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THE BIRCH LEAF-MINING SAWFLY 

Fenusa pumila Klug 

Tlie birch leaf-mining sawfly (Fenvsa  pfrmila Klug) was first dis- 
covered in this country in Connecticut in l!T:':{ (Britton 1924, 
1!)24a), having been introduced into the northeastern United States 
at some time prior to this date, probably hp accident. The adults 
were reared at  this Station Ily the writer in 1V24 and identified by 
Mr. S. A. Rohwer, then of  the United States National Museum. 
The insect is of some interest to those concernetl with shade and ior- 
est trees. I t  is a European species with a high reproductive poten- 
tial which is apparently well adapted to natnral conditions in New 

- England. New York, and southeastern Canada and has heco~ne very 
abnndant and widely spread in this region during the last ten years. 
There is no reason at present to helicve that \ye have not acquired 

.- a permanent resident. In  Europe, where this sawfly is native, its 
geographic and climatic range is extensive. I t  is tlie purpose of  
this bulletin to give the results of the writer's observations on the 
biology of tlie insect during tlie last five years and its relation to 
white and gray birches, particularly in Connecticut. 

Tlie writer expresses his appreciation to Dr. W. E. Britton, En- 
tomologist of this Station, under whose direction t l ~ c  investigations 
mere coorluctecl; to his associates on tlie Station stalT, B. W. &Far- 
land and Keely Turner, ior assistance in the field and laboratory, 
and B. H. \t"alden, for the photographic worlc. For  aid in obtain- 
ing specimens from Europe and information regarding the status 
o f  the insect on that continent, thanks are clue to I<. C. L. Perkins, 
A. W. Stelfox, I. Tragirdh, Y. Sjustetlt, I. Phllipjev, and R. B. 
Benson. Philip B. Dowden has very kintlly aided in identifying 
the parasites. 

I.'e,resa p%trwila. was originally described by Klng in 1814 and 
placed by him in the genus Teiztlrredo, although apparently known 

5- by FallPn in 1808 as Hylo lo~na  ifrtercus. I<onow (1905), who 
(293) 
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places the species in the genus Caliosysphiltga Tischbein along \vith 
the species trlfiti and dorlmli, gives the following synonymy : 

"C. pumila, Rlug (Tenthredo p.), Nag. Ges. Natarf. Berlin. Vol. 8, p. 2 i i  
(1814) (Ear. md. et bor.). 

Hylo tor~e  infcrcus, Fallen, Svensk. Vet. Ak. ITancll. VoI. 29, p. 46 

Little has been written about the biology of this insect, and 
apparently the species has been confused with other leaf-mining 
sawflies that feed on birch. Zetterstedt (1840) simply stated the 
insect (T. pygmara) to have been found in Lapland, although not 
common ("Habit. in Lapponia Norvegica, rarius"). Healy 
(1S69a) briefly described the life cycle, noting that the insect had 
two generations a year and was colnmon on Betola albn in certain 
parts of England. He  called the species Fenusa fuligiwosa, and 
although later authors have been of the opinion that the species 
concerned was really Fcnusn purniln, the description of  the larva 
as given by Healy does not agree with that of Enslin (1914), nor 
with the larvae reared by the writer. So~ne  other sawfly was proh- 
ably involved. The "Life History of Fobnsa pumiln" by Healy in 
1869 refers to still another species. Cameron (1882) seelns to 
have likewise described the larva of some other species in writing 
about Feitusn putnila. He gave the continental distribution of  the 
insect as Sweden, Germany, France, Italy, and Russia. Brischke 
(lS83) stated Fcntisn puttzila to be a leaf nliner in Alnrts in the lar- 
val stages, but his description and figures of the larva agree with 
neither this insect nor F. dorhnii, a common leaf miner in Alnr~s. 
On the other hand, Brischke's description and figures of F. fniniltra. 
indicate that this latter species was F. prrtrzila., as IConow has indi- 
cated in his synonymy. The latter author (1905) gave the geo- 
graphical distribution as central and northern Europe. 

Enslin (1914), ~r.liose work was mainly taxono~nic, stated that 
the larvae mined the leaves of  Hetttla and there were two genera- 
tions a year. His  larval description, though brief, agrees mith the 
observations of  the writer. Hering (1928) briefly clescribed the 
larval mines in birch. Ripper (1931) found the larvae mining the 
leaves of  Befula vprrtrcosn in Central Europe. I n  his description 
of the last feeding larval instar, he mentioned the presence of a dark 
brown thoracic shield, a character never ohserved by the writer and 
not mentioned by Enslin. The writer (Friend, 1931) has pub- 
lished a brief description of  the life cycle o i  the species and methods 
of controlling it by the use of  insecticides. 

. 
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Sotlle larvae had doubtless left the leaves when the count was 
made. The eggs can be easily seen if a leaf is held to the light. 

The act of oviposition and the presence of eggs affects the leaf 
2 somewhat. A small scar in the upper surface remains where the 

female ovipositor cuts into the leaf, and after two or three days 
the position of the egg is indicated by a raised spot on the upper 
and lower surface. The position of the egg inside the leaf is shown 
in Plate 1, figure 1, and the more sharply pointed end, which is  
toward the scar, adheres firmly to the inside of the upper epidermis. 
In  addition to the scar formed over the incision made by the ovi- 
positor the presence of eggs in a leaf is often indicated by a grayish 
discoloration over a considerable area around the egg itself, par- 
ticularly on white birches (B. papyrifera). This greyish dis- 
coloration is easily seen on well developed leaves and occurs 
whether or not the eggs hatch. The presence of eggs also appears 
to cause a slight local arrestation of leaf growth with a consequent 
slight wrinkling. 

The number of eggs norn~ally laid by one female has not been 
determined definitely. Three females dissected before they were 
allowed to oviposit showed respectively 66, 96, and 44 fully devel- 
oped eggs and 100, 100, and 84 immature eggs in the ovarian fila- 
ments. In  one day as many as 22 eggs have been secured from a 
virgin female and 23 eggs from a fertilized female. In  captivity 
most of the females oviposit one day only, and the number of eggs 
usually secured is much less. 

There is a t  times a considerable mortality of eggs under natural 
* conditions. In  one instance out of 55 eggs observed 20, or 3G per 

cent, failed to hatch. In  the laboratory, there was also a t  times a 
fairly large mortality of eggs in leaves on twigs cut in the field 
and placed in jars of water. This varied from 2 to 28 per cent. 
This mortality of eggs occurred in leaves in good condition for 
incubation; that is, young growing leaves. If the eggs are 
deposited in leaves which have almost or entirely completed their 
growth, no larvae hatch. This occurs a t  t in~es  under natural con- 
ditions. In  the laboratory females have not oviposited in hardened 
foliage, nor does this occur normally it1 the field. Due to the fact 
that the period of incubation is six to ten days in length, and that 
females oviposit in young leaves only, the eggs in one leaf hatch 
during a relatively short period of time and there is little mortality 
due to injury of eggs by feeding larvae. Since the larval mines 
are small and imtnediately around the position of the egg during 
the first few days of feeding, and the eggs are separated usually by 
a relatively great distance, the chance of eggs being injured by 
feeding larvae is further reduced. 

The preoviposition period of the females observed in captivity is 
usually less than 24 hours; that is, females will oviposit the day 
they emerge from the soil. The duration of adult life in captivity 



PLATE I 

I :  1. Ilppcr k i t .  Egg in leaf sh<,'rving ~rcll~dcrel~,i ,crl  cn,lll.yo. 
Leni tissue covering egg ren~oved.  X 2. 

FIGIIRE 2. Upper right. Fully grown larvae. Lei1 and right dorsal 
aspects, center ventral aspect. X 8. 

Frcun~  3. Lower. Prepctpne and cocoons. S 4. Lnwer row s l ~ o ~ v s  
part  oi cocoon rei~lnved in two right figores 2nd prrpupn remover1 frolm 
cucoon in left figure. Upper row sshoms cocoons intact. 



Life History asid Habits 301 

is short, rarely exceeding two days, but under natural conditions 
it is probably longer, for adults captured in the field usually live a 
day or two in cages. Adults have never been observed to feed 
under natural coiiditions or in cages, and they did not appear 
attracted to honey and water placed in tlie cages. I t  has been 
recorded by Hamilton (1032), however, tliat adults are attracted 
to sweet poisoned syrup and are killed by feeding on this material. 
Whether or not they take food or water under natural conditions 
is problematical, but certainly neither food nor \eater arc necessary 
for mating and oviposition. 

As previously mentioned, virgin females will lay eggs, and these 
eggs will produce larvae which feed the normal length of time. 
Adults 11ave not been secured irom such larvae, so tlie sex of the 
progeny of these females was not determined. Parthenogensis in 
sawflies is a common occurrence. 

It  appears generally true tliat adults will fly to low growth to 
oviposit in preference to trees 20 to :10 feet high. It  has been 
observed in several cases tliat sprouts 4 to 6 feet high growing 
from the base of a tree were heavily infested, whereas tlie top of 
the tree itself, about 20 or 33 feet high, contained neither eggs nor 
larvae. I t  is true that the first and second generations of adults 
will oviposit in the tops of tall gray birches, but as a rule the infesta- 
tion is not so intense as that which occurs in low sprout growth. 
This ]nay be due to a disinclination of  the insect to fly far above 
ground or to a preference for leaves of young plants. Air cur- 
rents may affect this somea.Iiat. for a slight breeze over the top of 
a birch will clear the air of individuals in flight, and air currents 
are presumably stronger over the tops of the tall trees than over the 
tops of shrubs. 

The maximum flight distance has not been drter~nined, nor are 
there any data available on the extent of spread 1)y flight. Since 
its first appearance a1)out nine years ago this insect has been found 
all over New England and in southeastern Canada. 

EOC STAGE 

The duration of the egg stage shows soinc variation. The fol- 
lowing table gives the length of tlie egg stage (luring tlie indicated 
periods. 

The shortest ohser\.r(l egg stage \\.as five and tlie longest 13 days. 
Very few eggs had eitli(sr extreme period, the majority hatching 
after G to 10 days. This variation docs not occrir aruonc eggs 
laid by one iemale at one time, ior in almost all cases all the ezgs 
laid on one plant in one cage on tlie saine day hatched on the saine 
day, ]laving the same period of inciibntion. 

The size of the egg increases after it is laid. The average 
length oi an egg when deposited by the female is about 0.38 mln., 
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but after a few days it swells to a length of ahout 0.47 tnm. This 
increase in the size o t  sawfly eggs af ter  oviposition has been noted 
by others in other species. 

TABLE 3. DunATrox OF EGG STAGE 

Date I Number of eggs 1 Length of stage 

May, 1929 
May, 1930 
June, 1928 
June, 19:<0 

JuneJuly, 1930 
July, 1929 
July-Aug., 1930 
August, 1929 
Aug.-Sept., 1927 
Aug.-Sept., 1930 
June-Sept., 1927 

ACTIVE LARVAL PERIOD 

When tlie larva first hatches from tlie egg the abdoiiien is curved 
back and remains so for a day or two. A t  the time of hatching 
the total body length is about 0.7 mm. and the black ventral marks 
characteristic of later instars are absent. During the first instar, 
which is irom two to three days in length, the larva mines a kidney- 
shaped area close to the egg, tlie latter being in tlie lateral indenta- 
tion of tlie mine. During this first instar the body length increases 
to  about 1.4 mm. and the head capsule measures iroin ,273 to ,299 
111111. in greatest width. Iluring the act of molting the head splits 
longitudinally on the dorsal side and the cast skin is worked pos- 
teriorly of[ the abdomen. The second instar is two to three days 
in length and during this time the body reaches a length of from 
2.0 to 3.0 millimetcrs. Tlie head width is about ,426 mm., altliougli 
it varies considerably. The mine is extended and although very 
frequently the kidney shape is maintained, it often becomes ellipti- 
cal or roughly circular. The third instar is also two to three days 
in length and the total body length during this instar increases to 
from 4.0 to 4..5 mm. The head capsule is aboiit ,573 mm. in width, 
but this varies more than in the preceding instar. The mine is o i  
the blotch type, brit varies much in shape. Tlie fourth instar is of 
about tlie same duration as tlie third, and at tlie end of this instar 
the larva is iully grown. Its head width varies from .Gll to  .76i 
millimeters in width, with a mode a t  .6.?0 millimeters. Tlie body 
length at the end of this instar is about 6.0 mm. 
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Immediately after ~ilolting the insect leaves the leaf, drops to 
the groimd, and forms a pupal cell. Xo feeding occurs in the fifth 
instar and no increase in size takes place. Tlie body length and 
head width of the fiftli instar are thus practically tlie same as  those 
of the fourth. Tlie last instar does, howevcr, change in color. 
The color of the body becomes yellowish white and tlie ventral 
black markings are absent. IVIiether or  not the males and females 
have the same number of instars has not been determined by actual 
observation on a series o f  individr~als, but tlie fact that tlie head 
widths of all individuals measured show one definite mode in tlie 
fifth instar inclines the writer to tlie belief that there is no sexual 
difference in this respect. 

The duration of larval l ife in the leaf varies somewhat, as is 
indicated in Table 4. 

TAnLB 4. DuRATIOX OF LARVAL LIFE I N  THE LEAF 

Date I S u m b s  of larvae I Mining ptiad 

Sept., 1925 
Aug.-Sept.. 1927 
Atla.. 1927 
Sept.. 1927 
Map-June. 1928 
July, 1929 
July, 1929 
June, l9:{0 
July, I!l:tn 
Aug., 10:K 
Sept., 1!l:!0 

The shortest larval mining period observed was six days, but 
this mas an observation in tlie field, and there may be some ques- 
tion as to tlie ultimate fate of the insect. The maximum numl~er 
of days tliat a larva was observed to mine was 14. Tlie usual miti- 
ing period is between 8 and 13 days in length. Aside from inher- 
ent rariability among rlifferent individuals several external factors 
could presumahly cause a variation in the duration of the mining 
period. Tlie variations in the qualities of thc Icaves, tlie position 
o l  the leaf as regards shadc and sunlight, and tlic air temperature, 
would all hare their effect. That air conditions outside tlie leaf 
are not entirely responsible is easily seen. From five eggs that 
hatched on XIay 31, 1930, one larva matured in 11 days, one in 12 
days, and one in 13 days. Two eggs hatching July 30, l9::0, pro- 
duced larvae of which one ~iiatured in 11 days and one in 14 days. 
Six eggs hatching July 30, 1!l:30, pro(1uced larvae of  wliicl~ one 
matured in nine days, four in I 0  days, and one in 13 days. I t  is 
nevertheless generally true tliat in tlie majority of cases eggs 

17 
70 
14 
5 

17 
25 
26 
24 
44 
57 
25 

1 1 . 8 i . 4 1  days 
1 3 . 0 + . 1 6  
1 1 . O i . 0  
14.0 + .0 (from virgin female) 
1 4 . 6 + . i 5  
R.4+.09 

12 .2- f .28  
1 0 . 9 k .  10 (Generation I) 
0 . 4 +  .0!4 (Generation 11) 
9 . 4 + .  13 (Generation 111) 

1 l .OC.18  
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haching on any one day will produce larvae tliat attain full growth 
within a day of each other. 

The numher of larval instars and tlie duration of each has been 
based on tlie width of head capsules and tlie assumption that the 
last instar does not feed and has the same head dimensions as the 
preceding instar. On this basis there are five instars, during the 
first four of which the larva iceds and grows. Immediately after 
the fourth molt the larva breaks through tlie leai and drops to the 
soil, which it enters for the prepupal and pupal periods. The 
prepupal period is thus the fifth 1;lrral instar. 

Our observations on the larval instars liave not been completed 
to the extent that the above sequence of events have been deter- 
mined directly, hut the usual process for sawfly larvae indicates 
that this is true of Fcnrrsa fitfnzila, and the width of the liead cap- 
sules, together with the change in color \rhich takes place imme- 
diately prior to the exit oi tlie larva from tlie leaf, supports the 
above conclusions. Marlatt (1890) states that sawfly larvae in 
general go through this process oi development. Dyar (1S!)3) 
records six larval instars for Fcnusa zforipcs (dorhnii?) and states 
tliat tlie last instar leaves the leaf immediately after the filth ~iiolt 
and enters the ground. This instar is pale yellowish \vliite in 
color, has evacuated the alimentary canal, and has the same width 
of liead as the preceding instar. Taylor (1931) descril~es tlie 
seventh (last) larval instar of Phylloton~a ncrnorata as having the 
same width of head as the sixth. Middleton (19'73) in his descrip- 
tion of Dipriolz sintile, says the same is true, altliougl~ in this case 
the male insect has one less instar than the female. The measure- 
ments of the head capsule of Fenlrsa ptlinila indicate tliat tlie two 
sexes have the same number of larval stages, as there are fairly 
definite peaks to  the curve representing head widths throughout 
larval liie, considering the natural variation among individuals, 
and tlie measurements of the prepupal stage show one modal peak 
in the curve, not two as would be the case were the sizes of the 
sexes different. 

Several mines of Fenusa prc~rtila have heen opener1 and a search 
made for head capsules. In the great majority of cases only three 
capsules were found, but in several instances four liave been found, 
and tlie large size of many of these \rIiere either three or four were 
present indicates the occurrence of four feeding instars. Tlie 
head capsules are always split when shed, and this makes exact 
measurements difficnlt. 

Measurements liave been made of tlie head midtlis of SO2 larvae 
extracted from leaves before the prepupal stace was attained. 
These widths were plottcd and sho\red four distinct pcaks, indi- 
cating four feeding instars (Figure 59). Tlie first instar varied 
from ,260 to ,312 millimeters in width, tlie second from .35l to 
,481 millimeters, the third from ,494 to ,695 millimeters, and tlie 
fourth from ,611 to .'i67 millimeters. The first instar is clearly 
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defined, but tlie others merge into one another as reganls size. 
There were four larvae possessing head widths of ,468, one of ,481, 
and seven of ,494 milli~neters. The line of demarcation between 
instars two and three was arbitrary, but it should certainly fall be- 
tween .4liS and .494. The finest division of the micrometer meas- 
ured .01:: millimctcrs at the magnification used, and all heads were 
measured to tlic nearest rnicro~iieter division. The same condition 
holds for the separation of the third and fourtli. instars. There 
\!-ere -01 larvae having head widths of .5+5 millimeters, seven o f  
. j ! tX milli~netcrs, and three of .(ill millimeters. Tlie width of ,598 
millimeters was sct :IS a limit for the third instar. I n  measuring 
the head widths of the prepupae, three were determined a t  .GS.i 
millimeters, two a t  ..;!IS, and 14 a t  .(ill. Tliere is thus a definite 
overlapping betrvecn instars three and four, for the fifth or prepu- 
pal measures the samc as the fourth. Tlie number of larvae meas- 
ured in each itistar was as follows: I, 2.74; 11, 121; 111, 123; IV, 
299. 

The prepupae were all collected under the trees in oilcloth fun- 
nels and all liad the characteristic pale yellowish color and absence 
of black ventral marks. The head widths of 415 of these indi- 
viduals were nieasured and they varied from ,585 to  ,741 milli- 
meters, beina almost identical with the fourth instar. 

Figure 89 shows graphically the head widths of the larvae meas- 
ured. Tlie overlapping of the last four instars and the modes of 
each are indicated. For the first two instars and the fifth, the 
modes are distinct at .299, .416, and ,650 millimeters respectively. 
but tlie third and fourth instars are not clearly unimodal. The 
lucan for each instar is as follows: I, ,293 +- .0005 mm.; 11, ,416 
+ ,0014; 111, .552 k ,0018 tnm.; IV, .(;SO +- ,0013 nlm.; V, ,661 - 
5 .001 mm. I n  the figure, the number of larvae of each dimen- 
sion was weighted to a basis of 100 in order to give a true picture, 
so the figures indicating the number of larvae are in reality the 
percentages of the total nnmber measured. 

Frtir.a~ 89. Head widths of the larvae of I;e+tasn pamilo Klau. 

In  order to determine the duration of the larval instars, larvae 
were removed from leaves at certain definite periods after the eggs 



had hatched, and the head capsules were measured. Each of the 
first four instars is betweell two and three days in length on the 
average, although variations do occur. The duration of the instars 
is practically the sanie in both white and gray birch. The prepupal 
period in the soil is given on page 313. During the sumliier it is 
about 12 days in duration, hut the prepupa hibernates, and the 
instar is then several months in length. 

The question as to the applicability of Dyar's Rule in determin- 
ing the instars in leaves naturally arises. I t  appears that this rule 
does not apply to the second or  third larval instars with this species. 
I t  obviously would not apply to tlie fifth, which has the same head 
width as tlie fourth, but the second and third instars have too broad 
heads to correspond to the theoretical mean which Dyar's Rule 
would necessitate. I n  Table 5 ,  the actual and theoretical means 
are given. The ratio was determined by getting the mean ratio as  
follolvs : 

T A B L E  5 .  HEAD WIDTH OF L,\Rv.\L IKST,\RS 

.vae Actual mean I Thearetien1 mean 

The error in the theoretical mean of the second instar is about 
i per cent and that of tlie third instar al~out S per cent. 

Taylor (1931) discusses the application of Dyar's Rule to saw- 
fly larvae and concludes that it l~olds within reasonable limits. In 
the case of Pl~yllofoiira trcritoroto citrrl hy this author the actual and 
theoretical means approximate each other very closely, more so 
than is the case with Fer~lrsa ptrr~rila. 

The data in other species cited I)? Taylor apparently substantiate 
this author's conclusions that the rule holds as well with Ten- 
thre(lini(l larvae as wit11 Lcpi~lopterous larvae. Tn the case of 
Fririrso p~rrtiila the difierencc in instars I1 and 111 between the 
theoretical and actual means is too great, for the head width in the 
great ~najority of cases falls far al~ove tlie theoretical means. In 
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any species of insect, the use of Dyar's Rule depends on tlie amount 
of growth \vliicli occurs in eacli instar and the relation between this 
amount and tlie variation in size occurring among individuals in 
any one instar. 

I t  should be pointed out here tliat Dyar's Rule is primarily of 
use in determining whether or  not one or  more instars have been 
flrisscd in the observations on the life cycle (Dyar, 189O), and not 
55-liether an average ratio ohtained as Taylor obtained liis x~ould 
give means corresponding approxili~ately to  the mcan observed. 
The validity of the rule, then, depends on whether or  not one can 
take a ratio obtained from two successive instars and, granted tlie 
head width of tlie first and last instars are known, deter~uine tlie 
number of unobserved illstars i f  any. In  extreme cases, tlie rule 
might lead to  some confusion. I n  tlie case of Fef~asa  purnila, the 
mean of tlie first instar is ,293 and tlie calculated means for the 
second and third instar fall a t  points (.386 and ,510 respectively) 
where very few larvae can be found. Moreover, if tlic ratio 
obtained by using tlie means of tlie third and fourth instars, ,812, 
be used to detertiline tlie existence of other instars, then we get tlie 
following resillts: I, ,293; 11, ,361; 111, ,445: IV, ,548; V, ,673. 
This gives us five feeding instars, and tlie last two correspond very 
closely to otlr actual means of ,552 and ,680. Yet, if we colilpare 
these means with those actually obtained, we find tliat two of them 
fall at points where the larvae are more than likely not to be present, 
tliat is, at eacli extreliie of the variation in tlie real second instar. 
In  a field collection of larvae made June 13, 1930, at New I-Taven, 
all four feeding instars were found, and their distribution as  regards 
mean head widths is illi~minating. Fifteen occurretl between ,273 
and ,299, four between ,351 and .3M, 26 between .R!)O and .44", 
3G between .481 and ..?S.i, and 73 between .W24 and ,738. Basing 
our conclusion on this collection alone, an assumption of five feed- 
ing instars would not be unwarranted. If we takc Taylor's figures 
for  Fh?/lotoi?za nenzorafa, we find tliat here again there is some 
likelihood of confusion. The means actually found by this author 
for six feeding instars, the variation in each instar, tlie calculated 
mean ohtained by using a ffzea~z ratio (.81G), and the calculated 
mean obtained by using the ratio derived from the last two instars 
(.S38) are given in Table 6. I11 these calculations the measnrc- 
melits for instars I ,  V, and VI are assumed definitely established 
and the question arises as to  the possil~le number of instars between 
tlic known first and the-known pe,z7(lfin1ate f ~ e d i r ~ g  instar. 

There is, of course, too much diflerencc between the tlicoretical 
and actual means of the last two instars when the ratio ,838 is used 
to warrant tlie assumption tliat there are seven (instead of six) 
feeding instars, but the results would lead to confusion due to the 
fact that the theoretical third and fifth instnrs in this case coold be 
found in the field and tlie thcorctical fourth instar might he al~se~i t .  
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TABLE 6. PHYLLOTOM.* NEMORATA (FROM TAYLOR) 

I Theoretical mean Theoretical mean 
Tnrtar Actual mean Variation Ratio = .XI0 Ratio - .R?E 

If  we take Middletoti's (1923) figures for the head widths o f  
the larvae of Diprion simile atid attempt to apply Dyar's Rule, the 
same confusion is evident. The mean ratio for male larvae, which 
have five feeding instars, is ,727, but the four ratios fro111 which 
this mean is derived are .GG7, ,750, ,714, and ,778. Applying tlie 
mean ratio and co~iiparing the theoretical with the observed widths, 
the results are fairly good. If, however, we take the ratio ior head 
widths of the fourth and fifth instars and apply it in order to deter- 
mine the number of instars theoretically intervening between I and 
I\;, we obtain three instead of the two that actually occur, and yet 
our theoretical results as regards tlie known instars ( I ,  I V  and V) 
give m-idtlis that compare very favorably with tlic actual nieans 
observed for these three stages. If  we use the ratio oljtained from 
tlie widths of instars I and 11, and try to estiniatc tlic instars inter- 
vening I1 and \', the confusion is just as  great. The cxact figures 
are deemed unnecessary liere, but tllc observed widths arc recorded 
in lliddleton's paper. This author, liowcvcr, ilt~cs not apply 
Dyar's Rule. 

The use of this rule should he cotifinetl, as Taylor suggests, to a 
corroboration of the number of instars obscrvccl, hut evcn then tlie 
determination of tlie instars by actual rncasurcrnents rrrlnires such 
a large nu~iiber of cases that the application of tlie rule for corroh- 
orative purposes may be superfluous. \\'here the variation in size 
\xithin one itistar is great ant1 t l~crc  are several instars, it is essen- 
tial that each instar be rlctcrmincd by actual ohsermtion, a sugges- 
tion which tlie ahovc author also makes. Certainly Dyar's stnte- 
ments (1S9O) regarding the regularity of the progressive increases 
in lirad \viilths in progrcssivc instars of lepidopterorls larvae does 
not hold for Fc711r.m p~~nliln.  

LAILV~AI. AfINES IN GRAY BIRCH 

The manner in ~vhicli the mines are for~iied in the leaves and the 
extent of the mines are of some interest. Figure 90 is a diagram 
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of mined leaves, with one exception all gray birch, made by pres- 
sing the leaves and tracing the outline of both leaves and lnincd 
areas. Four of the leaves in the figure show the contours of the 
niines a t  two-day intervals. These contours \\,ere ol~tained by 
outlining the mines with hlaclc inlc every two days. This diagram 
is of particular interest in that it shows the direction of lanral ieed- 
ing as growth proceeds. Due to  the fact that the eggs are laid and 
the larvae begin feeding while the leaf is still grojving, the gro\vth 

F l a u n ~  !%I. L a r d  mincs in birch leaves. X 1 .  Far explanation see 
text. 

of the latter is arrested locally by the mining of the larvae and 
\winkles more or  less. I t  is thus extremely dimcult to deter~iiine 
the i~ii~iecl areas exactly, and the calculated arras are hence suhject 
to some error. Ivlorrorer, as the Icaf develops its qnalities change 
some\vhat, so tlie rrlative alilount of food consumrd during t\vo 
clitierent periods of larval development may not be determined 1~y 
the relative size of the mines. The numher of larvae that occur 
in each leaf, tlie date o i  the mining period and its length, the total 
area mined, and the area mined per larva are given in Table 7. 
The areas were measured with a planimeter. The dots in the dia- 
gram indicate the position of the rggs. 



*See erdanation in text. 

Leaf 5 contained 17 larvae which had co~isurned the entire leaf 
in seven days at \vhicIi tiliie they were re~iioved from tlie leaf and 
~neasured. The head capsules varied in width frotn ,598 mni. to 
,676 nml., all within the range obtained from measurements of 
fully grown individuals. These 17 larvae were small, however, 
the body length varying from 2.2 to 3.0 mln., whereas mature larvac 
are ahout 6 millimeters long. They would very doubtfully have 
been able to pupate and produce adults. Although the head widtl~s 
are within the range of those of fully grown larvae found in the 
field, thcy are at tlie loner end of this range. Nevertheless they 
are not relatively as  small as  tlie body lengths that are within the 
range of normal second instar individuals. This is a discrepancy 
for  ~vhicli no explanation can be ofiercd here. Leaf 6 contained 
six larvae originally, but one died after two days. I-lowever, the 
area mined in two days is very small, about G.45 square millimeters, 
which is witliin the error o f  the measurement of tlie entire mined 
area, so tlie area mined per larva and the total area mined are suffi- 
ciently accurate for comparative purposes when hased on thc feed- 
ing of five larvae. 

TIBI,E 7. EXTEXT O Y  L ~ R V A L  .\IIsES 
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1916). I n  tlie anal area of t l ~ e  fore wing tlie vein called I I IA  is 
very slightly indicated, and the spur which is shown projecting 
toward the niargiti of the wing may be simply a thickening clue to 
tlte folding o i  the wing a t  this point. Gmntitig I I IA  to  be the 
true third anal vein, the lancrolate cell of oldcr authors becomcs 
contracted. The vein r of the fore wing meets R, just distal to  the 
fork o i  K, and R.. a character distineuishine the ccnus Fcrrtrsa 

. . 
ray ~~ i c tu r e s  the wing ren:ltion of Fejrrrsa with tlic vein r terminat- 
ing ~xoximal to tlie base of K, and the venation of Kn/iosysplrii~ga 
~ r r ~ t l ~  r terminating distal to tlie base of R,. In  his "Tentliredinoi- 
(lea" (l!)lfi) it is stateil that in Fcrrrfsa tlie vcin r terminates in cell 
R, a consirlerahle distance beyond tlie frre part of R,, \vhicli is cor- 
rect, although it reverses tlie p re~ious  (lcscription. The ]!I06 

- 

Flccnn 1M). Wings of male. IA ,  11.4, IIIA, anal veins; C ,  C o s t a ;  d l ,  
median, R, radius, Sc., subcosta; r, radial c m s i  vein; rn-r,,, ~netltu-culrital 
cross vcin; nr, median cross vein. 

descrintion of Kaliosvsbhii~na is labeled dorknii. Irut in 1916 this 
2 .  

specie's is placed in the genus~pnasn  and the charncteristic terlnitia- 
tion of r is uscd to distin~uisli I(nliofcr~tf.ra zrlirri, \\.it11 r terniinating 
I~efore the frce part of I<, from 1:cirusa dorl~rtii with r terminating 
hevond the free var tof  li.. I n  tlie writer's soccimens. r terminates 
l~eiore tlic free part of I< in Iialiofci~icsn irlr;ri and h&ond it in P. 
dovhirii and p~~in i la .  The specimens of dorhrrii shoxr. some vari- 
ation, since in some cases r terminates at tlie base oi Ti,. 

On  the costal margin of thc hind wing, near tlte crnter, is a row 
of about seven strong curved setae, the hamuli, which hook into a 
fold in the posterior tiiargin of tlie fore wing. This fold is finely 
toothed. 

There arc light streaks running longitudinally through both fore 
and hind wings, and tlie veins arc broken where these streaks cross 



them. Tlie brownish coloration characteristic of the wings is 
ahsent in tlie streaks. A peculiar characteristic of these streaks is 
the nature of the wing pubescence borne along them. The setae 
found over the wing surface are of two kinds, one very minute, tlie 
other larger and quite conspicuous. In  the fore wing tlie minute 
setae, although found scatteringly all over the wing, are concen- 
trated along tlie streaks and on tlie anal folded area posterior to 
vein 111.4. The same condition of concentrated fine setae on tlie 
streaks occurs on the hind wing, altliough the relative al)undance 
of the setae over the rest of the wing is slightly greater than on the 
fore wing. There is also an al,tmrlance of these minute setae along 
veins Sc-R-M on the fore wing and in tlie light area at the lower 
inner angle of tlie stigma. 

I n  the fore wing there are two of these streaks. The first 
extends from cell 11, parallel to and tlirough vein M, + ? to henrl 
caudad through vein RI, + , + R, and then hreak through vein 
I f 2 .  The second streak extends from the base of the wing anterior 
to and parallel to vein I A  about as far distad as tlie distal junction 
of reins I A  and 11.4. This furrow hreaks throng11 vein M, + Cu. 
Veins r and R, are also hroken in tlie fore wing, and there are two 
small areas, one (mentioned above) a t  tlie loiver inner angle o f  the 
stigma, and one just distal to 11, which are similar in appearance 
to the streaks. There is a hyaline hare clnb-shaped area on the 
caudal margin of the wing which projects into tlie terminations of 
veins I A  and It,. 

I n  the hind wing there are fonr streaks, all of tliem Ixginning 
at  or near tlie base of tlie wing and running rlistad. The first lies 
just caudad to vein Sc + R + XI and extends to the fork of this 
vein. Tlie second hegins at tlie proximal end of the first and runs 
through cell Cu to end near tlie junction of veins M, Rf-Cu, and 
R, + R, + M,, hreaking tliis junction. Tlie third extends from 
the base of tlie wing just anterior t o  and parallel with IA and 
breaks through vein M,, ending just beyond tliis latter vein. The 
fot~rtli begins just posterior to the middle of vein I I A  and extends 
out to tlie margin of tlie wing. 

Tlie legs (Figure 99) are black at the bases and becomes lighter 
distally. The fore legs have the coxa, troclianter, and hasal third 
of tlie femur blackish and the rest of tlie lcg light straw to whitish 
except for tarsal segments four and five which are iniuscated. On 
tlie ~iiesothoracic legs the 1)lackish region extends through the basal 
two-thirds of the femnr, tlie coloration being otherwise as on tlie 
fore legs. On tlie hind legs the coxa, trochanter and femur are 
all entirely black and the tibia and last two tarsal segments are 
infuscated. 

The legs vary in length, tlie fore legs being shortest and tlie hind 
legs longest. Much of tlie difference in length between the hind 
legs anrl the others is due to tlie much longer hind tibiae. The 



relative lengths of tlie segments o i  the legs, measurecl on a male o f  
average size, were found to be approximately as follo\vs : 

In  the prothoracic legs the coxa is much longer on the outer side 
than on the intier, which makes the seetnent relativelv loneer than 

C T. \~LE  16. LRXGTH OF LEG SEGMENTS I N  ~ I I L I , I ~ ~ E T R R S  

Segment / Prothoracic 1 h3erotharacie I hletathoracic 

. . .. 
tliat o f  the mcsotl;or;lclc cox;i \\.llirl~ IS nlore tiearly o i  eqnal l e t~g t l~  
I I t  s i r s .  'l'l~e coxa n i  t l ~ e  11111(l lees is also loneer 011 the ontcr - 
side than on the inner. The trochanter of the 'prothoracic leg 
anoears to  be co~noosed of two distinct secments. but the secon(l 
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.90 

. R O  

.. 
seilnent is smalle; than tlie first, firmly fuserl to'the femur, and 
articulated with the first. so it mav well be merelv a differentiated 
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Coxa 
Trochanter 
Femur 
Tibia 
Tarsus 

part o i  the fe~ilur phylo~eneticall~. Snodgmss (i!)37) states that . 
this so-called second trochanter is reallv Dart of the femur. Tlie 
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.40 

.SO . i O  

fen~ur ,  although not as long as  the tibin: is the largest leg segment. 
The tibia flares sliehtlv a t  its distal end and bears two soines dis- 
tally on tlie inner sj;le. These two spines are of unequal &ngth and 
of dil'lerent shape, the posterior being shorter ancl simple, the 
anterior being longer and bifurcate a t  the tip. Both spines bear 
numerous minute setae, giving them a scaled appearance. 

The tarns is five-segmented and the segments are of unequal 
length. The basal tarsal segment is just equal in length to  seg- 
ments two and three combined. Segment forlr is slightly shorter 
than segment three, and segment five (not including the pretarsus) 
is about equal in length to  segment two. Segments one to  four, 
inclusive, flare slightly distally, and segments three and four hear a 
small scaled spine terminally on tlie postero-lateral angle. The 
pretarsus (Snodgmss, 10Z i )  is large and consists of one dorsal 
and t\vo ventral scleroti~iized plates connected terminally and later- 
ally by an expanded membrane, the arolium, and a pair o i  lateral 
claws. Tlie dorsal plate is raised medially to form a "l~mnp", and 
bears a pair of setae. The proximal ventml plate is triangular and 
finely setose, and the distal ventral plate is trapezoidal, its narro\rrer 
end adjoining the proximal, and more coarsely setose. On each 
side just below the claw and supporting it is a small triangular 
sclerite arising fro111 the distal end of the proximal ventral plate. 
All of the segments o i  the leg, including the sclerotinized parts of 
the pretarsus, are setiferous. On  tlle coxa the setae are mainly on 
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the anterior and outer sides, the posterior anrl inner sides l~eing 
bare except for a few setae proximally. Both segments of the 
trochanter are setiferous on all sirles, and the femur is sparsely 
setiferous on the posterior side. The tihia and the tarsal segments 
are densely setiferous. 

The mesothoracic and metathoracic legs are similar in general 
form to  the prothoracic legs. The coxae vary in shape as  men- 
tioned above, and the inner side of this segment is more abundantly 
setiferous than on the protboracic leg. The trochanters are similar 
to those of tlie fore legs, as is the femur. The tibia1 spines of both 
middle and hind legs are simple and approximately equal in length. 
The tarsi are similar to those of tlie prothorax. 

Abdornen. The abdominal scglncnts of the two sexes are similar 
in the anterior part of tlie abdomen, that is, tergites one to seven 
and sternites two to six. The dorsal part of tlie first segment is 
membranous medially as shown in Figure 96. The first sternite 
is absent in both sexes, unless the membranous area connecting the 
thorax and abdomen on the ventral side he consirlered as  involving 
it. On  the lateral sides of each of the tirst eight abdominal seg- 
ments is a pair of spiracles. These are above the pleural mem- 
brane and hence on tlie tergites. The pleural membrane actually 
occurs on the ventral side o i  the abdomen, the tergites extending 
ventrally a t  the sides of the body. Practically all the sclerotinizerl 
parts o f  the abdomen, including the genitalia, are setiferous, but the 
setae are rather minute and never conspicuous. 

The terminal part of the abdonlen (not included in the genitalia) 
shows marked dilTrret~ces between the two sexes. In  tlie ~nale  the 
eighth tergite is slightly sinuatc on the posterior inargin and its 
lateral regions are not produced fa r  ventrally (Figures 91; and 101 ). 
On the fetuale this tergitc resembles those immediately preceding 
in general form and its lateral regions extend ventrally and slightly 
medially (Figure 102). I n  the female the eighth sternite is evi- 
dent only in the genitalia. In  the male the seventh sternite (Fig- 
ure 101) is si~nilar to those immediately anterior t o  it. I I I I ~  in the 
female the seventh sternite (Figure 10'7) projects posteriorly in a 
bluntly pointed apex. The eighth sternite in the male is divirlerl 
rnedially 11y the ninth, so that it consists of two lateral trianglllar 
scleritcs connected medially by a narrow membranous strip. The 
remainder of the posterior part of the ahdo~nen is Inore or less 
involved in the genital apparatus and each sex will he clisc~lssed 
separately. The sexes are very easily differentiated liy the appear- 
ance of the alxlominal apex. 

Externally the most conspicuous part of the tip of the ~nale 
abdonlen (Figure 101) is the sternite of the ninth segment, the 
hypa~~drium of Crampton and sub-genital plate of Uoulang.6. 
Anteriorly it terminates in a prominent protuberance, the pregeni- 
tal apophysis. Except during the act of mating, this plate conceals 
the genitalia. The ninth tergite, or  what is here interpreted as it, 



consists of a membranous band concealed heneatli the posterior 
part of the eighth. This membrane contains a pair of flask-shaped 
sclerites, one oti each side. At its posterior margin the integument 
of the ninth sternite is reflexed back anteriorly to meet the anterior 
margin of the genitalia proper. SIuc11 of this reflexed part is occu- 
pied by a sclerotinized triangular plate which has its apex directed 
anteriorly. What is here interpreted as  the tetith tergite is nor- 
ti~ally partly visihle beyond the posterior margin of the eighth. I t  

FIG'RE 101. A :  Tip of f ie male ahdo~nen. ~entral aspect. B:  Tip of 
the male abdomen, dorsal aspect. C :  Male genitalia, ventral aspect. D:  
Male genitalia, dorsal aspect. b ,  basal ring: crr., cercue; f, hasnl part of 
gonopotls; g, complernentar). sclerites or rolsellar; i t ,  terminal part of gono- 
pods or harpes; i, copulatory ossicles or sngittae; j, sheath of penis; k, 
parapenes; 1, penis rods. Arabic numerals rcfer to ahdolninal seylnents. 
9r: 9th sternite, pd and rod, 9th and 10th tergites. 

consists of two relatively large sclerotinired plates separated 
inedially and bounded posteriorly by a membrane. At each poste- 
rior lateral angle of this tergite a short "cercus" is attached by an 
articulatory rnemhrane. The tenth sternite is probably represented 
by the membrane between the genitalia and anus. No eleventh 
abdominal segment is visible, althougl~ the tenth probably repre- 
sents the combined tenth and eleventh. 
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Rliddleton (1921) Iias co~lcluded from a study of certain saw- 
flies that tlie structures liere called "ccrci" are not truly such, but 
originate in the anal uropods (postpedes) of the larva. The fact 
that the larva of I'enasa piliirila has no anal uropods \~ou ld  not 
necessarily mitigate against this view, since the ahsence of these 
structures may well be a modification related to tlie leaf-mining 
habit. The structures here called cerci, for tlie sake of conven- 
ience, in the female are fused with tlie ninth atidominal tergite. 
Snodgrass (1031) states that it is douhtfi~l if true cerci, w11icI1 lie 
considers appendages of the eleventh ahrlominal segment, occur 
in any l~olotnetaholous insects except possibly in the fe~i~ales  of 
RIecoptera. Crampton (l92!)) considers these structures to  he 
true cerci and to be appendages of the tenth segment. Certainly 
on the female tliey arc on the dorsal side, and on the male tliey can 
not be considered any more ventral than dorsal, being at the lateral 
angle. 

The genitalia of male sawflies have heen studied by many inves- 
tigators, and Crampton (1919) and Roulange (1024) have paid 
particular attention to the comparative tnorpliology of these organs. 
Crampton compared the Tenthredinidae with tliore primitive forms, 
as  the Siricidae, and conclt~ded that at some time during develop- 
ment the genitalia had rotated 180 degrees on the longitndinal axis 
in the Tenthredinidae, with the result tliat tlie true morpliologically 
ventral side became dorsal. This phenomenon does not occur in 
the more primitive sawflies. RoulangP, after studying the develop- 
ment of certain species, came to the conclusion that this torsion of 
the genitalia occurs a t  the time tliat the imago emerges from the 
pupal stage. I n  the following description tlie term "dorsal" refers 
to tliat side which is actually dorsal in tlie adult insect, although it 
is morpl~ologically ventral and is still so in adult Siricidae and other 
primitive forms. Likewise the term "1-entral" refers to that side 
which is actually ventral in the adult insect. The descriptive ter- 
minology is that of tlie ahove two authors unless otherwise indi- 
cated. 

Some question has been raised regarding the al~(lomina1 segment 
to \vhic11 tlie genital appartus belongs. rlccording to the descrip- 
tion given by noulangt the male genitalia develop in the body of 
the larva just dorsal to the ninth stcrnite. Moreover, in the adult 
thc entire appartus is attached between tlie ninth sternite and the 
anal region. Inasmnch as the present work is not a treatise on the 
comparative morpliology of sawflies, the question of homologies is 
outside its scope and in the following description is omitted. 

The basal ring (b)  is reduced to  a crescentic sclerite anteriorly 
pointed to form a gonocondyle and is fused to the basal part of the 
gonopods ( f ) .  This basal part of the gonopods, the p ikc  prittci- 
pale of Roulangk, altliougli open on the dorsal side, is much 
extended on the ventral side \I-here the two lateral halves meet and 








































