

leaves on the Mountain White’ Birch were infested ‘at the height of the first'

'generation.

L}

There was an overall'decrease in percent infestation of.the-

4

aging marked leaves in the second generation but in that generation infes- -"

F.

tation was notably higher'in the exposed than in the shaded leaves.

-"Rank order correlation of percentage of leaves showing infestation

with»the'five crown regions is eummarized-fof the three sample trees in.

Table XV, p. S5l.

T

N
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percentages of~marked }eaves that were 1nfested in each of the 5 crown
regions on each sampl1ng date

-derlved fron Table,VII, p. 282

1

TABLE XV.

“AVErage‘rank values (1-5) of the percentage of
marked leaves in 5 crown regions (i-v) of three
sample trees which were 1nfested with F Eusilla

. - in 1972
/ oS
=z rme
Crown'Region Tree 1 Tree 2 .Tree 3
. . ” , ~
i. - Shaded leaves . ‘4 - 4, 5
ii. Exposed leaves 2 3 7 3.
111, ‘Shaded leaves N o2 boo,
iv. Exposed leaves - 2 ) 5 S ~
v. Leader’ 71 1 2

These rank values were the averages ohtained from ranking the

—

he e m e mem = e ,

Thus the rank Values for Tree 1 were

For Trees 2 and 3‘the tables from which

-averaée rank values were derived are given, in Appendices IV and V (pp. 75

+

[N

_and 76, respectively) - o - ' 2

.
f
’
,
’
v‘ -,
. L
’
.
\'_::;b,’—\ o
b \ -
.l

Ay

Average rank values show that. the leading shoot was, the region of

’highest,percent'infestation of leaves, and also the region of highest egg

and larval numbers. Shaded léaves in the inner regions of the croﬁn_were

w ‘ . - -

generally less heavily infested. Data for crown region iii (mid-crown, .

’

' éﬁaded leaves) in Tree 2 showed that more leaves in this region were

1nfested, and so agreement is shown betWeen numbers of eggs and larvae,.

-

‘and the percentage of leaves that were infested

Distribution According- to Leaf Age’ X

»

The percéntages of infested leaves in each,age-cless sﬁéwing eggs’y

first—,or second-instar larvde, third- to fifth~instar larvae,

and from

°,
'
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. which larvae had emerged, are gﬁven in TabIe XVI, below. Percentage totals -

& . LN

exceed 100. in some cases because leaves frequently contained both early—

and late-instar larvae, etc.

" TABLE XVI. Percentages of leaves showing eggs (E), lst or
: * 2nd instar larvae, 3rd to 5th instar larvae,
-and from which full-grown larvae had emerged
in four age-classes of leaves, in 1972

'{ 7Age;C1é§§' e S 3-5 Emerged
- Bud 100 . 0 o 0
Young :. "~ 48 55 - 9 . | d" ,
Young-Mature 28" . 58 -, 7
Mature o 2 57 ; 3L

«

.. The results in Table XVI show a correlation of leaf agé“withﬁiarval

‘:deveiopment. Eggs were mos often‘l id in buds_or bung leaves, but a few

eggs were also laid in older leaves. 'Observation showed that Fenusa -
- . A .

females bccasionally“oviposited in mature leéves when nninfested buds and

ynung leaves were available-neerbya Observation also indicated that egg.

and larval mortality was greater. in mature than in young_leéves. Early- .

i

instar larvae were predominant in young and youttg-mature leaves, whereas
4

late—instar'larvae vere found mainly in young-mature and in mature leaves.

k]

H
L R L
-

Branch Samples .

The ‘data Sﬁ\b anch. samples from 13 localities other than the three

.sampling. éites are summarized in Table XVII P. 53 The pattern of devel—
e

opment of larvae in leaves, from the tips of shoots (Leaf 1 to the tenth

leaf down the shoot (10), elearly shows that-eggs qnd~early—instar larvae
were ‘predominant in leaves neareést the tip, whereas vacated leaves were’

‘ L]
-
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TABLE XVII. Per'qeﬁé of leaves infested with eggs and larvae
... " Y of F. pusilla as obtained' from branch sampling

in 1972. (B = bud, Y = youtig leaf, My .= young-

" mature leaf, M = mature leaf). A

(S

'Leaf, Numbers frpninTips of Shoots Down to Te_tfth Leaf

2l 1>~ 22 3 4 5.6, 7 -8 9 10
‘Leaf Category . *: B " B Y Y My My My M- M M
." Containing 1 or more 14 1211 8 6“ 0
Toeggs - ) L, ’ -
Cbntaini}xg 1 or more e
lst "td 2nd instar 6 - 8 15 28 .32 6 .
larvae . - - ..
_.Containing ‘1 ar more . . o . ‘
3rd to S5th instar 2. 4 8. 12 2077225 2316 8 5 7
larvae E ! : . ’
Leavessfrom which 1 5 7 12 17 22 . 24 22 18" 10 °

.larvae had é&merged -

o
k)

Numbet of leaves 7267 278 286 285 276 280 258 237 207. 143
samp led- . v ERE . e o )

o

b



' 'psuhily the £ifth or more dowr. . + - SR Ce s

v

A"n . - ' -t , . .-_"
"Damage to Leaves' S

- Most "leaves .were not .complete-ly"désﬁroyed ‘and .photosynthesis would
cc;nti;';ue_ in- i:ljie,"undamag'ed parts. In totally"damag'éd leaves only the upper.

and lower, epidgnpis remained.

v
o . +

Lo " Eggs were observed to be quite clustered in inter-leaf distributioen,.

Frequently, ‘léz}ves close to- each other, and apparently of the same texture,

© varied considerably in the number of ‘eggs. they contained. Tﬁus, totally

destroyed leaves we're commonly' adjacent to slighitly damaged an& completely

" :undamaged leaves. No trees were seen in which damage was so'severe as to '

AR B

spg’gest that appreciable reduction in tree growth or death wduld fesu,lt., "

‘Eg'gs were usually la'ic'l' near the main leaf ve}lns and cin_ly«!:.arely: o
near the leaf maréins. Fréquently, feLmalés :ippea‘red to ox;iposit on one ’
*_‘ . ..' : . . . * . . . N
. leaf as many. as 2'9 times. Several females were seen to oviposit on one

leaf.” In'@he t':yré‘wﬁitl:e Birch the average number, of eggs pei:‘l.e-af decreagsed

with thé season, whereas it in_créased ‘in-the Mountain White Birch. 'T.heré

suggesting’ that

3

. was considerable variation in the.number .of eggs per leaf,

o

“the leaf -minlér is not partﬂi_cularly efficiéht in dis'trinbuting its' eggs to
maximize on food resources. The average numbers of larvae in Trees 1 and’

2 were 3 per infested leaf, and 15 per leaf in Tree 3 (Table XVIII, p. 55).

The ‘amount of food eaten as determined from the surface area of 10\

- larval ‘mines in each instar showed large variation in second- to fourth-
v : : o o o Sy
. instar mines (Table XX, p. 56). Size and variation of mine areas in Grey

-Birch according to Guévremont (1970) are presented along with my data for

‘comparison.

¢ .
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' _TABLE XVIII.. Aﬁerége numberS‘df F. pusilléviérﬁae pet
: ' -infested leaf in -thre
‘1-3) in 1972.

[

o

e sample trees (Trees.

Tree- 1

L Tree 2

' Tree 3

L3

24~

17< -

June

.IOﬁ'July.

Aug.

6.5
3.5

- 1.0

03T

1.2

" 400

47
5.3
W
0.9 .

1.7 -

5.2

4.6,

Ts5.7 0

. 3.6

9.0

146

48,6

'\

6.5

4.6

18.4.

55

1 2.5

204
rd

- 7.0

_1.2.

12.7

16.6

17.3°

21: 4

18.9

20 ’ - - ) -1'24'.’9'
27- . 2.0 1.4 17,4
4= oct. o - 0.3 REREERS

13- 2.0 1.3 - 23.5
18- Cr s -- A
P 3.0 3.0 15.2,

- - = .

r | ;
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TABLE XIX. Average size and range of mine areas (mm ) of
- _pusilla larvae in White Birch and in Grey
‘Birch (the latter from Guévremont, 1970).

. White Birch . * Grey Birch °
_;‘,Instar —_— s — —
. Range ‘Mean , Range Mean
1 0.9 - 2.2 1.3+, ‘L0-6.0. 2.0 |
-0 - . A .‘ . -
2., 5.8-60.0 - 14.0 3.0 - 23.0 8.0
’ 3 24.7 - 75.0  30.3. 12.0 - 3.0 . -
. N 7 ©30.3 % 26.0
4 55.0 - 126.  90.5 - - 27 0-213. -~ .
re ' o . - ) ) o :
5 _ No increase .in size after 4th instar

In the case of .the White Birch, 10 individual minés were'measured .

:

that we%e occup1ed by a 51ng1e larva in each of the § 1nstaf§7““The*min1mum

. and maximum dreds of the agcond—td fourth-instar larVae are greatér than
I ~

H]
those found by Guevremont, except in the fourth instar. maximum. The meang

show reasonably good agreement. Differences could be attrlbutable to
* . . v . -~

different host species.

" The estimated average nmmber of 1arvae responsible for total
o

_destruction of leaves of dlfferent sizes is given 'in Table XX (p. 57). The.
. ’.A\ -
‘number df larvae is the total of all instars.« Regre551on analysis of the

- individual: observations showed a significant correlation bﬁtweenﬁleaf size

.

. and the average nhmber,of larvae responsible for total leaf destruction

(p =Jb.05, r.= 0.746, E%;El?B 471 (Appendlx VI, P- 77) ‘The range of”

individual observations w3s great. ThlS was expected in view of the:

. . ., ¢ '—
considerable range in mine &reas.

- R <
Cheng (1967) reported that 1 to 2 larvae per leaf resulted in no

" serious damage, but 5 to 10. larvae per leaf led to almost total destruction

]
.



. TABLE XX.

Q

]

R
:

Total number of larvae of F Eusilla responsible
for complete destruction of photosynthetic leaf

- tissue of White Birch according to leaf size-
(10 leaves per size-class, 5 mm. intervals), o .

I

" Leaf Blade Length

(mm.)

.Appfox;-Area
:'mm N n

Average Numbei

of larvae Rangé .

16-20

. 21-25
. 26=300

"31-35

36-40

41-45

46-50 - .

" .56-60

. '61-65

66-70

71475

51-55 °

LT 108,
162
.216,.'..
/303

" 468

612 . -

986
1080
'1ﬁ4Q
1584 .

1944

o756

2.0°. - 14
3.3, 0T - 1-6

l,}3.9 p i 2-7

:5,4 ,'flz
6.6 . 3-14.

487 L 3R12)
6.9 . 4-20

7.8. . 5812

176280 . .. 2520 11.8 5—20
81:85 ., - - 2700 14,4 10-23
: , )

"- ' @ . ’ i .
Q

o e
- e
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of spring foliage. : Such high population 1evels of the spring generation

usually produced @nough offspring to do appreciable damage to terminal

‘leaves produced in the second leaf flush. =Cheng also found.: that trees were

not killed by heavy infestation.

In this study no attempt was made to assess the effect of F. g‘ usilla

land leaf miner

: infestation on tree growth. .CFrequently, Birch Casebearer
. ‘ s -
Lo . infest’ation_’o‘ccurred on the samg. trees. In such cases damage by casebearer

' «was more severe than that 'by' leaf miner. Future studies on the effect .of

 both io/f these insects on tree gtowth"would be justifiéd; .

.

2,

e . b" - ., . : ) cLo i -
. ‘ ‘ P . B ) , .

. Birch Casebearer Coleophora fus\cedinella (Zeller)
(Lepicloptera Coleophoridae) . i o
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RELEASE OF TWO EUROPEAN ICHNEUMONIDS AGAINST THE
‘ BIRCH LEAF MINER S ) -

' >
0

"Introduction

The Commopwealth Institdte of Biolo-'g'ical Contrdl at Delgmont,
Switzerland, has been studying the parésite complex of F. p_usilla and- the

biology of the parasitoids in Europe since 19’6'8 (Eichorn and Pschorn-— )

Walcher,. 1973). O0f the 17 species of-parasitoids that have been observed

and evaluatedrfor possible introduction into Canada, Lathrolestes |
0 .

(= Priopoda) nigricollis (Thomson)l- and Grypocentrus.albipes (Ruthe), (hoth

Hymenoptera: Ichneumonidae) were selected for intro{lzction into Newfoundland
. 5 : ) :

in 1972ﬂ.’ Thig-decision was made by_ the Canadian Forestry Service, but the ,

author was respoosible for methods of release and initial observation of

the two .insects after their release. _ ' . A

.

Materials and Methods ) o A

In June and early July 1972 an estimated 7 000 host pupal cases of .
¢ .
p_usilla were collected in northern Germany ‘and the, German Rhine Valley.

~These were shipped from Delemont to Belleville, Ontario, Canada Department °

of* Agr'iculture, for quarantine and rearing of pa_rasitoids. Following
‘ L 4

emerguehce, three 'shipments‘ of L. 'nigricollis (990" .and 114 Q ), and one
:'Shlpment of G. albipes. (4 d and 9 ) were sent by air freight to' Deer .

Lake, Newfoundland in cardboard cylinders surrOunded by ice—packs.- Live
) :

adults were releas“ed in August on the dates shown in Table XXI[}'{p. 65). - .'

The insects were released onto caged White Birch ‘trees on the

1Hereafter referred to as L.—nigricollis. )\_/

-



o

released. Four cages were used, three for L. nigricolfts (numbened L

'
. s . P
,

0 . 60

“~
property of the'Canadian‘Forestry Field Station at Pasadena. This ﬁacili—;

-

tated observation .of parasitoid behaviour and confined'the small nnmbers

l’
LZ’ and L3).anixone__g;fc.-albiges (Gl).- Cages ware 4,€t.'x 4 ft. gnd 7.5

.

ft. high. The.sides and top were covered with 20-strand-per-inch fine nylon
screéning (Elate XI, p. 61). Ground vegetation within cages was cut at

ground level and removed and the ground covered with about 3 inches of

" sifted soil to provide a suitaole substrate for larval pupationu

¥ ) ' AR
Two trapping methods were used to collect host pupae. One method

consisted of placing plastic dishes 6.5 inches in didmeter, filled with

sifted,soil, on the floor of the cages beneath foliage infested with

]

. . . b Y
F. pusilla larvae. The other method consistéﬁ/of suspending plastic bags

o o "

containing sifted soil beneath infested leaves. -Th the second case slits
were cut in the bags to reduce condensation within them.. Trap contents

. v‘u’

were collected in 0ctober 1972, at which time the screening was removed

. - h‘\ﬂ‘ -
from the cagas? The screening was replaced in May 1973 so that any “".-

emerging Parasitoids could be collected 2 : . '.5' S

. . 2 : ’
. Prior to releasés, an estimate was made of the numbers of larvae

f F. Rusilla in the leaves of the caged trées.‘ 3Bg/aim was to ensure a
Py - . .

minimum of 20 host larvae per female parasitoid.”” So far as pyssible all

a

.pf the few native Ichneumonids inside the cages were remoredt

Precise'numbers of L. nigricollis released into cagesare not known.-

The top of the container was removed inside a cage and the number of adults

of each sex that'fley out was estimated. This hethod of release was-used

.

Lot

4
<

2Ohe of the L. nigric;llzs-release trees was almost completel
defoliated byvthe Birch' Casebearer in 1973 and was therefore not reﬁiggened.

o N “
/ ‘ ' ‘



PLATE XI.

Two White Birch infested with F. pusilla, caged
for parasitoid release experiments. Foreground
shows Cage L3, background cage Ly used for

L. nigricollis release, August 1972.
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because there were more insects in ode container than were required for

one -cage, and I did not want to risk killing some of- these costly ‘indivi-

duals by anesthetizing or .handling them. ° . . ' s

3
. « ew

Results -and,Discussion’ , - . )
N s Fed

1> on ‘10 and 16 August. _One

release was made into Cage L2 on 10 August Releases into-Cage L3-were
o - i) ¥

made on 16 and 23 August. The one release of G. alblges into Cage G,

Two releases were made into Cage L

’ 0

»was

1

made on 10 August ﬁTable.XXI, p. 63). | . / ’
. -2 ’

Mating, host searching, and bviposition.were observed *for L.

°

nigricollis But not for/G. albipes. ‘Adults of both species‘were found ’

: ' L ‘ I
alive and active up to 12 days after-their release. - No parasitoid-eggs
-

were found on F. gusilla ldrvae two days after L nlgricoilis females were

seen’ apparently ov§pesit1ng on them. ' ' *' ’”' e

vy

A total ‘of 50 Eu51lla cocoons were obtained in October 1972

from the trap, contents of the L. nigricollis cages, and’13 " cOcoons from’ :

b
-

.the trap contents. of the G. albiges cage. Dissection of hem cocoons

] - e

-+

yielded two parasitoid larvae and one pupa from the L. nigricollis cage

' but none from the G. albigés cage. The sh&pe and sculpturiné\o. the e

f o

thoracic sclerites of the pupa could .not. be distinguished from the 1arvae.J
o

Consequently, all three‘indlviduals were presumed to be L nigricollis.
]

E?arasitoid.adults were first oﬁserved on 27 June 1973. Q@y 29 June ..

.’ a total of 10 L. nigricollis and 10 6: albiges were seen. Three of each

~ ° -

species were collected and their identffication verified by J "R: Barron.3

’ .
hd AN 0

No additional parasitoids\were séen-until 11 July when’ about’ 40 G. albiges

. . -

4

7 ¢ ’ M A
- - . "’

0 o Y .

3Biosystématics Reseirch Institute, Ottawd.
. . fy‘ »
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- R ) "FABLE;,‘XXI_. * Number of L. nlgrlcollls and G. albipes released at Pasadena,
. Newfoundland, in August 1972

- LS
"ﬂ
\‘_ < -~
s . . .. e . o B . Estimated
Date .% . . , o o Temp. - . S T " - " no. of
shipped © Date - - - B at No: -parasites received- No. parasites released " host eggs
from . arrfived : ST - 'release ' o ) R . . and larvae
Belle-- in, Date " Time - - time ) , e - Cage . on caged
ville © o« Nfld,. released , released = (°F) g @ Total Dead g - ] Total no. (L) tree,
. - ST - ) . L.'higricojlis- _
T : e T e L. 20 - 20 40 - Ly - 700
‘A‘ug..._.S Aug. 9 _ Aug. 10 12:30 PM . 65 5156 1‘07 J 3 S 67 L ¢ 600- -
' ; 18 16 T34 Ly . 700.
: . 1 . . : : .36 : : 1 :
‘Aug. 4‘ Aug. 15 .Aug; 16 ' 10'30‘AMf, 55 ) 38. 36 74 5 20 20 © .40, Ly 400
LN - ' . ’ - . ) ) ) . . -
"Aug. 21 “"Aug.-*22° Aug. 23 10:15 AM 60 10 .. 22 32 0, 10 -22 32 .- Lj 400
B Y . - * - . ’ N F
Total: . . Lo C. 99 - 114 213 26 99 114 213 :
- e oy A %« G. albipes : ' . ) :
_Aug. 8¢ Aug. 9 Aug. 16 <$2:30 PM 65 .- 5 9 16 N1 - 4 9 13, Gy 7350
N . M " - - yd « : - Y -
1y . . : . v -
- 0 s . . o
- §-§, ’ * v (O3]
{ o - 3 P
- ? L]
X ° e -’ . » y.;: . » L ) .
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.wete observed. All inseets seen-Were males. Atvthe'tlme of the'1972'
release 1t was observed that males of both species tended ‘to be o the

. \\

screens. where they were readlly visible, but females remalned among the
/ - . . :
foliage where they were almost 1mpossible to find : E S

Small numbers of L. nlgricollis and of G. albipes were released

"

1

onto the same trees as thoée used in the 1972 release on 30 %ugust 1973 by
q

G, Raske.é At this tiﬁ! leaf sampllng did not show presence of any
larvae of F. pusilla.u o S e o

a

Further work on the release of L, nigricollls and G.. albipes is td

"be undertaken by Guévremont inﬁQuebet. At present the status of the two
. [ - 4 . .\ . T

H * y A =N,
introduced species in Newfoundland d4s uncertain. - b' .
v : . 'E' 5
. o
. . 3 , o :
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¢

-

of F. pusjilla and |t}{at some i_ndividlia].sncompleted a third generatig\fl— to '.

~the prepﬁpal (overwintering) stage. There was considerable overlaﬁ between ~

L. 3
<

gen_gralfibns. One "geperatic'm averaged 51 dayg in duration but.some indivi-

duals could have compigted their iife cycle in as little as 35 days.

. +
Counts of exuviae in mines compared with the number of larvaé

-known to have occupied the mines, and measurements of larval head- capsule
< . h i ‘ ' .
- widths, indicated 5 larval instars per g¢neration. ‘ : .

trees showed that exposed leaves in the up

. - . I!‘
than shaded leaves in ‘the mid and lower parts of the crowns

severely infested with early~instar larvae than o r White Birch '

”

) . .

growing under more natural conditions, but larva

in the Mountain White .

This étudy.has shown 'tha,t: in 1972 there yere'i ;:omplete generations

. Mountain White Birch were cqlsistently more often’infesfed with F. pusilla .

Birch seldom b_ecameffull—grow'n. The diffesrence' in infestation may indicate

. [
. . . '

SN ' L - -
a difference in vulnerability between the 2 specifesy or it may indicate - -
' v e

4 a [y

that small birch, growing on exposed'mineral soils{are more attragtive to
2y g B ] e

ovipositing females than - larger trees under more tural'condit‘i’ons, or it

»
‘' .

. : 9
may.be a combination of these factors. )
- ’

. Larval mortality was abou;: 50% in White ﬁ;i.rch in e firsi:, gener=

v
. .

3

ation and was less_‘foi: the second and iprobébly also for the thirnd gener--

ation.’ Lar\‘/al mortality "in the Mountain White .-Bi,réh was 'near 100%.. ~

¢
» .

+ . Whereas infestation levels ig‘;th's tree were higher in exposed: leaves,

be -

Bl ..

i

.



. exposed shoots. The number of .eggs 1a1d ptr 1nfested leaf averaged 3 in

' is not partipulafly efficient in utilizing.its host. -

. «larvae responsible for total leaf destruction. Two larvae were capable of

* albipes (Ruthe) were introduced from Europe in 1979 Three shipments hf' o

— - ~ 66

larvae completed development only in, shaded eaves. In both birch species
eggs and early-instar larvae suffered the greatest mortality In White

Blrch‘many early-instar larvae“appétently~died due 'to starvation in compe-

] "

tition'withqpore advanced larvae. In Mounta;n Whlte Birch it appeared that.
something in the leaves inhlbited development of the eggs and larvae, 'so

that very few individuals reached the late-instar stage. Further work on
host preference and leaf»palatibilitv is recommended. ’

T

Qviposition occurred in all crown regions during the first gener- .

’ ' - ¢
ation because all regions contained young leaves, After the first gener-

'--.

ation ov1posit10n was c0ncentrated on buds and young leaves at the tips of

u -~
-

White Birch and 15 in Mountain White Birch. The maximum number of eggs t

- -A-v-_

-

and larvae found in any one leaf was 47. lhere_was considerable variation
‘in the number of eggs and larvae per leaf, suggesting that the leaf minet’

. —~— ! .
There was close correlation between leaf size -and the numbers of

o

~N

destroying leaves’ 16-20 mm. long, whereas l4 larvae were needed to destroy

.leaves 81-85 mm. long. . - - S a’\ ~ i‘ R )K

Two parasitoids, Lathrolestes nigticollis (Thomson)'and'Grypocentrus ' //.

L, nigricollis (99 malés and 114 females), and one shipment of G. albipes ) P

(Aznales and 13- females) were released 1n August 1972 into caged White .g
Birch 1nfested with F. pus1lla, at Pasadena Fleld Station, wéstern N |
‘ qewfoundland; i . '._.“ ’.-\ . o | . uu“\ o .5 _ .
' Matin;: hest seatchlng.and oviposi%lon,were.qbserved‘fot'Li " o 'V'

nigricellis only, but adults of both“species'were'seen up to at-least_lZ 3 ‘

. ~ . .
¢ . J .
. . .

e
4
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APPENDIX I. F:Leld estlmated numbers of eggs (E) and larvae (L) of F. Eusilla.
) fn 50 marked leaves in each of 5 crown regions (i-v) in Tree l

10 -

27

at Wild Cove Point in 1972 (Non-Destructive Sample Table). . o
’ ) - Crown Regions ' S , -
) - - - - - = . Total for all regions
‘Date Lo ii ‘ iii iv ‘ - v '} per 250.leaves
“ <E L, B E L ML E L EHL - E L m £ L B . | E L {f, E+L
19- Jine 67 0O 67 83 - 0 83 18 0 18 - . 44. 0 44 146 0 144 356 0 356
21- 480,22 70 45 33 78 18 7 25 30 15 45 123 25 '148 - 264 120 - 366
24- 2 70 72 26 s8 84 18 13 31 10 37 47 115 917 206, 171 269 440
26~ 7 72 19 -3 12 75 10 17 27 5 38 43 114 104 .218 139 303 442
28— 12 65 77 10 70 80 "0 18 .18 8 37 45 122 97 219 152 287 439
3- July 6 70 76 3 76 77 1 33 3% 5 29 34 7 100 107. 22" 306 328
6- 4 40 44 ‘0 65 65 ° 0 25° 25f 2 28 30 7 97 101 13 252 265
10- 0 12 12 0 3% 34 0 10 10 2 12 14 3 91 94 5 .159 164
13-, 0 5 5 '3 18 21 .0 1l Ii 40 10 10 8 62 70 11 ., 106 117
17- o o0 o o A~ o0 7-72. 0 9 9 "0 49 49 o . 77 77
21° 0 > 0. - 2.7 9 0 3.8 2 8 10 2 32 34 5 50 56
24- 10 0o o0 6 7 13 01 t\ii 4 .6 10 10 26 36 20 . 40 60
28—, 0 0 .0 17° 2 19 2 0 2 8 .4 12 12 16 28 39 22 61
3-" 0.0 0 5 9 59 2 3 5 7 8 15 36 25 6l 95 .45 140
4 g 0 0 O 38 7 45 2 1 3 7 2 9 2% 40 62 89 50 119.°
& 0 0 0 23 17 40 2.0 2 5 5°10 18 52 70 48 T4 122
12- "0 0 o 14 12 28 c 0 o 3 47 17 27 44 34 43 . 77
15- o 0 0 0 17 17 0. 0 0 0 4 14 10 40 50 10 6l 71 -
1= 30 0 0 0 14 147 0.0 .0 0 3 3 10 31 41 10 48 58
21~ ‘0 o0 o 12 i2 o o a. 7.3 9 27 —36 16 42 58

r4A
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. APPENDIX II. Field estimated numbers 6f‘i;_ggs (E) and‘larvae_(L) of F. Eus.illa
' : in 50 marked leaves in each of 5 crown regions (i-v). in Tree 2°
_/ . at\Pasa‘deﬁa Field Station in 1972 (Non-Destructive Sample Table).
. ~ = = ’
- % ! Cyown Regibns
N - - Total for all regioms
Date ’ i, ‘ . ii iii - \ iv . v ©  per 250 leaves
, E L .E+L - E L E+L  E L, E+L E L E+L- E L  E+L "E~ L -EHL
20- June’ 34 0 24 .13 1 14 19 0 19. 14 2 16 37 14 .51 107, 17 124 -
2'8;; : 6 2026 .7 20 27 7 26 31 - 2 13715 - 42 145 187 64 222 286
~t R L . . A ‘ . . , -
5‘- July 0 26 26. 0o 27 27 42 \3~1 73" b 12 13 37 187 224 - 80 283 363
o 7- 3 22 25 "0 26 26 15 63 78 o-8 8" 28 186 214 46 305 351
- '.1' ; . . . Y . ) . N - - ~ .. ——
12- 520025 , 16 15 31 9 43 52 15 |1 16 - 24 93. 117 69 172 241
. B _ ¢ e a . ,
18- 11 14 25 23 27 50 - 14 41 .55 12 1224 ° 25 63 88" - - 85 157 242 .
E ) v . . {' ' : . . .
25- .- 9 23 "32 - ,'19~ 42 61 - 9 58 67 5 21 26 . "12 100 112 c 54 . 2.44 298
2- Aug. 0 18.18 0 20 20~. 8 30 38 24 10 34 20 84 104 527 162 214
14- .0 6 6 L0 21 21 0o 58 58 , 0 70 70 ~ . 0 75 75 0 230 230
- - . . . . . - f ) N -
22- 0 10 10- ° 0,25 25 + 0 28 28 -+ 0 50 50 ‘ 0 61, 6l 0 176 . 1]6
> - ) il /! : < - e
.0 . ~J
: W
» » . v



APPENDIX IIX.

i
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Field. estimated numbers of eggs (E) and larvae (L) of 2usilia

in 50 marked leaves in each of .5 crown regions (i-v) in Tree 3

* (Montain White Birch) at Pasallena Forest Nursery in 1972 (Non-*‘.

oo "l\ d Destructive Sample Table) ) SR o
. " . . A - “ v 2 e
’ . . ". Crown Regeion:é T T A i "
] - > - 0 — . . — - Total for all regiomns
r. . Date i it ' iidi . . iv 7 ’ v . per 250 leaves
_/u{“' - - Y — - .
L B~ L' E+L, .E° L EfL- E L E+L  E j "E+L+ E - L . E+L ET L E+L
7- Juge 0. 0 0 o o o 0. o0:0 .9 0 0o 0 0. Q9 0 0 0
o A . ) . . 5 -'. N & . . .-. ‘. -
SRS TS 15 “0 '15 20 0 20 322 0 23 32. 3 35 35 9 40 . 124 8 132>
- 28- 0 .70 70 . 57 225 282 10 “215 225  10p - 265 365 : 405, 502 _. 907 572 1277 1849~
' C . B s e - ‘ i . < * ' [ @ ’ N » ) ;
" 4= July” " 0 75 0 75 '62° 236 298 . 17 145162 165 272 437" - 42 582 624 286 1310 1596 °
7-. .0 80 80  95:232 237 7 185 192 47 277 324 75 750. 825 224 1524 1748
11- O S0 50 °_ 0. 22 2. O 8 8 N o _ 87 8 52 8 <132 53 D319 3m
P ; T . . - B < ST Y - .
o728 10 0 10 * 183 1227304 35 75 110 . 100 117 213 - 137 ‘22 159" 464 . 336 800 -
- 1=;Aug 33 0 “32 252 220 427 67 .62 129 162 297 399 625 65 - 490 - -938 ~ 584 1522
? I -~ = - . ™ R ’ “ . . . [ .‘ . .
9-. - 0+ 37 .37 202 "380 582 .60 137* 197  295_61% 912 . 612 567 1179 1169 1738 .. 2907 °
224 62 137 199 185 425 610, 77 202.°279 212 75] 999 685 640 1325 ' 1251 2161 3412
4 ) = . I : ! - I ~J
. - . t § LT ¢ L -
_*"1.’ < * e - 3 . - o .. 3
. ' - ) . .. N C . s "3



APPENDIX 'TV.
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The percentages of markedf‘leaves in 5 crown

‘with F. Eusilla ip 1942.

. Crpwn Regions -

Cid

1ii iy

* 2~ Aug. -

18

10

14

g

10. -

9

14

12

o 10 8

16, . &

-3

<16 4

-

12

28

18 7w

26 . 18

O&*Average .
Rank Value

n

” [
»
»
i 4
N
N .

*See Table'XV, p..5l. .

'\'o\

'I
" . R
.
' [}
B
L
.
.
-
.
o -
L]
’
. A
/ .
._‘

€

. regions (1-v) of Tree 2. that Qere infested-:'

42
L 42

32 -

54 -

56

45

31f'

i

i
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" with F, Eusilla in 1972

o
-3
f

" APPENDIX V. The percéntages of marked 1eave5 in 5 crown
- regions (i~v) of Tree 3 that were infested .

3

Dat‘:e _“" e’

.%i

. - CroWn.Regiphs

iid

© 7- June - : 0

"1- Aug. - . 10

" 22- 30

Or-

6

23

60

. 80 -

75

95
70
70

75

80

. : 0[

5.

14

T 65
.90

+ 90

90

. 80
‘100
.95

© 100

7~53; .

65 .

95 .

12 -

A
55

1100 -

100

-100

60
80
95

100

i *Averagé.
. Rank Value

b .

'_*See.Téblg XV, -p.



APPENﬁIX VI., Numbers of larvae (all instgrs) of F. 'pusilla
. _causing totall destryction of the photosynthetic

77

9T 10 12 12 12 1§£ 16

N "tissue of 10/birch-leaves in-each’ of 14 different
‘ "length classes (Data used- for regression analysis,
p. 56) :
Leaf-_ie.ngth~ . Numbers of'i‘zarvae in lea\fao no.
classes (mm) ;o' 3 .4 . 5 6 7 - '8 9 - 10
- 16-20 11t 1 1 2 2 2 3.3 4
.21-25 1 2 ; T2 3 .y 3 , 3 4. 4 ; 6‘.
26-30 2 2 3 3 3 w4 s 6 7
31-35 1 3 3' 3 3 4 6 8 11 12
36-40 ° 3 3, s 5 s 5)/, 78 e 14
41-45 . 37 73 3 ¢ 5' 3 -4 4 5 8 12
46-50 bl 5 s s 5 6 8, 10 11
51-55 4 & 4t s s s 6 8 8 20
56-60 - 5 . s 5 6. 6 7 10 -1 ar 12
61-65 4 . 6 6 7 7 8 9 ¢ 12 12
66-70 '« 5 .6 19 0 11 .u 1 1214
. 11-75 b5 T o 10, 112 14 15 17
| 76-80 . 5 8 9 10 10 12 13 15 17 20
81-85 ) 17 - 18 23

Number, of leaf classes = ‘1'4’, N = '140(1‘ ="0.746, F = 173.471%*,

b = 49.902.."
-(See'.page- 54, and Table XIX, page 56.)l_
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