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After ~ l l e  discover>- of the Dn tc l~  ehn disease i l l  southwrster~~ C ~ I I I I -  
ect.irl~t, late in 1933, it sermerl wise for tile Station 111 make a preliminary 
investigatio~~ elf tile elm trees of tlre State, to lei1r11 wl~etller tile destructive 
disease lrad become \videly clistributetl. ( :~n~se( l~~ent ly ,  a l t l ~ o ~ ~ g l l  no 
specilic appropriation was a\ailahle, scouts were enrl~loyed ill July and 
August, 1931, ancl paid from general Slat i (~n f~~nt l s .  1111der l l ~ r  rlirertion 
of \V. 0. Filley, Forester. i s  il. was knonn that l l ~ e  lesser elm hark beetle, 
Srolylrrs mrtllislrialus i\larsllam, was :I c,arrier elf the fi~ngns. two ento- 
mologists, Dr. B. J. Ktiston and Pllilip P. \\'allace, were ernployecl to 
give particular alkntiorl to lire e~ltomological pllases r~f the pnlhlem. 

Dl~rinp this preliminary scor~ti~rg, a tree a t  Old 1,yme was ~ O I I I I ~  10 
he infes1.ed rvitll t.lle Dutl.11 elm disease, some 60 or more milrs distant 
from the nearest knon~11 infrstatio~l. Smlylrrs mn/li.slrinlrr.~ was 11111 IITPSPII~ 

a l  Old Lyme, hnt the native ehn bark Iloetle, fl?lrrrgo/~i~rrrs r.r!/ipe.v liirll., 
was very alrn~ldant a ~ ~ d  was later ~ O I I I I ~  111 he a carrier 01 1 1 1 ~  finlgns. 
As little i~lformatir~~l  11ad heen publishetl rr:ar(li~tg illis beetle, Dr. lir~slcnr 
was employed lo i~rvesligale t l ~ e  life 11islor)-, lrahits all({ slrurturn of llie 
insect, ulrder the tlirection of Llle Depar tn l~nl  of l:~~tc~mology. Ilis xurk 
hepa11 on January 1, 19:15. Dr. Kast1111 llas made good progress. hilt 
his life history strldies I ~ a w  11o1 yet been r o ~ n l ~ l ~ t e d .  His morpl~olt~giral 
studies are li~~islred, and he l ~ a s  clesrrihed t l~r  varit~ns slrr~rtnres and 
poil~terl ont Llreir 11e11nologg in rompar i so~~ will1 c~tller inserts. I t is belirved 
that t l~ i s  is the first time lllal S I I V I I  slnrlies 11ave bee11 ~ n : ~ d e  of this Srolytid 
beetle. It seems wise to puhlisl~ the parts separately, as  a 11rlp Lo r ~ t l ~ r r  
workers on similar problems. 

\$', I < .  1 ~ 1 1 1 ~ ~ ~ .  



THE MORPHOLOGY OF THE ELM BARK BEETLE, 
fl,vlrir!/opirirrs rc!fi/le.s ( I.:irl~ IrnE) 

SIXE THE OUTRRE.&K of the Dut,cI~ elm clisease ill tlre United States, 
mnch atlentio~r llas heen directerl Lo llle illsects suspecto(l of 11ei11g 
vectors. In this country the smaller I<uropea~r elm bark beetle, Scolylics 
mullislrialus (Marsham), is considered to be t l ~ e  principal carrier of the 
causal f u ~ ~ g u s  (~eraloslon~ellir rilnri (Sclrwarz) R~risman. However, as has 
t1er11 poil~ted oul (Drit,ton, 19:i5; alrd H r i t t o ~ ~  and Friend, 1935), our 
11ative elm hark beetle, I-lylurgopinrcs rrl/iprs (Ilicl~l~ofl'), may very easil) 
prove important as a carrier. L a r ~ e  ~lrlrlrbers of these were fi1~111d ill 

a diseased tree at  Old Lyme, Co~rr~ecticnt, during l l ~ e  sumnrrr of 1931, 
and it  is lliglrly prohahle h a t  t , l~e trees wl~iclr showed sympl.~~ms of t l ~ e  
disease in 1935 irad ~ C P I I  infected by h~et les  wllicl~ llatl emerged tlre previn~ls 
year from this tree. ;\lorcover, evidence of disease Lra~~smission hy tllis 
species has been obtail~ed in t l ~ e  laboralor)- (Cli~rton and ilcCormick, 
1 0 )  I~~cidentally, S. n~rilli.slricrlccs does not occrzr in l.l~e area arnn~rd 
0111 Lyme. 

In l l ~ e  interesls of cornhating t l ~ e  spread of i.lre disease a strrcly is b e i ~ ~ g  
made of the life l~istory alld llahits of 11. rc<fipes. The results will t ~ e  
puhlisl~ed at a fr~lure dale; I l~e  preset11 paper is (:oneerrred with inorplrology 
ol~ly. AS Ilrere alreacly are csteusive accorl~~ls of tile morpl~olngy of 
two otlrerge~~eraol'Scolytiils, comparisons will ile made will1 t l~em tl~rougl~- 
orlt this paper. 'I'lrey are Derrdroclonris ( I~ ly l~s i~rar ) ,  hy Ropkins (1909 
and 19L5), and Grralliolrircrs ( Ip i~~ae) ,  by Schedl (19:!1). 

Tlre writpr expresses Iris appreciation Lo Dr. It. 13. Friend, id  tlle Ellto- 
mology Deparlment, undpr wllose dirertio~r t l ~ e  i~~vestigations were 
corrdncl.ed. He is also 1111(ler ohligation to hlr. W. 0. Filley, Statiolr 
Forester, and \fr. 1'. Wallace for aid in acqrlirina material f i~r  s t~ldy,  
and to 1Ir. 1). S. Riggs for assisLas~ce ill the lield. Tile illuslrations ill 
this paper were prepared 11s tlre writer, excepl. for Fi,nu~.~s 1 12, 1 I:<, 1'11, 
a11c1 I.53D, w11irI1 were dra\v11 hy F;lizahet,l~ K a s t n ~ ~ .  

IIISTOI<Y .\XI) DISTI(IIIkT1OS 

Ilylrrrgopinur rr!fiprs was A n t .  described hg l<icl~l~oE it1 1868 from ''Cnro 
li~ra" and placed i l l  the gelrns Ilylurlrs. Sornewl~al, later i l l  tlre same year 
I,eco~rte desrribcd it (sob klyksin~cn opncrclas 11. sp.) from l'ennsylval~ia. 
I t  has sillre bee11 rec~~rdad fronl tlre "hliddle Slates" (1,econl.e a~rrl Horn, 
1876). "Lake Superior Regiotl" (Hubbard arid Sclr\varz, 1878). Ontario 
(Caulfield, 18YO), 1crmi111t ( e r k i s  1.890), West i r i i  (Hopkios. 
1893), i<e~~t~lc .ky (Garmall, 1899), New .lersey (Smith, 1900). New York 
(Felt, 1905), 3lassarlrusetls (Chapman, 1910). Vaine (Johannsen, 1912), 



Co~l~lecticut (Britton, 1920), Virginia, and 111dia11a (Lenp, 1920), Delaware, 
Maryland, Ohio, ~Missouri, and Kansas (KIIIIII, 1 and mi chi gal^ 
(McDaniel, 1935). According to Knull, "This insect seems to he a ~rorthern 
spccies, as inclicated by its &?eater ahuntla~lce in the nortlterlt sections 
visited." 

'l'l~e first reference to the llost pla~l l  of lllis hark beetle was made by 
Riley in 1879. I t  was stated that Scllwarz had fouriti i t  infesting elm 
and ash. Other workers referred lo its feeding 011 various speries of 
Ulrnus and Fraxinus, and Swaille includes basswood (Tilia), tllough 
practically all extended accoullts of damage have been on the elm. I t  
had been thougltt, as for example by Harrington (1884, 1885). that Lamarac 
was also attacked by this speries, but Schwarz (1889b) has shown that 
this report was due to an incorrect determillation. Conversely, as pointed 
out by Fletcher (1894), Scllwarz has also sllown (1888, 1889a) that records 
on elm of the peacll bark borer, Plrllroropl~loe~r,.~ 1imir1ari.s (Harris), are 
erroneous, H. riifipes having been mistaken for the latter, wltich i l  resembles 
superficially. 

I'igurc 142. Lateral aspect of the native elm bark i,eellc, Iiylorgopinus rrq(ipes 
X 23 a b u t .  A, posterior nsperl of lelt pmtlr,nrric Lil~in. B. lateral aspcrt nl' Irl'l 
nntmna. A and R X i 6  about. 

SYSTEMATIC POSITION AND SYNONY\IY 

The genus Flylrrrgopinrui, 1.11e type of wl~icli is rti.fipes, was erected 
by Swaine (1918) to illclude the sole species' in our fauna. I t  helongs 
in the subfamily flylesinae of the family Scolytidae (Ipidae). 

Altllough originally placed in the genus 1fyl.lasles J~~ricllson by EichhoIT, 
i t  was consirlered srrrll only hy Chapuis (1873), Srllwarz (in J<ichltoff' 
1896), artd (sub opacrzlris) Blandford (1898). The latter believed opnct~lrre 
Leconte to have priority because Leconte's descriptio~l appeared in 
Sept.emher 1868, while heslates that "pp. 177-312, wliiclt inclucle Kirl111olT's 
~lescripli(~lls, were not published till hfarch, 1869." 13nt as a 1nat.ter 
of fact i.:icl~holl"s description was given on page 147, which appeared 
in May, 1868. Most American authors prior to Swaine (1918) followed 
Leconte (1868) who placed i t  in the genus Ilylesinr~n Fabricins. However, 

1 llerrick (1935) li.19 N, an additional apmies the dark elm lmrcr. Ilylnrpnpirrus o~ueulrra. hut i l  is 
evident lhal this is a synonym ofrujpr8.  
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Leconte himself had already seen Eichlroff's description but failed to  
recognize it. This is evidenced hy the fact that only a few pages after 
his own description 11e appends a list of species unknown 1.0 him, including 
If. rrzfipes Eicllhoff, nit11 complete reference to  place anrl time of puhlica- 
tion. In 1876 Leconte placed lficl~lloff's species in the newly erected 
genus Ifylurgops, and i t  is so listed in Blatchloy and Leng (1916) who 
followed Scl~warz (in E ich l ro~  1096) in relegating the name H.vlesinus 
opacrclus to  the synonymy. The reader is referred to Swaine (1909) 
for the complete synonymy t,o that date. I n  Swaine'skey (1918) the 
gronp containing Hy1rzrgoj)inu.s is separated from that containing IJylasles 
and Ilylrrrgops, the former having the fore coxae rather widely separated. 
lfykainus (sensn alriclrr) does not appear to he represented in our fauna. 

From the otlrer hark beetle (Scolytas mullislrialus), commonly occurring 
in elm, H. r y f i p ~ s  can be easily distinguished (Figures 1.12 and 143) hy 
t,he structure of the antennae, fore tihiae, elytra and abdominal sterniten. 

Figure 143. Latrral nrpc,ct of the les~er l?oropenr~ clm bark heetle, Scolylus mull&- 
lrialus, fhrnnle. A, porterh~r aspect of lert fore t.il,iii. H, lateral aspcct of ll:ft Hntenna. 
C, l~cnd of male. For colnpnrisorl dl enlsrged I.<, sittnr scalc as corresponding parts of 
Fictlra 142. 

The larvae can be distinguished hy Lhe shape of the head capsule and 
the nature of the cutting edge of 1.l1e mandible (Figure 144). Moreover, 
the heat1 of Ll~e larva of S. mullislrialus is more or loss retracted within 
the t h o r a ~ ,  while that of H. rr{/ipes is usually entirely exposed. 

In the field, the two species are often distinguished by the type of 
tunnels they make. The adult of S .  molti.slrialris makes a vertical egg 
tunnel, the larval tunnels being horizontal. 'The adult of H. rqfil~es 
corlslrncts an egg tunnel which is ~ ~ s u a l l y  inclined but more nearly l~ori- 
zontal. There is much variation, however, and this will be considered 
in detail in a later paper on the life history. 
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DESCRIPTION OF STAGES 

Adult 

The original description of Eichhoff (1868) is a s  follows: ', Oblongus, brunncus, antennis pedibusqne ferrugineis; capite nigro. 
couvexo, rostro carinato, thorace antice coarctato, confertim punctatn 
setosoque; elytris fortiter pnnctato-striatis, interstitiis seriatim granulatis 
setosisque. -Long. 1 1/3 lin. Patr.: Carolina." 

1,econte's (1868) description is somewhat more detailed: 
"Cylindrical, brownish-black, opake, thinly clothed with short stifl 

yellow hairs; antennae and feet ferrnginous; head convex, thickly pnnc- 
tured; prot.llorax nearly as long as wide, narrowed in front, sides srrbsinuate 
near the tip; densely but not finely punctured, wit11 a very narrow faint 
dorsal caritla; elytra with striae composed of deep subquadrate punctures, 
intervals narrow, rough with transverse rugosities. Long. 2.5 mm. . . . 

" ' n ~ e  club of the antennae is subovate, nearly twice as long as wide, 
and more shining towards the base." 

Figure 144. Anteradorsal aspect of thc heads of fully grown larvae of: A. If. r u k s ,  
X 33 about, and B, S. rnullislrialw, X 27 nlmut. 

The writer has been unable to  find any externally visible secondary 
sexual character so that the following applies equally well to  either sex. 
Tlie color varies a little and is correlated somewhal wit11 the age of the 
individual. Newly emerged adults are more evenly brown will1 the 
head alone darker thau tlle rest of the body. Later, the head becomes 
practically black or a very dark brown. The prolhorax becomes almost 
as dark except for a narrow region along the cephalic border which remains 
reddish. The elytra darken only slightly with here and there irreg~tlar 
splotches of black. Tlie abdominal sternites and legs become reddish 
and never as dark as the elytra, while the antennae remain light. 

The head is of the hypognalhous type and only a small portion of i t  
is visible from above (Figure 145). The prothorax widens towards its 
posterior end, and the sides of tlle elytra are subparallel. A part of the 
mesoprescutnm and sc~~tcl lnm are exposed between Llle bases of the 
elytra, and just behind this level the body is widest. 

Short, stiff, yellow bristles are fonnd over most of the body, longer 
and thinner on the legs and antennae. They are sparse on the sides of 
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the prothorax and appressed on the abdominal sternites. The elytral 
declivity is devoid of any conspicuous armature. The body is covered 
with punctures, the details of which will be given when the respective 
parts are considered. 

The following figures will suflice to  indicate the size of the beetles. 
They are based on measurements made on 62 males and 59 females 
preserved in alcohol. 

Fi,nure 145. Adult of H. rrz$pcs A, dorsal aspect. R, ventral aspect. a,  antenna: 
c l ,  prothoracic WXR; c2, mesothoracic Coxn; c3, metatllorncic wxa; ccl,  co2, cc3, wxal 
cavities; c, elvtron; R, golar suture; h, hend; m, mandible: me, meteointemum; mm. 
mesepimeron;-ms, mm&iatcrnurn; o, eyc; p, pronotum: r, rnesoprc~t..sh.mom; s, m c h -  
sternellnr area; 82, mwrte rnum;  83, melasternum; t, rnewtergum; 3 to 7, abdominal 
8ternite.q. 

T~n1.x 1. LENGTH OP BODY (VERTEX TO POSTERIOR B O ~ D E R  OF ELYTIII). 

88 9 9 

Menn 2.55 mm. i .09 mm. 2.62 mm. +_ . l  mm. 

Maximum 2.9 3.87 

Minimum 2.34 2.38 
Coe5cient of variation 4.4574 .1.48% 

Swaine (1918) gives the size limits for this species as between 3.25 
and 3.75 mm., but the writer has never seen any that  attain even the lower 
figure. The width a t  the broadest part is-about 1.1 mm. 
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m HEAD 

The head (Figure 146) is normally more or less withdrawn ir~to the 
protl~orax so that the occipital region, half of the genae, and mmt of the 
vert.ex are not exposed. In the occiput (oc) and that portion of the vertex 
(2') concealetl below the pronotum, the coronal portion of the epicranial 
sulure (es) extends cephalad from the occipital foramen about one-fourth 
the length of the head capsule. About halfway from the anterior end 
of this s ~ ~ t ~ l r e  to tlre posterior edge of tlle eye is the highest and widest 
part of the head. The greatest width is very slightly less than the lengll~ 
from the occipital foramen to the ar~terior margin of the epistoma. ' r l~e 
Ireight is somewhat less t.han t.he width. 

The front.al po r t io~~  of epicranial suture is lacking so that the frons 
(j), vert,ex and genae (ge) are fused into one piece. Except for the portions 
concealed beneath the pronotrlm, which are smootl~, the dorsal and lateral 
areas are finely and irregularly punctured. They are likewise covered wit11 
a light pubescence, thr hairs being denser and louger over the anterior 
portion. The ventral portion of the genae is transversely rugulose aud 
free of hairs. 

There is no suture separating the frons from the epistoma (ep), but 
the latter may be considered the region along the anterior edge of the 
head capsule over and between the tlorsal mai~dibular articulations. Ibs 
cephalic border is slightly procurvetl laterad, and recnrved mesad where 
the epistomal lobe (e l )  arises. This lobe is about twice as  wide a t  its 
oroximal as  a t  its distal cud. and as  it. is lone. I t  is comoosed of two 

end, but is thicker farther caudad, eGperially aloug 4;e midline. 
From the caudal end of the carina, tnro thick triangular ridges extend 

under the epistoma to the mandibular articulatio~~s. Arising from the 
dorsal side of the lobe, as well as from t l ~ e  top and sides of the epistoma 
proper, are several tufts of long hairs. Tl~ere is no epistomal process 
sucl~ as is present in Dendroctonr~s. 

On the ventral side of the head is a distinct single gular suture (g) 
which forks a t  the anterior end. There is a rather poorly defined small 
pregr~lar area (pu) anberior to t,his suture. 1,aterad of this area and 
extending dorsad to tlre epistoma is the pregena (p). TTentrally i t  does 
not appear to be separated from the l~ypostoma (h). The latter sclerite 
in IIopkins' sense forms the lateral and ventrolzleral wall of the oral 
foramen. The more dorsal portion from the ventral articulatiou (postcoila) 
(po) to the dorsal articulation (precoila) ( p r )  of the mandible may he 
called t,he pleurostoma ( p l ) .  The hypostoma proper extends from the 
postcoila to t,he paracoila (maxillary articulabion) (pa). Forming the 
lloor of the buccal cavity anc! above the labium is a thickened mcml~ranous 
lobe-like hypopl~arynx. I t  is emarginate a t  its distal end aucl extends 
forward almost to the anterior end of the mentum. Laterally i t  is attached 
t o  the stipites of the maxillae. 

The eyes (0 )  are subelliptical to elongate ovoid in shape and slightly 
widm a t  the top. The facets aresmall and closely set. There are no 
ocelli. 
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Figure 146. A, antrrndorsnl aspect of head. R,  laterd a5pect ofhead. C, oral aspect 
of hear1 with rnouthpsrk removed. D, dorsal aspect of left mantlihle. r(:, ventral 
aspect of lnbinm and moxillne in sit". F, lateral aspect of lahium. G, dorsolntersl 
Rspect of lcft mnxilln. ac. anterior artictnlaling condyle; as, antenna1 fossa; at ,  apical 
tooth; h, hnsnl rirlge of mnndible; c, canlo; d, dorsal groove; db, dorsal hristle; ol, opis- 
tarnal lohe; ep, cpistoma; es, c,picmninl suture; ct, extensor tendon; I, from; g, ~ulr t r  
sottlro; ge. gem: 11, hypostornn; I, ligoln; la, lacinia; Ib, lateral brisllo: m, menturn; mo, 
molar tootli; mt, median t<x>th; mx, maxilla; o, eve; oc, occivut: od. occipital de~,reaaion: 
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APPENDAGES OF THE HEAD ' 

Antennae. The antenna (Figure 142 B) articulates with the head 
in a rather deep fossa (as), which is midway between the eye and the 
base of the mandible and close to the laterocaudal angle of the epistoma. 
The position a t  wl~ich i t  is normally held in life is shown in Figure 145 A. 
Its entire length is about 0.64 mm. with the scape, funicle, and cloh 
being in the ratio of 6:4:5. The scape is somewhat twisted a t  the base 
and clavate a t  the apex. The funicle is seven-segmented, of which the 
first segment, or petlicel, is much the longest. The remaining six are 
approximately the same length, decreasing imperceptibly toward the 
apical end. The wiclth increases slightly from the second to fourth, 
and more strongly from the fifth to seventh segments. The widths of 
segments two and seven are in the ratio of 4:7, which agrees almost 
exactly with the figure given by Felt (1906), (Fig. 6, pl. 67, vol. 2), but 
not at all with Swaine's (1918) key character (p. 43) or figure (Fig. 1, 
pl. X). The club is very feebly compressed, tllougli in some specimens 
this is hardly apparent. The first two sutures are strongly, while the 
third is very weakly, sclerotized. Segments one and two are of equal 
length and together slightly longer' than three and four. The general 
shape as well as the character of the vestiture can be seen in Figure 142 B. 

MnndiMes. The mandibles are symmetrical and are usnally held 
overlapping one another a t  the tips. Each is shaped like a flattener1 
cone, convex on the dorsal and concave on tlleventralsides. Theincisorial 
edge bears tlrree teeth, of which the apical (at) and median (ml) are 
separated by a prononnced dorsal groove (d). T l ~ e  anterior three-fourths 
of the mandible is quite black but the proximal expanded basal ridge 
(6) is almost entirely lacking in pigment. A single large dorsal bristle 
(db) arises from near the cephalic border of this ridge. and a smaller lateral 
one (11,) arises near the articular condyles (ac). These bristles extent1 
cephalad and are quite appressed. 

Maxillae. There are present in each maxilla a distinct. cardo, stipes, 
malar lobe, palpifer and palpus. The cardo (c) is twisted in form, as shown 
in Figure 146 E, G, and, except for the portion where i t  joins the st,ipes 
(s), is concealed when in its normal position. The parartis (p i )  at  the 
proximal end of the cardo articulates with the paracoila on the hypostomal 
region of the head. The stipes proper is somewhat rectangular in shape 
and bears distally a large palpifer dof). The latter is shaped like an inverter1 
cone and is visible from both ventral and dorsal sides. The palpns (pp) 
is three-segmented and held so as to curve mesally towards the labial 
palpus. The basal segment is somewhat longer than either of the other 
two, which are about the same length. At the tip of the third segment 
are minute papillae. The suhgalea (sg), which forms the base of the 
malar lobe, is ill contact with the palpifer and stipes. The lacinia (la), 
which forms the upper part of the malar lobe, is almost entirely concealed 
from below when the maxilla is in its normal position. A row of setae 
indicates the line of separation between palpifer and malar lobe. According 
Lo I-Iopkins (1909) the galea is represented by the narrow margin next 
to the palpns and palpifer. There are 13 to 15 lacinial teeth projecting 
into t l ~ e  oral cavity, those nearer the proximal end being slightly longer 
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and thinner. The lacinia bears a t  its mesocaudal angle a curved hook-like 
process which lies in contact with the hypopharynx. The arrangement 
of setae on tlre maxilla can be seen from the figure. 

Labium. The lahium (Figure 146 E, F) is composed of a fixed basal 
oostlabium, or Dostmentum (Snodmass), and a movable aoical ~relahium. 
The postlabium has a proximal phte, the submentum (sk), jlkt in front 
of the pregr~lar area. The suhmentnm has a markedly recurved autl 
thickened anterior border and is supported OII each side hy a strong brace 
extending out from the pregular area. The distal plate, or mentum 
(m) ,  bas a heart-shaped ventral portion wit.h the laterocephalic wings 
representing the palpigeral area (pg). Seen from the side there is a thick- 
ened dorsal portion wit11 the ligula arising from its distal end. The pre- 
lahium is much reducetl, consisting of a pair of three-segmented excurved 
palpi, and a small ligula ( I ) .  The basal segments of the palpi are beld 
quite close together, diverging only a t  the distal end. The other two 
segments are ahout equal in length, and combined are slightly longer 
than the first. Located a t  the tip of the tllird segmenl are minute 
papillae. The ligula is a membranous lohe separated from the mentum 
by a fold rather than a distirlct suture. From the ventral aspect it is 
almost entirely concealed by the basal segments of the palpi. On the 
dorsal side it is furnished with a brush of short bristles. The arrangement 
of setae on t,he labium can be seen from the figure. 

The characters of the mouthparts are such as to place Hylurgopintls 
in group 1, of Niisslin's system (1911, p. 80). 

THE THORAX 

Tlle thorax is clearly divided into the usual three parts, of which the 
first, or protl~orax, is quite tlill'erent in structure from the meso- and 
metathorax. The latter two are more similar in structure and together 
present a unit, the pterotllorax (Snodgrass). Almost all of the tergal 
as well as part of the pleural areas of the pterothorax are normally cow 
cealecl beneath the elytra. The anterior portion of the mesothorax is 
overlapped by the posterior porti011 of the protlrorax. The pronotum 
is about as long as both tlle meso- and metaterga together. Of the sternal 
areas, that of tlre metathorax is the longest, being not quite twice that 
of the mesothorax, which in turn is slightly longer than that of the 
protl~orax. 

Prothorax. The length on the dorsal side is about four times that 
on the ventral. The tergal, pleural, and sternal areas are fused so that 
only a single suture remains, that lyirlg transversely between the coxae 
(Figure 1.17 A). The pronotum is procurved a t  its anterior edge, and 
a t  its posterior bisinuato, where a strip is folded vertically. In the third 
quarter of its lengtll there is a very faint carina on the mitldorsal lirle 
(Figure 145 A). The tergal region curves evenly over to the pleural 
in the cephalic half but caudad these two areas meet a t  an angle, most 
marked a t  the posterior end. There is no lateral carina, however. 

The coxal cavities (cc) are separated by about balf the long diameter 
of one. In the intercoxal area is a transverse suture (not present in 
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Dendroclonns or Gnalholrict~r) dividing the stenlal (sa) and stemellar 
(la) areas. Anterior to the stenjal area is a vertical ridge wlccli can he 
considered the prestemal area (rta). . Tliere is also a faint intlication of 
a poststernellar area (en) extentlitrg along the caudal edge of l l l r  segmenl. 
These ventral plates as well as a small exoroxal area (xa) o t ~  either side 
are free of punctures, wliilo the remainder of the prothorax is mi~iutely 
and evenly punctate. 

Figure 147. A, sentral aspect of prothorax. B, dorsal aspect of mesoter,nam. C. 
lateral aspect of mesothorax. L), lateral aspect of n~etathnrar. a, nncpiatemx~rn; af, 
anlcrior ihmrnen; nr, procpistcrnal arm; h, hasnlare; IN,, 1,nsal arc" of rlytron; ca. 
cln\.icola; cc, coxnl cavity; vI. clavicle proms-: (a, eorncoirl process; e, epimcron; en, 
poststernellar area; cs, epislornsl sut!lre; et, rpisternutn; f, postrriur foramr,n; g, trans- 
verse ridge; k, kntopistern~zm; I, Iatrml presculnl lolle: In, fiternvllnr wen; Ie, lower nrva 
of cpirncron; lp, lateral "rrn of postphragrnn: me, middle area 01' epirneron; n, antrrior 
notnl wing process; o, postscutellurn; pn, posterior notal wing process: pp. postpl~rngrna; 
r, preepistenlern; s, pleural aoture; an, sternal arm; sc, srut t~m: sl, stcrn~~llum; sm. 
pmscuturn: sp, spiracle; so. slernnrn; 1, acntrllnrn; td, dt;prcscd pert of scnrtvllnm; te. 
elevated part of santrllurn: a, sohalare; #la. prrsternal arcn; ac, upper area of rpimeron; 
urn, pmxternum; xa, exocoxal area; xr, exocoml ridge. 

It is not possil nit epimi~al  or episternal areas as in Dendrorlontzs 
and Gnalholricut 

Mesothorax. This is the Shortest of the three thoracic segments. 
Moreover, much of it is concealed when. in its normal position. 
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The most conspicuous part of the mesonotum (Figure 147 B) is the large 
subtriangular prescr~tum (sm). Extending anterolaterad are two long, 
thin, acute processes which toget.lrer wit11 the underlying lateral arm 
of the prephragma form the clavicola (cn),  The middle portion of the 
prephragma exteuds as a ridge urlder the prescotum, becoming widest 
a t  tile midline. I'osterior t o  the prescutum is a cor~spicr~ous subquadrate, 
someu~lrat elevated plate, the scr~tellum (le). This is indistinctly three- 
to five-lobed OII its posterior edge, and together will1 tlre posterior two- 
tlrirds of the prescutum is not concealed by the elytra. A depressed 
area of the scutellum (Id) extends anterolaterad with the lat.eral arm 
of the postplrragma, or plellral lrook (Ip), farther distad. Tile scotum 
(sc) is represented by an oval area below the prescutum and anterior 
to the depressed part of the scntellum. Ouly the transverse area in the 
middle tllird of the prescutum is punctured. A postscutell~~m is not 
presellt as a distinct sclerite. 

The largest sclerite of tlre pleural area (Figure 147 C) is the episternum 
( r l ) .  I t  is broad a1 its ventral edge where i t  borders the coxal cavity 
(rr)  and sternum (su). I t s  anterior and posterior edges are subparallel 
for somewllat over half the distance up tlre side, wlrerc it widens slipl~tly. 
I t  then becomes triangular as t.lle two edges converge dorsad: I.:xtendir~g 
from the anterior border of the coxal cavity is a transverse ridge (g). 
A thin strip forming the anterior part of the episterlrum is tile pre- 
e~isternum. This is smootl~ as contrasted will1 the irreeularlv ~ullctured 

the p&~ll~orax. At  the dorsal angle of the p r e e p i s t i r ~ ~ ~ ~ m  is the clavicle 
process (el), the anterior of the two wing processes, or pleuralifera, for 
art.ic111ation usitll tile elytron. Tlre posterior, or coracoid, process (co) 
is born a t  the dorsal angle of the epimeron, of whicll tlre dorsal portioll 
i s a  thin sk ip  lying concealed by the episternum. The body of the epimeron 
(e)  lies poslerior to the pleural suture (s), and is sl~btriangular in shape 
with the  rounded apex of the Ion triangle projecting caudad. Above 
tlre apex i t  is normally concealed by the elytra and is not punctored, 
while below this i t  is irregularly punctured. 

Tlle mesosternum is composed largely of the subquadrangular sternal 
area lying anterior to  the coxal cavities, wit11 an exocoxal piece laterad 
of each of these cavities. There is no suture betv~eer~ the sternum and 
tlre sternellar areas, buL the latter is represented by a markedly elevated 
area (sl) hetweeu the coxae. Both the sternum and sternellum are 
sparsely punctured and tlre latter is also pubescent. T l ~ e  intercoxal 
distance is about bwo-thirds the Ioug diameter of one of the coxal cavities. 
Lyiog between the sternum a ~ l d  the anterior border of the mesotl~orax 
is a ~rarrow non-pllnctured presternum (am). Tl~ere  is no poststernell~lm. 

The spiracle (sp) lies in the conjunctiva between the preepistern~lm 
and preepisternal process, all of which are normally concealed u~ltler tlre 
posterolateral angles of the prolrotum. 

Bletnthornx. The tergum of the metathorax (Figwe 148 A) is quite 
complicated in appearance and i t  is diflicult to  homologize some of tlre 
higllly developed strt~ctures with those of other insects. 

Tlre alinotum is made up of a large scutum divided into two lobes 



(sl), a large scutellum (l), and a prescutum, with its prephragma. The 
postnotum is relatively short and cousists of the ~ostscntellum with its 
po~t 'phra~ma. 

The prescutum comprises the anterior region of the notum. I t  is 
sclerotized along the anterodorsal zone (d) ,  but membranous in its posterior 
portion (ma) cephalad of the prescutal sut.ure (and anterior apodeme). 
Laterally i t  is folded on  itself so tha t  there is a ventral portion ((11) giving 
rise t o  the anterior notal wing process (n), and a dorsal portiou, the 
prescutal lobe (I). 

s 

Figure 148. A. clorsal aspect of rnelntergnm, and articulation of wing. The ~ e c o n d  
axillary has heen repn:scntcld sotnowhat laterad of its normal position partly obscuring 
the first. B, right \vin,q. The veins are Inheled acmrding to  the rlslral syaletn. a, 
anterior apodrm~:; al. anterior pres~utal  lohe; co, costae; rl, dorsnl hand of prescuturn; 
g, scutcllar groove: I), pleural hook; j, wing lohe: 1, lateral prescutnl lolr:; Ip, lntoral arm 
of postphragmn; Ir, lateral arm of prcphragma; m, medial plitte: lna, memhranous 
area of prescutum; mf, medinn wing fold; n, anterior notnl wing pmocrus; o, postscu- 
tellurn; pn, posterior notal wing process; pp, postphrngrnn; r, p!.~~pltrngrne; s, prescutal 
suture; sf, sc:utcllnr fold; 81, scutal lobe; s, scutascut~llnr sutnrc; t., sootellurn; 11, 1st 
arillnry; 2x, 2rrl ~ I X ~ I I H I ~ ;  3x, 3rd B X ~ ~ ~ R T Y ;  y, y-shaped ridge. 

Beaween the prescutal (s) and the scutoscutellar (ss) sutures lie the 
scutal lobes (sl). Each of these sutures is represented on the ental surface 
by a very pronounced apodeme, the anterior (a), and median (Y-shape 
ridge) (y), respectively, which are clearly visible from above. The scuto- 
scutellar suture is sinuate and extends anler0mesad from the postemlateral 
angle of the alinotum to the transverse prescutal suture. The ridge 
extends ventrolaterad instead of direclly ventrad, so that from above 
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there appears to be a deeply pigmented sclerite present where the inte- 
gument, is double. The anterior apodeme has a lateral extension which 
gradually fades out before reaching the lateral edge of the notilm. Never- 
tl~eless i t  is clear that llopkins was justified in considering the area anterior 
to this as prescotal, and not scutal as Scltedl believes i t  shoulcl be called. 
Extending hack from the anterior suture on either side of the midline 
is a pronouuced ridge. These costae (co), or parapsidal ridges, converge 
slightly car~dad and enclose a scutellar groove (g) whiclr is appareully 
for tlre reception of the suturalmargins of the elytra. Lateral-to the 
scutal lobe is a semi-membranous poslerior notal wing process (pn), 
w11icl1 is presumably an anlerolateral extension of the scutellum. 

The postscr~tellum (0) is a narrow sclerite posterior to the scutellum. 
On its posterior edge is the oostnhra-ma (no)  wlricl~ is exnanded laterallv ,, , . . " A ,  

illto t6o  processes. 
The pleuron (Figure 14,7 D) is represented by the usual two major 

divisions, episternurn and epimeron, separated by l l ~ e  pleural suture (s). 
Dividing the episternom transversely is the episternal suture (es). Below 
this suture is the loug kat,episternom (k) which is the only part of 
pleurou not concealed when the elytra are closed. This is the sclerite 
termed "episternum" by tlre systematists. Above this sut.ure is the 
anepislern~im (a), which, tl~oogh semi-membranous aud less pigmentecl 
than the katepisternum, is, like the latler, coarsely puucturerl. This 
division cloes not seem to occi~r in Dendrmlonus or Gna!ho!ricns, though 
in the former there is a preepisternum whir11 is clearly homologoi~s to 
the anterior portion of the anepisternum (ar). At the produced antero- 
dorsal angle of the anepisternum is the clavicle (cl) or anterior wing 
process. 

The epimero11 is entirely membranous and divided into three areas. 
The antercdorsal area (ue) is triairgular and is produced to form the 
coracoid (co), or posterior wing process. I t  is thickened along the pleural 
suture, but is very thin and practically transparent elsewhere. The 
median area (me) is somewhat oval and isdarkly pigmented. The posterior 
area (le) is larger than the other two combined, iriangular, and only very 
faiutly pigmented. 

There are two epipleurites or paraptera. The anterior or episternal 
parapteron ( h )  is large and triangular. I t  is attached ventrally to the 
auterior angle of the katepisternum and rlorsally by a riclge joining the 
pleural suture. It has heen called the clavicle disc (Hopkins), pronator 
disc (Srhedl) and basalare (Sncdgrass). Tlre posterior or epimeral parap- 
teron, (subalare Snoclgras~), is small and oval (11). I t  lies free in the 
conjunctiva between the posterior notal wing process and the pigmented 
middle area of the epimeron. I t  is homologous to the postepimeron in 
Dendroclonos. 

The spiracle (sp) lies in the conjunctiva just cephala~l of the basal 
angle of the basalare. I t  is normally concealed by the mesepimeron. 

The sternum (su) is a broad subrectangular plate about twice as wide 
as long. There is a median line (Figure 145 H) pigment,ed along its caudal 
three-fourths, hut indistinct cepllalad. The entire area is coarsely ptn~c- 
tured and pubescent. .4t the posterior end or the midline the steruum 
is emarginate, expasing a small triaugular stemellar area (Figure 14'5 B, E). 
Most of t l~ is  is normally concealerl by the intercoxal portion of the first 
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visible abdominal sternite. The presternum and poststernellum are not 
represented by external parts. 

T H E  LEGS 

Tlre three pairs of legs are quite similar in size and structure, varying 
only in a few details. The coxa (c) of the protlroracic leg (Figure 149 A) 
is suhglohose, punctale a ~ ~ d  sparsely setose wit11 a fen long hairs extending 
from its ventral area. The fossa for the articulation of .the trochanter 
is on the posterior aspect. The mesocoxa (Fignre 119 R)  is oval to cylin- 
drical, and the metacoxa (Figure 149 D) elongate transversely. Both 
tlre meso- and the metacoxae are similar in vcstiture to the precoxa. 
They differ from it in having the trochanteral fossa on the anterior aspect. 
Especially promi~lent or1 the pro- and lnesocoxae are the basicostal 
suture (s), and basicoxite (b) proximad of it. A faint indicatio~r of a 
coxal suture (cs), as well as  clearly distinct artes, or articulation condyles 
(st ant1 co), are visihle only on tlre metacoxa. 

The trochanter (1) is the smallest leg segment. I t  has the shape of a 
flattened, trl~ncated cone and is immovably joined along its dist.al wide 
edgc to the.femur. Ithears nopunctures, hut afew setae, wit11 an especially 
long one extending ventrad. 

The femnr (f) is the strongesl and largest segment of each leg and is 
about one and one-third times as long as the tibia, u ~ l ~ i c l ~  is next longest. 
St is suboval in outline, and bears a t  its distal end a rather deep groove 
for the reception of the articular condyles of the tihia. Wl~ile all tlre 
femora are somewhat compressed the metafemur is more a, than tlre 
other two. They are-all minrrtely punctured and setose with some of 
tlre setae plumose. 

Tlre tibiae (li) of all the legs are about the same size and shape. HOK- 
ever, the protlroracic tibia has a long, tarsal groove ({I)  on the anterior 
aspect, while on the meso- and metatibiae (Figure 149 C) there is a groove 
on the posterior aspect., much shorter and more sl~allow than the former. 
There is a disti~rct snhapical ridge (r), longer on the protibia, prodr~cnd 
t o  form an apical toot11 (a) .  Along the distal edge of this ridge are six 
to eight spinelike selae. Extending along l l ~ e  distal and lateral edges 
of the tihia are a number of marginal teeth (m)  set in sockets. These 
teeth vary in nnmber, size and spacing, there heing no apparent. correlation 
with sex or size of individual. On the protibia they number five to seven 
with the majority five; on the mesotibia, six to nine with the majority 
seven; and on the metatibia, seven to eleven with thc majority eight.. 
The tibia is densely covered wit11 setae, many of which are plunrose. 

The tarsus (Figure 149 E) is composed of five segments which together 
are about as long as the tihia. St is capable of being bent hack over the 
tibia fitting into the tarsal groove of the latter. The first and second 
segments are similar, cylindrical in shape, slightly expanded distad, with 
the lirst longer than the second. The third is about as long as the first, 
and bilohed. The fourth is small and visible only from the dorsal aspect. 
I t  is oval and fits into tlre emarginalion of the third. The fifth segment 
is the longest, heing about as long as the first and second combined. 
I t  is slightly longer on the meso- and metatarsi than on the protarsns. 
I t  arises from the dorsal surface of the fourth segment and has the shape 
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of a long narrow cone, curved slightly so that i t  is convex dorsad. A t  
its distal end it bears a pretarsus with a minute arolium (ar) and two 
smooth claws (e l ) .  The arrangement of the setae is shown in the figures. 

MESOTHORACIC WINGS OR BLYTRA 

The form and general appearance of the elytra can be seen from Figures 
142 and 111.5. Viewed from above when closed, the sides are subparallel 
for about twc-thirds the length, then gradually converge in a gentle 

Figure 149. A, anterior aspect of left prothoracic leg. B, anterior aspect of right 
mcsothoracic ooxa. C, posterior aspect o l  left mesothoracic tibia. D, anterior aspect 
of lelt mebtharacic coxa. E, dorsal aspect of prothoracic torsus. F, ventral aspect 
of elytra along their sutural margins to show lockins device. G, ventral aspect of 
posterior end of lcft elytron to 81x0~ stridulating area. a,  apical tooth; ar, aralium; 
as, anterior shell; I,, basimxite; he, hmal nroa; c. mxa; cl, claws; co, coxartis; a, mrnl 
suture; ee, edgc oC elytron proper seen through ledge; m. anterior end of sutural ledge: 
f, fcmttr; g, tnrral proore; rn, marginnl teeth; n, ant,erior coxotrochanteral articulation; 
p, posterior coxotrochanteral artic:ulation; r, suhnpioal ridge: s. hasimslnl sebrre; sl, 
sutural ledge; st,  sternnrtis; t, trochanter; ta, tsrsus: ti, tibia; 1 to 5, 1st to at11 seg- 
ments; Ir. 1st row 01 punctures: 2r, 2nd row of punctures. 

curve a t  the posterior end. From the side it can be seen that this curving 
takes place where the declivity begins. Thus, the declivity is shaped 
like the surface of one-fourth of a sphere. Each elytrol~ is produced 
cephalad to form a triangular basal area with articiilaLing elements 
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(Figure 147 B). The sutural margin is perfectly straight, hut the costal 
presents a slight double sinuous curve when seen from the side. 

There are on each elytron a total of Len rows of punctures, or striae, 
of which the first (next the sutural margin) is the longest, and the tenth 
(along the costal margin), the shortest. The interspaces are somewhat 
wider tlran tlie striae, are raised, (more so toward the caudal end), and 
bear short, thick, yellow setae. On the declivity t.he interspaces are 
provided with minute, coarse, darkly pigmented asperit.ies. The pnnctures 
of the striae are a variable distance apart, hut usually slightly more than 
their own diameter. Those of the tent11 row are somewhat, smaller tlran 
those of rows one to nine. 

Along the anterior raised edge of the elytron proper is a row of abont 
14 small, coarse serrations extending from the first to  the seventh inter- 
space. They are directed anteroclorsad and are somewhat more darkly 
pigmented than the surrounding parts. An interesting discnssior~ of 
their possible function in keeping the hark tunnels clean is given by 
TrPgSrdh (1930). Extending in from the elytron along the cost,al margin 
is a distinct 1al.eral fold, or costal groove (Hopkins), as in Dendrocfonim. 
The groove is much deepened a t  ahout the level of the suture hetween 
metepisten~um and first ahdominal segment. 

surface of the e l y t r o ~ ~  proper. 'I'hat of the left fits or1 top of t l ~ e  right, 
the latter widening considerably toward the post.erior end. At the anterior 
end there is a device apparently for locking the elytra in position when 
they are closed. I t  is made up of a series of pegs and sockets so arranged 
that they interdigitate, as shown in Figure 1.19 1.'. These vary in nnmber 
from three to  six, with most specimens 11avi11g four or live each of pegs 
and sockets. The complete lock is abont 0.25 mm. long, and lies on a 
shelf under the elytron proper just anterior to the snlural ledges. It 
is interesting to  note that it differs markedly from the device present 
in Dendroctonus, as well as from that in Gnalhalriri~~. 

At  the posterior end of the left elytron is a stridulatory area (Figure 
149 G )  similar to that described by Marcu (1930) for a numher of I-Iylesine 
species. l'lre pars striclerrs is about 280 11 long and t,l~e greatest widtl~, 
near the posterior end, is ah0111 125 11. As showr~ in the fignre, the t r a ~ ~ s -  
versely snlcate area is more or less sharply delimiter1 on its mesa1 edge 
but rather irregular on its lateral. This is due to the fact that  t.11e striae 
extend unequal distauces laterad. These striae are so fine and so closely 
set. that they am 11ot visible when viewed \viLl~ even the higl~est powers 
of a biuocnlar dissecting microscope, the lenses of which do not Ilaue 
the requisite resolving power. With the air1 of a compound mirrosrnpe 
they can be seen. They are closer togetl~er a t  the anterior end, where 
there are 10 in a space of 18 11, while a similar number fill a 1.2 11 space 
a t  the posterior end. Only a few are two-branched. Though the mesal 
ends of all the striae are 011 the ledge (sl) ,  which is quite \vide a t  this 
region, tlie lateral ends are on the elytron proper, between t l~n  first and 
seconcl rows of punctnres. 

Nothing is said hy Marcu a s  to the "scraper" or other device against 
which l l ~ e  pars stridens is ruhhetl in order to  produce a sonnd. In  Gnnlho- 
lrichus this device is on the right elytron. In Dmdroctonrrs, Hopkins 



AduN-the Thorax 

calls attention to a median bifid process on the posterior edge of the 
se\zenth abdominal tergite of the male. I-le considers this the st,ridulating 
scraper. A similar process is present in the males of Hylurgopinus (T'g ' I  ure 
150 C) though i t  must be admitted that i t  does not seem particularly 
well adapted for scraping against the pars stridens. Moreover, there is 
no sucl~ process, nor any other, on the tergites of the females, yet the 
organ on the elytron is tlre same iu hot11 sexes. 

METATHOIIACIC OR HIND WINGS 

The wing (Figure 148 B) is oval in shape and about three times as 
long as wide. The veins are mucli reducecl i r ~  number and are named 
according to  Forbes (1922) and Snodgrass. 

In the axillary region, or articular area of the wing (Figure 14,8 A), 
are tlre pteralia. Of these tbe hutneral plate is lacking, but there are 
three ctraracteristically shaped axillaries and a rather poorly defined 
triangular medial plate. T l ~ e  axillaries are numbered according to Snod- 
grass, tlre first heing equivale~rt 1.0 the scapular plate of llopkins, tlie 
second to his suhst:apular, and the t l~ird to  his flexor plate. \Vl~at Schedl 
calls a fourth axillary is really tbe medial plate. The shapes of these 
axillaries are very similar in the three geuera lI.vluryopinns, L)rrldrocfonur, 
aud Gnalholricus. 

The first vein, or costa ( C ) ,  appears 1.0 articulate directly with the 
clavicle, or anterior wing process of the metarrepisten~~~m. IL continues 
as a clisbinct uein, along the costal margin of the wing, ti)r only a s l~ort  
distance. For most of its length it is practically fusotl with the subcosta, 
whiclr two in turn join tlre radius distally. The subcosta (Sc) presents 
a twisted head wl~iclr articulates witli tlie head of the fwst axillary. As 
stated above, i t  fuses with t l ~ c  costa and later joins the radios. The 
radius (R) arises from the second axillary by a very thin, i~lcol~spicuous 
strand. I t  becomes wider, more heavily pigmented, and thicker as i t  
proceeds, and distally is corrtiguous with the costa-subcosta. These 
three veins extend about one-third the le~rgtlr of the wing, and a t  their 
terminat.ion the wing is strengthened by an irregular sclerotiaation. An 
uncon~rected branch of tlre radius, H,, arises from the median fold (mf) 
and cont i~~oes  almosl lo the apex of L l~n  wing, parallel wit,l~ the scutellar 
fold (sf). The cnbi1.11~ (Crr) arises from tlre indrl i~~ite  meclial plate and 
extends to  the region of the median fold of the w-ir~g. Ilere i t  becomes 
deflect,ed towartl t l ~ e  anal margill ar~cl is fused wit11 rnedius 4. The medills 
is rrot represented proximally. Of its two distal branches, RI, has no 
basal con~~ection and M, is fused with the distal portion of the cobitus. 
There are two anal veins whiclr arise from tlw thirtl axillary. T l ~ e  first 
is quite distinct and extends almost to the a11al border. 'The second is 
very faint and abouL half t.l~e lengtl~ of t,he first. 

The wing of Hylesinus.traxini, according to the figure given by Niisslin 
(1911, p. 274). is practically identical in appearance with that of Hylnrgo- 
pinus, and both fall iuto his "Type 2" (op. cil., p. 305). In Table 2 is 
given a comparison of tlre nomenclature of Hopkins, Niisslin, ant1 Schedl 
with that employed by the author. 
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TABLE 2. COMPARISON OF WINO VEIN NOW.NCLATURE. 

Ho~kinr Rhedl NGsslio 
System here used Dendrmlonua mlens Gmtlrolricus spp.  Hylesinus jrazini  

C C C ? 
Sc Sc Sc ? 
R R R ? 

A, n, R, I 
MI M, M, I I 
cu nf 

I11 
M,+Cu Ms Mz 
1st A Cu, CUL IV' 

" )  
2nd A cua lacking IV' 
[3rd A] A lacking larking 
lacking 

Figure 150. A. lateral aspect of ahdomen of male. B, same of female, posterior 
segments. C, posterior aspcct of male tergitcs 7 and 8. D, pnqterior nspcct of fcrnale 
tergite 7. E, posterior aspt:ct of female tergite 8. a. articular socket; c, cavity of rneta- 
eoxa; d, dorsopleural linc; e. epipleural arm,: It. hypopleural ores; p, processus venLmlis; 
s, stridulating scraper ( a ) ;  sp, spiracle; 1d Lo Sd, first to 8tlt tergites; 3v to 7v, 3rd to 
7th sternites. 

There is a very small wing lohe (J) distal to the third axillary. A few 
small setae arise from the proximal half of the costal margin, and the 
entire anal margin is set with very fine setulae. 

TllE ABDOMEN 

The structtlral details are shown in Figures 145 R and 150. Only the 
sternites are visible externally when the elytra are closed. These are 
five in number, representing segments three to seuen. They are punctured 



and covered with scattered short setae. According to Hopkins, sternites 
1 and 2 are represented hy the thick wall of the metacoxal cavity on 
sternite 3. The latter sternite is the first visihle one and sends a median 
triangular process (p), the processus venlralis of Verhoen' (1896). cephalad 
hetween the metathoracic coxae. Lateratl the sternite is furnished with 
an articnlar socket (a) for the reception of the poslerodorsal angle of 
the metakatepisternum. Sternites 8 and 9 are completely concealed. 
Since they are inti~nately connected with the genitalia they will be discussed 
nit11 tlre laller. 

Though not separated from the sternites by sutures, the hypopleural 
areas (h) are clearly defined in segmenk 3 to 7. Those from 5 to 7 become 
increasingly wider caudad, but a t  the very end the seventh is abruptly 
shortened (more so in the male than female) for the reception of the last 
visihle tergite. 

There are eight tergites, all normally covered by the elytra. Upon re- 
moving the elytra all eight are visible in the male, but in the female 
lergite 8 is completely covered by 7. The appearance of these caudal 
Lergites is quit,e different in the two sexes (Figure 150 C, D), providing 
a means of distinguisl~ing them without dissection. The first six tergites 
are entirely memhranous, and rather indefinitely set olT from the epi- 
pleural areas ( c ) .  Tergite 1 is entirely unpigmented. Tergite 2 to 6 have 
gray pigment in variable patterns, as  shown in the figure. In the male, 
tergite 8 and the posterior third of 7 are hot11 sclerotized and densly pnnc- 
tured. The candal edge of 7 is thickened and produced to form a hifid 
process (s), similar to what in Dendroelor~cs, according to Hopkirrs, carries 
the stridolating scraper. Extending from the carlrlal edge of 8 is a hrnsl~ 
of setae. Tergite 7 of the female is larger than that of the male and quite 
different in shape. I ts  anterior porlion is membranous, but the posterior 
two-thirds is sclerotized and punct.ured. Tergit.e 8 lies concealed beneath 
the posterior portion of 7, being protruded presumably only during ovi- 
position. I t  is slightly smaller than and almost the same shape as 8 in 
the male. I t  has a central membranous portion, semisclerotized lateral 
areas, and a thickened sclerotized caudal edge. This caudal area is minntely 
pur~ctured, and like the caudal area of tergite 7 is provided wit11 setae. 
The relation of tergites 7 and 8 in both sexes corresponds very closely to 
Lhat given by Verhoeff (1896) for Ifylesinus fraxini and Hylurgus pini- 
perda in which 8 in the male is called a "covered pygidium" and 7 in 
the female a "covered pseodopygidium". 

There are six pairs of spiracles in the female and seven pairs in the male. 
The first (sp) is large, oval, has a thickened peritreme, and lies in the 
epipleural area of segment 1, close to the anterior border. The rest are 
small, circular, and without evident peritremes. The second to fifth lie 
well up on the tergiles, while the sixth (and seventh in t h e  male) lie 
close to the anterolateral corners of the tegites. The seventh on the 
male is quite rudimentary. 

MALE R E P R O D U ~ I V E  SYSTEM 

There is a pair of testes (1). each with about five lobes. Two short 
elferent ducts from each testis join to form a vas deferens (vd), and each 
vas deferens is provided with a seminal vesicle (st ] ) .  Emptying into the 
uas tleferens just proximal of the vesicle is a pair of long, accessory, or 
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mucous glands (mq). These are thinner than the vas deferens, are much 
coiled, and the members of a pair are not always the same length. They 
have been considered ectodermal in origin by Verhoelf; and hence were 
give11 the name ectadenia proposed by b:schericlr (1894). The sernhal 
vesicle itself Verl~oeff called mesodenia. Hut Niisslin (1911, p. 372 el seq.) 
has shown that the vesicula seminalis is a composite of three st.ructures. 
T l ~ e  tube formed by tlie junction of the paired mucous glands with the 
vas deferens Ire called the "Zunge". This and the proximal portion, or 
"Mantel", of the vesicle are mesodermal. Only the distal cup-sllapetl 
"Becher" is ectdermal. Hence, he called the mucous glands mesadenia. 

A short distance beyond the vesicle the paired vasa deferentia join to 
form the ejaculalory duct (ed).  This duct is thicker than the vasa and 

Figure 151. A, diswction of male genitalia from the ventral aspect. R,  dorsal 
aspect; C, lateral aspect; and D, ventral aspect of phallic stnrctorcs. da, domnl arm 
of pars ancora; c, internal sac; ed, ejaculatory dtnct; g, gonoporc; ma. nlcdian arm of 
pars nncora; mg, nwcoua gland; ml, mcdinn lobe; mo. mmlion orifier; ma, median 
struLqi p, phallus; nt, retractor muscle of para ancora; sg, spict~lutn gastmlc: st", rpicular 
mllnclo; sv, seminal vesiclc; t, testis; la, transfer appariltoa; 18, tegmon: tm, tegminnl 
muscle; ts, ttltnind strut; va, ventral nrln of pars nncora; vrl, r a s  deferens;,LI, Rt l>  
tergite; 8". 8th slernite. 

quite long. It is bent in the form of a "U" before entering the pl~allus, 
in wllicl~ i t  is still further bent as slro\vn in Figure 151 A. 

The parts of the reproduclive system extruded during the a r l  of copo- 
lation are enclosed in a long oval struclllre, the phallus (p) ,  about 0.6 mm. 
in length. Lying along the right side of this is a long sclerotized rod 
which is curved transversely a t  the posterior end. This is the spiculum 
gastrale (sg), which, according to  Verhoeff, and Hopkins, is homologous 
with the ninth sternite. At its anterior end it is compressed and serves 
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for the attachment of the spicular muscle, and posteriorly i t  is produced 
to form a prong a t  each end of the transverse portion. These prongs are 
attached by thin muscle strands to the eighth sternite (8u). This sternite 
is subtriangular and membranous, except for a very weakly srlerotired 
posterior edge, along which is borne a row of setae. . ~ 1111. phall~rs is a hilaterally s)mmrtriral str!l(.tllrr 11111 i t  lies some- 
wl~ut on i t ,  lert 5ide its tnlat~r of ivrnmrtrv ilors n ( ~ t  coin,.i(le wit11 Illat of 
the body of the bettle. ' Its parts are v e j  complicated and dilficult Lo- 
homologize entirely with those of other insects. This diNiculty is height- 
ened by the already existing conflicting terminology in the literature. 
Where possible the terminology of Sliarp and Muir (1912) and Sliarp 
(1918) has been followed. 

The outermost or tegminal layer of the phallus is represented by a 
proximal annular sclerite, the tegmen (lg). Sharp considers L11e spicull~m 
gastrale to he a part of t.his layer, hut the lateral lobes, or parameres, are 
lacking. T l ~ e  tegmen is incompletely sclerotized, tlre dorsal part heing 
membranous. On its ventral side i t  is produced t,o form a hooked teg- 
milla1 strut (1s). 

The middle layer of tlie phallus is the median lobe (ml).  I t  is this 
wliivli S n o d ~ a s s  considers the aedeagus, thoogh the latter term has heen 
used by Sharp and hluir to inclr~(le the tegmen and median lobe togetller. 
The median lobe is somewhat sclen~tized on each side hut semi-mem- 
branous over most of its extent. I<xtet~cling cepllalad from the 1at.eral 
sclerotized areas is a pair of long, thin processes, tlie metlian struts (ms). 
They are sliglttly expanded a t  their tips where they almost touch each 
other. At the posterior end of t,he median lobe is an opening, the median 
orifice (mo). 

The ejaculatory duct cam he seen only faintly, extending almost to the 
posterior end of the median lobe. I t  elids in an expat~ded gonopore (g) 
wl~ich is frtrnisl~ed with a darkly pigmented rim. 'I'l~is tllickened rim 
correspotids lo what is called t.l~e t ra~~sfer  apparatus (la), present in some 
Rhy~~rliophora. From the gonopore to the median orifice is t.lie internal 
sac ( P ) .  11 is evident then that the inlerrial sac is an endophallos and tlre 
median orifice is a p11allot.reme. St~rroc~ntling and supporting the ductus 
cjacrllalorius anterior to tlie gonopore is a complicat.ed arrangement of 
sc1erot.i~ rods. This complex is apparently peculiar to some Scolytids and 
was first described hy Lindemann (1875). wlio called i t  the "A~~kergest.ell" 
from its resemblance to a slrip's anchor. It was not mentioned by Sharp 
arrd Muir (1912), atid Sharp (1918) passes i t  by with a reference to Lin~le- 
mann's paper. The pars aricora is composed of a pair of long dorsal arms 
(di~), a pair of shortcr ventral arms (aa), and an unpaired median arm 
(nm). Tlre dorsal arms are joined by a thin bridge a l  their anterior ends 
and fuse near the posterior end to form a single acute curved nxl ending 
just anterior to (.he gonopore. The venlral arms are really contitiuat.ions 
of the dorsal and do not extend so far caudad. The mrdian arm extends 
from tlie ventral side just post,erior to the tip of the tegminal strut., 
around to the dorsal side where i t  becomes fnsed candad to the dorsal 
arms. That the pars ancora functions as a support for the membranous 
internal sac when it is everted in copulation was demonstrated to the 
writer by the fortunate circumstance of finding a pairof heetles killed in 
copula. The internal sac was everted and a terminal vesica could be seen. 
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I5xtending from the lateral areas of the tegmen to the tip of the spiculum 
gastrale is a large spicular muscle (sm), which is a retractor. From the 
ventral area of the tegmen to tlie tips of the median struts are the fibers 
of tlie teamilla1 muscle (lm), a protractor. Dorsal to the tegminal ancl 
mostly covered by the spicnlar mnscle is the relractor of the pars ancora 
(m).. I ts  fibers are attached cephalad to tlie tips of the median struts. 

For purpom of cornparisori the various names of the parts of the male 
genitalia used by diflerent authors are brought together in Table 3. 

6 
(IC 

4 ." 'b " 

Figure 152. . A ,  diwction of female genitalin from the ventral aspect. B,' lntcral 
aspect of past,erior portion to show relation of genitalia to tergites and rectum. I), 
bursa copulatrix; c, cnmpressor rnnscle; y, colleterial gland; d. oviduct; g, npcning of 
colleLerial gland; I, suspensory ligament; o, ovarinles of ovary; p, protractor rnnscle; 
r, rectum; s, opening of seminal duct;  sd, seminal cluct; sg, spermathecal gland; sp, 
spermathem; sv, spiculrrm vcntrale; v, vagina; i d  and 8d, 7th nntl 8th tergitcs; 8,- 
and 9r, 8th and 9th sternites. 

FEMALE REPRODUCTIVE SYSTEM 

The genital system in the female (Figure 152) is very much simpler 
than that of the male and little difficulty is encountered in i ts  study. 
There are two ovaries, each of which in turn has two ovarioles (0) .  In the 
restiug stage (or in young individuals) the ovarioles are thin and long, 
as  shown in Figure 152, hut during the maturation of the ova they are 
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much dilated. The ovaries lead into a pair of short, thick oviducts (d) 
which join to form the vagina (11). This is a thickened muscular organ 
extentling to the posterior end of the body. I t  is rn~lclr dilated near its 
distal end, then abruptly depressed dorsoventrally a t  the gonopore. 
Arising from tlre dorsal side of the vagina is a muscnlar bursa co~ulatrix 
( I  I. I t  i.; .*orncwlrat irarroa.er t l ~ i ~ r i ,  atrd alrncsrt as I O I I -  0s tile vapitla. 

A larac spcrnlaltttrca (sp), or r e ~ ~ r l ~ t a r u l ~ ~ r n  srn~inis, is present OII ~ I I C  
rixl11 side of tI,r \ . ag i~~a  !l Itas the sI.npf. c l ~ ~ ~ r ~ i c t t ~ r i < t i ( ~  fcor 5~~ftlytir~.., a~ rd  
is Irravil! s~~lt~rotize~l. The serninal dtt<.t {sdt is as lot~g as  t l~e  sprrr~~atllrcn 
I I f n ~  I I t I I f I I .  : ~ a i  TIIP 511cr- 
matheca is also provided with a sr~bglobose spermath&l gland (rg) wirich 
empties by an extremely short duct into its cephalic wall. The muscle 
( c )  present on the posterior concavity of t l ~ e  sperrnatl~eca, though called 
an expansion muscle hy VerhoelP, is most probably, from its apparent 
function, a compressor (Niisslin). 

Situated on either side of the expanded part of the vagina is a large 
oval collelerial gland (cg). Each opens dorsally into the vagina hy a short, 
thick duct. I n  this region the walls of t l ~ e  vagina are strengthened by 
thin, plate-like sclerotisations whicl~ are probably homologous with the 
eighth sternite. Extending cephalad are two l l t i r ~  pieces in the form of 
an ir~verted "V", whi<:h may he a reduced spiculnm ventrale (so) as  
exhibited by other Scolytitls. The ninth sterlrite is present as a t11i11 
semime~nbranous plate, tlrickennrl along its posterior edge and sides. Its 
lateral angles are connected with those of the eightlr tergite so that these 
two sclerites surround the anus and gonopore. A row of setae is preseut 
on tlre posterior edge and a thin sheet of protractor muscle ( p )  extends 
from its anterior edge to the ventral side of the vagina. 

ALIMENTARY C A N A L  

The entire digestive tract (Figure 153) is almost three times as long as 
the body. It is composed of the usual t l~ree major divisions, Core-, mid-, 
and hind-gut. 

Fore-gut. The esophagus (e) is a simple tube leading from the pharynx 
and moutlr cavity. I t  is widened slightly to form a conical crop (cr) and 
the latter in turn leads to the barrel-shaped proventriculus (pa) which is 
about 0.4, mm. long. Starting in the posterior portion of the crop, but 
most marked in tlre proventriculus itself, the sclerotic intima is higlrly 
modified to form a complicated system of ridges and tceth. 

Since the proventricular armature is of importance in the taxonomy of 
the Scolytidae, details of its structure are here given. This armature is 
located on eight plates arranged so that a transverse sect,inn is a ~ g n l a r  
octagon. The anlerior limit of each plate is rather indefmite, the arma- 
ture extending irregularly into the crop. The posterior end is sharply 
delimited, and beyond this the proventriculus is abruptly narrowed. 

Following Linrlernalr~~, and Niissliu, we may distinguish qn each plate 
an anterior oortion. the "Plattenteil". and a oosterior Latlenleil ". 
The anterior portion (a) is unpaired, shdrter than'the posterior (p), and, 
as already mentioned. is not definitelv set off from the crop. The posterror 
portion is composed of a pair of ~dn~i tudinal ,  plates which meet a t  an 
angle projectirrg into the lumen (Figure 153 13). The line of junction 
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has been called the "&Iediane" by Niisslin, or median suture (me), and 
tlre boundary separating the entire posterior plate from its neighboring 
plate on each side, the "Intermediane", or marginal suture (ma). Along 
each posterior plate is a series of closely set bristles (d), the declivity 
teeth (Nlisslirr), or masticatory teeth (Scl~edl), extellding from the marg- 
inal suture but not reaching the median stlt.rrre. They each bear three or 
four serrations ~ ~ h i c h  are larger and more conspicuous OII the teeth of the 
anterior third of the plate. Tlre medial halves of tl~ese teeth are broken 

Figure 153. A, dissection of the nlilncr~tary canal from the lateral aspect. For 
clearness the parts of the hind-gut havo I>(:RII st!parated nomewhat, and only one Mal- 
pighian tubule is shown. B, transverse. section thrnu~ll  sntcrior part of the proven- 
lrirnlns shoring throe of the right plates. C, longit~~dinnl section of proventrieulus 
passinp through the center of plate on left, and to the: sidc of plate on right. D, single 
pn,vrntric~llar plate. E, distal ends of closing bristla. a,  anterior plate; ai, anterior 
intmtine; b, masticatory hru~hes; c, colon; ab, elosirlg bristls: er, crop; d, declivity 
tppth; p, esophag~~s; ec, enterio caeca; i ,  ileum or ~rnsterior intestine: nl, Malpighino 
tubule; ma, marginal suture; mc, median sntun:; p, ix,slcrior or ~nasticatory plate; 
pr,  pnrvcntricnlus; r, rectum; v, ventrict~los. 

up in a peculiar manner into a large number of fine serrulations so that 
all together they have the appearance of a brush. These masticatory 
brushes (6) are deeply pigment.ed, and form tlie most conspicnous com- 
ponent of the provent.ricular apparatus. 

Just anterior to the declivity teeth are a few long bristles (cb) whose 
basal portions are parallel to the former, and whose distal ends extend 
freely into Ll~e lumen (Figure 153 B, C. and D). They have been called 
closing bristles (Niisslin), or straining bristles (Beal 1927), from their 
apparent function. 'I'l~e basal portion of each is serrated like the cleclivity 
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teeth, while the free end is variously serrated and spinulated (Figure 153 E). 
On the unpaired ar~terior plate there are several indefinite rows of 

minute asperities occupying the median third. Farther cepl~alad these 
intermingle with short, thick teeth wl~ich extend over tlie entire widtl~ of 
the plate. There are about, seven rows of these short, t,hick teet,l~, which 
are supplanted farther ceplialad by ahout four rows of l o ~ ~ g ,  t11i11 teeth. 
Beyond this are Llre scattered teetli extending into the crop. 

Mid-gut. The first part of the mid-gat or mesenteron is a thin-wallctl 
ventriculns (11) dilated a t  the anterior end and gradoally narrowed toward 
the posterior end. There are no gastric caeca. T l ~ e  remaining Lwo-t.l~irds 
of tlie mid-gut is a much coiled anterior intestine (ai) of approximately 
the same diameter tlirnugho~it. I t  bears about 10 pairs of enteric caeca 
(ec), nliicll arc small ancl papillifom. The junction of the mid- and hind- 
gut is marked by a constriction. Moreover, just beyond this point the 
Malpiglrian tubules (m) empty into the alimentary canal. 

Hind-gut.  The total length of the hind-gut is somewhat less than 
that of the mid-gut. There are three divisions, of which the first, or ileum 
(i), is the longest. I t  is bent io the form of a "U"  with the dorsal arm 
longer than the ventral. Tlie second divisio~~, or c o l o ~ ~  (c), is short and 
straight. I t  leads into t,he dilated rectum. The recl.um (r) lies dorsad, 
and to the left, of the genitalia. At tlie posterior e ~ ~ d  of the body i t  narrows 
and turns toward tlre midline. Tlie anus opens under the eighth tergite 
dorsal to the gonopore. 

Rlalpighian vessels. Although these belong to  the excretory system 
they are considered here a s  a matter of convenience. Tlrere are six tubules, 
each very long, thin, much coiled, and unbranched. They empty separ- 
ately into the 11ind-gut just beyond its jr~nctior~ with the mid-gut. Tliey 
are entangled about the gut, and for the sake of clearness only one is 
shown in tllc figure. 

The Pups 

Tlie accompanying drawings (Figure 154) show the general appearanre 
and external anatomical details of the pupa. The total length, including 
caudal spines, is about 3.25 mm., and the greatest width, ahout 1.5 mm. 
T l ~ e  relative position of the head, and the lengths of tlre ahclominal seg- 
ments vary somewl~at, depending upon the degree of contraction or expan- 
sion. 

Over the body are a number of setae, a discussion of wl1ic11 will he 
reserved for a separate section. These setae are not any less distinct ill 

older specimens, as was found by Hopkins in Dendroclonus, nor do they 
tend to  disappear later, as found by Schedl in Gr~cilholricus. They are 
as pro~iounced a t  the end of the pupal period as a t  tlie be~inning. 

The liead is not visible from above, being covered by t,l~e prothorax. 
None of tlre cephalic sutures are discernible, hut the antennae a ~ ~ d  mouth- 
parts are well set off. The antennae (a) are plainly gei~iculate and extend 
back beyond the prothorax. A faint indicat io~~ of segmentatio~r is present 
only on the club. The mandibles (m) are distinct and are pigmentecl even 
in the young pupae, but the maxillary lobes (mx) and labium (1) are 
rather indistinct. Somewhat overlapping the mandihles is a median 
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labral-like lobe (el), the epistomal bristle pad (Hopkins), or epistomal 
lobe (Schedl). The eyes are not visible in young pupae bnt become so 
after they acquire pigment later on. 

The shape and relative proportior~s of the pronolum (p) are very similar 
to  those of the adult. On the mesothorax there is a large spiracle (ms) 
located in the triangle visible between the protl~oracic femur, elytron and 
pronotom. The nresonotum is subrectangular and bears a roun(1ed 
scutellar process (sc). The hase of the elyt,ron is fnsed to  the tergal area. 
'The metanotum (13) exhibits a faint indicalion of a scutellargroove and 
a conspicuous posterior transverse band. 

Figure 154. Pupa. A, ventral; B, lateral; and C ,  dorsal aspecls. a, antcnna; as, 
abdominal spiracle; a, caudal spine; el, prothoracic mxa; c2, mesothoracic mxa;  c3. 
mctathorncic mxa; dp, dorsopln~ral line; e ,  elytron: ed, sctuo cpipleuricnn~ doranlis; 
cl, cpistomnl lobe; ov, setae epipleuric~rm ventralis; f, setnr remoralis; 11, setar fronlo- 
lateralis; fm,'setnc rrontornedinna; gl, setao genoleteralis; I. Ial,inm: m, mandillle; ms, 
mmthoracic spirncle; rnx, maxillary lobe; p, pronotom; pa, setae prescrrti itnterior; 
pl, srl:ie prc3cut.i lateralis; pm, setnn prescuti medialis; s, satae sruti; sc, srr~tcllw pro- 
cess; wl, setae acuti dorsalis; sl, srlae seuti luternlis; sl, pro*terlrurn; s2, rnesos1r:rntlrn; 
63, metastcrnurn; 13, metathoracic tergum; vl, setac vertolatcrulis; vm, sctae vcrta- 
rnediana; ,v, lnetathoracic wing; 1 to 10, ul,rlominnl segments. 

The prothoracic and mesothoracic legs are plainly visible for the most 
part, hut of the melathoracic legs only the mesal port,ian of the coxae 
(c:l) can be seen. The remainder of these legs is concealed by the elytra. 
Isxcept for the distal end and part of the caudal hortler the metathoracic 
wings (to) are also concealed under the elytra (e). 

In  the abdomen there are 10 segments, of which the sternites of the 
f m t  two are not exposed. Duo to'the ventral curvature,of the abdomen, 
the ninth and tenth segments are not visible in a dorsal view. Se,ma~t  
nine is very small and is not clearly separated from eight ventrally. I t  



Conneclicul Ezperimenl Station Bl~lletin 387 

bears from the latemaudal angles two large processes, the caudal spines 
(cs). Segment ten is reduced to four minute lobes around the anus, the 
lateral ones perhaps representing epipleurites as in Dendroclonus, (Hop- 
kins). 

The sexes can be distinguished as in the adults. When looked a t  from 
the posterior end, not from above, it can be seen that tergite seven in the 
female is large, with an evenly rounded, markedly recurved, posterior 
border. A portion of tergite eight, about one-fifth to one-fourth as long 
as seven, is exposed. The lateral borders of this Lergite converge caudad. 
In the male, tergite eight is almost as long as seven, the lat,eral edges are 
subparallel, and the posterior borders of Lergites sevewand eight are only 
sligl~tly recurved. 

T l ~ e  dorsopleural line (dp) can be seen in only a very few specimens, 
and it cannot be followed beyond the seventh segment. It is not possible 
to make out hypopleurites and epipleurites as distinctly defined areas. 
The spiracles (as) lie in the epipleural regions close to the anterior borders 
of segmerlts 1 to 7. They can best be seen on older pigmented specimens. 
That on segment 7 is relatively obscure. 

The setal pattern of Scolytid pupae has been indicated for Dendroclonos 
by I-lopkins, and more in detail for Gnalholriehus by Schedl. The latter 
author 11as tried to homologize the pupal setae with those of the larvae, 
for which he tias proposed a set of new names. His nomenclatllre has 
been r~setl where pasible, modified as considered necessary, no att,empt 
being made to confirm the l~omology. 

Head. On tlie head there are two pairs of large dorsal setae, the setae 
vertomediana (vm) near the sagittal plane, and the setae vertolateralis 
(ti). Just mesad of and ahove the bases of the antennae is a pair of some- 
what smaller setae froutolateralis (fl) Just above these and between tlie 
eyes is a pair of very minute setae frontomediana (fm). Behind the eyes 
is a pair of larger setae genolateralis (gl). 

Prothorax. T l ~ e  setae on the pronotum are all large and set on con- 
spicuous ( ~ , ~ ~ r - s l ~ i l p ~ d  ele\.atio~~s. TIIP~C is a pair 1,f setne prescuti a~~t r r io r  
I close to tile cepl~alic: honl t~ ,  a pair crf urtars prrsc~~ti  mnlialis ( p m )  i r ~  
tile micl-d11rial rreio11. and two wairs of setlie ~>resc~rti Iaterali.; I .  Neur ~ ~ ., , .. , 
tlre caudal border of tlre pronotum is a group of scutal setae arranged in 
almost a transverse row. These are one pair of setae scuti dorsalis (sd), 
and three pairs of setae scuti lateralis (sl). 

Mesothorax and metathorax. The tergum of each of these se-ments 
carries two pairs of setae scuti, those on the metathorax lying farther 
laterad than those on the mesothorax. 

Legs. At the distal end of each of the femora on both pro- and meso- 
thoracic legs is a pair of setae femoralis ( j ) ,  one apical in position and the 
other subapical. Schedl considers these remainders of the slernal setae 
of the larva. The metatl~oracic legs have no setae. 

Abdomen. Two pain of dorsal setae are borne on segments 1 to 8. 
These setae scuti (s) are increasingly larger from segments 1 to 6, as are 
likewise tlie conical elevations from which they erise. Those on segments 
7 and 8 are usually much smaller than any on 1 to 6, sometimes being 
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TABLE 4. VA~~ATIONR IN SETAL PATTERN 1N PUPAE. 

Imst ion 

Head 

Prothorax 

Mesothorax 

Metnthornr 

1 riqht 
1 1 lrft I-- 

Name of setae 

frontomedinna 
frontomeditma 
frontomttdisna 
genoln teralis 
genolntrmlis 
genolateralis 
frontolat~rolia 
v ~ ~ t ~ l a t e r n l i ~  
v~~rtornc,liana 
front*,liiteralis 

presclrti medialis 
prcxuti  medialis 
prcwuti latwalin 
act~ti  lateralis 
presruti medidis 

scuti 
scuti 

sculi 

2 " - 
1 
1 
1 

1 I 1 pair 
1 1 right 
2 I 1 nair 

Ahdomen 2 reuti 2 I 1 left 
epipleuricum 1 p ~ j r  
c~i~,leuricam 2 ~ a ~ r s  

right 
lel't 
1 pair 
1 pair 

1 "sir 

Abdomen 5 scuti 
epipleurieum 
epipleuricum 

Abdomen 3 

Ahdom~n 4 

/ 2 pairs 1 
1 oarr 

epipleurict~m 
epipleuricum 

I l left 
1 pnir 
2 pairs 

1 right 

1 pair 
2 pairs 

scu ti 
scuti 
acuti 
epipleuricum 
epipletnricum 

1 left 
l ripht 

I 
I 
I 
7 
5 

Ahlomen 6 

. . 

Ahrlomen 7 

Abdomen 8 1 wuti 1 2 1 2 pairs I 

scuti ? Pairs 
epipler~ricum 

femoralis 
femoralis 
frrnoralis 

scuti 
scuti 
scrlti 
epipleuricnm 
epipleuricum 

scrnti 

1 pair 

4 I 1 pair 
2 1 richt 
2 1 lsl'l, I 

Mesoleg. - I fernoralis 1 2 1 . I pair 1 

1 
2 
2 
4 
3 

3 1 l pair 

1 right 
1 Irl'L 
1 pair 
2 pairs 

1 left 
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minute. On segments 3 to  6 the epipleural region of each side bears a 
pair of setae epipleurica (a and ed). They are very small, the dorso- 
cephalic one (ed) being often minute and diilicult to see. Occasionally 
segments 1 and 2 also may have setae epipleurica as indicated helow. 

Varialions. On examinine a number of Duoae one cannot fail to notice . ' 
the great variation in number, size and position of the setae. The preced- 
ins  table indicatm t.lie extent of t,his variabion amonc 20 iudividuals taken 
ad'random. This list does not include frequent inbtances of asymmel.ry 
of position, most common on the prothorax, nor of size, but accor~nt,s only 
for a difference in the number of setae, as compared with the arbitrary 
"standard" described aha\-e. 

The Larva 

The general appearance. of the larva is shown in Figure 155 A. The 
following description is based upon the fully grown larva, hut the earlier 
instars (lo not differ esse~~tially from this. The larva is legless, wrinklecl, 
subcylindrical, and curvetl so that the dorsum is convex. Except for the 
head capsr~le (h), wl~icll is yellow to  brown and fairly hard, the body is 
creamy white and sofl.. I t  is capable of a considerable degree of contracl.ion 
and expansion as well a s  of change of curvature. The fully grown larva 
is ahor~t  3.5 to 4 mm. long, and about 1.4 mm. wide a t  its widest part, 
the metathorax. 

The head. The head capsule is about 0.8 to  0.9 mm. in width. This 
is about equal to the length from the posterior horder of the occiput to the 
epistomal srrt,ilre (es), or on the average ahont 7 per cent greater. If the 
clypeus anrl labrum are inclntled, the length is about 1 mm. In the first 
instar larva, the head is much larger in proportion to the rest of the body 
(Figure 155 G). There are no ocelli, the antennae are qriite rudimentary, 
and the mouthparts are fairly well developed. A discussion of the setae 
is given on page 646. 

The epicranium is large and there are no sutures separating the parietal 
areas of i t  normally designated as occiput (a),  vertex (vx), and gala  (ga). 
There is a verv distinct Y-shaoed e~icranial suture which is double-lined 
for most of its'le11~111. The madian'occipital apocteme (oa) is rrpresented 
exter~lallv by a Di~mented line c:olltirluinn cautlat! ol' the coronal. or lne to~ic  
suture (&),"and in like manner the frontal apodeme (jn) is rrpresenied 
cephalad on the frons. 

The frons (fr) is a large triangnlar sclerite between the arms of the 
frontal part Cfs) of the epicranial suture. I t  is deeply pigmented along 
its antwolateral angles where i t  is merged indistinctly with the epistoma 

prothornx; q, medial tooth; qm, setae polpo-tnaxillaris; qq, selne prescuti; r, premila; 
ra, pxacoila; rc, rctractocela; ro, postcoila; rs, coronal rutt~re; rl,  retractor tendon; 
sa, pluorostoma; sl, stcrnnl lobe; sm, at~hmenh~l lohe; sp, spiracle; ss, setae sternalis; 
st,   lip^: SX, m e ~ 0 t h O r ~ ~ ;  trn, setae menti distalis; tx, mc:tnthorax; 11, Iahrom; us, 
nobger~nl suture; v, postnrtis; vm, setne verbmediano: va, setae vertolalerali.;; vv, 
vnginsnt membrane; vx, vertex; w, postwnal area: wn, prt:~enal aea; ww. seliir ster- 
nrlhris; xe, epipharyngeal papillae; xl: maxillary Coramen; xx, setae scuti; y, hypastoma; 
yh, entOgld~l plate; 5.9. setao laterotcrgnlis; z, apical tooth; zm,,setao pslpift:ra-maril- 
laris; 18, seta luterosternalis; 1 to 10, 1st to 10th nhcloznirml segments. 
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Figure 155. A. Intern1 aspect of f~llly go- lnrvn. B, anterodorsal aspect of hcad. 
C, ventrnl aspect of head with mootllparls remo\.sd. D, ventral aqpect of lnl,iem and 
mnxillnr. E, rid11 mnndiblo, dnrsolnteml aspect. P, egg. (;, 1st instnr lwrv~  ready 
to hntch from egg. a, antmnn; HB, hypopharyngeal hmcon; ap, apical papillae; I,, 
oeir,hsrynceal hri~eons; hr, hnsnl ridge; c, sctoe clgpei; ca, cardo; cr, srlac scutclli; 

f i .  foot cillis;  il, setap frontolateialis; fr, frons; h, fontal  suture; k ,  setae ~enointernlis; 
pa, p,""l ,,,-c:,; p,, ,  >,,t,,,. p,~,,,>,,,?<li8#"8,; 0,. g,,l:,r or,,,,; I,, l,'v,,l; i:. .'.t>,V Iip,,lno; is, 
s..tist t n t n t ~  Intcrtnli;: k .  s~tl~:ipic+,l IC.<IIII: k k ,  (rtiw tsr~,glis: Ix, I~BIIIII: 1111. 6C1111v I~ncir~i~-  
rmw~~illori.: lr. wtzw lalm~tli~. 1 % .  lat~~~o.lt~rncd lu l~ , :  I t .  l z ~ l ~ ~ r ~ ~ l o r u ~ ~ l  Ihl~t,: ~tt<ol*tr lool l~:  ~~~~ ~~~~~ . . , . . . 
md, setn mandibnlno dorsalis; mf, mandibular li,rnrbon; rnrn.';nentum; mo, setne sub- 
mento-lateralis; nx, epipharynx; o, occiput: on, occipital apoderne; of, occipital foramcn; 
pa, pnlpigeral arm; pf. palpifer; pl, prescuhl lohe; ps, setae stipitia mnrillaris; px, 
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(ep). The latter is a narrow, thickened, transverse area along the anterior 
part of the frons and posterior to the clypeus. Under its lateral angle on 
each side is a precoila (r), or anterior coudyle on which the mautlible 
articulates. Just lateral of it on each side is a small papillifom antenna 
a .  The clypeus (cs) is subquadrate, ahout three times as wide as long, 
w ~ t h  rounded anterolateral angles and a slightly recurved anterior border. 
The labrum (a) resembles the clypeus in shape, but is somewhat narrower. 
I t  bears along its distal edge a row of ten apical papillae (ap), or thick, 
blunt, short spines. Both the labrum ancl clypeus are unpigmented, thin, 
and transparent so that the epipharyngeal hracous are visible through 
them from above. 

Extending from the precoila around to the ventral side of the head and 
forming bile lateral margin of the mandibular, or oral, foramen (mi)  is the 
pleurost.oma (.sa). I t  represents tlie thickened anl.erior edge of t,l~e pre- 
genal area (wa), and a t  its ventral end supports the postcoila (ro), or 
ventral articular acetahulum for reception of the mandible. Extending 
canclad from the pleurostoma and lying mesad of the suhgenal suture 
(US) is the hypostoma (y). I t  is concealed when the maxilla is in place, 
hut upon removal of maxillae and labium it becomes visible as the laleral 
marFi11 of the maxillary foramen (xj). I t  supports tlie paracoila (ra), or 
condyle for articulation of the maxillary cardo. Lying transversely be- 
tween the subgenal sutures of both sicles of the head is a broad, semimem- 
branous sclerite (yb), the entogular plate of Hopkins, which is apparently 
a tentorial bridge. I t  separates the maxillary foramen in frorrt from the 
occipital foramer~ (of) behind. A pair of processes for muscle attachment 
are present on both its anterior and posterior edges. The plaLe is normally 
concealerl by the neck membrane, except for a small triangular area a t  the 
anterolaleral angles (gu). The mesal edge of the triaugle is the line of 
junction hetween the neck membrane and tlie plate. This is the gular 
area of Hopkins, but may be a posterior exiension of the hypostoma. 
From between the pleurostoma and hypostoma of each side there is a 
semimembranous har (ah), the hypopharyngeal hracon of Hopkins, which 
separates the mandibular and maxillary foramina. I t  is thinner than tlie 
tentorial bridge and bears no processes. The occipital foramen is ovo- 
triangular in shape and is bordered by the thickenecl rim of the occiput. 
At the posterior end the conspicuous occipital apodeme extends wel! into 
the foramen. 

The epipharynx (ns) is a thickened lobe on the ventral side of the labrum 
alid clypeus. I t  is furnished with two heavily sclerotized and pigmented 
rods, the bracons (h), wldch are thicker cephalad, and converge slightly 
caudad. Between the hracons an the anterior part of the epipl~arynx are 
three pairs of papillae (re). 

The mandible is short, stout, and heavi!y pigmented. I t  is slightly 
convex on the dorsal, and concave on the ventral surface where it comes 
in contact with the hypopharynx. The incisorial edge hears four tceth 
of which the proximal, or molar, is separated by a cor~siderable diastema 
from the distal three. At the proximal edge of the lateral surface is a 
pronounced basal ridge (br). This ridge bears a t  its dorsal end the preartis 
for articulation to the precoila on the head, and a t  its ventral endthe 
postartis (r) which articulates with the postcoila. From between these 
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two articular condyles an extensor tendon (el) arises. This tendon is 
fairly well sclerotized to form an extensocuta (ec) near its base. A very 
broad retractor tendon (rt) is attached near the molar region. I t  contains 
a retractocuta (rc). 

The labium is very large and conceals the greater part of t,l~e ventral 
side of the head. The snhmentr~m (sm) is a broad, semimembranous lohe, 
wider behind and lying between the maxillae. Itsanterolateral angles ex- 
tend forward to the labial palpi. The mentum (mm) is triangular, with 
its acuminate apex projecting caudad. I t  bears an indistinct palpigeral 
area (pa), and a pair of two-segmented palpi. The segments of the palpus 
are abont equal in length, and the second is provided wit11 several minnt.e 
papillae a t  its apical end. The ligula ( l g )  is broad and supported between 
the palpi by tlre median part of the mentum. 

The maxillae are relatively small and much less complicated in structnre 
than those of the adult. The cardo (ca) is distinct wit11 a transverse 
portion hearing the parartis which articulates wit11 the paracoila on the 
head. The anterolateral end of the cardo is expanded. Extending fur- 
ward from this is a long, narrow segment which is made up of a proximal 
stipes (sl) indistinctly separated from a distal palpifer (I?f) by a slight, 
constriction. The anteromessl angle is produced into a lacinial lobe (cn) 
which is provided with nine teeth. There is a two-segmented palpus 
which is telescopic, the palpifer bearing a t  its distal end a large vaginant 
membrane ( 1 : ~ ) .  which simulates a basal palpal segment. The second 
segment is slightly longer than the first and is provided with several 
apical papillae. 

The hypopharynx lies on the dorsal side of the labium. I t  is approxi- 
mately square on the face in contact with the labium and extends dorsad 
to fit against the ventral concave side of the mandibles. 

Setal Pattern.  As in the case of the pupae, the nomenclature proposed 
hy Schedl is followed. He has modified the names as used by Russo 
(1926) for tlre lama of Cl~aeloplelius zeslilus Fuchs. The head setae are 
all quite conspicuous and nillr a very few exceptions are large enough to 
he seen with the lower powers of the dissecting microscope. They are all 
shown in Figure 155. In Table 5 is given a list of the setae with the number 
occurring on each side of the liead. This is taken from Schedl (who 
st.udied Cnallrolricru maleriarius), with the addition of figures for H. rufipes 
for comparison. 111 two places the names were modified slightly as was 
thought necessary. Jn the case of Dendroelonus calens the figures included 
in brackets were obtained from a comparison with Hopkins' illustrations 
and text, where such appear to differ from those given by Schedl. 

When a fourth seta labralis is present, it is quite small and almost in 
line with the apical papillae, so that it is dimcult to  see. Two of the setae 
lacinio-maxillaris are in like manner obscured by the lacinial teeth. One 
of the setae palpo-maxillaris lies on the dorsal side of the palp and so is 
concealed from below. The seta on the mandible is dimcult to see from 
above, hut it can be seen by turning the mandible on its side. 
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*Figura arc for one .id* of hosd. 
TIIOR4X 

The three thoracic se-ments are ahout enual in size. The tereum of the 

the posterior, the scutellar. As pointed out hf Hol;kins, an indistinct 
lateral area may he considered the scutal lobe, for i t  extends tlorsad 
slightly between the other two lohes. The ventral surface of each segment 
is divided illto an anterior sternal lobe which is narrow a t  the sides hut  
wide mesatl and pro,jects caudad over the posterior, or sternellar, area. 
Thus the sternellar area is represented externally by a pair of lateral lohes 
connected by a very narrow area which lies posterior to the sternal lobe. 
The steruellar lobe of each side has a circular foot callas (jc). These calli 
are beset with mirn~te asperities. Pleural lohes are only faintly indical.e~l. 
ancl the prothorax alone hears a spirarle. The setar will he discussed 
with those of the abdomen. 

ABDOMEN 

There are ten segments in the ahdomen, the tenth being reduced to  the 
anal lohes. The f i s t  to  seventh segments are about the same size, but 
the eight.ll and ninth are smaller. hloreover; the tergit,es of the first seven 
are divided into three lohes, the prescntal (pl), sculal (cl), and scutellar 
(cl). The division between prescutal and sculal is less distinct on tergit,es 
six and seven, and the tergitns of segments eight and nine are undivicled 
transversely. 

On the venl.ral surface of each segment is a single undivided sternal 
lobe (sl), hut laterad of this is a small suboval l6he ( I s )  which was con- 
sidered by Schedl to  be the sternellar lobe. The fold (df) dorsal to  this 
was taken for the p l e~~ra l  snture hy Hopkins, who considered the lobe to  



be a hypopleuro~~. The lobe (N) above this suture he considered the epi- 
pleuron, hot Sclledl called i t  the hypopleural plate, and reserved the term 
epipleural plate fur the area above i t  (hearing the spiracle in segments 
1 to  8). llowever, according lo Snodgrass the groove between the two 
lateral lobes is undoubtedly the dorsopleoral foltl. T l ~ e  lobe dorsal to h i s  
fold he called the paratergal (1931) or laterotorgal (1935). 'The lobe 
(stemellar of Scl~edl) ventral to this folcl 11e rallecl the abdominal pleurorr 
(19:31), but. by analogy it is here termed the 1al.erosternal. There is only 
one lateral lobe, the laterosternal, present on segment nine. 

The abdominal spiracles are smaller than the one on the prothorax and 
much less conspicnous. That  on segment one is often larger than the 
otl~ers. While there are no sclerotic plates or spines OII Ll~e posterior 
segments as in Dcn.droclon~~$, the stsmit.es of segments eight and nine are 
beset with minute asperities similar to those on the foot calli. 

Setal pattern of thorax and ahdomen. W-bile the setae on the head 
are relatively large, thick, and easily visible, t l~ose on the thorax and 
abdomen are not so. With the exception of the setae surrounding the foot 
calli and i.l~ose on the tergites of segments eight and nine, the setae are 
very fhle and extremely tlificult to see. Their thickness is necessarily 
exaggerated in the illustralion. 

111 Table 6 is i~idicat.ed tlw number of setae on the various body areas. 
As before, the names are from Scl~edl, modifietl where necessary. Segment 
nine 11as no suiracle or laterotercal lobe. but one seta is in a nosition 
corresponding to t l ~ e  epipleurica and two corresponging to the laterotergalis 
of urecedill~ sezment?. Tlie thoracic segment3 have no 1aterosternal 
lobes, h r ~ t  t i k  s;l.ae lateral to the foot calli have been considered latero- 
st,ernalis. 

TABLE 6 .  BODY SITAL PATTERN* 

Abbreviation Thorar Ahlomen 
Name ol  Selar i,, ~i~ 155 1 1 J 1 11 1 I11 1 1-3 1 ,&-5 1 6-7 1 $4 1 9 1 I 0  

" Figures nro ror one sido or body 

The Egg 

As shown in Figure 155 F the egg is oblong-oval in shape. I t  is shining 
and pearly white. The average length of 113 eggs was 0.66 mm.; the 
average width, 0.38 mm. 
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