
SHORT TITLE 

BARI< BEETLES AND ASSOCIATED INSECTS IN 

PINE LOGGING SLASH 



PART I - BARK BEŒTI.B ŒVELOPDNI' AND ASSOOIATED INSIOOTS 

IN WHITE AND RED PINB LOGGING SLABH 

PART II - nTlmNAL .ANATC14Y OF IPS .eini (say) ( COLEOPTERA: IPIDABJ 

A TBESIS 

SUbmitted ~o the Faculty ot Qraduate 

studies and Research ot 

~Gill University 

B1 

J.B. Thomas 

In Partial :rultilme:nt ot the Requirements 

tor the Degree ot 

Master ot S01enoe 

-· 1952 



TABIJ: OF CONmN'lB 

PART I - P ~ 1 to 8~ 

I. Introduction•••••••••••••••••••••••••••••••••••••••• 1 

II. Review of important literature ••••••••••••••••••••• 2 

III. Forest composition of the study area ••••••••••••••• 5 

IV, KethodS •••••••••••••••••••••••••••••••••••••••••••• 6 

v. Rcological association of species •••••••••••••••••• 7 

VI. Notes pn important speèies ot the co.lllllUnity • •• • • ••• 12 

A. Group I. Phloem and sapwood borers • ••••••••• 12 

B. Group Il. i'uDgUS; trass and detritus feeders •• 30 

c. Group III. Parasites • ••••••••••••••••••••••••• 39 

D. Group IV. Predators • ••••••••••••••••••••••••• 

Vn. Summa r1 • , , , , • , • , , , • , , • , • , • , , • , , , , , , , , , • , , , ._, , , , ~. , , • 49 

VIII. Bibliogrephy to pa~t I ••••••••••••••••••••••••••••• 52 

Appendix I. Species associated in the co11111unity ••• •••• •·•• 58 

Appendix II. Species not forming an integral pert of the 
communitf•••••••••••••••••••••••••••••••• 68 

Index to species in the community ••••••••••••••••••••••••• 75 

Plates I to VII to partI ••••••••••••••••••••••••••••••••• 78 

PART II - PAGES 86 to 139 

I. Introduction. •••••••••••••••••••••••••••••••••••••••• 87 

II. Systematic position ••••••••••••••••••••••••••••••••• 88 

III. General description of the adult •••••••••••••••••••• 88 

IV. Detailed description of the adult •.... •• • •• • • • • •• • • • 89 

A, Tbe head •••••••••••••••••••••••••••••••••••••••• 89 

1. Labrum., clypeus •••••••••••••••••••••••• ·••••• 89 



2. Rpistoma ••••••••••••••••••••••••••••••••••• 89 

Fro~t •••••••••••••••••••••••••••••••••••••• 90 

Pari etala •••••••••••••••••••••••••••••••••• 90 

5. GeJl8 ••••••••••••••••••••••••••••••••••••••• 91 

6. Occipital region •••••• ~· ·· •••••••••••••••••• 91 

7. Gula 
···········~··························· 

92 

s. BJpo~toms •••••••••••••••••••••••••••••••••• 92 

9. Tentorium ··-·•••••••••••••••••••••••••••••• 93 

10. Appendages of the head ••••••••••••••••••••• 94 

a. Antennae •••••••••••••••••••••••••••••••• 94 

b. Mouth parts ••••••••••••••••••••••••••••• 95 

(i) Bpipharynx ' •••••••••••••••••••••••••• 95 

( U,), Bypopharym: ••••••••••••••••••••••••• 96 

(111) Leb1wm •••••••••••••••••••••••••••••• 96 

(iv) Ma:x:illae •••••••••••••••••••••••••••• 97 

(v) Man~ib1es ••••••••••••••••••••••••••• 98 

B. Thorax 
·t~······································· 

99 

1. Proth~r&% ••••••••••••••••••••••••••••••••••• 99 

2. Uesot~rax •••••••••••••••••••••••••••••••••• 102 

a, Notum •••••••••••••••••••••••••••••••••••• 102 

b. Pl~uron •••••••••••••••••••••••••••••••••• 10~ 

c. Sternum •••••••••••••••••••••••••••••••••• 106 

lrfetethora:x: •••••••••••••••••••••••••••••••••• 107 

a. Notum •••••••••••••••••••••••••••••••••••• 107 

b. Pleuron •••••••••••••••••••••••••••••••••• 10~ 
. •· 

o. Sternum •••••••••••••••••••••••••••••••••• llO 

4. AppeD4ages of the thorax · •••••••••••••••••••• 111 

a. Legs ••••••••••••••••••••••••••••••••••••• 111 



(1) Coxa •••••••••••••••••••••••••••••••••••••• 112 

( ii·) Trochanter· • ~ •••••••••••••••••••••••••••••• 113 

(iii) Femur ••••••••••••••••••••••••••••••••••••• 114 

(iv) Tibia ••••••••••••••••••••••••••••••••••••• 114 

(v) Tarsus ~ .•...........•.••..••.......•.•.•.. 115 

b. Winge ••••••••••••••••••••••••••••••••••• •. • • • • • 115 

(i) Mesotboracic-wings •••••••••••••••••••••••• 115 

JU) Metathoracic winge •••••••••••••••••••••••• ll8 

o. Abdomen_ -. •••••••.••••••••••••••••••••••••••••••••• , 120 
~; , 

D. External.male genitalia 
i .. , . • ••••••••••••••••••••••••• 123 

v. Conclusions •••••••••••••••••••••••••••••••••••••••••• 124 

VI. Summary •••••••••••••••••••••••••••••••••••••••••••••• 125 

VII. Bibliography to part II •••••••••••••••••••••••••••••• 127 

Plates I tq IX to pert II •••••••••••••••••••••••••••••••••• 130 

-~ 



1. INTRODUCTION 

Logging slash constitues an environment supporting a particu= 

lar association ot insacta and other arthropods. Initially, the speoiea 

ot insecte in the community are governed by the charaoter ot the alaah, 

that ia, the tree apecies, thickness ot bark, and aize ot topao The 

condition ot the slaah changea with the passage ot time, the rate ot 

change being directly attected by bark beetlea and wood borers whioh 

1nit1ate the ingress ot wood-destroying tungi. As the envirouani 

changes, those species, tor which the habitat is no longer suitable 9 

drop out, leaYing in the association ot animale only those whioh can 

exist under the new conditions. ~he succession ot communitiea ot 

animla inhabiting slaah, loge, dying and dead treas haa been shown 

by Adau (1915) and Savely {1939) to continue until the wood has 

diaintegrated oompletaly. 

The community ot insecte and other arthropods invading red 

and wbite pine loggina slash during the tiret summer tollowing winter 

logging has been examined during this study. One objact q:t the stud1 

was to determine the importance ot the development o~ broods ot 

varioua speoies ot bar.k beetlas in the a\lbsequent eatabliab.ment ot 

.other arthropoda in the community. lherevar possible, t:roll original 

.obaenationa or trom worka ot othar aut.llora, the role ot ett.oh spaoiaa 

ia t.b.e parti.oular enYirouent has baea indicatad. saaaonal history 

•otes have been prapared tor each speoiea o:r bark beetle tound 1n 

the slash.. 

I~s p1A1 (Say j we.s one ot the most important and abundant 

spec1es ia the establisbaent ot a :taunal community in red and white 
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pine slash. The external anatomy of this species was studied aa a 

contribution to the morphology ot the Ipidae and constitutas pa~ II 

ot this paper. 

The writer wishes to thank »r. 1. J. de Gryse, Oh1et, Division 

of FOrest Biology, canada Departlll9nt ot .Agriculture, tor permission w 

use data obtained in a divisional projeot in the preparation ot this 

thesis. Direction and assistance ODtained from the Department ot 

Knto110logy, Macdonald Collage, particu.larlJ. t.roa. Dr. B. 11. DuPorte, 

are gratefully ackaowledged. Dr. K. L. Prebble, JOrest Insect Labora

tory, Sault ste. llarie, who suggested the problem, ottered valuable 

criticism on the field work and in the preparation of the manuscript • 

.A.cknowledgment is also due to Jlr. D. o • .Allderson, who. did the pb.oto

graphy, and to llessrs .. R. B. I.,ync.b. and G. v. Shearsait.b., who assiste4 

in collecting the data in the tield. 

S,pecialista in.the Unit of srsteaatic Bntomol0&1t DdvisiOA 

ot ::llltomolog, Department ot ~icùture, ottawa, identitied the insects. 

Dr· B. H. J. Nesbitt, carleton Oollege, ottawa, identif1e4 the mites, 

and Dr. s. I • .A.uerbacb., Northwestern University, Jvanston, Illinois, 

the centipedes. 

The role of inaects and other arthropods in logs, slash, 

dead and dfing trees, b.as been the tepic of any pe.pers. A tew ot 

the more i~ortant ones are reviewed brietly. 
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In an attempt to àraw attention to the importance ot bark 

beetles in the destruction ot timber, Hopkins (1893j published a 

catalogue of west Virginia scolytidae and their enemies. The value 

ot the catalogue is enhanced by ~otes on tree and shrub species 

attacked~ habits ot the insecte, and asaociated forma. Later, 

Hopkins {l899j publi~ed the resulta ot an investigation into the 

cause ot .unhealthy conditions ot spruce and pine in west Virg1D.1a 

trom 1880 to 1893. He attributed the destruction of the timber to 

-outbreaks of Pol.y.gra:pJw! rutipe.DJ'il1a (Xby.) and Denàroctonus trontalis 

ztœm. Habits of all species ot associated insects were discuaaed. 

Blaclcmaa and stage (1918j published an account of insecta 

bred from dying and decaying larch, Larix laricina (Dd01J K. l:och, 

including notes on their b~ology and teedin& habits and the aaao

c1ations formed about each ot the principal borers. :rorty-tour 

species ot borers and assooiated inseots were tound breeding in 

larch. 'l'he same authors published, in 1924, an acoount ot the 

succession of insects in dying, dead and decaying hickory, Carya 

g1abra (Mill.). sweet, tollowing primary attacks ot the hickory 

bark beetle» Bccoptogaater quadrispinosus say. The insects were 

collected and reared over a per10d of six years during which time 

the condition of the wood r&Dged trom green or recently dead to 

almost completely disintegrated. It was tound that there was a 

detinite successioa of species trom aeason to season until the 

wood had d1s1ntegrated. 

one of the most extensive contributions on this subject 

is a paper by Savely (1939) preseAting deta1led resulta ot a survey 

------------
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of animale in dead pine and oak tree trunks in various stages of decay, 

and a study of the relatioaship of certain species to their envirODDBnt. 

About 95 speoies of animale were found in pine logs whioh had been eut 

one year, this number deoreasing through successive years as the wood 

disintegrated. In the oak logs, tae number of species increased froa 

50 in the first year to 96 in lo~s which had been on the ground over 

three years. The primary invaaers in logs of both ~ecies were phloem 

and sapwood teeders, tollowed by predaceous and parasitic forms asso

ciated with the borers and a group feeding upon fungi or decaying 

animal and vegetable matter. In succeeding years, the number of 

phloem and sapwood feeders was reduced and the bulk of the animale 

were mycetophagous or saprophytic and predaeeous. 

Graham (1925) recognized the telled tree trunk as an 

ecologieal unit having "a definite succession of organisme as the 

chemioal and physical oharacter of the wood changes during the process 

of disintegration and decayn. It was tound that the distribution of 

the xylophagous forma was governed by the moisture and subcortical 

temperature of the logs. 

Howden and Vogt (1951} recognizing the conspicuous absence 

of information oa the ecology of standing dead trees, investigated 

the insect associations in standing dead pine trees, Pinus virginiana 

Mill., in the succession torest from an old field to an oak-hickorJ 

climax type in Maryland. One hundred and eighty-four species were 

collected on and beneath the outer surtace ot the bark. In recently 

dead trees, the community was centred around the bark beetles, while 

atter six months, oerambycids and buprestids became the dominant 
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speoies. several 7ears later, te:œi.tes beoame the most abundant and 

later wer.e partially replaeed by saprovores. 

A number ot inseots were tound in association with Ips 

pini (say) by Clemens (1916). Most ot the speoies were predaceous 

or pare.sitic and tew other associates were reoorded. A comprehen-

sive report ot bark and ambrosia beetles in North Caroline. bas been 

prepared by Beal and Massay (1945), including insecte tound in asso

ciation with the various soolytids. DeLeon (1934) publisbed an 

annotated list ot parasites, predators and other assooiated tauna 

ot the .1110untain pine beetle, Den.droctonus montioolae Hopk., in 

western white pine and lodgepole pine. About twenty speoies ot 

Ipidae are mentioned witb considerable data on natural anemies. 

Ill· l'ORJ:ST COMPOSITION OF THE sroM' ARIA. 

The investigation was carried out in pine cutting operations 

on the shores ot Lake Kipawa, near LalU,el, ~ebec, at 47 degreea north 

latitude and an elevation ot approximately 884 teet aboYe mean sea 

level. While the forest in the v1cinity ot Lake Kipawa and in the 

upper Ottawa valley is in the Algonquin-laurentides section ot the 

Great Lakes-st. I.awrence Forest Resion ot Halliday (1937}, it is 

adjacent to the south~ limita ot the Boreal Forest Region and this 

is retlected in the tree species represented. The torest is mixed 

coniterous, white pine, Pinus strobus L., Slld red pine, P. resinosa -
Ait. beiDS the doJilinant speoies. .rack pillfh ~ banksiana Lamb., 

ocour• on burned-over tracts, while white spruce, Pioea g1auca 

(IIOenoh. J voss., black spruce ~· mariana (11111 .. ) B.s.P., and balsam 
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tir, Abies balsamea (L.) lliU., are mixed with the pinea. White cedar, 

Thuja occidentalis L., yellow birch, Betula lutea Michx., and black 

ash, :r.raxi.D.us nigra Marsh., occur together in low areas and swamps. 

Bigtooth aspen, Populus gr.andidentata lliohx., and white birch, 

Betula ~aPyr11'era Marsh., constitute a high percentage of the stand 

close to the shore in ou t-over areas. Farther inland, these species 

are more soattered among the oonifers. 

IV •. JŒ'DIODS 

Logging of red and white pine has been carried on tor the 

paat several years around Lake Kipawa, thareby providing a yearly 

supply of tresh breeding material for large populations of bark 

beatles. cutting seldom begiDB be1'ore the middle of Ootober which 

precludes the posaibility o1' insecte entering the slash betore the 

next spring. Twenty-tive stuaps and an equal number o1' tops ot each 

ot the two spec ies ot pine were ohosen tor peri.odic examination. 

These were ident11'1ed by metal taga. Every three or tour days, a 

small s•otion ot bark was removed trom three stumps ot each species 

and trom bu-.t..., centre, and branches o1' the same number ot tops. 

Periodically, sections of bark, showing the average stage ot develop

ment ot the galleries ot Ijs pini aad Pitzogenes hopkinsi, were 

removed caretully t'rom the tops and photographed to record pictori

ally the progresa of these two speoies. These speoies were seleoted 

beoause they were the only two ot importance whioh lett dist1nc\1ve 

engravings in the slash tor their entire lite histor.yo 
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Samples of all inseot and animal lite :round in t.be slash 

were preserved in 70 per cent alcohol, or plaoed in cardboard pill 

bo~es for further study. The collections included all species :round 

crawling or landing on the slash, and pupae found under the bark 

or in the humus at the base of the stumps. Examination of the slash 

was conduoted in a mannar which would provide a reasonably accurate 

sample of all speoies represented in the community. Notes were 

made on cases of predation or parasitism as well as general feeding 

habits of as many speoies as possible. To supplement observations 

made on the feeding habits of some of the adult and larval forms 

in the field, further etudies were made under laboratory conditions. 

sections of bark. duplicating as closely as possible the condition 

of the material in which these forma were oollected. were placed 

between two sheets of glass, four inches square. The insecte to 

be studied were placed on the bark, and the glass sheets held 

together by elastic bands. To prevent evaporation and keep the 

insecte from escaping. cotton was packed around the edges of the 

bark between the glass. By moistening the cotton, it was possible 

to keep the bark from drying out excesaively. Bark beetle larvee 

and other insecte were offered as food and their aooeptanoe or 

rejeotion of the prey was reoorded. 

V. ECOLOGICAL ASSOCIATION OF SPECIES 

~proximately 138 species of insecte and other arthropods 

were collected from lOO collection points in the experimental area. 

Only an approximation of the total number of species represented in 
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the community can be given, owing to the nu.mber of i.JDJœture forms, 

particularly in the order Diptera, which could not be 1dent1fied to 

species or, in many cases, even to genus. The ~ecies were distri

buted as follows: Chilopoda 3, Arachnida ?, Insecta 128. The class 

Insecta was represented by the tollowias orders: Collembola 4, 

Psocoptera l, Hemiptera l, Homoptera 1, Lepidoptera 4, Coleoptera 62, 

Bymenoptera 18, Diptera 37. 

The ~ecies collected during the season are listed in 

APpendices I and II. APpendix I contains those species WBioh occurred 

trequently enough to form a detinite pari of tÀe community. On the 

other .band, about ~ixty speoies (Appendix II) were colleoted on the 

outer bar.k surtace or toliage, or rarely wi thin or uader the bart... 

In most cases, isolated specimens were not considered to have an7 

obligate relationship to the slash or the community within 1t. 

Evidence was insufticient to classity, according to teeding habits, 

those specimens which occurred only rarely under the bark. Wherever 

possible, an indication ot their probable host relationship, takea 

trom references in the literature, is given in Appendix II. 

Active associates in the community were segregated accord

ing to their teeding habits into tour groups as tollows: I, phloem and 

sapwood borers; II, fungus, frass and detritus feeders; III, parasites; 

IV, predators. The number of species in these groups oocurriq in the 

stumps Gd tops ot bot.b. spec1es ot pille is sb.own in Plate 1. R:elatively 

more parasites were recoTered t~om white pine than red pine stumps, 

although the same hosta occurred in proportionate numbers in both. A 

similar situation was apparent in the tops. The numbar of secondary 
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insec~s, group II, was greater in th& &tumps ot both speoies, the.n in the 

tops, owing to several factors. apecies common to the litter and 

humus, suoh as ela~erids, probably tind 1~ easier to enter the stumps 

ihan ~he ~ops which are usually raised llp ott the grouad. Moisture 

conditions in the ••umps are also 110re su.itable t_ar support.ing a 

larger tauaa. J1Dally, larvae ot the bark beetles, Orthotomicus 

oaelatus, HylurgoRs ;pi.uitu. 8Ad Dendrooionus valens teed gregariously, 

thereby providing large, compact. quant.ities ot boring dus\ and other 

debris under the bark. This appears to be preterred as a breeding 

medium by many species ot Dip~era. 

The speo1 es oomprising groups I to IV e.nd the periode 

dur1.ug which they were present are show on Plates II and III tor 

tops and stumps respect1vely. JOod ohain relationahipa are indioated 

by code aumbers applied to individuel species. Intervala, dur1ng 

wh1ch var1ous stages ot the mpre iaportant speoies were present, 

are also shown and an indication ot the increase and decline ot the 

population is g1ven by broken 11nes. This 1s merely to indica~e a 

trend in development and 1s not supported by a sample ot the actual 

population at. any one time. Ips p1ni, l• ch&§!OAi and Dryocoetes 

amoricuus were touad too intrequen·ny in the s~umps to enable the 

individuel stages to be shown on t.b.e graph. Because or the concealed 

habits or the ambrosia beetles, only the overall periode ooverins 

their presence in the stumps is indicat.ed. 

Ips p1n1 and Pityogenes hoRk1na1 had second broods duriag 

the summer but their identification in the slash was ver7 diffioult.o 

consequent.ly, the linos on the graph repreaenting these spec1es cover 
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a longer per1od than normally required to complete developmen• ot one 

brood. second broods were also C0-01'1 tor wurgops p1n1tex and 

onho,om1cus caelatua but overlapp1Jl& was leaJ ooxatusiq beoause ot tb.eir 

ditteren• location in ~· stuaps. The occurrence ot second broods tor 

these two species ia ahown on Plate III. 

As shown in these plates, the speoies ot bart beatles and 

borers dittered between the tops and stumps. The scolytids in the 

tops were ideatical, wi th the exception ot Pityogenes plagiat us, 
1 . 

which ocourred in red pine only. Ips pini and Pityogenes hopt1ns1 
' . 

were present in both, although the latter oocurred oDly rarely in 

red pine. Eight species ot bark and ambrosia beatles were present 

in the stumps compared with tbree im. the topa. ODJ.y one, li! pini, 

occurred in both and it was ot ainor importance in the stumps. The 

presence ot ambrosia beetlea in the stumps may be attributed to 

moisture conditions beiag more suitable tor the culture of tun&i 

eaten by the beetlea. Many ot the tops are raised ott the around 

and have thinaer bart causiag more rapid dryiq and making thea 

unsuitable tor the growth ot the tung1. This argument is streag-

theaed by the tact that the ambrosia beatles did attack the thicker-

barlted logs ia Bkidways. 

The emphasis in theae studiea has been placed on the 

development ot the initial community ot arthropods rather than on 

an attempt to detine clearly a succession of speciea. However, 

examination ot Plates II aDd Ill does reveal a trend toward aue

cession. The bark beatles were the tiret to enter the slasà aad 

with many the population ot tmmature torms reaohed a peak during 
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the tirat halt ot the aeaaon. Shortly atter, a second group of borera 

ot the tamilies cermabycidae, Buprestidae, Pythidae and Curculionidae 

entered the losa. lith the possible exception of species ot Pythidae, 

borers of the second group were not dependent upon the activities of 

the bark beatles to gain an entry iato the atumps and tops. 

The iasects in group II inTaded the slash atter the bark 

had. been loosened by the bar.k: beatles and borers. The stap.bylinid, 

Atheta sp., was one of the tirst to appear, entering through the 

bark beetle holes soon atter they were made. Bowever, the bulk ot 

these insecte did not appear until the tiret brood. ot bark beetlea 

aad the other borers bad loosened. the bark. These species were still 

present OIL September 17 indioating that they migllt be e.xpeoted to 

torm aa important part ot the co1111wüty in the tollowiag aeaaon. 

Predators and parasitee tollowed olosely the establiah

meAt ot the broods of bar.k: beetlea. There are two classee ot preda• 

tora. J1rat, are those, auch as ants &Rd centipedes, which do not 

remaia ia the community oontinuously but leave and ratura or are 

replaoed by others of the same speoies. The second olass ot predator 

torms a more integral part aAd speAds all or nearly all ot its lite 

in the community. S,pecies ot the familias Cler1dae, Histeridae, 

Tene brioaidae ud. staphylinidae are predaceous ill both larval and 

adult tonas. Larval torms ot the t1rst t.b.ree tamilies were most 

al:nmd.ant wllen the !Jnmature staces ot the bar.lc beatles were present. 

However, staphylinid larvae aad adulta were atill abundaAt ill mid• 

september and appar.atly carry over iato the aext seaaoa. 

uatortuaately, observations could not be continued beyoad 
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September l7th and it is theretore impossible to state detiaitely what 

species overwiatered in the slash. By that date, very little activ:J .. -;y 

was appar&D.t i:D. those species still ader the bark and it 1s reasonable 

to assume that they would hibernate there. 

VI. NOTES ON IMPORTARr SCIES OY THil C~I'l'Y 

The information in Plates II and III (see also Appendix IJ 

is supplemented by the tollowiag notes on each species. The bark 

beatles are coasidered to be most important in the development ot 

the community, and consequeatly have beea treated in more detail 

than the other species. Persona! observations have been augmented, 

in many cases, by references to the literature. 

A. GROUP I. PHLOJDI AND SAPWOOD BORERS 

ORDBR CO:U:OPTEBA. 

F.AIŒLY IPIDUl 

Dendroctoaus valGS .Lee. 

'l'he red turpotine beetle, the largest kao1111. bark œ etle, 

was usually fouad ia the lower parts of the stumps although a few 

speciluas were tound ia the upper half of the stump. J:&g galleries 

were frequeatly exteaded several iaches below ground level. The 

species is moaogamous, each pair carving a slightly curving egg 

gallery which may be braached, but which retains a general vertical 

direction. The eggs are depositied, seTeral layera thick, in grooves 
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eut into the aides ot the g~lery and covered with boriag dust. oa 

hatchi-s, the larvae teed in cogress, destroy all the phloem as they 

move torward and leave the space behind packed with reddiah-brown 

trass and boring dust. 

'l'l&s :t'i:rst galleries were :round in the stWDps on May 30 
1 

but eggs were not :round until 1une 5, :t'ollowed by the tirst larvae 

on June 15. Rggs and larvae were present in nearly all galleries 

until August 1 when eggs were last noted. The larvae were still 

in the :t'eeding area when the last examination was made theretore the 

overwintering habits ot this beetle :t'or this area are unknow.n. It 

seems very possible that they overwinter in immature as well as 

adult stages, and this habit was reported by Hopkins (1909j. 

Dryocoetes americanus Hopk. 

Prior to 1915, this speoies b.ad been oont~sed with t.he 

European species, Dryoooetes autographus Batz., and reterenoes in 

the literature to the latter beetle in North America can be inter-

preted as app1y1ns to n. americanus. -
Dryocoetes ~ricanus was relatively rare in the sla~ 

occurring too in:t'requently to perm! t the seasonal history to be 

worked out. It was :t'irst collected on July 26 trom the brace roots 

ot a white pine stump and three days later in the roots ota red 

pine stump. Two small, irregular galleries were unoovered in which 

the eggs were deposited singly in niches. The attack on the stumps 

was late in the season atter the tirst brood ot other bark beetle 

species had almost completed development. This may account :t'or 
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th.eir attack on the roots sinoe Da arly all the availa'ble · space in tlw 

main aree. ot the stumps had been ocoupied by broods ot Orthotomious 

c~elatus, Btlurgops pinitex, Degdroctonus valens and by cerambycid 

larvae. ~ile R• americanus oocurred rarely in the pine slash, it 

was well esta'blished in the tru.Q.k ot a white spruce tree ldlich had 

been blown over in the spring. There is a possibility th.at the 

pine stuœps were alternate hosta tor second broods. 

When tirst observed, this species was associated with t.b.e 

second broods ot g, pinitex and 2• oaelatus. A tew beatles ot the 

taJ11l7 Nitidulidae, Jpuraea sp., were tound in the galleries ot J!• 

amerioanua. 

Gna:thotriohua Mteriarius (ntoh.) 

Tqpo4eAdron .'bivittatum (Kby. j 
' . : 1 • • • 

Bot.b. apeoiea ot ambrosia beatles oontined their attaoks 

to t.b.e stumps wh.ere moisture conditions were most suitable tor the 

pNpaaa:Uon ot th.eir tood. 'l'he tUD&Us, on whioh the beatles teed, 

srowa on the aides ot the tunnels causill8 a 'black stain to penetrate 

the wood. The spores are oarried on 'he D.airs ot the body and under 

t.b.e elytra, and may al.o be ingested and later excreted in a viable 

condition. When new host materiel is entered, the spores bru~ ott 

the body or are exoreted in the trass and · t.tle tUJigus begins to grow 
. ' ' 

on the tunnel wells if conditions are tavourable. HUbbard (1697} 

concluded that eaoh species ot ambrosia beetle waa limited to a speoi-

tic tungus, 1rrespect1ve ot the host tree. The use ot different host 

t.rees by the same speo1es ot beetle is not too aurpr1s1ng since the 

aost important factor 18 the :tindin& ot conditions auitable tor the 
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propagation ot the tungua. 

The adult beetlea bore through the bark and into the sapwood, 

puahiD& out lis4t-coloured boring duat. The main tunnel proceeda 

direotly into the atump and at i.nten-ala there are branche& whioh 

uaually tollow the annual growth rinaa. 1&6• are deposited in amall 

.nioàea c ut into the upper and lower aide a ot the •i.n and branoh 

tliUlllela. The larvae teed o.n the tungus, 8Jllar$1D& the egg .niches 

until typical lan-al cracUea are construeted in wb.ioh pupation and 

transformation to the adulta oocur. 

The seasonal histor,y ot the ambrosia beetlea waa .not tollowed 

closely because of thei~ coDCealed habita. Bo\h apeciea were boring 

into the bark and wood wh.en t.b.e tiret exam1natio.n was made on Mar 23. 

T. bivittatum is larger in cross-section than G. aater1ar1us, conae-- -
quen·Uy the tunnels ot the two species are distinguis.b.able. By J'uly 

19, all stages ot ~ materiar1us, trom egg to newly tranatorMcl adults, 

were present, a condition wh.ich persiatecl tor the rema1nder ot the 

seasoa. Oll the o~r ha.nd, '!'. bivittatum had almost d1aappeare4 from -
tàe slaù by tàe end o~ J'uly. Tunnels o~ this speoiea beoame plusgeèl 

entrance h.oles. This grow\h ot tungua apparently oàotecl the tunnels 

and prevente4 tàeir tur'iher use by the beetlea. 

The relationahip ot tAe ambrosia beetlea to other insecte 

iD the coDmWlity appeared to be Wlimportan'i. On several occasions 

larvae of Gl1!càrochilus s!!iuinolentus aad ot a species ot staphylin1d 

were toUD.d entering the tunnels, but ao cases ot actual ,.predation 

were observed. 
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Htlurgops pinifex (Fitch) 

This species was round in both red and white pine stumps 

and, on two occasions oDly, in the thick-barked areas or white pine 

tops. The stumps were the preferred breeding sites probably because 

the moisture conditions and bark thiek~ess more closely approximated 

those in the lower parts ot standing trees. ~· iinitex ia monogamous 

and, in the latitude ot the study area, produced one and a hal! broods 

bu' only one generation a year. 'l'he brood chambers are simple, nee.rly 

a-raigh\ galleries proceeding either up or down !rom the entrance holes 

wh.ic.b. were eut on a slut tllrough the bark. There is usually a shon 

branch just 1DB1de the entrance hole aAd aAOther at the end ot 'he 

gallery, probably used as turnina niches. Blackllan (1919 j g1 ves 70 JIUII.. 

as the average leng\h ot the galleries, with a range ot 50 to 85 mm. 

Bg&s are deposited either in poeke-a or long grooves along the aides 

ot the gall err, groo"''es bei.ag liiiOre common. J'rOm two to si::r. eggs :may 

be placed in eacà pocket whereas, in the grooves, tàere may be severa! 

rows of closely packed egas. on àatching, the le.rTae ted gregariously. 

PUpation and transformation to adults took place in cella hollowed out 

ot the bark by the larvae. 

The seasone.l history ot the development ot this species was 

as rollows. On May 23, the beatles bad commenced galleries in the 

stumps and deposited a number ot eggs. The middle third ot the stump 

appeared to be preterred, but as the number ot attacking beatles 

increased, the areas above and below were used. The first larTae 

appeared between J'une 5 and 9. The larve.l period we.s quite long, 

tàe tirst llligration ot larYae into the bark tor pupation occurring 

on .Tuly 26. Pupae were collected on .T'UJ.;y 2~ 'but newly transtormed 
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ad.ults were not tound until the middle ot August. The esg laying 

period ot the parent beetles extended. over a considerable ttme. aD4 

es&• were still present on July 22. ooasequently. tae suooeedin& 

stages of development nre proportionately extendecl. By July 19_, 

galleries. wit.b. eggs and larvae ot tla.e secoJld, brood, were tound in 

~he roots, otten severa! inches below ground leval. The broods had. 

not developed to maturity by september 17 and tiret generation pupae 

and adults were also present in the upper areas ot tlae stumps at 

tàat time. It appears, theretore, t.bs.t this species overwinters 

in immature and adult stages at Laniel. 

The galleries ot this beetle were associated wità those ot 

.2• caelatus, ~· valens ud occasionall7 .!• càaponi and !• ~ni. 

lJillllllture stages were attacked by larvae aD4 adults ot staphylinids, 

h18terids and nitidulids. small beatles ot tàe genus Bpuraea. 

tamily Nit14ul1dae, were nearly always present in the g~leries 

but were not predaceous. The second brood galleries were tavourite, 

locations tor syrpàid larvae. 

I;es chaponi SWo 

This is tàe larger ot the two species ot I;es collected. 

from tb.e sla.sh and is readil7 dist1Di\li.ù.e4 from !• ;e1n1 by the 

tiTe pairs ot decl1v1tal teetà in contrast to tour pairs on 4• ~· 

Tlle galleries were contined to the stuaps, the nuptial cl1ambara 

baiag located near tàe top wità usually two, or occasionally tàree, 

•&& galleries paralleliD& eaeà otla.er in a downward 4irect1on. TA• 

eus were laid singly in nielles along tàe aides ot the &allll"iea, 

and tla.e la.nae mined mostly in tàe bark, soarring tl1e sapwood sliptl7. 
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This species was not very abundant and observations indicated that 

t.b.ere was o.D.ly one brood and one generation a year in t.b.e slasll. 

Associated w1 tll !• cllaponi were orthotomicus caelatus, 

Bylurgops pinitex and Dendrooton.us valens. The immature stages 

were atte.cked by nearly all species ot predators tound in tbe stumps. 

This beetle occurred chietly in the tops ot the red and 

white pine slasll, altàougà oocasionally in the stumps ot both species. 

In white pine tops, it preterred the ro~,thick-barked aree.s near 

tàe butt end. The amoot.b., thin-barked regions tarther up th.e main 

stem and in tàe brucllea were ocoupied by Pit~ogenes hop.ldut.... A 

transition zone oocurred between roug.b. and sœooth bark in whioh 

there was competition between the two species. As the n~r ot 

attaoks by !• pini increased, the adults were torced to use more 

untavourable sites and to encroac.b. upon territory tor.merly occupied 

solely by ~· hopkinsi. HoweTer, the entrance holes ware usually 
1 

looated in t.b.e slightly roughened, thioker bark where branches joined 

the main stem. contrasting with the separation ot the speoies in 

white pine, in red pine, !• pini oooupied all the main stea, and 

the larger bra.nc.b.es as well. This my be attributed to the presence 

ot rough scaly bark over the entire red pine top which enabl•s the 

beatles to seeure a tirm purohase at any place tor cutti~ entranoe 

holes. 

The de't'elopmental rate of the tirst brood was essent ially 

the same in white and red pine. Stages in the progress ot the bark 

1 
1 
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beetle b.rpods and the consequent deterioration ot tbe inner bark ot 

white pine are s.boWJ:L in Figures l to 4. On llaY 23, the parent 

beatles 4ad made entrance holea and coAatruoted. nuptial c~ers 

1a the 1!LD8r bart. Proareas w1 i.bia the uxt week •s Tart rapid, 

eaoh male beina Jo1ud by aeTeral temalea wbioh beau tb.e •u &al

lerit• wh.ioh are ùown wiill ea aich.ea oA the aides in naure 1. 

Th• ~JS• were deposited. s1D&l1 in amall niches out iato bot.b aides 

ot the galleries and paoked w1th. bor1na dust to retain the contour 

ot the walls, thereby preTenting dama&e from the adult beatles. 

ObserTatioas ahowe4 that the tamale ooapleted one niOÀe, deposited 

an es& and packed it in solidly, be tore proceecUq to extend the 

pllerr a.n4 mûe t.he next niohe. The larvae were tirst round on 

Jla7 450 ud by J'une 2 were preseat throqhout nearly all the slaah 

(J'il• 2}. The egs œarest the nuptial chambers, b.uè the oldest, 

hatched tirst and consequently the larval mines were loagest iA 

the vicinity ot the nuptial chambers durina the early de•elopmen

tal period. As the e&&s continued to hatch, the lartae trom 

adjacent galleries approached each other and were toroed to deviate 

from a strai&ht course to tind food (11&• 3). B:r.cessive crowding 

of galleries trequentlt resulta in starTation of maay ot the la.rTae. 

Pupae were tound in one top on J'une le> aJ1d. generally throupout the 

alaà by J'\Uiè 19. One œwly truatorM4 adult was round on J'un.e li 

and another on J'une u. BJ J'une 30, tàe adul ts ot the t irat b:roOd. 

oould be round in nearly all the topa. 

Wi thin the space ot 30 to 35 ùJs, d.urina wh.:Loà timl one 

brood ot !• pini developed., the treù, white phloea waa côb:terted 

into a ra&&ed, chewe4 maas ot bori.Dg du'• lanal traas aild. tragJaD.ts 
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ot bark. 'l'l'le oolour ot the inner 'bark was stained. to a dark bron 

and tunaua growth had ooJIIIleAoed. 'l'be new adults made toocl galleries 

ua'lol&ll7 extend1A& from the pupal cella aa seen in the upper lett ot 

J'i&ure 4, aAd then out holes io the ouiaide ot the bark. The sudden 

appearance ot these led to the e~roneoas conclusion that general 

emersenoe had ocourred. BoweYer ex.aJIIination ot the bark revealed 

moat ot the young beetlea still present. They fed with their heads 

pointed into the bark and uae4 the holea tor dispoaina of aoouau~ 

lationa of fraaa. A close exam1nation ahowed a fringe of dark•ooloured 

fraaa cl1n&iD8 to each hole. 

lbile new adults were generally present in all the topa 

by June 26 to J'une 30, the7 did not miarate from either white or 

red p1ne to different parts of the slaah or to other trets until 

J'uly 2i. On tb.at date, short, new adult galleriea were toWld in 

~e amaller branches of red pine topa and in the upper port1ona ot 

the white piae trwùta ~.b.ioh .formerlJ ·.bad probabl7 been too hot tor 

larval developmen,. outt1.D& ot brood &aller1ea by new adulta waa 

never obaerved at this time and it 1a theretore oonoluded that 

t.tlere was only one generation a year. 'l'he parent beetlea probably 

produoed JIIOre than one brood a year beoauae esas, larvae, and pupae, 

were present toaether ia tàe slaah tor too lon& a period. to llave 

originated trom o~ae broo4. on Iune 27, new brood &aller1ea were 

. diaooTered in the top branches of red p1ae alaah. Sinoe tirat 

generation adulte were then only bes1nnina to transtora from the 

pupal etage, 1t 11 most Wllikely that aJl1 or these aalleries 

were the work ot the new beetlea. It waa alao not1ced that a larse 

white spruce tree, which had b••A blown over in the april:l&, and 

whioh previously had been tree trom attaok bJ 1s. i!!!.• oontained 
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many new galleries ot this speciea. As final evidence, two red pine 

blocka, in which adults ot !• pini were working, were caged with sec

tions ot treahly eut white pine logs. On lune 27, brood galleries 

were tound in the tresh material indicating that some ot the beatles 

had migrated from the former breeding site. 

overwintering habits ot l• pin1 at Leniel were not detinitely 

determined. Unfortunately, observations in the area were started 

atter spring emergence ot the adult beetles occurred. Slaah, in 

which broods ot these beetles had developed in the summer, was exa

mined as late as october 9, and a tew adulta, in an inactive con-

di ti on, tound under the bar.k: ot the tops and stumps, .might have over

wintered there. An examination ot the litter and humus beneath the 

slash did not reveal &Af adults. According to Leach, Orr and Ohristensen 

(l9~j, in ~nnesota, the pqpae and a portion ot the adults hibernated 

under the bark and some ot the JOUBg adults hibernated in the soil. 

BOweYer, Orr (1935} amended this conclusion and stated that in Minnesota 

!• pilli hibernated in the litter and dut't rather t.b.an under the bark 

ot trees. Clemens (1916) atated that in the region around I•haca, 

New York, the beatles tunnelled into the bar.k: and hibernated in the 

trees in which they ha4 developed. 

li!· ;eini, 'beiDg the most abundant beetle in the tops, was 

subject to the greatest number of attacks by predators. All but two 

species of the hrmenopterous parasites recovered trom the tops were 

round in the pupal cella ot this species. 
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Orthotomicus caelatus (Eichho} 

This beetle was found in the stumps ot both species of pine. 

The adults are polygamous~ and severa! brood galleries radiate from 

each nuptial c.b.ambero Many of the first entries into the etu.mps are 

made by boring down between the bark and wood. Later, the beatles 

bore directly through the bark. The galleries are short and curved 

with from two to six eggs deposited in pockets eut into tbe aides. 

With so many larvae feeding in a congested area, individuel larval 

mines were not maintained and soon the larvae appeared to feed in 

congressp resulting in the almost complete destruction of the phloem. 

Adults were present on May 23 and in three days, galleries 

with eggs were tound. The upper area of the stumps was preferred by 

the first brooda The tirst larvae appeared on June 2 and when mature 

thef bored into the sapwood or occasionally into the thick bark, to a 

depth ot one to two mm. to construct pupal cellso By July 12, all 

stages, from egg to newly transtormed adulte, were present. :Sgg laying 

was extended over severa! weeks with a corresponding spread in the 

appearance ot succeeding stageso Thus eggs were still present in some 

galleries whea adulte appeared in the pupal cella. The young adults 

fed between the bark and wood and withill the bark. By July lô, second 

brood galleries were started lower in the stumps, the majority of them 

in the roots. Larvae were first noted in these galleries on July 26. 

The position of these galleries in the roots and lower areas possibly 

may be attributed to the destruction of all available food in the 

upper two-thirds of t~e stump by first broods ot ~· caelatus, ~lurgops 

pinifex and by the larvae ot the cerambJCid, stenooorus 1nqu1s1tor. 
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Adults in an inactive state were tound under the bark on 

september 17 end a few adults were tound in the spring in stumps which 

had supported broods ot Q• caelatus the previous year. Theretore, it 

is possible that part ot the adult population overwinters in the stumps~ 

All stages of this beetle with the possible exception of 

the more protected pupae were attacked by predators. Histerid beatles 

in perticular appaar to attack this spec1es and, as early as June 2, 

a few days after the galler1es were started, Platrsoma. coarotatum and 

Pla~ysoma sp., were tound in the galleries. The early destruction of 

many individuals of this species of bark beetle may be attributed in 

part to the tact that they are 8JIIOAg the first to enter the stumps. 

They were also attacked by adults and larvae of Thanasimus dubiua and 

Baoclerus nigripes rufiventris, and the staphylinids Nudob1us cephalus 

and gued1ua spp. Glisohroehillls -sanguinolentus was an act1Te predator 

in both larval and adult stages. On one occasion a pseudosoorpion waa 

observed carryi.Dg away an adult beetle. 

Pityogenes hopkinai oocupied. .110st or t1t~ spe.ce in the thin-

barked areas of white pine tops, and was found oocasionalll in the 
.... 

small branches or red pine tops. It competed w1th Ips pini for spaoe 

in :th.e transit1oa. zone from roua.b. to_ smoot.b. bark, galler1ea of the two 

s.peoies 1ntermingl1ng. 

Progress made by th.e beatles is recorded photograp.b.ically 

in figures 5 to S. By May. 23, many entrance holes had been bored 

through the outer bark, nuptial chambers constructed·, and the males 
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were each joined by two to six temales. The egg galleries were eut 

transversely across the bark by the :females 9 an arrangement w.b.ioh 

enabled the larvae to mine wit.b. the bark :fibres rather than across 

thelllo Rggs were deposi ted s1ngly in niches along the s ides o:f t.b.e 

galleries (J1g. 5j. The galleries were extended rapidly and by June 5, 

the tirst la~vae.hatched :from the eggs nearest the nuptial chambers 

(l'ig. Sj. competition between larvae o:f ~· hopkins! and JRs pini is 

apparent in Figures 60 7 and.So Larval mines :from di:fferent galleries 

approached and passed between each other (Fig. 7} 9 the available :food 

was consu.med 9 and the inner bar.k: almost completely destroyed in the 

process (Fig. S)o The :first pupae were :round on June 15, and pupation 

was general by June 26. The larvee mined almost entirely W1 thin the 

bark exoept in very t.b.in-bar.k:ed twigs 9 where the larval minee as wall 

as the egg galleries scored the sapwood. Pupation uaually too.k: place 

in the bark, but in ~ery thin=barked twigs, the mature larvee bored 

into the sapwood and pupatioa too.k: place in small holes in the wood. 

~oung adults of the :first brood appeared by July 15. The :reading period 

tor the young adulte be:fore emergence varied trom one to severa! weeks. 

Blackman (1915) :round that 9 if the bark o:f the host remained moist, 

the beatles continued to :feed in it tor a longer period than i:f it 

dried out. There is adequate time in the Laniel area :for a second 

brood to develop 9 however most ot the breeding spece in the white 

pine tops wes occupied by the first brood. consequently, in only 

a tew cases were new brood galleries discovered in white pine. On 

July 22, new brood galleries were tound in red pine tops, and it is 

probable t.b.at some ot t.b.ese resulted trom beatles migrating from 

white pine. 

- --~----------- -~~------ ---~ --~------ ------------------" 
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Blaokman ( 1916 l prepared a valuable aocoWlt ot the lite his

tory ot t• .b.opkinsi. Aooordiag to Blaokman, this speoies overwinters 

in tl:l.e host tree as larvae, pupae and young adulte, with the majority 

ia the adult staae. BXamiaatioa ot white piae.topa on September 17 

revealed aostly pQpae and youna adults uader the bark and in the sap

wood, which would appear to contirm part ot Blac.lcu.n's tindiqs. 

The assooiatea ot tb.is speo1es were Ips pia1, Konoohe.mus 

scutellatus, a staphylinid, Atheta sp., aad predators of the familias 

Oleri4ae, Histeridae and stap.b.ylinidae. Larvae ot the tl7, lÇml>is sp., 

were toUD.d in the larval .mius but it is aot kaon if they were pre-

daeeous. 

Pitzogcm.ea pla&iatus (Lee.) 

This speoies was tound ill small JUlmbers in the small branches 

ot re4 piae tops •. The beatles are polygamous, the males exoavating the 

entranoe hole and Auptial ohamber betore being joine4 by two to six 

temales. The eggs were laid singly in niches along the sidea ot the 

egg galleries which radiate4 in all directions from the nuptial chambers. 

T.b.e niches were irregularly placed in contrast to tlle evea spaoing or 

tl:l.ose ot ~· hopkinai. The work ot the two speoies could be separated 

readily by the. cmgravings, t.b.oae ot f.• ilajiatus beiq more 1rregular 

t.ban those ot t• ho8b.a1. .Also, the e11.tire eagraviB& aoored. the 

sapwood, possibly due to the thia bark oa t.he smaller branches. 

T.he tiret adults were tound in t.he branches on - 30 and 

t.he •&& galleries were well developed by June 5. Tbe tiret larvae 

appeared on June 12, continuin& to teed until pupation which began 
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on J'uly 26. The new adults ted und.er the bark and 1t ia possible tl:lat 

they overwintered in the branches as they were still present on Septèmber 

17. Siœe the eu galleriea nre well eatablis11ed by the middle ot 

J'Wle, the re œy be more than one brood a season. However, the beetle 

was not abundant enougl:l to permit sutt1c1ent observation• to olar1ty 

th1a point. 

other borers aasociated wit.b. ~· plagiatus were 12! Rini, 

occas1onally t• hopk1ns1, and Monochamus spp. Cler1d larvae were 

tound in the galleries. 

F.AIIIU OERAUBYCIW 
• ·- r 1 

Aaemum atrum Rach. 

Adulta ot this apeciea appeared earl7 in the aeaaon in 

the bart orevices ot the atumps. The larvae were recovered trom 

beneatÀ the bar.k J'une 26 and were atill preaent on September 17. 

Thia apec1es is a &l:lallow borer, the larvae m1n1ng throush the aapwood 

leaviJ36 the tunnels tilled wit.b. trasa and pewdery boring dust. 

Jlonocbaaua notatua (Dr\117) 

• scutellatua (sayJ 

separation ot the larvae 18 dittioult, theretore the two 

apeciea are discuaaed collectively as tar as their activity in the 

alaah ia oonoerned. 

The adulta ot M. scutellatua began to emerge trom the 
'""'!' 
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previoua year•a sla1h about June 12, tollowed by 1• aotatua two to 

t.Aree weeka later. Thil indioatea that eaoh generation req~ires one 

yeez iA the Le.niel ara t.b.at ia oae rear leaa tb.&D. il requi:red in 

atudill& balsam tir, Mi•• ballU.&. (L.} lli.).l. t :l.n the Lake Nipigon 
' r • ' ~ ' 

reaion ot ontario (Bel,-ea, .li~U). Tàe adW.•• of 'both çe01ea pawed 

slita in the bart in whioh to 4epoa1t tàeir e&&s, the la~a• hatohin& 

t:rom t.Aeae egs tee41n& oA the plloea u.4 aapwood. Tht ega appear to 

be depol1te4 indisoriminately ~roU&àe~t tàe bark area ot the tops 

aA4 conaequently, the larTae were in close association with the oroeda 

ot lR! gini, Pityogenea hopkins! and t• plyiatua. Until the larvae 

be&an to pe11etrate the woe4. tuy were constan·Uy in coçe·U\ion W1ih 

thea• bark 'beetles tor 1pace and food. The oerambyo1d larYae t~eqU~Aily 

ate ooçletelt throup t.b.e space ocoupiecS 'by brooda Of Mrk be e·U••• 

and .ntA aotual deatruction ot the larvae 4id not ooo\'lr in th11 a&Dner. 

'b.tle Menoohamus teedi%18 in t.Ae plalotm u4 aap110o4 reduoe4 t)le aaoot ot 
1 

too4 available tor the bark bettle larvae. !hl borera btaan to pene• 

trate the woed toward. the end ot J'uly and. by AU&Uit 1, one lana na 

to\Wl te .b.ave twmelled to a dep"th ot two inchea. l\J $1p~eaber 17, 

many larvae were four 1nchea deep and had atar\ed to *OVe toward the 

aurtaoe ot t.b.e l•&• Bot all tàe larvae were in t.b.e woOd • a auber 

n:re a-till. be•wee:a. t.b.e bark and aapwood. 

In ad41\1oa to the three aboYe a.nt1oae4 apeciea or bark 

bae,laa aaaociated wità t.b.eae borera, D.uatro•e amall aiaphyl1A14a 

ot 'the 8\tbt&Jilily Al.IOOÀ&l"inae, probably 8piC118 Ot .41hil; nrl 

totWl 1A aaaoo1at1on wi•.tL tlle oaram)yc1d larTae. Pare.aitlo tliea, 

1:\t.b.aresi! tf1Tlttata, •re reare4 troa pçaria tound in the pupal 

cella ot the 'borera. 
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Stenoeorua inguisitor (L.) 
• k . 

Adults ot this beetle were numerous duriDS the last week 

in May, and larvae appeared in the middle ot June. ~e speoies 

oontined its attacks to tJ:le stumps and the larvae :ted entirel1 

between t.tle bark and sapwoo4. The mature lana• oonstruot cella ot 

shredded bark between the bark and aapwood in whioh to pupate. 

cra1ghead (1~50) states that this spec1es overwintera in the bark 

as adults and a s1milar observation is reported by KDull (1946). 

'l'he very early appearanoe ot the adults in the Laniel area would 

aeea to 1nd1oate that soae adulta overwinter. However, by Septembar 17 

ot one year and Ootober ot the suoceeding year, larvae in an inactive 

state were still under the bark. JXaminations as early aa May 23 ot 

slaah attacked the previous year, revealed many pupal cella with 

larvae still within them,while others were eapty. It seems pro

bable that maay individuels ot this speoies overwinter as larTae 

at Laniel. 

~he larvae ot ~· inguisitor were heavily parasitized by 

EUtàeresia nipigonensia ? Our.r., a large tly ot the t&llilJ Tacàinidae. 

11anJ puparia ot this parasite were recovered in the spr1ng trom the 

pupal cella ot the wood borer. 

J'.AIIILY PYTHIJM 
j 1 

Pztho uericuus Xby. 

Pytho sp. 

The larvae ot botà these species ted on the bark fibres 

and possibly on the boring dust in the galler1es ot the bark beetlea. 



- 29 -

Peeding habits of the adults were not establisbed. The larvae were 

found in association with all species of Ipidae, with the exception 

ot the ambrosia beatles, soon after the bark bad been loosened. 

However 1 they were not restricted to the salleries alone but were 

found any place where the bark was loose enouah for them to move 

about. They overwintered as larvae, completing their development 

tlle next season in the same habitat. Pupation took place between 

the bark and wood and, on several occasions, a crude sort of pupal 

cell similar to that of the eerambyc1d stenocorus inqu1s1tor, was 

built. certain speoies of this genus are apparently predaceous. 

DI.Leon (l934j found Pytho planus Herbst. in tàe galleriee of the 

mountain pine beetle, p!ndroctonus 1110nticolae Hopk., and repartet 

it to be occasionally predaceous. 

J'.AKILY OUROVLIONIDAI 

Pissodes spp. 

Two species of Piasodes similar in appearanoe to P1ssodes 

strobi (Peckj, but ditterins greatly in habit, were recovered from 

t.lw stumps Gd tops ot the slasb.. In the stumps, the larval bOrings 

atarted very close to the ground and in certain cases even in the 

larger roots. The larvae fed upward beneath the bark and, when 

mature, constructed pupal cella in the wood, usina the wood fibres 

càewed out of the cella, to cap them over, formiac chip cocoona. 

some of the larvae completecl d.evelopment in one season and emerged 

as aàults, while othars overw1ntered aa prepupae, pupat1na and. emerg ... 

ing aa adults the following spr1ns. The species were aasociated with 
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pendroctonua valens, Hylurgops pinitex, and Orthotomieus caelatus 

in the stumps, and with lE,! Rini in the tops. A parasite, EUbad1zon 

sp., was recovered trom the ch.ip ooooona. 

FAKijtY BlJPRBS'l'Illd 

Larvae ot Unidentitied !PP• 

Adults ot eigh.t species ot this tamily (list éd in Appendix II) 

were aollected in relatively large numbers on the slaah. Contrar1 to 

expeotations, buprestid larvae did not eonstitute an important part ot 

the co.111111Wlity under the bark. Larvae ot ~1dent11'1ed species o1' 

buprestida were collected trom oD.ly two red pine tqps durin& the 

se a son. 

F.AMII.Y ENTOJroBRYIDAB: 'l'omooerus sp. 

Unidentitied genus 

!'.AJ4ILY POWJUW: Un1dent1t'1ed &GUS 

!'A14ILY SIIIm;.atJBIDAI: Sminthurua sp. 

sometime atter the bark Deetle brooda have started th.eir 

deTelopD18nt, enviroll11181ltal conditions appear suitable tor an influx 

ot varioua species ot Collembola. The aboTe-noted speciea were ool

leoted t'rom under the bark and alth.ou&h no direct eTidence ot thair 

teeding habits ware obtained, the7 have been classed as commenaala. 
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QRDKR. PSOOCPI':IRA 

Ua1dent1t1ed paoc14a were collected troa the outer bart ot 

the slaah aD4 later troa beneath •he loosened bark. JeediD& habits 

were not deteraiaed althouah they did not moleat 1n88ot materiel ottered 

to thea. lJIIIU (l94S) atatea that psooida, wb.ioh ooou out-ot-doora, 

liTe on tr8&JD8nts ot vegetable matter, particularly tuDg1 and lichens. 

I'.AIIILY !§A.BDAI 
l.i 

4Eiotea, tucoqp (:tee.) 

.A!ped\la sp. 

Ctenioera triundul,ta Rand. 

Limoniu.. aeaer Lee. 

Unid~itied larvae 

Adulte of the above-noted speoiea were collected on and 

tmcier the bart ot the stwapa,. anci rearec:l trom pupae dug o\lt of the 

hWBUs at the 'bue ot the atumpa. Fee41D& habita ot the adulte we:re 

not deter.mined. Jlater14 larvae, UDidentitied but probably the iam&• 

ture stages ot at leaat soD8 ot the aboT•·a~ed apeo1ea, ..ra to~4 

ia the .b.Wlus around the atumpa and uder the bart. T.b.e7 Wl:rt tre ... 

quently tound in areas devoid ot other 1nsects and preauma~lt ted upon 

organio matter. Aocording to Crai&hea4 (1950), the elaterids are 

predominan,ly vegetable teeders on the sott tissues under bark and 
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in àeoayed wood. However, a tew are predaceous as oontirmecl in t.bis 

study. A tew larvae kept in rearing tins ted at ·tt•• on lanae and 

pupae ot Ips pin1 and Hllur&ops Rinite.x.. The pupae appeved to be 

tavoured by most ot t.be elaterids oTer larvae, poss1bly beoause they 

were more inactive. ~he elater1d larvae were also cannibalist1o. 

Kirk (1922) reported that a number ot ~eoies ot Blateridae tound 

in the galleries ot wood-boring larvae were predaoeous on the wood 

borers. Limonius aeger was colleoteà by Glen (1950J in Saskatollewan 

trom torest litter but no teeàing habits were &iven. Morris (1951} 

tound that larval Blateridae ted upon immature staaes w1 thin ooooona, 

and emerging adulte ot the Buropean spruce sawtly, Gilpinia heroyaiae 

(Htg. j. 

J'.AMILY NITIDULIDAI 

~urt•a sp. 

small brown beatles, auraea sp. t inhab1ted the plleries 

ot Hl'lurgops pinite.x, Ips Rini and Orthotomious oaelatus. Feeding 

.habits ot the adults were not determined, but the larvae nre obsernd 

teeding on tungi, borina à.ust and other debris in the &alleries. 

Craighead.(l950j considera that species ot the genus 1furaea are sap 

teeders ooourring between the bar.k: and wood ot dead trees. 

J'AIULY RBIZOPHAGIDAK 
' . 

AAizophyus sp. 

These small beatles were oolleoted trom t .be galle ries ot Ips 

:e_ini, .Hylurgops pinite.x and OrthotoJBicus oaelatus. As tar as could 
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be àeter.mined from observations in the field and laborat0r1, the 

adulte are not predaoeous. They did not feed upon aDJ larvae oftered 

to them but rather ohewed the deoaying bark. Contrary to thea& find-

inga, DeLeon .(1934) tound t.bat both adulta and larvae ot J!hizop,Qe.gua 

prooerua (Csy.) were predaceoua on the larvae and esgs ot DeQdrootonus 

mo.n.tioolae Hopk. 

J'.AMILY . ST.APHYLINIDAB 

Atheta sp. 

These small staphylinids were extremely numeroua in tbe 

galleries ot Ips pini, Pityogenes hopkins!, and in the tunnels ot 

Monochamua scutellatus. The adults were tirst observed immediately 

atter the nuptial chambers and the egg galleries ot the bark beatles 

were started, later entering the tunnels ot M. soutellatue. Caretul -
observations in the laboratory revealed that both the larval and 

adul.t stages ted upon boring dust, tungi and fragments ot bark in 

the galleriea. Jrungua growing on dead pupae and aàulta ot !• pini 

was eaten, but not the bodies ot the insecte • 

.Apr1oma.a sp. 

l!oloaeurus sp. 
1 

Un1dent1ti!d larvee 

Lanae ot tbe genera &,rionua and Holoneurus and ot tour 
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un1denti1'ied genera were colleoted from the moist phloem ot the inner 

bark surface. Feeding habits were not observed in the t1el4, but the 

collections were made from sections ot bark not in direct contact with 

bark beetles or other insecte. Laboratory observations oontirmed that 

theJ were not predaoeous. TheJ appeared to teed on the Juioes in the 

decaying bark. Clausen {1940 j mentions that me.aabers of this tam1l7 

are predaoeous ohie:t'ly on mites. .A.ocording to webber (1950), larvae 

ot an un1dent11'1ed species have been collected from galleries o1' 

Hylurgop1nus rutipes (E1chh.j. 

F.AIIILY OERATOPOGONIDAI 

Foroipomyia simulata Wal. 

l'Orc1fOmy1a sp. 

Many specimens of 7. simulata were colleoted as larvae and - . 

pupae from und er the bark ot a red p1ne top. They 11 ved sreaariouslJ 

and although broods ot Ips p1n1 were present, the rorc1pom,1a larvae 

did not teed on them. Feeding appeared to be on the plant juices. 

:rour larval specimens, identitied as a species ot :rorc1p2J!l1a, were 

oollected at the same time. Olausen (1940) states that the habits 

ot the larvae are little Jœown. They appear to tall into the class1-

1'1cation ot commensale in the eommunitJ in the slash. 

l"A!ILY CODCIIYIIDAB 

lllopàagus tasoiatus Walk~ 

X{lop1lagus sp. 

Larvae ot these speoies were colleoted from under the bark 

ot red and white pine stumps. They appeared late in the aeason atter 



- 35 -

most ot the bark beetles emerge<!, oYerwintered in the larYal ataae, 

and completed their development the second aeason. To check the teeding 

habits ot this speeies, more mature larvae were collected troa slalh 

attaoi:ed the previous year. 80.1118 ot the larvae were tept in a vial 

wi ~ borina dust and other debris trom und er the bart but wi tho ut anJ 

noticeable animal matter tor tood. Althoush not proYided w1th any 

ad.diiional tood, the7 pupate<l and emerged aner abou• one aonth. A 

second. sroup was placed on bark between two sheets ot glass and was 

supplied with 1arvae ot li! pin1, Hf!urf2P& p1nitex and other larvae 

ot tke order Ddptera, but was not predaceous. The larYae kept movin& 

back and tonh over the bark and tinallJ died. Clause ( 1940 J, Curran 

(1934) and Paterson (1951) state that the 1arYae are predaoeous on 

othe:r insecte. 

l"AJIILY BIIPIDIDd 

papis sp. 

Larvae belQnging to this genus were recovered in large 

numbers trom under the bark o~ the slash. The;y were ass9c1ated with 

J)endroctonws valens, l!ylurgops ;einite:x, IRa pi ni and Pi tzogenes . . ; 

Jlopkinsi but r8JIIained unàer the bart atter the .maJ ori t7 ot tbe 

beetlea had •••raed. The7 ted upon pUpae ot IRs pini and ~· pinitex 

in the laboratOrJ anGl alSO 011 the d8C&JiJlS bart. U~er the bart. 

theJ were trequently located where there were no other 1nseots 

available tor tood. Proa these observations, it was conoluded 

that the7 were both soavengers and predators. Curran (1934) states 

that the larrae ot Jmpididae may be tound in decaJing vegetation, 

under bart and in streams. llelanàer (1902) be11eves all 1anae are 
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predaoeous, while Clausen (1940j states that_ the adulte are predaoeous 

upon amall inseots and the larvae are either predatora or aoavenaera. 

Lonohaea. ap. probab17 wataoni Curr. 

The larvae of this speoiea were extremel7 nuaeroua UAder 

the bark in the bor1n& dust and other fra&JU.D.t& of bark. Ther did 

not feed. upon a.Q' insecte of'fered to them, and in maJ11 oaaea the7 were 

looated in areas apparently de~oid of' other insects. on september 17, 

the larvae were atill present and t.b.ey 11a1 overwinter aa auch. In tlw 

apriag, collections were made from one-year-old slash and b7 that 

time, the larvae had pupated and adults emerged from tlle brou puparia 

ahortl7 after thar were broupt into the laborator7. Accor41na to 

Webber (1960j, the larvae may be either soavenaera or predatora. 

Megaaelia iroquoiana Mall. 

A number of' adult flies identifie~ as !• iroquoi~ 

emeraed from a pieoe of white pine bark àeld between two &laas 

sheets. The adultl were lett between the slass and in a tew daye 

numerous larvae of thia speoiea were seen feeding on the dead 

bod7 of a larva of Jllopha&u• tapcia~~a whioh waa on the bark. 

Th•7 were teediD.& aotivel7 on the_ aott tisauea inaide the larval 

ùin ot the D-oat ud eventuallJ only the 1nteaument ot the larva 

remai.aed. '1'he7 subsequentlr a te lanae ot lR.! :·pini, gluriO,RI 

pinitex and of the familias Cerambyo1dae aad Curculionidae wbioh 
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were proTided. A braooni.d parasite, .A,phaereta sp., was observed 

ovipositing in the Dipterous larTae. 

So.DI8 ot the adul t tlies, aloq w1 th the braconid, were 

transterred to a vial with a crushed ceramb7cid larva. Jrequent 

matings occurred between the tlies and., the da7 atter they wre 

transterred, eggs were depoaited on the aides ot the vial and on 

the bod7 ot the ceramb7cid. These hatched in one day and the larvae 

began teeding on the dead cerambycid larva. The braconid oviposited 

in the larvae and subsequentlJ tour ~pecimans ot the parasite were 
1 

.:, 

recovered. The adult tlies also sucked at the tluids alongside the 

dead borer larva. They also ted on larvae ot the tamilies Cleridae 

and JU.ateridae, and other dipteroua lanae and adults. Pupatioa 

toot place in the last larval akin. 

J'.AIIILY OOIARIDAl!i 
1 

Plastosciara sp. 

Lanae and pupae ot a species ot Plastosciara were trequentl7 
1 

tound Wlder the bark: ot the atumpa. The7 were in compact masses and 

appeared to teed on the juicea ot the decqina bark and possibl7 on 

tungi. 

SO!ftosciara !J!!!OOphila Pre7. 

tarse numbers ot adulte ot this speoies emeraed trom a 

small rearing jar tilled with boriag dust soraped trom under the 

bark ot the slasà. Larvae or pupae were not obsened as the material 

had been collected tor anot.b.er purpose and was not suspected ot haTi:ag 
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~Aute Diptera h14den in it. ConaequentlJ DO teediD& habita were 

reoorded. The7 apparentl7 are AOt predaoeoua or para11t1o on bart 

beetle larYae as these were absent trom the mater1al. 

So1ap sp. 

oaly larvae ot tbis geDua were tound bueat.h the bart ot 

white piae. The larTae were amall, wh1t1ah and rema1Aid maaaed on 

a thiD slimy web spwa over the area. They did not eat 8.111 inseot 

tood ottered. 

Neopaoma.ater ~oul1oora1• (H1zw) 

-M&braobia .poli ta Coq_."' 

Un14et1t.1ed lanae 

Lanae ot these apeciee were oolleote4 froa laDY ot the 

&aller1•• ot .!R! pini, l!ll\olr§ORS. p1n1:tex, Deaclroot.oaus valens, and 
. ' 1 . . . ; 

iD the boring dust and tragmeDts ot phloem beneath the bark. They 

are apparently bath soavenaers abd predators. A number ot specimen• 

were plaoed on bark oontaiDiD& saller1ea and som. pupae aDd dead adulte 

ot l2!, P1D1. The atrat1omy11d lana• were obaene4 teed1D& Oll a pupa 

u4 on a dead adult ot l• p1n1. LarTae aD4 pu.pae ot !• p1n1tS were 

alao eateD.. J"requentl7, the7 appeared to be fee41q direotlJ on the 

p.tûotm. Ourra.u ( liM) states that •h• lana• are ·~ tAer p:reuoeoua 

or tee4 on decaf1D& veaetat1oa an4 bart. 
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Lana• ot a aenua uar l)J'ao&opa were tolleote4 from the &al• 

leriea ot Hrlurppa piJlitex uci ))!adroosonu xaleaa in the atumps. They 

nre toua4 ill the uds ot the aalleriea •ioh were :tilled W1tà a al1J11 

re•idue. It ia not knoB whether tur were predaoeoua on the ilDDIIlture 

etages ot the bark beetlea. All bar.lc beetlea •d, cUsappeared trom 

&alleri.as where tb.eae larTae were towul. It thar are predaoeoua, tb.er 

must_ reTert to teediag 011. the woo4 or sap sinoe tbeJ oollt1Jlue to u1at 

in the &alleriaa. Ketoalt (l9l3j desoribin& tb.e teedia& habita ot 

SJJpb.idae in Ohio, states tb.at tb.e larTae teed oa l1T1D& plant tiaauea 

or sap, deoay1q wood., decay1na Ol'&aniO matter or excr8lii8At, ucl alao 

Oll aott-bod1e4 1naeota. 

o. œoqp IU. 'AJW31'1'JS 

gmp BD4BtiOJ!l1RA 
J'AMILY BIWJOHIIWI 

AR;haereta ap. 

The t1rst speo1mea waa obserTe4 oT1pos1t1n& in the larTae 

ot a clipteroua aeaTeaaer, Me1aaeli&- 1rog,uo1ana. subaequeatlr, tour 
. ' 1 

apeoiiLUa ot the paraa1te were :reooYere4 t:rom tu puparia ot the tl7. 

,Ooeloidea ap. 

A lara• aumber ot oooooaa trom wh1oh a apeoiea ot ooeloidea 

Uler&ed, were colleoted trom the pupal. cella ot ~ :e1n1 ill reel aAd 

white piae topa. 
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.Eubadizon sp. 

Three specimens of a species ot Eubadizon were reoovered 

from the chip cocoons of a weevil 1deatified as a species ot Pissodes. 

These weevils were active in the stumps and tops ot both species ot 

pi ne. 

F.AJIILY PTEROMALIDAJ: 

Pachrceras eccoitogastri Ratz. 

Numerous specimens of this parasite were recovered from 

the galleries ot Ips ~ini in white pine tops, while others were col

lected ovipositing on bark intested with !• pin1. Three species ot 

Dendrootonus, three ot Ips, and Ort.b.o.tomiaus caelatus are liated by 

Peok (l9olj as hosta. Ot this group of hosta, !• pini and ~· oaelatus 

ocourred in the habitat under study. 

Rhopelicus pulchripennis (Cwtd.) 

coooons of this species were colleeted trom the pupal cella 

ot ~ pini. Adults were oolleoted while they were ov1poaiting in 

the bark ot the white p1ne tops. peok (l95lj lista a number ot bark 

beatles and borers as hosta, none ot whioh were reoovered in the red 

and white pine slash. 

Rhopalicus tutela (WBlk.j 

coeoons of this parasite were tound 1n the pupal cella ot 

Ips pini in white pine tops along with those of !• pulohrii,ennis. 
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One adult was eaptured on the outer bark of a white pine top. Peok 

(1961) lista as hosta of this parasite, Pissodes notatua (Y.) and~· 

atrob1 (Peo.kj. There is apparentl;y onl7 one other Oanadian record. of 

B• "utela (peraonal aommunioation, o. Peok, Unit of Systematio Bntomolo81, 

Ottawa). 

ORDIR DIPT11:RA. 

F.AMILY JIU§!JIDAB 

Phaonia harti. Kal1. 

LarTae and pupae of this speoies were recoTere4 from the pupa1 

oella ot stenooorua 1nqu1a1tor, a cer~1oid found in the stumps. The 

parasite fe4 internallJ leaTin& onl7 the larTal inteiUJilent and hea.4 

capsule of the host. 

J'AliiLY . 'l'.AOHINIDAB 

Eu\heresia nipigonensia ? Curr. 

" trivittata Ourr. 

!• n1p1&onens1s waa recoTered from the pupa1 cella of Stenooorua 

1nquia1tor, w.ll11e !• tr1v1ttata waa p&rui.t1.o on t.be saae borer and alao 

on ~enocàamua soute11atua. The immature forma of ~· 1agu1a1tor were 

heaT111 parasit1ze4. In one-7ear-o1d s1aah exam1ne4 in the spring, 

the parasite 1arwae were freque~11 founà st111 teading w1th1n tÀe 

1arTa1 skin ot the ceramb1ciàa. Accordin& to Peterson (1961), the 

1arTae are parasi tio on the 1arTae of any insects in.cluding wood 

borin& beetles. 



- 42 -

D. GROUP. IV. PBEDATOBS 

CLASS- CBILOPODA. 

Nampa'biua n. sp. 

Geopbilus probably rubens 
' . 

centipedes belongina to tàe a'bove-noted genera were tounà 

on and under the bark atter it bad been loosened b7 the bar.k beetles. 

one record was obtained ot a centipeàe ot the senus Na!pabius carrrin& 

away a pupa ot orthotomicus caelatua and it is probable that the7 are 

facultative predators on bark beatles anà other amall animal lite in 

the slaah. oentiped.es occupJ a permanent place in the toreat tloor 

tauna ancl JDiçate to the slash waen opportunities tor obtaining tooà 

are preaented. 

CLAS5 .ARACBNIDA. 

Pseudoscorpions were trequentl7 obserTed crawling over the 

'bark and later entering the bark beetle &alleries, Several records 

were obtained ot these animals capturing both larvae and adult bark 

beatles, theretore they should be classed as facultative predatora. 

UndoubtedlJ, the7 captured inseeta otber tban bart beetlea which 

oocurred in the slash. 

Mites appeare4 shortlJ atter the bark beetle galler1es were 

.tarted. an4 soon were present in all. the galleries a.D4 __ elsewhere 

beneath tàe bark. TheJ were round attacheà to the 'bodies ot nearly 

all spee1es ot bark beatles and, consequentlJ, were carr1ed witll 

them to new hosta. It was not possible to determine 1t the7 were 

paraa1tie on the beatles or merelJ used them as a means of &etting 
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trom. one host to another. Speoies be1ong1ng to t.b.:ree separate senera 

were ool1eote4 trom sal1er1ea in th.e bark an4 trom t.b.e bodies ot the 

barlt beetlea. On the otller luan4, one apeciea was toW14 1n t.b.e &al-

1er1ea. ot 12! p1n1 only, w.b.11e a apeciea waa colleo-e4 trom the bo4J 

ot tàia bark beet1e aD4 not trom tàe aal1er1ea. 1- .b.as been po1nte4 

out by auat (1933) that the economie Ta1ue ot mites aa aaanta ot 

control ot bark beet1ea .b.aa never been realize4. Be obserYe4 mites 

teedin& on the egs and 1anae ot li! ore&oni. (Bicàh. ) in ye11ow pine 

an4 eatimated that t.be7 deatro1ell 10 to 85 per cen- ot t.b.e egs. 

Ble.ckJDG (1915) reports that a mite, Seiua ;eomi Parro-, tound. in the 

galleriea ot Pit701enu hop.lcinsi sw., waa predaceous on all stases 

ot tàia bark beetle. Mites were present in the alasb duri~ the en

tire period when obserTations were made, but only one record ot their 

tee4in& on a pupa ot 12! pini waa obta1De4. 

poo1eruaHnigr1pes rufiventria Spin. 

Ihanasimus d.ubiu.a (J'ab.) 

A4ulta ot theae apecies were active pre4ators ot adult bark 

beet1ea, and the 1arvae were a1m1larl1 pre4aceous on t.b.e bark beetle 

larvae. The adults appeared. about t.b.e aame time as t.b.e beetlea were 

moviD& to treah host materiel and, theretore, were in a poe1-1on to 

1ntlic- considerable damage. The olerid. larvae appeared soon atter 

the tirst bark bee·Ue 1arvae and ted on Ips pini, Pityosene~ hopk1nd, 

D!ndroctonus valens, Ort.b,otolllious oaelatu!, Hllur&ois·.fz1n1te:t, and 
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probabl7 on the l&rl&e ot otàer aasooiated 1nsecta as well. Jhen 

mature, the7 mined oui into the bark and co.nstructed a pupal cell 

near the aurtace. The adulta on .. •raence out opeAiD&I to tae outaide. 

Olerids have received considerable attention owina to their 

aaareeaivenese in preJill& 0.11 otàer inaecta •. t• dubius ia reported b7 

Bal4ut (1935) as attaokin& and teediD& on all kinda ot bark beetlea 

in apruce and pine. J'iske (1907) states that this speciea ranka 

ut.OJ:l8 tae most impona.ut preda~ra ot DGdroaton.u. trontalia Zia., and 

alao teeds on otller insects. Tàe aotivities ot !• cJ,ubiua and ot 

apoolerua are hiilù7 praiatd by Bovin& an4 Champlain (1920j, w.llo liat 

the former as a predator ot bark beatles ot the genera li!• p,ndrootonua 

ellA. rolJF•è"•, a a well as otàer 'borers in coD.tteroua trees. Hopkins 

(1899J ••• so impressed wità the predaceous àabita ot olerida tàat he 

Mdt a trip to GerMn7 \o colleet speciaena ot C!erut torppariua L., 

an active predator ot soolJtids in Europe. Olle thou.aand adul ts and 

pupae ot this apeoiea were releaae4 in T1r&1n1a in 1892 to help 

combat an outbrea.k.o.t R•nc:lroctonus ;,yntalis. Bowever, in 1893, 

the bark beetle epidemie subsided due to soma unknowA cause and the 

resulte ot the experiment were never assessed. Several speoies of olerlda 

are listed by Hopkins (1893) in a oata.loaue ot weet Vir&inia soolyt1dae, 

1ncludin& an undeter.a1ned specits predaoeous on Tomicua Rini (now 12! 

i!f!}. 

The adult olerids were ihtmaelvea attacked by other mtmbera ot 

tàt 1nseot oo.llliRWlit7 in tàe pine alaiA .. at .Iipawa Lùe. S8Teral 1n1Ranoea 

were noted ot a lara• ui, gsono,u . .urculeuua, teedina upon adults 

ot botà species~ 
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The predaoeous àabits ot larvae ot this tam1~1 àave been 

diaouaàed along wi\& their aoaveD&tr àabiis UDdtr ••••ion VI B. 

Platysoma ooare,atum Lee. 

Pl~tlsoma sp. 

, 

'rheu species were predaoeous a&a1DB' all stages of bark 

bee,les, tlle adults enterin& the gal1er1ea verT sàorblT aner tUT l:L&d 

been st~ed. The majoritT ot tàese predators were toUD4 in tàe &alleriea 

ot Orjhotomieus oae1atu.w and !z1urppa ,pinite; in tàe atwça. Those 
1 ' . 

1n the topa were teedin& on all sta&es ot !f! ~ &D4 PitlOJ•n•• 

àopf1na1. Tàe 1arvae oompleted deve1opment in August an4 pupate4 be~ 

tween tàe bark and aapwood • tranatorm1A& to adulte tu • .,. T•ar. 

TàtT apparentlT overwinter in tàe adult etage between the bark and 

aapwood aa examination ot tàe s1aù in later september revealed a 

number of adu1ts st111 present. Baldut (19~} publ1eàe4 a lon& lin 

ot the insects pre7ed upon by histerid beetles. Struble (1930} 

publiùed an aooonnt ot i.b.e lite OJele a.D4 .àabits ~ J>latrspma Rtmo

·uaerum (Lee.} in èieà he states 'tàa' tàe larvae teed upon &111 bark 

bee,1e larvae available, as well aa otàer predators, scavengers and 

1nqui1inea; oooas1oDa111 theT are also oann1bal1-'1•• Scàedl (19~2) 

records t• ooarotatum. as_ a predator_ of ·li! iin1. 
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li'A!ILY .. lUTIOOLIDAB 
) . 

Glischrochilus saeguinolentus Ol1T. 

Tàia beeile was predaceoua in boià the larval and aduli 

stages. Tàe larvae were reoovered from iàe galleriea ot all species 

ot bark beatles ocourrina. iD the stumps. In tàe laboratory, tà.e 

lanae ate tàe immature stages ot Ips pini, .. Rrlurgops Rinite.x, 

pendroctonus valens and tàe larvae ot a Syrpàid tly. When other torms 

ot tood were scaroe, tae1 became oannibalistic. The adulte ted upon 

larvae and pupae ot 1, .. Pi;ni and.!•:<J2inite.x, but apparentl1 ted upon 

plant juioes and tungus growtà as well, sinoe tàe7 were aeen càewing 

on deoqing bark and tungi growing in tàe galleries. Tàe larvae 

pupated in tu àumus and so11 around tàe bases ot tàe aiumps in 

association wità larvae ot the tam111 Jiater1dae. 

NudDbius oepulus Sa;r 

Tàis is one ot tàe largesi stapà.7linids tound in association 

with the bark beetles. Complete teeding habits were not determined 

tor this species, but one instance ot 1t teed1ng on an adult ot 

~hoiomicus.caelatus was noted. Aooordiag to Chambtrlin (1939), 

all species ot Nudobius are predaceous as tar as known. 

Q.ued1us spp. 

T~o or more speoies ot this genus were tound under the 

bart in assoeiat1on wiih bark beeiles and other insecte. Three 
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adults ot one species kept in the laborator1 ted upon larvae and pupae 

ot Ips piD.i and Jillurgo:PS pinitex ottered to _them. Larvae reared trom 
1 

'ibis apecie.a died be.tore detinite teediq habits oould be determ1ned. 

_Larvae ot another special ot t.b.e. &anus Quedius were ver1 abundan• 

beu.a'lb 1he bart but were d1tt1tul1 to. keep alive in the laborato17. 

One record was obtained ot one ot the larvae teedin& on a pupa ot 

-'i!·:Pini. 

Ooriioeus sp. 

Adulte and larvae ot this species were tolletted trom the 

galleries ot Ips pi~, Hzlurgo:pa Pipitex. Or.thotOJiicus eaelatus and 

elaewhere beneath the bark. The larvae were predaoeoua on 'the imma-

ture stages ot bark beatles and were also cannibalistie. One larva 

ate the pupa o.t another o.t the same species aD.d then toot over its 

pupal oell. Ail adult was seen teeding on the pupa o.t !!• :pini.tex. 

There appear to be two colour phases in the larvae. In one phase, 

the transverse markings on the dorsal sur.taoe ot the abdominal seg-

Mnts are a light brown ancl the entire bodr has a pale appearanoe. 

In the other case, the markiqs are dar ker, e.lmost black. The 

larvae ot each eolour phase were .tound togethar under the bark• 

appeared to have the same tood habits ancl acted s1DlilarlJ in all 

respeets. on emergence, the adulta all appeared identieal and nre 

1dentit1ed as the same speoies ot cortioeus. 

TeD.ebrionids under the bart ot beetle-1Drested trees have 

been reported as seavengers and as predators. DeLeoD. (1934) reporta 
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that B,ypoph.loeua parallelua ia a predator or ))!Adroeto.nua montieolae 

Hopk. Blae.lone.n (1915) considera that a. tenuia Leo. ia apparentl;r -
predaceoua on adults ot Pityogenes hopkins!. Oraigbead (1950) reports 

that struble teated the beatles witlL tungi and fouad the adulta and 

larTae ot cort1oeua to be ent1re11 phytophaaoua. 

FMWJ .. YœMICIDAI 

C!!ionotus .herculeanus (L. ) 

These large ante wre '!fery nwuroua on ud und.er tlle bart ot 

the atumps. Aa the bark beoame looaened by the aot1vit1ea ot the 

bark beetle brooda, they were able to set beneath the bark and prey 

upon the immature etagea ot the beatles and inaeeta assoeiated With 

the bark beetlea. On two ooeaaions, ants were not1eed w1th adult 

olerid beatles, TJ:wlasimue dubiua, in the1r maadiblea. Whan ante 

' ot thia apeciea ••r• plaeed in a jar w1th adults ot I• dub1y!, tbe 

elerida were promptly killed. 

Ria IP• 

The predaoeoua habits ot the larvee ot this tly hava been 

diaousaed with ita aoavenser habits under seet1on VI B. 
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1. The community ot insecte and ether arthropods, estab1iahed 

in white and red pine 1oi&ill& slaah during the aWIIIler to11owiaa win-

ter cutting, was examined. 

2. APproximately 138 ~eeies were eo1leeted, distributed as 

to11owa: Ch11opoda 3, Arathnida 7, Insetta 128, (Oollembola 4, Psoeop-

tera 1, Hemiptera l, Bomoptera l, Lepidoptera 4, Ooleoptera 62, Hymenop-

tera 18, and Diptera 37}. 

3. Active aasooiatea in the community are listed 1n Appendix I. 

About 60 sp~ciea, which were casua1 Tisitora to the alull or wbich 

ocourred so rarely under the bart that their eoolosioal poa1t1on 

could not be determined, are liated in Appendix II. 

4. S,peciea having an 1Atesral part in the commwaity were aeare-

pted into the tol1owina tour sroupa accordina to tl:\eir Jmown or 

probable teediJl& habits; I, pbloem and aapwood teedera; II, tungua, 

trasa &Ad detritus teedera; III, parasites and IV, predatora. 

5. Three s.peoiea ot bark beatles occurred in the tops compared 

w1tb. eisnt in the stumpa. #i,! :pini, tbe oDly species ot bark beetle 

tound in both stumpa and tops, as ot minor içortuce in tb.e stumps. 

Pitroeeaea hopk1na1 was present in tops ot both species but only 
1 ' 1 

ocoasionally in red. pine. f,b,e third. apeo1ea in the topa, Pityopua 
' 

plyiatua, waa speo1',1'ic to red piae. Tàe special ot bar.k beetlea in 
1 

tàe stumps were equally represented .ill both red anc1 white pine. 

6. Most ot the apeoies in the colllllw:ûty tell iAto Group II, 
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a situation true ot both stumpa and topa. 

'1. The paraai tes were mostly hymenopteroua, with tew trom the order 

Diptera. The greatest number ot predaceous speo1ea was recovered trom 

the bark beetle galleries in white pine tops. 

a. There were two classes ot predators. Pirst, those auch as 

auts and osntipedes, whioh did not remaia in the oommunity oontinuously 

but lett and returned or were replaced by others ot the same speciea. 

The second class ot predator tormed a more integral part aDd spent all 

or nearly all ot its lite in the community. The •Jorit:y ot the 

predators were ot this second olass. 

9. Although the period during which observations were made, 

May 23 to September 17, was too short to detine clearly a suooessioa 

ot speoies, trends toward succession were indicàted. The oommunit:y 

was ceatred ohietly around the aotivities ot the bark beatles wRioh 

were the tirst to attack the slaah. Borers ot the tamilies ceram~ycidae, 

curculionidae and P:ythidae tollowed the bark beetlea but, w1th the 

possible exception ot borers ot the tamily Pythidae, were aot depeadent 

upon them tor access to the slash. Parasites and predators accompan1e4 

~. bark beatles and borers," tollowed by apeciea ia Group II whioh were 

dependent on the bark beetlea and borers to initiate the development ot 

suitable environmental conditions. species in Group II were still 

present on september 17 atter most ot the bark beatles had lett and 

might be expeoted to torm an active part ot the ooJIIIlunity in the slash 

the tollowing aeason. 

10. The situation outlined in paragraph 9 above ha& been portra:yed 

graphioally in Plates II and III, and supplemented by notes on the 

species concerned. The bark beatles were cons1dered to be most important 
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in the development ot the oommunity, and consequently were treated more 

ex~en8ively than other speciea. Peraonal observations have beea aug

aented 1a many oa8e8 by reterence8 to the l1terature. ~Àe apparen~ 

teed1ag habita ot certain apecies observed during th18 study have no~ 

alway8 agreed wi~h reporta on the aame speciea or genera made by otÀera. 
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APPENDIX I - 3>ECI.ES ASSOCIATED IN THE CcaoroNITY 

œ~IES LOOATION IN SLASii STAGE 
WHITE PINE RED PINI 
&l'UMP Tœ STOJdP TOP 

GROUP I. PHLOEM .AND SAPWOOD BORERS 

œDIR COLEOPTlœA. 

J'AMILY IPIDAE 

Dendroctonus valens Lee. x x .A.,B,L 

Dryocoe,es americanus HOpk. x x A,E,L 

HY'lurgops pinitex (Fitch) x x All (JI 
()) 

lE!, ~oni sw. x x All 1 

Ips pini (sq) x x x x All 

Onhotomicus caelatus (Jr:ichh.) x x All 

Pityogenes hopkinsi sw. x x All 

" ~agiatus (Lee.} x A1l 

Gnathotrichus materiarius (Fitch) x x All 

TrypOden.dron bivittatum (Xby.) x x All 

F.AJ4ILY CERANBYC l Jl\R 

Asemua atrum Esch. x x A,L 



APPINDIX 1 cont'd. 

SPJ:CmB IJYJATION IR SIASH SI' AGE 
WII'l'E PIRE RED PI!! 
STOYP TOP srUMP TOP 

Monochamu.s notatus ( Drury} x x .A.,L 

" scutellatus {Say} x x A.,L 

stenocorus 1nquis1tor (I..) x x A,L 

:r.A!IItY _PYTmJU 

PythG a~~er1canus Kby. x x x x A,L U'l 
cO 

1 
PYtAe sp. x x x x A,L 

!'AJIILY .. CURCULIOBIDAJ: 

P1ssodes spp •. x x x x A,L,P 

II'AIULT . BUPRESTIMR -

larYae o~ Unidentitied spp. x x L 
Adults o~ e1ght species were ~ound on 
the slash but only two records o~ larvae 
in the slash were obtained. (See Appendix II) 



L 

APPENMX I cont 'd. 

SPECIES 

GROUP II. FUNGUS 2 l'RASS AND IlETRITOS . Ï"l!:EbJœ8 

ŒIBR . CQf.IJ0030IA 

F.AMII.Y DTOJ40BRn:OU: 

Tomoc eru.!. sp • 

Unidentitied sp. 

J'AIIlgPO~ 

Unidentitied sp. 

Sminthurus sp. 

ORœR. PSOC<PTBRA 

Unidentitied sp. 

ŒDIR COŒ<lE'TERA 

F.AMII.Y .ELA.TBRIDAE (Reter to Group IV} 
··' 

Agriotes tucosus (Lee.) 

.AJDpedus sp. 

LOOATION IN SLASH 
WHITE PINE RED PINE 
S'l'UNP TOP grtJJIP TOP 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x 

x x 

m'AGE 

A 

À 

0\ 
0 

A 

A 

A 

A 

A 



APPDDIX I cont'd. 

SPECIBS LOCATION IN SLA3l sr AGE 
1IUTE PI!il RED PID 
S'l'tJMP TOP Sl'UMP T<P 

Ctenicera triundulata Rand. x x A 

Limonius !!&er Lee. x x ... 
Kelanot ua sp. x x A 

UDideDtitied spp. x x L 

1 

F.AMILY KIT l.WUDA.& 
0\ ..... 

BPuraea sp. x x A,L 

J'AKILY liBIZOPRAGID.\1: 

~uaap. x x A 

J'AIIILY S'f.APHILINIDU 

Atheta sp. probabl7 x x x ][ A,L 

œma DIPrlikA. 

J'AMILY C~IDœiiiDB 

APrioDUs sp. x L,A 



.APPENDIX I cont 'd. 

SPIUIES U>OJa.TI ON IN SLASH f5rAGE 
WHITE PIN!: RED PINB 
S!'UMP TOP m'UMP TOP 

Holoneurus sp. x x x x L 

Larvae o~ Unidentitied spp. x x x x L 

l"AJULY CERATOPOGONIDAE 

Forcipomyia simulata Wal. x L,P 
Ol 

li'Orcipomyia sp. x L N -
J.P.AIULY OOENOJIYIIDAI 

~l_op_hagus ~~asc~~~us WS.lk. x x A,L 

,lyJ.oJ)he.gu~ sp. x x L 

FAIIILY EUPIRJDAE 

Empis sp. (Re!er to Group IV) x x x x A,L 

l'AMILY LONCHABIDe\B 

Lonchaea sp. probably watso~1 Curr. x x x x A,L,P 



APP:INDIX I cont 'd. 

SP:I!niE-9 LOO AT! ON IN SLASH S'l'AGE 
WHITE PINK RED PINE 
gruyp TOP S1'UMP TOP 

I'AJIILY PHORIDO 

Megaseli~ iroquoiana Mall. x x x x A,L,P 

P'AMILY SCIARIDAE 

Plastosciara sp. x x L,P 
0\ 

Scaptosciara myrmecophil~ Jrey. x x x x A 
w 

SCiara sp. x x L 

P'AIIILY srRATIOMYIIDAB 

Neo})achygaster maculicorni~ (Hine) x x x x L 

Zabrachia po~ita Coq. x A,L 

LarTae o~ Unidenti~ied sp. x x x x L 

P'AMILY SYRPHIDA.E 

Genus nr. Brachyopa x x L 



IPECIES 

. GROUP III. PARASITES 

ORDBR HDŒNOPTlŒA 

AP.P~ I cont•d. 

LOCATION IN SLASH 
WHITB PINE RED PINE 
STOMP TOP S1'UidP TCP 

ST.A.GB 



j\..PPBNI)IX I co nt 'd. 

SPECIES LOOATION IN SIASH STAGE 
lfHITE FINE RED PINE 
.Sl'UMP TOP STUiœ TOP 

F.AMILY TACHINIDAE 
; 

Butheresia lli..pi~.nsis ? Curr. x A,P 

" t.ri vit tata Ourr. x A,L,P 

GROUP IV. P~ORS 

CLASS CBlLOPODA. 0'1 
U1 

' Geophllns probabl.y, rubens x x A 

Nampabi.US; n. sp • x x x x A 

OLASS .ARAOHNIDA 

ORŒR. AOARIHA 

Amoetua sp. x x x x A 

Atomua sp. x x x x A 

x x x x A 

SUidasia sp. x x x x A 



A:PPEND.IX. I cont' d:!:: 

·-
SPECIES LOCATION IN SLASH STAGE 

WHITE PINE RED PINE 
S'IUMP_W:E' -~~'lUlP TOP 

ORDER PSB:DDOSCORPI.ONIDA 

Unidentif'ied sp. x x x x A 

CLASS INSECTA 

oruzà . cou:oP'iERA 
. . . - ... 

0\ P' .AJ4ILY. CLERIDAR. 0\ 

·•. 
Rnoclerus nigripes rufiv:antris Spin. x x x x A,L,P 

ibanasimu~ dubius ( Fab.) x x x x 

F AMII.. Y. ELA'ŒRIDS 
""' 

(Reter to Group II~) 

F AKILY .. HIS'lRRIDAE 
.. 

Pla tysoma CQ.al'..-.~-.Lea. x x x x A,L,P 

PlatyBOllla SJh x x x x A,L,P 



, SPEOIJ:S 

I'AMIU' NITIDUI.IDU: 

Glischrochilus sanguinolentus Oliv. 

Nud•bius e_epllalus Say 

Quedius spp. 

J"AJIII;I _ t'!Qil«BRJ anno 

Cortioeua ap. 

ORJWR BIIIIIlOP'lEA 

:r'AIIILY. :rœiUCIDAB 

08JIPODOtus hercule anus ( L. ) 
.. -

OlgBR m:Pl'ERA. 

J"AJaLY_ WIDIDAB 

BmPis ap. (Refer to group II.) 

~ 1 cent'd. 

· LOCATION IN SLAœ 
Wl'liT:& PINB RED PID 
9l'OIF TCP SNfiiP T<P 

x x 

x x x x 

x x x x 

x x x x 

x x x x 

Sl'AGB 

A,L,P 

A,L 

A,L ~ 
-::1 

1 

A,L 

A 



A.'PPENDIX II. SPECIES NOT FORMING AN INTEGRAL P1\RT OF THE COMMUNITY 

Œ>ECIES IOOATION IN SL.ASH 
PW PR 

S T S T 

CLA3S OHILOPODA. 

Linotenia chionophj.la (WOod) x 

CLA.SS ARA.OBNIDl 

ORDBR . .ARANlWr 

Unidenti!ied spp. x x x x 

CIASS ~TA 

ORDIR. HDIIP'l'l!RA. 

Unidetitied nymplls x x x x 

œmœ 1IOKOPl'KRA. 

!piptera contusa Beirne x 

ORDIR LEPilX1Pl'ERA 

FAMILY- GBODTRIDAJ!: 

Prot~boarmia porcelaria indicataria Wlko X 

STAGE lmlABKS 

A One specimen only collected under the bark 

A From ,the outer bark surt'ace and under bark. 

N Under bark scales and in galleries at Ips 21n1. 

N,A Four immature stages collected !rom under bark. 

p Hibernating in bark creTice; de!oliators 
McGu!!in (1943j 

Ol 
CD 



APPDDIX II cont 'd. 

SPECIES LOOATION IN stA<m STAGE REilARKS 
PW PR 

s '.r s '.r 

Semiothisa granitata Guen. x p Bibernating in bark creviee; detoliators 
JloGut:tin ( 1943} 

J".AMILY NOCTUIIp 

Platyperigea aultitera Wlk. x p Hibernating in be.rlt crevice. 

l'.d!LY . OLI'l'HfcBUfill\B 

.. 
PetroTa gemistrigul.aJaa Ktt. . x L,P Larvae mine in the scaly outer bark ot red 

pine; not restricted to slash. 0\ 
<D 

1 

ommt OOI.BŒTERA 

FAIITTY BlPBESl'IDA.B 

x x x x A . Adulta o:t all t.beae speciea were captured 
on and about the slaab.. It was thought 

" nutallii (Xby.) x x x x A that the lanae would be an ia.portant com-
ponent o:t the coJIIIUU11ty beneat.b. t.b.e bar.k:, 

• striata (Fab. J x x x :x: A but only t1110 records ot larYae were 
obtained in red p1ne tops during the season. 

Ohalcophora Tirginiensis (Drury) x x x x A 

Chrysobothris sp. x x x x A 

tr 
Dicerea punctulata (SCh.on.} x x x x A 

" t.ene.broaa (Xby .) x· x x x A 



.AP.PDDIX II coat 'ci. 

SFC:lUS LOCATiœ IH SLASH srAœ RJ!!IIARrS 
PW PR 

a if s if 

Gantb.aria ap. x A Collected on t.be bark; adults partl.7 
predatorJ and partlJ phytophagoua, 
Baldut ( 1935) 

FMDU CARABIDAK 

.Bothriopterua luczoti {.Dej. j x A. One speci.Jaen colleoted in bark creTice. 
1 

Ullidea.tit'ie4 spp. x L LarYae o~ two aenera collected in the ~ 

aoiat bark at the base or a stWilp. 0 

FAIIILY CEAVBYC!BY, 

.Acant.hocinus puaillua KbJ. x A. T1IO spec1118lla onlJ, one on the slaah 
and one troa pupal cell in a top. 

~ prokua (XbJ.) x A ODe adult collected on a stWII.p. 

AJlOplode:ra Jllltabll.ia (~. J x A. two speciaena captured on the slash. 

BYodimts .-oat.icola (lœDd.) x A Olle adult collected on tbe top. 

lloDoe.baiDla .-atator Lee. x A One adult collected on tbe top. 

apat.a p1losa .Broa x x A TM> spec1JI8D.8 collected froa the bark:. 



APPENDIX II cont 'd. 

SPECIES LOCATION IN SLASH 
PW PR 

3 T S T 

FAMILY CURCULIONIDAE 

~lobius COngener D.T. x 
Hylobius sp. x 

Podapion gallicole Riley x 

l"AIULY HISTEIUDt\E 

Plegaderus sp. x 

FAMILY LAKPYRIDAE 

Lucidota sp. x 

J.I'AMILY LYCIDAE 

Celetes basalis Lee. x 

FAMILY MORDBLLIDAE 

Anaspis sp. x 

F.AMILY OR'.ŒOPERIDAR 

Sacium. sp. x 

STAGE 

A 

A 

A,L 

A 

A 

A 

A 

A 

REMARKS 

TWo adults from litter at the stump base. 

One adult from in the bark. 

Cause galls on the small twigs of red pine 
and are present before cutting. 

Two adults collected from under the bark. 

One adult from the outer bark; adults 
usually predaceous (Craighead, 1950). 

One adult from under the bark scales; 
occasionally predaceous (Craighead, 1950) 

One adult from the bark. 

One adult collected under the bar.k. 

1 

~ 

~ 



.APFENDIX II cont 'd. 

SPJ!X:IBS LOCA.nOR IN SLAfll STAGE RBIIARKS 
PW PR 

S T S T 

J'.AJULY STAPHYLINIDAB 

Siagonium. ap. x A One specimen toun.d in tb.e gallery ot Ips pini. 

cm.BR BDI!HŒTlmA 

J'.AMILY BRACONIDD 

Ata.nycollla anoco.::»dia Cuab.. x A One adul t colleoted trom the bark •urtaee. 
1 

Coel.oide• dOD.droctoni Ouah. x x A Collected while oTiposit1ng on tops 1Dtested 
.....::! 
N 

with Ips pini and Pit;yogenea hopkill81. 1 

s,patb.ius sp. x A ORe specimen collected troa the bark surtace. 

Triaspis sp. x A Two specimens collected troa the bark surtace. 

J'.AMILY EURY'l'OYIIWI 

BUrytoma sp. nr. atripes Gab.aD x A Collected trom the outer buk surtace. 

" " " cleri Ashm. x A " " " " " " -
:P'AIIILY I.CHDUII.ONIDAE 

Neurateles sp. x A one adult collected on the bark surtace. 

FAIIILY PLATYGASrERIIlAK 

UDidentitied sp. x A one adult collected trom under the bark. 



SP:BCil!S 

P'AIIILY PrEROJ4ALIDAB 

pinotiacus sp. possibly new 

Tollicobia tibialis Ashm· 

ORlBR DIP'l'BRA. 

P'AIULY -BIBIONIDAB 

Bibio sp. nr. slossonae Cook. 

P'AMILY. C~IDOJaiiDAB 

J'oannisia sp. 

Winnertzie. sp. 

P'AIŒLY CYRl'IDAK 

Pterodonita ~lavipes Gray 

FAMILY DOLICHOPODIDAE 

Jledeterus sp. 

APPKNDIX II cont 1d. 

LOOATION IN SLASH 
PW PR 

S T S T 

x 

x 

x 

x 

x 

x 

x x 

sr AGE 

A 

A 

p 

A 

A 

A 

A 

RD4ARKS 

From outer bark surtace. 

one specimen collected trom the gallery ot 
Ips pint. 

Two adult s reared t'rom pupae tound in the 
bark. tarvae are scavengers (Paterson, 1951) 

One specimen only trom. the bark surtac_e. 

One specimen only trom the bark surface. 

One specimen collected on the bark; a parasite 
o~ spiders (Clausen, 1940, King, 1916). 

Adulte collected while oTipositing in bark 
ilrtested w1 th Ips pini and Pityogenes hopkins!; 
predaceous (DeLeon, 1934). 

....:! 
(A) 



SPECIES 

J'.AMILY EMPIDIDAJ!: 

Drapetis sp. 

FAMILY Ol'ITIDAB- -

Pseudotrephitis corticallis (Loew.) 

FAMILY SCATOPSIDAB 

Unidentitied larTa 

FAJŒLY SCllRIDAE 

Plastosciara n. sp. 

Scaptosciara n. sp. 

F.AJULY TIPULIDAB 

Gnophomzia tristissima o.s. 

Symbols used in Aependix II 
1 

S - stum.p 
T -top 
Pw - white pi ne 
Pr - red pine 

A - Adul.~ 
E- Egg 

L - LarTa 
N - Nymph 
P - Pupa 

.APPENDIX II cont' d. 

LOCATION IN SIASH 
PW PR 

S T S T 

x 

x 

x 

x 

x 

x 

sr .AGE 

A 

A 

L 

A. 

A. 

A,P 

lm4ARKS 

One specimen trom the bark surtace. 

One specimen trom the outer bark; 
occasionally predaceous (Clausen, 1940) 

One specimen only trom under the bark; 
larTae breed in decaying animal and 
Tegetable matter (Cl.n'ran, 1934) 

One adult collected trom the outer bark. 

One adult collected trom under the bark. 

Bmerged trom pupae tound under the ba:rk. 

~ 
~ 
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INDEX 'ro SPECIES IN THi!: CO:MMUNITf 

Agriotes fucosus (Lee.) •••••••••••••••••••••••••••••••••••• 31 

Amoetus SPo ooooo•••········································ 
Anlpedus sp. o ••••••••••••••••••••••• •••••••••••••••••••••••• 

42,65 

31 

Apbaereta ap. •••·•••••••••••••••••••••••••••••••••••••••••• 39 

Aprionus sp. ••••o•••••••••••••••••••••••••••••••••••••••••• 33 

Asemum atrum Eaeh • ••••••••••••••••••••••••••••••••••••••••• 26 

Atbete sp. ••••••••••••••••••••••••••••••••••••••••••••••••• 33 

Atamus sp. ••••••••••••••••••••••••ooooooooooooooooooooooooo 

Bupreatidae (un1dent1f1ed larvae) •••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••••• Camponotus hercule anus ( L.) 

Ceeidomyiida~ (unidentified larvae) •••••••••••••••••••••••• 

42,65 

30 

48 

33 

Coeloides sp, •••••••••••••••••••••••••••••••••••••••••••••• 39 

Corticeus sp. •••••••••••••••••••••••••••••••••••••••••••••• 47 

Ctenicera triundulata Rand • 

Dend.roctonus. valens Lee. 

•••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••••• 

•••••••ooooooooooooooooooooooooo Dryoeoetes amer1eenus Hopk. 

:S:lateridae ( unidentified larvee) 

Kmp-1 s s p 0 0 0 0 •• 0 • 0 0 •• 0 0 0 0 • 0 ••• 0 0 0 •• 0 • 0 0 0 0 0 0 ••••••••••• 0 ••• 0 0 

ooooo••••·············· Enoclerus nigrtpes rufiventrte ·Spin. 

Kntomobryidae (unidentified sp.) ••••••••••••••• 0 • •••••••••• 

••o••••o••······································ Epuraee sp. 

Eubadizon sp. •• 0 0 •• 0 •• 0. 0 • ••••••••••••••••••••••••••••••••• 

Eugamesus sp ••••••••••••.••••••••••••••••••••••••••••••••••• 

31 

12 

13 

31,45 

35,48 

43 

30 

32 

40 

42,6~ 

Eutheresia nipigonensis? Curr. •••••••••••••••••••••••••••• 41 

" trivittata Curr. •••••••••••••••••••••••••••••••• 41 

1ore1pomy1e s1mulata Wal. •••••••••••••••••••••••••••••••••• 34 
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Forcipomyia sp. •••••••••••••••••••••••••••••••••••o••••••••• 34 

Geoph11us probeb1y rubens ••••••••••••••••••••••••••••••••••• 42 

G11schroch11us sanguino!entus Oliv. ••••••••••••••••••••••••• 46 

Gnethotrichus ma terier,ips (Fi. teh) •••••••••••••••••••••••• ~.. 14 

Ebloneurus sp. ••••••••••••••••••••••••o••••••••••••••••••••• 33 

Hy1urgops pinitex (rttch). ••••••••••••••••••••••••••••••••••• 16 

~ chagnoni Sw. •••••••••••••••••••••••••••••••••••••••••••• 17 

tt pini ( Say) ••••••••••••••••••••••••••••••••••••••••• ~ •••• 18 

Limonius aeger Lee. ••••••••••••••••••••••••••••••••••••••••• 31 

Lonehaea sp. probab1y watsoni Curr. •••••••••••••••••,••••••• 36 

J4egase11a iroguoiana Ma11. •••••••••••••••••••••••••••••••••• 36 
1 

Me1anotus sp. ••••••••••••••••••••••••••••••••••••••••••••••• 31 

Monochamus notatus (Drury) •••••••••••••••••••••••••••••••••• 26 

tt scute11etus (Say) •••••••••••••••••••••••••••••••a 26 

Nampabius n. sp. ••••••••••••••••••••••·••••••••••••••••••••• 42 

Neopac!lygaster maculi·corms ( Bine) •• 0 0. 0 ••••••••••••••••••• 38 

lfudobius cepha1us,Sey ••••••••••••••••••••••••••••••••••••••• 46 

Orthotomicus cae1atus (Eiehh.) ooooeeooooooooooooeoeoooooooo• 22 

Paehyceres eccoptogastri Ratz. •••ooeoooooooooooooooooo•••••• 40 

1 . 1 
Phaonia harti Ma 1., ••••••••••••••••••••••••••••••••••••••••• 41 

P1atysoma coarctatum Lee. •!••••••••••••••••••••••••••••••••• 45 

Plat~eoma sp. •••••••••••••••••••••••••••••••••••••o••••••••• 45 

Pissodes spp. ••••••••••••••••••••••••••••••••••••••••••••••• 29 

Pityoseae! hopkinsi sw. ••••••••••••••••••••••••••••••••••••• 23 

tt plagia tua ( L'èc • ) ................................. . 

P1astosc1are sp. •••••••••••••••••••••••••••••••••••••••••••• 37 

J 
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Poduridae (unidentified sp.) ••••••••••••••••••••••••••••••• 30 

Pseudoecorpionida (u~tdentified sp.) ••••••••••••••••••••••• 42,66 

Peocoptera (unidentified sp.) •••••••••••••••••••••••••••••• 31 

Pytho americenus Kby~ ••••••••••••••••••••••••••••••••••·••• 28 

Pytho sp. • •.• o... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

Qaedius spp. •••••••••••••••••••••••••••••·••••••••••••••••• 46 

Rhizopbagus sp. •••••••••••••••••••••••••••••••••••••••••••• 32 

Rhopalicus pu1chripennis (Cwfd.) •• •••••• •••••••••••••.• ••••. 40 

" tutela ( Wlk.) ••••••••••••••••••••••••••••••••••• 40 

Scaptosciera.myrmecoph11a Jrey. •••••••••••••••••••••••••••• 37 

Sciare sp. ••••••••••••••••••••••••••••••••••••••••••••••••• 38 

Sminthurus sp, ••••••••••••••••••••••••••••••••••••••••••••• 30 

Stenocorus inguisitor (L.) •• •• •••••••••••••••••• •••••• ••••. 28 
1 

Stratiomyiidee (unidentified sp.) •••••••••••••••••••••••••• 38 

SUidasia sp, •••• , ••••..•••••••••••• , , •••••••••••••••••••••• 42,65 

Syrphidae ge:nus J:lr. Brachyopa •••••••••••••••••••••••••••••• 39 

Thanasimus dubius (Jab.) ••••••••••••••••••••••••••••••••••• 43 

'lbmocerus sp-. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 30 

14 Trypodendron- bivi,tatum ( Kby.) ••••••••••••••••••••••••••••• 

Xy1ophasus fasciatps Walk. ••••••••••••••••••••••••••••••••• 34 

Xylophasus sp. ••••••••••••••••••••••••••••••••••••••••••••• 34 

Zabrachie po11ta Coq. •••••••••••••••••••••••••••••••••••••• 38 
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PLATE I 



P~I 

Upper lett - - Number ot species in the community in white pine stumps 
grouped according to teedin& habits. 

Upper right - Number ot species in the oommunity in red pine stumps 
grouped according te teeding habits. 

Lcwer lett - Humber ot species in the oommunity in white pine tops 
grouped acoerding to teeding habita. 

Lewer right - Bwn'ber et species in the community 1n red pille teps 
greuped accordin& to teeding habits. 
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PLATE II 



PIATB II 

Ecolo&ical association of apeciea in the oommunity in red aDd 
white pine topa. 
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PLATE III 



PIA'l'J: III 

Ecoloa1oel association ot speoies in the oommun1ty in red 
and white pine stumps. 
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PLATE IV 



PLA.TB. IY 

Fig. l - .Egg galleries ot ·Ips .. pini in white p.in.e tops on Kay 26. 

Fig. 2 - Bgg galleries ot Ips pini in white pine tops on .Tune.2. 
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PLATE V 



PLA'l'.l V 

Fig. 3 - Egg galleries o~ Ips pini in white pine tops on J\lDI9 12. 

Fig. 4 - Galleries ot Ips pini in white pine tops on JUile 30. 





PlATE VI 

J'ig. 5 - Galleries ot Pityoi8ll8S hopk1na1 in white pine topa on 
llay 26. 

Fig. 6 - Gal1er1es ot PitYOg!!e& hopkins! in white pine tops on 
lune 5. 
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PLATE VI 





PIATB VII 

Fig. 7 - Galleries ot P1tyogenes hopk1ns1 in white p1ne 
tops on June 19. 

Fig. 8 - Galleries or Pityogenes hopk1ns1 in white pine 
tops on June 22. 
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PART II 

EXTERNAL ANATCKY 

OJ -

!.P,! ~ (Say) 

(OOLEOP!'ERA:IPIDAE) 
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I. mTRODUCTION 

As d:lscussed in Part I of this paper, ,!E! pini {Say) normally 

cannet be classed as a primary insect pest. However, in view of its 

relative importance in preparing thë way for the establishment of an 

animal coillJIIUD.ity beneath the bark ot red and white pine slash, this 

beetle has been seleetèd tor further study. Further.more, any addition 

to the limited number of papers now aTailable concerning the anatomy of 

bark beatles should be considered of importance. 

A review of the literature reveals the need for mre attention 

being directed toward this important group o'f insecte, particularl;y in 

the field of anatomy. Hopkins (1909) publ:lshed, as part of a series 

entitled, "Contributions toward a ~ograph of thè Scolytid beatles", 

a paper on the genus Deudrocto:iJ.us. This included the an.atomy of 

Dendroctonùs valens Lee. A second part of this series was published 

in 1915 by the same author and dealt with a preliminary classification 

of thè superfamily Scolytoidea. Included in this paper were comparisons 

ot those structures found to be of value in taxonomy. The morphology of 

the genus Gnathotrichus Eichh. wa.s discussed by Schedl (19Jl). In 19J6, 

Kaston published an aecount of the morphology or Hylurgopinus ru:t'ipes 

(Eichh. ). Finally, Fuchs (1911) brought out a paper on the morpb.ology 

ot the genera Ips DeGeer and Pityogenes Bedel. Untortunately this last 

paper does :ilot cover as wide a scope as the title indicates. The compar

ative anato.my of the male genitalia and the abdomen of the t110 genera 

comprise the greater part of the paper. The anato.my of.!· pini has never 

be en descrfbed to m;y 1œowledge. An account of the habits and stages of 

thé beetle was published by Clemens (1916), but no detailed anatomical 
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dl'awings were included. 

II • SYSI'EldATIC POSITION 

The eastern pine engraver, Ips pini (Say), belongs to the order 

Coleoptera, suborder Rhynehophora, f'am.ily Ipidae, subfamily Ipinae 

{SWaine, 1909). The genus was for.merly described as Bostrichus in 

1777 and as Tomicus 1n 1807. The generic nam.e ~ had been applied 

to a group of beatles in the family Nitidulidae. However, the synonomy 

as worked out by Swaine {1909) gives priority to the name ~ erected 

in 1775 by DeGeer. 'l'he original description of l• pini was made by Say 

{ 1826) under the genus Bostrichus accord1ng to Swaine ( 1909). 

III. GENERAL DESCRIPTION OF AOOLT 

Fully mature adults are dark brown to black in colour, with a 

light covering of hairs over the body. lJormally the head is entirely or 

almost concealed from above by the pronotum. The antennae are oharac·

terized by sutures on tha anterior races only of the clubs. The anterior 

of the pronotum is roughened by several concentric rows of' asperities. 

The punetures on the elytra are arrangea in defj.nite striae. 

Like all ~ species, the declivity is sulcate and eontinued 

1nto an apical shelf' or plate. The armature of the declivity consista 

of four teeth on each aide of the sulcus. In the famales, the second 

and third teeth are aeute and joined basally. The third tooth in the 

male is longer, more rounded, and f'requently bent downward. This is 

a fairly reliable secondary sexual charaeteristio. 
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There 1s no signifiaant difference between the lengths of' the 

males and females. Based on measurements of lOO specimens or each sax, 

the length of the body from the front of tho head to the end of the ap

ical plate was round to be 3.63 t .23 mm. for males and 3.64 ! .~0 mm. 

tor tem.ales. 

IV. llETAILED DESCRIPTION OF 'mE ADULT 

A. THE HEAD 

In its normal position, the head is retracted into the proth

orax leaving only a small area exposed (Figs. 1, 2 and 3). The head 

capsule is globular in f'onn, .the widest point being just anterior to 

the coronal suture (Fig. 7). The caudal part of' the head ia attenuated 

into a V-shaped wedge. Conf'orming to the charaateristics of' most 

rhynchophorous heads, many of the head regions are completely f'used 

and devoid of' limiting linas or sutures. The structure of the head 

capsule shown in figures 7, 8, 9, 10 and 11 is described in detail in 

the tollowi~g sections. 

1. LABRUM, CLYPEUS 

Neither the labrum nor the clypeus are represented as distinct 

sclerites. Elements of' one or of both may be included in the epistomal 

and frontal areas. 

2. li:PISTCJ.1A 

Bordering the dorsal part of the oral foramen, there is a 

slightly raised, narrow region which may be designated as the epistoma 
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(Fig. 7). The lateral margina are produced into protuberances over 

the articulation of each antennal scrobe. The ventral surface of the 

epistoma is inflected inwards. lt is weakly divided into a median 

and two lateral sections (ligs. 9 and 10). The epistoma strengthens 

the dorsal rim of the oral foramen providing support for the mandibles. 

The dorsal articulatory processes of the mandibles are borne on the 

lateral sections. In certain genera, notably Dendroctonus, the, 

epistoma is a prominently developed proceaa. Hopkins (1909) uses 

this feature to separate the genus Dendroctonus from other genera of 

the subfamily Hylesininae. 

3. J!'RONT 

The frons is not m~ked off by sutures. Sched1, (1931) con

sidera that two slightly raised lines originating at the upper margina 

of the antennal grooves, are.remnants of the frontal sutures in the 

heads of Gnathotrichus retusus Lee. and J!• materiarius Fitch. With 

this evideJlce, .he deaignates .an .area -of the front of the llead in these 

two species as the trona. These sutures are not present in the head 

ot !• pini. The frontal area of the head dorsal to the epistoma and 

between the eyes bears a number of small asperities tram which setae 

arise. There is a transverse row of larger tubercles immediately 

dorsal to the epiatoma. 

4. PARIETALS 

In generalized insecte, the two parietale are those regions 

of the head bounded anteriorly by the frontal and frontogenal sutures, 

and posteriorly by the occipital suture. That part of the parietal 
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dorsal to the compound eye is the vertex while the ventral portions 

beneath the eyes are the ge.nae. With tb.e absence of the head sut\Jres, 

the parietal region in !• pini, however, can only be indicated in a 

general •1• A portion of the eoronal suture separating the two 

parietal& is visible on the top of the head capusle (J1g. 7J. 

The dorsal limit of the gena may be eonsidered as being in 

the area level with the upper edge of the eye. The gena extends ven

trally to the median gular suture (l'igs. 7 to llj. 

6. OCCIPITAL REGION 

Because ot the absence ot the occipital suture, the occipital 

region of the head is not clearly defined. The caudal area of the head 

is drawn out into a V-shape.d structure w1 th the apex of the "V" point

ing posteriorly (J1gs. 7, 8 and 11). A suture, which I have called the 

post-occipital suture, 11.arks the sharp edges of this region of the heacl. 

Beginning at the caudal extremity of -the head on the dorsal sida, the 

suture passe·a anteriorly alona the edges of the "V" until the posterior 

region ot the head in the same plane as the occipital foramen is reached. 

The sutlU"e then begins to descend, curving mesally until it reaches a 

point at the· dorso-lateral angle ot the foramen. l!'roa this point it 

tollows the edge of the foramen until the two aides ot the post-occipital 

suture converge in the median gular suture. 

In figure 9, a suture "a" is sholll crosaing the endoskeleton 

ot the head a.nterior to the ventral edge of the occipital toramen. I 

interpret this suture as marking the original liJII.it ot the edge of the 
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occipital toramen whare it is inflected into the head. In the majority 

ot specimens examined, the definitive posterior of the head e.ppèared to 

be oontinued ventrally in this sutüre. 

The occipital foramen is oompletely enelosed by the sclero

tized cranium. The edges of the :roram.en are intleoted into the head 

capsule, joining with the gular apodemes to increase the rigidity ot 

the head. 

7• GULA 

The gular area is not :t:eprasented in the head of .!.• pin!. 

A single median gular suture separates the genaè {Figs. S and 10). 

Schedl ( 19::Sl) desoribes two gular SU.tures very close together in the 

genus Gnathotrièhus. This condition, which is very rare in Rhyn

chophora, provides a definite median gular area in that genus. · 

Hopkins (1909) located a pregular solerite in the ge:ilus Dendrootonua. 

Kaston {1936) similarly described a pregular area in the head of 

Hy'lurgopinus ruf'ipes. This sclerite is not present in l• pini. 

8. HYPOsrüMA 

The hypoetomal sutures diverge from the median gular suture 

and ertend to a point between the eye and the articulation of the 

e.ntenna ( Figlil. S and 10). An internal a po deme corresponds to eaoh 

hypo!tomal sutUl'è. 'l.he area.s aziterior to these sutures are the 

hypostomal areas which bear the ventral articulations of the mandibles 

as well as the lll8Xi11BI'Y articulat,.ons. Each hypostoma e:x:tends 

mese.lly to f'orm. a hypostomal bridge between thé :::~bmentum and the 

gular suture (Fig. 10). Anterior to the hypostolJllll sutu~, a line 
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extends from the lateral angle of the ventral articulation of the 

mandible, oontinuing aoross the hypostomal bridge to a corresponding 

point on the other aide {Fig. 10). Hopkins {1909) in the genus 

Dendrootonus, calle this line the hy:postomal suture, and the posterior 

suture, the pre-genal suture. This anterior line in .!.• pini appéars 

to be only the crease whei'e the hypostoma is in1'leoted inward. 

9. TENTORIUM 

The endoskeleton of the head is known as the tentorium. 

In generalized structure, the tentorial body consista of anterior and 

posterior ar.ms arising as invaginations ot the oranial wallb. In 

certain insecte, the tentorium also includes a pair ot dorsal arma 

arising from the anterior arms. 

Stiokney { 1923) was able to observe a pretentorium in 

Dendroctonus, but not in any other members or the Rhynohophora. 

He believed the pretentorium was rudimentary in Scolytus, but bscau•e 

of the difficulty of making a dissection showing the pretentorium 

intact, the same could not be said of the other genera. The presence 

of frayed ends suggested to h1m that all of the pretentorium had not 

been seen. A similar ditriculty was found in dissecting the head of 

.!• pini. The anterior tentorial pits are not visible extemal.ly. 

Internally, the rudiments of the anterior tentorial ar.ms are visible 

in the region of the dorsal articulation of the mandibles (Figs. 9 and 

10). The posterior tentorial pite presùmably would be located in the 

area where the hypostomal suture and gular suture mée,;. Bowever, there 

is not suff1cient evidence to indicate the location derinitely. Inter

nally, the posterior arros could not be identitied. 
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The mst prominent svructures 1ns1de "Che heact capsule are 

two broad sclerotized plates wh1ch are elevated àbove the ventral 

cran1al region (Fig. 9} • Med.ia.l.ly, these plates appee.r to al'iae :from 

the ridge form.ed by the in"U"agination of the gular region. Posterior

ly, they are tusoo. with the ventral :r1:1n of' the occipital :roramen. 

The line of fusion is marked by the transverse suture reterred to ill 

the description of the post~occipital region of the head. Anter1orly, 

the plates are slightly Qonstricted and unite with the strong apodem.es 

braeing the submentum.. Posterior to the .submentum, a narrow sclero

tized bridge unites the two lateral plates (Fig. 9). 

The structures described above may for.m a portion of the 

body of the tentorium, or they may be seeondary invaginations of the 

head for attachment of the strong muscles of the gnathal appendages. 

A more detailed study of the heads of many specimens in different 

genera of Scolytidae is required to determine the exact structure of' 

the tentorium. 

10. APPENDAGES OF mE HEAD 

a. Antennae. 

'!he antenne. consista of a long basal segment, the scape, a 

funicle eomposed of f'ive segments, and a club {Fig. 12}. 

The seape is slender • slightly eurving to the base whsre 

there is a sharp bend or elbow, the scrobe. The scrobe articulates 

in a socket or fossa at the lateral area of the head between the eye 

and the base of the mandible. The lateral aree. of the epistoma. forms 

a slight protuberance over the antennal scrobe. The scapa is almost 
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equal in length to the funicle and club combined. 

The funicle is five segmented. The basal segment is longer 

than any of the remaining four segments. 

The club is oval in outline. ln a lateral view (Fig. 14), 

it is seen to be narrower at the distal end than at the base. The 

posterior face is entire (Fig. 13). The anterior t.ace is divided 

by what appear to be two sinuate sutures (Fig. 12). However, under 

high magnification, ,what appear to be sutures are not sutures in 

the strict sense of the word. The anterior face bears three 

sclerotized or corneus areas. The first is basal .and has a sinuate 

upper edge. A row of' . .setae is borne along this upper edge. There 

is also a,transverse row of' cSetae n.ear the base. The ~rea between 

the basal and second sclerotized regions has a pitted surface. It 

is this œrrow r.egion whio.h .appears to be a suture under lower 

magnif'i.cation. The median sclerotized area is also sinuate and 

b.e.ars a row ot setae along its upper edge. The distal point of' 

this region reaches about the midpoint of the length of the club. 

From this point to the tip of the club, the surface is pitted, with 

the exception of a small curved sclerotized region in the centre. 

This final sclerotized area does not approach the aides nor is it 

as detinite in outline as the basal and median areas. 

b. Jlouth Parts. 

(1) li:pipharynx. There is no true epipharynx in l· pini as 

detined by Snodgrass (1935), who states that it is a median lobe sorne

times present on the posterior surface of the labrum or clypeus. 
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Packard (1898) states that the term epipharynx was first used by 

Savigny in 1876. He applied it to the membranous lobe located on 

the dorsal surface of the preoral cavity just anterior ,to the true 
, 

mouth opening in the honey-bee. Reamur (1740) observed and described 

a structure in the honey-bee and bumble-bee which he called "la langue". 

His descriptive remarks were that it closed the opening into the 

oesophagus and was applied against the palate. According to Packard 

(1898), this structure· represented the epipharynx and had tqat name 

bestowed upon i.t by Savigny in 1876. In l• pini, a membranous struc

ture (Fig. 10), attached ventrally to the median are& of the intlected 

epistoma, continues dorsally into the lining of the oesophagus. This 

membranous structure is the epipharyngeal wall and bears a number ot 

setae on the inner surface. 

(11) §ypopharynx. The hypopharyox is a partially membranous 

structure suspended in the preoral cavity by tendons from a pair ot 

hypopharyngeal bracons {Fig. 10). These are sclerotized processes 

arising from the inner surtaoes of the -hypostoma near the ventral 

articulation of the mandible (F1g. 9). The bypopharynx has a 

sclerotized ring on the anterior surface and is partially sclerotized 

on the dorsal surface. 

(111) Labium. The submentum of the labium is a bifid pro

cess fused with .the hypostoma (lig. 10). Internally, it is support-

ed by two braces rising from the aides of the hypostomal bridge 

(Fig. 9). The remainder of the labium is a compactly fused structure. 

The mentum occupies three quartera of the total length of the labium 

(Figs. 17, 18, and 19). The base of the mentum articulates with the 
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submentum and bas a basal foramen. 

The glossae and paraglossae are absent as distinct 

Blementâ~ The dorsal anterior part of the labium, the ligula, 

is alliptioal in shape and bears a large number of stiff setae 

(F1gs. 17 and lS). 

The palpi are three-se~e.œ ed. ·The first and second 

segments are equal in length. The distal joint is smaller than 

eaoh of the other two. The palpigers supporting the palpi are 

not marked off as distinct areas of the labium. 

(iv} Maxillae. Each maxilla consista of a distinct, basal 

cardo, a median area oamposed of the fused stipes, palpiter, ~lea 

and lacinia, and a distinct palpus (Fige. 15 and 16). 

The cardo is a atout basal segment broadly hinged to the 

remainder of the maxilla. The basal portion or the cardo is produced 

into two lateral angles for the attaohment of muscles. It artio

ulates with the maxillar1 process borne on the hypostoma (Fig. 9). 

The main body of the maxille is broader than long consist

ing of stipes, palpiter, galea and lacinia. The area articulating 

wit.h tb..e -Cardo may be considered to be a part of the stipes. The 

palpiter .. is tused with .the stipes and bears the three-se~ented 

palpus. 'l'he galea and lacinia are fused to eaoh other and to the 

stipital area of the maxilla. The inner edge of the apical lobe or 

the lacinia and galea adjacent to the palpus, is continued downward 

tor a short distance by a suture visibl~ on the ventral surface only 

(Jig. 151\ The edge of the lobe adjacent to the palpus is more 
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heavily sclerotized than the remainder of the maxilla. Hopkins 

(1909) considera that this sclerotized band in the genus Dendroctonus 

is the galea. Schedl (1931) is of the opinion that a shallow 

emargination in the tip of the lobe indicates the di~iding lina 

between the galea and laoinia in the genus Gnathotrichus. Kaston 

(1936) does not separate a distinct galea but indicates an area. 

whiah he calle the subgalea in Hylurgopinus rufipes. It is appa

rent that the maxilla has become too fused to indicate distinct 

elements .clearly. A number of the se di verging opinions might be 

clarified through a comparative study of the maxillae of many 

genera. 

The lacinia is armed on the ventral, inner edge with a 

row of very atout teeth (Fig. 15). There is an opening on the dorsal 

surface near the base of the stipital area for the passage of muscles. 

The ventral surface of the main body of. the maxilla bears a large 

number of long setae (Fig. 15). 

The three segments of the palpi are connected by membrane 

which allows slight movements. The palpi are relatively short, 

being about c.œ third the total length of the maxillae. 

(v) Mandibles. The mandibles are atout, heavily sclerotized 

structures wall suited to their task of cutting through bark and 

wood. The shape and structure of the mandibles can be aeen in 

figures 20, 21, 22 and 23. The cutting edge is wedge shaped with 

several distal teeth and a basal molar.area. The outer face of the 

mandible bears three setae. Two of theae are grouped and are called 
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the dorsal se"liae. The remaining one is known as the lateral bristle 

(Figs. 21 and 2J). 

The dorsal articulation with the cranium is a oomplex 

mechanism or condyles and fossae as shown in tigures 21 and 2~. 

These structures articulate with corresponding tossae and condyles 

supported by the epistomal area (Fig. 10). The ventral point of 

articulation is simply constructed and articulates with the ventral 

articulatory point on the hyposto.ma (Figs. 9 and 10). Attached to 

each mandible are strong sets ot adductor and abductor muscles. 

The muscles are attached to large dises connected to the mandible 

by tendons. 

B. THORAX 

The prothorax, mesothorax and metathorax, are all represented 

in the thorax of .!• pini. The prothoracic segment is distinct trom 

the remainder of the thorax. The mesothore:x and metathora:t are united 

to form the pterothora:x:. The union is not as rigid as 1n som& beetlès, 

being partially membranoùs between the mesonotum, and metanotwn. The 

pleural regions are also partially united by membranous oonjunctivae. 

The mesosternwn and metasternu.m., however, are completely :fused around 

the coxal cavities of the mesothoracie legs. 

1. PROTHORAX 

The prothorax is a hollow cy1inder :rormed by the complet& 

tusion of dorsal, pleural and ventral areas. When the beetle is at 

rest, the prothorax almost entirely conoeals the head and the anterior 
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of the mesotergum (Fig. 3). It is slightly more than one third the 

total length of the insect. Viewed from abovep the prothorax is 

broadly rounded anteriorly. The aides are sub-parallel, wideni~ 

to the posterior. The posterior edge is broadly rounded. Froma 

lateral aspect, the front of the pronotum is sharply oblique while 

the posterior area is only slightly oblique (Fig. 1). 

From the anterior margin of the prothorax to a point on the 

summit midway on the overall length and laterally to a point over 

the coxal cavities, the surface is roughened by a number of asperities 

arranged in concentric rows. Each asperity is more or lesa triangular 

in shape, the sharp, raised angle being pointed posteriorly. As the 

beetle cuts the entrance hole and galleries, the asperities serve as 

a brace holding the body in position against the thrust of the mandibles. 

The remainder of the dorsal and pleural areas have numerous small 

punctures over the surface. The anterior of the prothorax consista 

of a large circuler opening, the lateral and ventral edges of which 

are reflexed into the inside. The ventral entothoracic fold reaches 

a point over the ante ri or walls of the coxal cavities. ';['he membrane 

connecting the head to the prothorax is attached along this inner rim. 

The edge of the anterior foramen is lined with a fringe of short hairs. 

The edges of the posterior foramen, which is smaller than the anterior 

opening, are folded in on all aides. The ventral edge is folded in to 

a point over the posterior walls of the coxal cavities (Fig. 44). The 

intersegmental membrane is attached to th~ inner edge of the infolded 

rim. The mesothoracic pair of spiraeles are situated in small sclerites 

in the inter-segmental membrane. When the prothorax is in its nonnal 

position, ~he spiracles are covered. 
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The prothoracic tergum is not marked by any linas at' sutures. 

The pleural areas are similarly devoid of distinct sclerites or sutures 

wi th one exception. On the outer rim of the coxal ca vi ty tœ re is a 

minute, sligl:ltly projecting piece which is more heavily sclerotized 

than the remainder of the pleural area. There is an indication ot a 

small suture starting at this point on the coxal rim and :proceeding 

dorsally and anteriorly for a short distance (Fig. 43). Inter.nally, 

a small fold is visible lying against the inner pleural wall. Basally 

it is connected to the outer rim of the coxal cavity and 1s fused to 

the pleural wall for a short distance as it proceeds in a dorsal 

direction. It narrows to a sharp triangular point which leaves the 

pleural wall and projects in over the coxal cavity (Fig. 44). This 

point would appear to be the pleural apophysis and accordingly the 

remainder of the structure should contain anteriorly t:œ epiaternum 

and posteriorly, the epimeron. There is no evidence of an internal 

pleural ridge. The short outer suture described previously may be 

the vestiges of the pleural suture. 

The greater part of the sternum has been depressed to for.m 

the walls of the coxal cavities. The anterior sternal area ii for.med 

into a short median intercoxal process (Fig. 43). The coxae are 

contiguous since the intercoxal process does not extend completely 

between them. Internally, a sternal apophysis arises at the inner 

edge of eac~ coxal cavity (Figs. 44 and 45). A sternacostal ridge 

extends between the two sternal apophyses (Fig. 45). Outwardly, the 

position of this ridge is marked by a transverse suture, the sterna

costal suture, dividing the sternal area within the coxal depression 

(Fig. 43). 
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2 • MESOTHORAX 

a. Notum 

The mesonotum is partially concealed by the posterior margin 

of the pronotum and by the base& of the elytra (Fig. 3). The correct 

interpretation of the anatomical structure of the me~onotum is com

plicated by the modifications in for.m which have occurred in this 

area. The ant~rior, poaterior and lateral margina are depressed and 

folded. From the autures atill viaible two or more interpretation& 

of the structure might be taken. The e:z:planation given here is my 

opinion of the position and for.m the various components of the 

mesonotum have taken. A comparative study of e:x:amples from. ditferent 

genera of Scolytidae and between orders would be of great interest. 

The resulta of auch a study might invalidate soma of the conclusions 

set forth he re. 

The anterior half of the notum is broadly rectangular. 

T.be posterior half is triangular, the apex of the triangle being 

the raised lobe of the scutellum (Fig. 4ô}. The anterior portion 

is folded ventrally·and proceeds posteriorly so that it now lies below 

the definitive anterior of the notum (Fig. 47). This ventral fold is 

supported by a median carina extending from the anterior margin to the 

anterior point of the scutellum (Fig. 47A). The position of the 

internal carina corresponds to an ~:x:ternal median suture dividing 

the scutum longitudinally (Fig. 4ô). 

Aline or suture crosses the ventral fold (Fig. 47). The 

intersegmental membrane joining the pronotum and mesonotum is attached 

along this line. It is possible, therefore, that it does not ~rasent 
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a true suture but indicates only the line of adhesion of the mambrane. 

If it is considered a suture, it may be the transverse suture separat

ing the prescutum from the scutum. Snodgrass (1935) has stated that 

a prescutal area behind the antecostal suture is well developed in 

the mesothorax of Coleoptera. Appended to the posterior edge of the 

ventral fold are two phragmata. Between these phragmata and the trans

verse suture there is no indication of an antecostal suture. An alter

native interpretation of this area is thus presented. The transverse 

suture may be the antecostal suture, the area posterior to it bearing 

the phragmata becoming the e:xpanded acrotergite. The prescutal area 

would then be insep3.rable from the scutum. 

On the dorsal surface, the median longitudinal su ture appears 

to divide posteriorly. A curving suture proceeds laterally to where 

the edge of the notum is folded ventrally (Fig. 46). This is the scuto

scutellar suture separating the scutum and scutellum. In mature adults, 

the path of the suture is obscured by pigmentation. However, in speci

mens in which only partial pigmentation has occurred, the suture 1s 

qui te evident. The sculpture of the scutum alao differa from tba t of 

the scutellum and this can be used to orientate these two regions. The 

surface of the scutum is punctured while that beyond the scuto-scutellar 

suture is smooth. 

The lateral margina of' the scutum are curved ventrally. The 

marginal depression is continued posteriorly along an oblique line 

proceeding medially and continuing into the scutellar region (Fig. 46). 

The folds in the posterior region of the scutum and scutellum which 

have apparently taken place, at least in part, to accommodate the clos

ing of' the elytra, obscure the details of this region. However, several 

• 
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valid landmarks are present. The anterior lateral angle of the scutum 

is produced into a process against which the base of the elytron arti

culates. This is the anterior notal wing process. A posterior notal 

wing process is also well developed on the margin of the scutwn. The 

third wing axillary articulates with this process {Fig. 4:6). Beginning 

at the anterior lateral margin of the scutum, a suture is visible along 

the depressed aides {Fig. 46). The suture makes a slight curve fol

lowing the line of the posterior notal wing process before proceeding 

mesally toward the median elevated part of the scutellum. The suture 

appears to separate the lateral depressed areas of the scutellum from 

the scutum. However, the exact course of this suture is difficult to 

follow owing to the folding of the posterior part of the scutum a nd 

the scutellum. This suture may be the reversed notal suture described 

by Snodgrass (1935) as occurring in the thorax of certain insecte. 

The posterior lateral angles of the scutum are prolonged 

into tapering arma or processes (Figs. 46 and 47). The e~ds of these 

processes unite with the anterior ar.m of the prescutum of the metanotum 

and fold back into a shallow groove in the prescutum. These two points 

form the only sclerotized union between the mesonotum and the metanotum. 

The remainder of the union is membranous. 

The scutellum has a median elevated portion and two lateral 

deprese ed regions. The lateral angles of the scutellum are co nt inued 

into the axillary corda of the wing membranes {Fig. 46). The posterior 

edge of the scutellum is folded ventrally and anteriorly, for.ming what 

Snodgrass (1935) describes as a posterior reduplication. Beneath the 

scutellum there is a triangular fold which is partially supported on 
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the median carina (Figs. 47 and 47A). This may be part of the scutellum 

or the scutum or may contain elements of both. 

Hopkins (1909) with the genus Dendroctonus, Sahedl (1931) with 

the genus Gnathotrichus and Kaston (1936) with Hylurgopinus rufipes, have 

interpreted the structure of the mesonotum differently~ ,The large dor

sal plate of the notum which I oonsider the scutum is termed the pre

soutum in their papers. The scutum is represented by the depressed 

areas below the prescutum anterior to the scutellum and by two lateral 

lobes anteriorly fused w1 th the prescutum. In 1· ;eini, the presence 

of a definite scuto-scutellar suture would seem to prove that tbe 

greater part of the dorsal surface is occupied by the scutum and not 

by the prescutum. The interpretation of the remainder of the meso-

notum requires clarification by comparative etudies of other species. 

b. Pleuron. 

The mesopleuron has been greatly strengthened by the infold

ing of the anterior and posterior edges. The episternum is a prominent 

sclerite comprising nearly the entire visible portion of the pleuron 

(Figs. 1 and 58). The anterior edge is folded in to for.m a strong 

rim. A narrow sclerite, the preepisternum (Fig. 59) is eut off 

this edge. Only a very little area of this solerite is exposed beyond 

the episternum (Fig. 58). The episternum is fused ventrally with the 

mesosternum, the lina of fusion being marked externally by a suture 

(Fige. 1 and 2). The pleural suture near the posterior of the pleuron 

separates the episternum and eptmeron (Fig. 58). The suture is con

tinued ventrally into the pleural coxal process but disappears exter

nally as it approaches the dorsal edge of the pleuron (Fig. 58). Thi• 

is due to the infolding of the pleuron. In a posterior aspect, the 

suture can be traced into the pleural wing prooess. A strong internal 
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pleural ridge extends from the pleural coxal prooess to the pleural 

wing process (Fig. 59). The pleural apophysi s PI'Ojects in ward dorsal 

to the pleural coxal prooesse The epimeron is f'used posteriorly and 

ventrally with the metepisternum and .metasternwn. The wing prooess 

~distally notched into two projections (Figs. 58 and 59). Hopkins 

(1909) in the study of' the genus Dendroctonus, named the anterior of' 

these the clavicle process and the posterior one, the coraooidal 

condyle. 

A small trianguler sclerite is si tuated in the membrane 

anterior to the preepisternum (Fig. 58). It is attaohed by tendon 

to the base of' the elytron and assista in wing movements. Aooording 

to Snodgrass (1909) this solerite is the preparapterum. Since then 

Snodgrass (1935) refera to this sclerite as the basalare. 

o. Sternum. 

The mesosternum consista of a simple plate (Fig. 49) the 

anterior edge of' which is reflexed inward f'or added rigidity (Fig. 51). 

The posterior lateral angles are produoed into exocoxal pieoes laterad 

of the coxal cavities and meeting the anteriorly projecting angles 

of the metasternume The median sternellar area unites with the anteri

orly produced median area of' the metasternum by a type of' ball and 

sooket joint. An external sul eus separates the two aterna. The. wall a 

of' the oo:xal oav1ties are oompletely f'used between the mesoeternum 

and metasternum. 

The sternal apophyses arise from invaginations in the suture 

join1ng the mesosternwn and the epiatemum. Apophyseal pits mark the 

positions or the invaginations (Fig. 2). Internally, the apophyses 
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are greatly developed into leaflike expansions approaching the pleural 

apophyses (Fig. 51). 

3. MEl'ATHORAX 

a. Notwn 

The metanotum is completely concealed by the elytra in a oloaed 

position (Fig. 3). Details of the structure from an inner and outer 

aspect are shown in figures 53 to 57. A presoutum, soutum, scutellum 

and postnotum can be distinguished. 

The prescutum consista of a·narrow transyerse median bar 

(Fig. 54) with a deeply iaie3ted margin (Fig. 53). Wall developed 

phragm.ata are appended to the ventral edge. The lateral areas ot 

the prescutum are expanded and fused to the anteriorly projeoting 

lobes of the soutum. The extrema lateral areas have been retlexed 

beneath the scutal lobes (Fig. 56). The anterior·notal wing prooesa 

is a development from the prescutum (Fige. 53, 54 and 56). The pres

outwn is separated medially from the soutwn by membrane. At the two 

points of fusion of the soutum and prescutum, the latter 1s developed 

into two prominent anterior arma (Fige. 53 end 54). Baoh arm projeota 

in an antero-ventral direction w1 th the extrema tip fused with the 

lateral arm of the scutum of the mesonotum. The arm or prooess ot the 

.mesonotum from the point of union resta in a shallow groove in the entera

dorsal face of the prescutal prooess. It is lifted out of this grooTe 

during move.ments of the thoraoio segments. 

Laterad ot the prescutal arm are two points ot musoular 

attaohment. One is referred to as the anterior diso (Figs. 53, 54 and 

56}. The other is a large oiroular dise from which a musoular tendon 

passes to the pleural wing process ot the pleuron (Fige. 54 and 56). 
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The soutum and scutellum are oombined into a broad solerite. 

The integument is solerotized although retaining a certain flexibility 

to assist in wing movements. 

The soutum is divided into two large lateral areas by the 

soutellwn (Fig. 54), eaoh area being di vided age.in into two regions 

by an outer groove. Internally, an oblique ridge marks ott this aree.. 

Hopkins (1909) considera that the anterior areas are part of the pre

scutum. in Dendrootonu.s valens. :Kaston ( 1936) agrees w1 th Hopkins and 

oalls the same area in Hylurgopinus rufipes the presoutal lobe1. Sohedl 

(1931) in his stu.dy of the morphology of the gen~t QnA;hotriohu•, oppoata 

this opinion. He considere that. this area is more likely to be part ot 

the soutum than ot the presoutum. Similarly, in l· pini, there is no 

sound evidence for separating the anterior regions from the soutum. 

The intolded ventral area alone appears to belong to the presoutwn. On 

the lateral margin of the soutum, a topographioal area, the lateral 

emargination, is weakly detined (1!'ig. 54). The posterior notal wing 

prooess is borne on the lateral emargination. The anterior marg1n ot 

the soutum along the lina ot union of the membrenous area of the pre-

soutum is depressed. Internslly, a strong transverse ridge is developed 

along this line (1!'ig. 56). 

The soutellum torms a median depression whioh dividea the 

soutWD. into halvas. The trough of the aoutellar groove extenda beyond 
' 

the anterior me.rgin of the soutum. The inner edges of the elytre. fit 

into the soutellar groove torming a part ot the looking meohaniam ot 

the anterior wings. The soutelle.r sutures (lig. 54) our.e outward and 

approach the posterior limit ot the notum midway to the lateral 1118rgin. 
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Strongly developed apodemes {Fig. 56) mark the course of the scuto-

scutellar suture on the internal surface of the notum. The posterior 

limita of the scutellum are not d1st1nguisbed from the soutum. As 

a result of this, the axillary corda appear to arise from the scutum 

instead of the scutellum. 

The postnotum is joined to the scutum and scutellum by a 

membranous conjunoti va except for two points near the posterior 

limita of the scutellar apodemes. At these two points, direct 

fusion between sclerotized plates has occurred (Fig. 54). The median 

area of the postnotum is a narrow transverse bar bearing ventrally the 

postphragmata {Fig. 55). The lateral areas are expanded into prominent 
1 

arma which extend ventrally into the body cavity approaching t~e meten-

dosternite. Strong muscles originating on the soutum are inserted on 

the postnotal arma. A small trianguler process on the outer margin 

of the postnotum (Fige. 54 and 55} forma a partial ring around the 

tiret abdominal spiracle. 

b. Fleuron. 

The metapleuron is divided by a horizontal pleural suture 

into a dorsal epimeral area and a ventral epi sternum (Fig. 4S). The 

episternum has been modified to affect a close union with the sternum 

and also to assist in locking the elytra closed. As described in the 

section on the sternum, an outer prooess at the anterior ventral angle 

and an inn er process at the ventral angle, assist in uni ting the 

sternum and episternum. The episternum also bears a horizontal groove 

and ridge on ita outer surface (Fig. 48). At the anterior end, the 

ridge is produced into a rounded, dorsally projecting process which, 
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together with the ridge, tit into oorreaponding oonoavitiea along the 

outer margin ot the elytron. The posterior dorsal angle ot the 

epi.m.eron al.so tits into a shallow ooncavity ot the anterior lateral 

margin ot the abdominal sternWil thereby looking the two togethar. 

The pleural suture is evident internally as a strœg ridge 

oontinUing into a distinct wing process at the dorsal anterior angle 

(Fig. 48). Hopkins (1909) oalls this the ooraooid process. Anterior 

to the coracoid process, there is a similar arm which Hopkins dea1g-

nates as a olavicle process. A large muscle dise is supported on the 

inner aide ot the anterior process. Snodgraaa (1909) daaoribll how, 

in Dendroctonus valens. the base ot the preparlpterLllll bearin'l the JIU.liOlt 

dise has become tuaed with the tront ot the epiaternum to produoe the 

etteot ot a double wing process. It would appear the.t a sUlilar 

con di ti on en sts in the metapleuron ot !· pini. 

The metathoraoio spiraole ia located in the membranoua 

oonjunctiva between the mesopleuron and metapleuron. 

c. sternum 

The metasternum is a broad reotangular plate. The Médian 

anterior margin is projeoted torward wbere it unites with the ster-

nellar area ot the meaosternum (J'ig. 49). The an teri or margina are 

concave and are completely tused with the poaterior margina ot the 
., 

meaoaternum to torm the wall a ot the meaoooxal oavi ti es. The aternwn 

18 divided longitudinally by a median lin• which _is quite detinite at 

the poaterior but whioh becomes less evident as it prooeed• oephalad 

(Fig. 49). 
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The union of the sternum with the episternum is etteoted by 

a special method. The lateral margin of the sternum is. tolded in to 

form a narrow groove, the outer rim of which is serrated (Fig. 51). 

The ventral margin of the episternwn is acute and has e. she.rp, hooked 

process at the anterior ventral angle and a small prooess at the 

interna!, postero-ventral angle (Fig. 48). The sternum and epi sternum 

fit together with the union being made more secure by the two prooesses 

described. 

The posterior .ma.rgin of the sternum is intlexed near the 

midline forming a fold on the inner surface (Fig. 51). The sternum 

shows a remarkable development of the sternal apophyses. These have 

been carried inward by an invagination of the sternellar area to form 

the metendosternite (Fige. 50 and 52). This consista of a "Y" shaped 

structure, hinged to the sternellar area by an interlocking meohanism. 

Two furcal arma are carried inward on the stem of the "Y". A compara

tive study of the metendosternite in Coleoptere has been made by Crowson 

(1938, 1942). The metendosternite or !.• pini is similar to that of 

~ typographus (L) described by Crowson. The endosternite serves for 

the attachment of a number of muscles. The exterior surface of the 

sternellar area reoeives the projecting intercoxal piece of the abdomen 

(Fig. 2). 

4. APPENDAGIS Ol!' THE THORAX 

a. Legs. 

The three pairs of legs show s118ht structural diftereno•a 

whioh will be disoussed. The details ot the form and structure are 

shown in figures 24 to 42. 
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(1) Ooxa. The ooxa of the prothoracio leg is sub-globose, 

being tlattened on the ventral aide. The two ooxaa are contiguous 

and occupy nearly the entire ventral area ot the prothorax. The 

basicostal suture cuts off a dorsal rim, the basiooxite. On the 

ventral surface near the inner margin there ~s a conioe.l impression 

or tossa in whioh the trochanter artioulates. The walls of the tossa 

slope down trom an outer rim to an inner rim located at approximately 

halt the depth ot the tossa (Fig. 30). In the aide of the coxa 

opposite the mouth of the tossa, there is a small opening in whioh 

the distal end of the trochanter artioulates (Fig. 31). This appears 

to be covered by membrane only. 

The mesothoraoic ooxae are essentially similar in structure 

to those of the prothorax (Figs. 34 and 35). The ooxae are separated 

by a narrow eternel piece formed trom the mesosternum and metasternum. 

The basicoxite is produoed into a rounded condylar surface (Fig. 35) 

whioh artioulates wi th the inner surfaces of the sternum and pleuron. 

Anterior to the basioostal suture a shallow groove provides a guide 

for the antero-posterior rotary movement ot the coxa. 

The metathoraoic coxae are transversely elongated, situated 

in deep coxal cavities. The coxae are separated by an intercoxal 

prooess formed by the fusion of two or more abdominal aterna (Fig. 2). 

The axis of movement is transverse, allowing tor an antero-posterior 

rotation. The inner angle of the coxa (Figs. 32 and 33) articulates 

with the metasternum near the median suture. The lateral ventral 

angle of the met epi sternum ti ts into a shallow depression in the outer 

angle of the coxa {Figs. 32 and 33) torming the pleural articulation 
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with the coxa. The inner ventral area of the coxa is invaginated 

forming a cone-shaped depression (Fig. 32). The inner rim of the 

invagination is expanded into a flange wbich articulates with a 

groove on the trochanter. The basicostal suture is discernible 

on the dorsal aide of the coxa beginning at the pleural articulation. 

It follows the inflected rim of the coxa bending down to meet the 

circular dpression with which the knob on the trochanter articulates. 

From this point, it can be traced dorsally to the point of articula

tion of the coxa with the metasternwn (Fig. 33). The suture marks 

the inflected rim of the coxa along the ventral surface. The narrow 

sclerite set off by the basicostal suture is the basicoxite {Fig. 33) 

which is inflected to form a rim around the anterior face of the coxa. 

A transverse impression is apparent as an external line on the ventral 

surface of the coxa (Fig. 32}. A large interna! ridge (Fig. 33} on 

which muscles are inserted, corresponds to the external impression. 

(ii: Trochanter. The trochanters on the prothoracic, meso

thoracic and metathoracic legs are similar in construation. The de

tailed structure of the prothoracic trochanter alone has been Bhown 

in figures 40, 41 and 42. 

The trochanter is closely attached to the femur. On the 

ventral aide, a deep trochantero-femoral groove (Fige. 40 and 41) 

separates the femur and trochanter. On the dorsal sida, the dis

tinction between these two elements of the leg is by a suture only 

(Fig. 42). The base of the trochanter is an enlarged ring which rests 

against the outer rim of the fossa in the ooxa. The condylar part 

of the trochanter is cone shaped with a small apical knob. Dorsal 

to the basal ring-like structure, the surface of the condyle is 
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molded into a tossa and ridge. These artioulate with the flange on 

the inner ring of the coxal tossa permitting a swivel motion to the 

leg. The small apical knob fits into the circular opening on the 

inner wall of the coxa, opposite the tossa. 

(iii) Femur. The femur in all three pairs of legs has the 

same general structure {Fige. 24 to 29). It is the largest segment 

of the leg. The prothoracio femur is compressed in an antero-posterior 

direction, while the compression in the mesothoracic and metathoraeio 

legs ia dorso-ventral. The distal end of each femur bears two inner, 

ciroular fossae into which the condyles of the tibia fit to ma.lœ the 

hinging mechanism. The lateral surfaces of the femur are projeeted 

to form a rim on the outside of the oondylar mechanism. These rima, 

together with a groove in the ventral surface of the femur close to 

the tibial joint, permit the tibia to be flexed closely against the 

femur. 

(iv) Tibia. The tibia is slightly shorter in length than the 

femur. It is narrow at the base and widened distally. The basal portion 

is slightly curved to permit the tibia to be closed against the femur. 

The outer margin of the tibia is serrated and toothed. The inner apical 

margin is produced into a tibial apur or tooth (Figa. 24 to 29). The 

prothoracic tibia bears three teeth set in aockets. Two of these are 

marginal and the third ia sub-apical (Figs. 24 and 25). Both the 

mesothoraoic and metathoracic tibiae have three marginal teeth and 

one sub-apioal tooth (Figs. 26 to 29). 
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The prothoracic tibia has a deep longitudinal groove on 

the antero-dorsal surface into wnich the tarsus can be fitted (Fig. 25). 

The tarai of the mesothoraeic and metathoracic legs cen be f.olded back 

againat the tibiae, but the grooves to receive them are shallow and 

inconspicuous. 

The proximal end of the tibia is develop&Q to provide 

a dicondylic hinge with the femur. Each aide bears.a half-circular 

condyle (Fige. 37, 38 and 39) which fits into a correaponding, 

half-circular tossa in the femur. The femora-tibial hinging mechanism 

is shown in figure 36. 

(v) Tarsus. The tarsus in all three pairs of legs is five 

segmented (Figs. 24, 26 and 28). Segment one is about one and half 

times the length of each of the second and third segments. The 

fourth segment is very small and cylindrical in form, not dilated 

as in certain genera. The distal segment is nearly equal in length 

to the first four combined. It is slightly curved and bears at its 

distal end the paired ungues of the pretarsus. 

b. Winge. 

(i) Mesothoraoic wings. The mesothoracic elytra when 

closed provide a sclerotized shield over the metanotum and abdomen 

(Fig. 3). The aides are parallel for two thirds of the length of 

the elytra. They are slightly narrower in width than the pronotum.. 

The posterior third of eaoh elytron slopes obliquely downward and 

is extended into a flattened plate-like structure at the extrema 

posterior. The sloping region ia referred to as the declivity and 

the flattened extension as the apical plate. The margin of the 
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declivity on each elytron bears four teeth (Fig. 3). The upper or 

first tooth ia very small and pointed. The second end third teeth 

are the largest of the four. In the female, the second and third 

teeth are united basally and are ot equal aize. In the male, the 

third is longer than the second and is frequently bent downward and 

inward. This is a secondary sexual characteristic in !• pini. 

The outer surface of the elytron bears a number of punc

tures arranged in longitudinal rows or striae (Fig. 4). There are 

nine striae numbered, for reference purposes, outward from the 

sutural margin. The intervals between striae are reterred to as 

interspaces and are numbered from one to ten. The striae are definite 

on the main part of the elytron but beoome confuaed and irregular on 

the deolivity. 

The elytra, when in a olosed position, are tightly locked 

together. The sutural margina are developed into a tongue and groove 

interlocking process (Fig. 6). The expanded rim of the lett elytron 

appears slightly wider than that ot the right. 'When the wings are 

together, the rim of the left goes beneath the right elytron. The 

basal, sut ural margin of each elytron be ars an e:xpanded rim (Fig. 4) 

which hooks into the acute margina ot the scutellar groove of the 

metanotum. The area between the rim and the outer surface of each 

elytron is serrated thereby forming a sutural wing look when the 

winge are closed and the serrations intermeah. As a further means 

of holding the outer wings tightly to the body, the costal margin 

bears a groove, called the costal groove, whioh fits over a ridge 

on the metepisternum (Fig. 48). The costal groove is expanded at 
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two points, one anteriorly, and one just beyond the middle of the 

groove (Fig. 4). The anterior depression receives a special looking 

deviee borne on the metepisternum (Fig. 4S). A process borne on the 

posterior angle of the metepimeron (Fig. 4S) fits into the poeterior 

depression in the costal groove. 

It was round that when the elytra were removed from the 

insect and dried in the air, the veina became filled with air. M'ter 

the wings were immersed in glycerin or water, the courses of the main 

longitudinal veina could be traced fairly accurately under the micro

scope. Five of the main veina are represented in the elytron, ooo~py

ing interspaces 1, 3, 5, 7 and 9 (Fig. 4). Two of the anterior veina 

unite near the wing base and enter the articulatory head of the elytron 

as one. Hopkins (1909) found three veina in ~· valens entering the 

basal articulation. He contends that the articulatory head has been 

formed from the fused bases. of the costal, subcostal and radial veina. 

Since only two veina are apparent in l· pini; these have been considered 

to be the subcosta and radius. It is possible that the costal vein 

may be represented in the extrema margin. The remaining.three veina 

I have considered to represent the media and cubitus one and two. 

The axillary sclerites assisting in the wing articuletion 

are located in the axillary membrane (Fig. 46). From the position 

of the axillaries, it appears that the first axillary, which typicallf 

articulates with the anterior notal wing proceas, is not represented. 

The second axillary i s closely attached to the base of the elytron, 

articulating with the articulatory head of the wing and with the 

third axillary. The latter articulates directly with the posterior 

notal wing process. The posterior part of the a:x:illary membrane 
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oontains three sclerites. A long and narrow plate parallela the 

axillary oord. A very small solerite adheres closely to the inner 

end of this plate forming an articulation between this plate and 

the th1rd axillary. A third plate is located between the outer 

angle ot the third axillary and the longer plate. 

(11) Metathoracic winge. The metathoracic wings are mem

branous in contrast to the sclerotized elytre. The wings are twice 

the length of the elytre but are folded and withdrawn completel1 

beneath the outer winge when at rest. They are elliptioal 1n shape 

with a clett in the anal margin f'orming an anal lobe, 

The venation in the wing of l• pini representa a wide depar

ture from typical wing venation pattern.. !'orbes ( 1922) made an ex

tensive study of the wing venation in Coleoptere, howev•r, the vena

tion ot the Soolytidae was not discussed, It is stated that the 

higher Rhynchophora are highly modified in connection with their 

peouliar wing folding. Graham (1922) also made a stud1 ot the vena

tion of Coleoptere. He concluded that one ot the most striking 

modifications to the venation in the post&rior w1ngs of Ooleoptera 

was a pushing back toward the base of the wing of the primary venation 

and the substitution of secondary thickenings in the apical area. 

Such a condition appears to have occurred in !.• pini (P'iga. 5 and 54), 

The veina in the basal half of the wing are heav111 solero

tized, The costa end suboosta are tuaed at the base with the head ot 

the costa projecting beyond the subcosta. A tendon or short muscle 

connecta the costal head to the musole diso on the anterior edge ot 

the metanotum. The costa and suboosta are separated by membrane tor 
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a short distance and then fuse again. The base of the subcosta 

articulates with the second axillary solerite. It is fused at one 

point with the medial vein and then joins the marginal~oostal and 

suboostal oomplex ending at the middle of the wing. The fusion of 

the costal, subcostal and radial veina provides a rigid, solerotized 

bar along the anterior margin of the first half ot the wing. The 

media is a strong vein from the base to the middle of the wing where 

it bands sharply to reach the posterior margin of the wing. Follow

ing the media, there are two veina united at the base. The posterior 

vein is much shorter and in soma specimens was e.lmost rudimentary. 

These veina represent the first and second branches of the cubitus. 

The anal veina are represented by a short solerotized area along the 

anal margin and a small vein articulating w1 th the third axillary. 

In the centre of the wing where the major fold oocurs, there 

is a small sclerite which is joined to the radius by a slightly solero

tized region (Fig. 5). The outer half of the wing contains what appears 

to be two veina reaching to the margin of the wtng. Close examination 

shows that they are not the strongly sclerotized structures as is the 

case in the basal veina. They appear more as secondary thickenings 

on the surface of the wing for the purpose ot support following the 

withdrawal of the primary veina into the basal half of the wing. 

Anterior to the first of these seoondary thiokenings and joined to it 

at the outer angle of the wing, there is a transparent line which 

may represent the position of an earlier vein (Fig. 5). Presumably 

this would be a branoh ot the radius. This line appears as thougb. 

it might mark the line of folding ot the wing. However, the wing 

does not fold along this line. 
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The axillary membrane connecta the wing to the metathorax. 

The first, second and third axillary sclerites are located in the 

membrane. The first axillary articulates with the anterior notal 

wing process. The second axillary artioulates dorsally w1 th the 

radius and laterally with the first axillary. The third axillary 

artioulates with the posterior notal wing prooess and dorsally with 

the inner medial plate. There are two medial plates hinged together 

in the centre to perm! t folding and flexing of the wing. The medial 

and cubital veina are articulated to the medial plates. 

O. ABDOMm 

The abdomen is comprised of eight segments. When the elytra 

are in the closed position, the sterna only are visible ventrally. 

Removal of the elytra reveals eight terga (Fig. 61). The first six 

are lightly sclerotized allowing oonsiderablê flexibility. The 

tergum of the first segment has a transverse membranous strip through 

the centre. All the segments are connected by transverse, membranous 

conjunctivae. The terga of segments sevan and eight are more hea~ly 

sclerotized in places. Number sevan overlaps the eighth segment. The 

anterior margina of the seventh and eighth terga of the males and 

females are scolloped forming three membranous areas separated by 

sclerotized projections (Fige. 6J, 64, 65, 67, 68 and 69). The pos

terior edge of the eighth tergum is inflected ventrally forming a 

transverse fold (Figs. 65 and 69). 

The membranous areas differ slightly in shape between the 

males and females. However, the differences are too slight and 
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inconsistant to be used as criteria tor ditterentiating between 

the sexes. Hopkins {1909) and Sohedl (1931) found sexually dis-

tinct structures in the seventh and eighth terga of Dendroctonus 

valens and in the genus Gnathotrichus respectively. The chief charac

teristic was a bifid stridulating process on the posterior margin 

of the seventh tergum in the male. Kaston (1936) also found a 

stridulating scraper on the seventh tergum of the male in ijylurgopinus 

rutipes. 

The tirst sevan segments each bear a pair ot spiraoles. 

Tho se of the first segment are large and surro unded by a peri treme, 

located in the extrema, . antero-lateral margin of the tergum. The 

re.maining six pairs of spiracles are smaller and are 1ooated in 

the sclerotized areas of the terga at· the anterior dorsal margin 

adjacent to the longitudinal oonjunctivae. These spiraoles open 

direotly through the terga and are not surrounded by peritrames. 

The ventral solerites of the abdomen are heavily sclero

tized in contrast to the more flexible terga. There are five expoaed 

segments of the abdomen in ventral and lateral views (Fige. 1 and 2). 

The most anterior, exposed segment is number three. Sterne. three and 

four are separated by a curving suture (Fig. 60) which ia not always 

olearly evident, thereby making the tiret visible segment appear 

extremely wide. The two sterne. are not movable on ee.oh otber. Sterne., 

four, five, six, and seven are conneoted by slightly curved sutures 

which permit the flexing of these segments. Internally, there are 

phragme.ta between segments tour, five, six end seven. The suture 

between the third and tourth sterne. has no oomp1ementary interna! 
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ridge except for a very slight one on the lateral areas. The median 

interna! area is devoid of any indication of a ridge. 

The median anterior area of the third sternum is projected 

into a wedge-shaped, intercoxal process (Fige. 6o and 62). The apex 

of this process fits into a groove on the median posterior edge of 

the metasternum thereby separating the metaooxae (Fig. 2). 

The posterior and median wells of the metacoxal cavities 

are formed from the sloping anterior portions of the abdominal ster

num. There is a faintly indicated suture (Fig. 60 and 62) which tra

verses the coxal wall. "Theretore, there are elements of the first 

three abdominal sterna in the coxal wall. This suture may separate 

the second sternum from the third, in whioh case, one and two are 

completely fused. On the other hand, it may separate one from two 

with the suture between two and three gone. Apparently, elements 

of all three anterior sterna are involved. 

The lateral anterior angles of the ventral abdominal 

surface are formed into small oup-shaped depressions 1nto which 

the posterior angles of the metepimeron fit, looking the abdomen 

and the thorax together at that point. 

The eighth sternum is not externally apparent in either 

the male or female. By raising or removing the seventh and eighth 

terga, the eighth sternum is exposed (Figs. 66, 70 and 71). In the 

male, it is reduced to a narrow curved sclerite attaohed by a mem

brane to the inflexed posterior edge of the aeventh sternum (Fig. 66). 

In the tamale, the position is the sam.e, although the shape of the 

sternum is different. The median area or the sternum is tormed into 

a projeoting lobe (Figs. 70 and 71). 
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D. EXTEF1NAL MALE GENITALIA 

The genitalia of a nwmber of, ~ecies of bark beatles have 

been atudied by Hopkins (19C9,, 1915), Fuchs (1911) and others. The 

genitalia of several ~ecies of !E! have been figured by theae authors 

but not th at of !. . pi ni • 

The entire genital structure is withdrawn into the body. 

There are no periphallic structures. ~he main body of th~ penis or 

the aedeagus ia a tubular, sclerotized sheath (Figs. 72 and 73). 

The posterior half consista of a dorsal and ventral lobe conneoted 

by membrane. The dorsal lobe shows evidence of having been formed 

by the union of two lobes. There is a shallow, membranous emargina

tion at the posterior from the anterior of Which a faint line or 

suture extends to the anterior margin. A lina or suture extends 

posteriorly from each lateral angle of the anterior portion of the 

aedeagus to meet the median suture (Fig. 73). Two long, solerotio 

apodemes extend forward into the body from the anterior of the 

aedeagus. They are hinged to it by tendons or ligaments. A curved 

rod or spi oule, (Fig s. 72 and 73) lies alongside the,, aedeagus and 

is oonnected to it by membrane and ligaments. 

Surrounding the aedeagus is a sclerotized collar or ring 

whioh is produoed anteriorly on the ventral aide into a long hook 

or apodeme (Figs. 72 and 73). Snodgrass (1935} calls a similar 

structure in other Coleoptera the phallobase. Hopkins (1915) calls 

1 t the tegmen. 
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A long solerotized tube or rod, a seminal rod, as it is 

oalled by Hopkins, passes through the hollow cylinder of the aedea

gus. The tip bears a small terminal hair or flagellum. The structure 

of the rod is shown in figure 74. It consista of an open trough 

formed by the rolled edges of the rod. This would appear to be the 

endophallus or part of the endophallic structure described by Snodgrass 

(1935). The ejaculatory duot joins the anterior end of the rod. 

V. CCNCLUSI ŒS 

The anatomy of~~ like that of the members of the 

Rhynchophora generally, presents a highly complex structure. The 

detailed study of one species usually brings many of the problems 

of interpretation of structures to the forefront. Untortunately, 

it does not go far toward reaching an acceptable explanation as to 

how or vby certain parts are modified in a particular way. This can 

only be achieved through a comparative study of representatives of 

many genera and familias in the light of present day morphological 

principles. However, I do not feel that the value of an isolated 

study auch as this is lessened too much by its limitations, in 

view of the noticeable gap in the literature on the morphology of 

the Scolytidae. 

Severa! specifie points worthy of further investigation 

have been brought to my attention. Very little is known of the 

structure of the tentorium of the bark beatles. The head capsules 

of Dendroctonus Talens, Hylurgopa pinifex and Orthotomicus caelatus 

were compared to that of ~ pini for reference only, but even this 



- 125 -

sketchy examination revealed structural modifications between them. 

The sutures and shape of the post-occipital region of the head ofrer 

an additional opportunity for valuable study and these two points 

might be incorporated into a detailed investigation of the head cap

sule of the Scolytidae. Finally, the interpretation or the mesonotum 

of ~ pini rai sed severa! points requiring further dete.iled examina

ti on. This too, I believe, could and should be enlarged to a com

parative study of the mesonotum of bark beatles as a whole. 

VI • SU.MMARY 

1. The e:xternal e.natomy of ~ pini (Say) bas been studied 

and figured. 

2. The structure of this beetle presented morphologiaal 

problems beyond the scope of this paper, but whioh should reaei va 

further attention. 

3. The head oapusle is a compact structure in whioh the 

tentorium and sutures of the post-occipital region presented diffi

culties in interpretation. 

4. The prothorax has been modified into a sclerotized cylinder 

in which the dorsal, pleural and eternel areas are oompletely fused. 

The sutures separating these areas have disappeared. 

5. The mesothorax and metathorax have retained more or lesa 

distinct dorsal, pleural and stemal areaso The mesonotum has been 

highly modified by folding of the anterior and posterior areas and 

is diff~oult to interpret. A comparative study or many speoies is 

required berore a satisractory explanation can be given. 
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6. The venation of the membranous hind wings bas been modified 

by the withdrawal of the main vains into the basal section. Secon

dary thickenings strengthen the apical section of the wing. 

7. The abdominal terga are membranous and completely concealed 

by the elytra when they are in a closèd position. The sternum is 

sclerotized with only five visible segments, the first of these be

ing number three. Fusion of segments one, two and three has occo.rred. 
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PLAIE I 

J 



PLATE I 

Fig. 1. 
Fig. 2. 
Fip;. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 

Lateral aspect of adul t wi th legs and wings ott. 
Ventral aspect of adult with lett elytron removed. 
Dorsal aspect of adult. 
Inner aspect of right elytron. 
Metathoracic wing. 
Posterior of elytra showing the interlocking tlanges. 

A ~ Anal vain 
.ANT - Antenna 
ABD - Abdomen 
AP - Apical plate 
C ~ Costa 
CUl ~ Cubitus 1 
CU2 - Cub1 tus 2 
CX = Coxa 
C.iiD - Coxal cavi ty 
EL = Elytron 
EPM - Epimeron 
EPS - Episternum 
LB -Labium 
.M - Media 
MD = .Mandible 
MX - Maxilla 
R - Radius 
00 - Subcosta 
SOL - Soutellum 
SOT - Scutum 
SP2 - Metathoracic spiracle 
SI'N =Sternum 
THl = Prothorax 
TH2 - Mesothorax 
THJ - Metathorax 
a - Intercoxal process 
b - Anterior wing locking process 
c - Sutural groove and wing lock 
d - Poaterior wing locking prooess 
e - Costal groove ot elytron 
t - Secondary thickenings ot the wing 
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PLATE II 

Fig. 7• Dorsal aspect ot the head. 
Fig. 8. Occipital region ot the head. 
Fig. 9. ·- Inner aspect ot the ventral region ot the head. 
Fig. 10. Ventral aspect ot the head. 
Fig. 11. Lateral aspect ot the head. 
Fig. 12. .Anterior aspect ot the antenna. 
Fig. 13. Posterior face ot the club and the distal segment 

ot the tunicle ot the antenna. 
Fig. 14. Lateral aspect of the club ot the entenna. 

ANT - Antenna 
AT - Anterior tentorial arm 
CS - Coronal suture 
EPS - Rpistoma 
GE - Gena 
HB - Bypostomal bridge 
HPHY - Hypopharynx 
HS ... HypÇ>sto.mal suture 
HST - ijypostoma 
tB - Labium 
MD - Mandible 
MX - Maxilla 
OC FOR - Occipital toramen 
POS - Post-occipital sut ure 
PRTt - Par~etal 
SOL - Sclerotized 
SCP - Scape .. 
SMT - Submentum 
VX - Vertex 
a - Transverse suture marking the intlected edge ot 

the occipital toramen. 



- 132 -

PLATE II 
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Fig. 15. 
Fig. 16. 
Fig. 17. 
l!'ig. 18. 
Fig. 19. 
Fig. 20. 
Fig. 21. 
Fig. 22. 
Fig. 2.3. 

CD 
E Dise 
E Tendon 
GA 
LC 
LIG 
MT 
FLP 
R Dise 
R Tendon 

PLATE III 

Ventral aspect of right maxilla. 
Dorsal aspect of right maxilla. 
Lateral aspect of labium. 
Dorsal aspect of labium. 
Ventral aspect of labium. 
Inner postero•dorsal aspect of mandible. 
Antero-dorsal aspect of mandible (Reverse of Fig. 20). 
Inner face ot right mandible. 
Outer tace of right mandible (Reverse of Fig. 22). 

- Cardo 
- Extensor dise 
- Extensor tendon 
- Galea 
- Lacinia 
- Ligula 
- Mentum 
- Palpus 
- Retractor dise 
- Retractor tendon 
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PLATE III 
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PLATE IV 

Fig. 24. 
Fig. 25. 
Fig. 26. 
Fig. 27. 
Fig. 28. 
Fig. 29. 

Postera-dorsal aspect of right prothoracic leg. 
Antero-ventral aspect of right prothoraoio leg. 
Dorsal aspect of right mesothoraoio leg. 
Ventral aspect ot right mesothoraoic leg. 
Ventral aspect of right metathoraoio leg. 
Dorsal aspect of right metathoraoio leg. 

BOS - Basicostal suture 
BOX - Basiooxite 
OX - Coxa 
FM - Femur 
TAR - Tarsus 
TB - Tibia 
TR - Troèhanter 
UN - Ungues 
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PLATE IV 
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Fig. 3o. 
Fig. 31. 
Fig. 32. 
Fig. 33. 
Fig. '34. 
Fig. 35· 
!'ig. ,36. 
Figs. 37, 

38, 39· 
Fig. 40. 
Fig. 41. 
Fig. 42• 

PL.Nl'E V 

Ventral aspect of prothoracic coxa. 
Dorsal aspect ot prothoracic coxa. 
Ventral aspect of metathoracic coxa. 
Inner anterior aspect ot metathoracic coxa. 
Ventral aspect ot mesothoracio coxa. 
Dors~ aspect ot mesothoracic ooxa. 
Hinging mechanism of femur and tibia. 

Dioondylic articûlatory proceas of the tibia. 
Ventral aspect of the prothoraoio trochanter. 
Lateral aspect of the prothoraoio trochanter. 
Dorsal aspe~·ot the prothoracic trochanter. 

BOS - Basicostal suture 
BOX - Basicoxite 
ni - Femur 
'1'B - Tibia 
TR - Troch~ter 
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PLATE V 
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PUTE VI 

Fig. 43. 
Fig. 44. 
F'ig. 45. 
Fig. 46. 
Fig. 47. 
Fig. 47A. 
Fig. 48. 
Fig. 49. 
Fig. 50. 
Fig. 51. 
Fig. 52. 

Ventral aspect of prothorax. 
Inner aspect of sternal area of prothorax. 
View tÀrough the posterior of the prothorax. 
Dorsal aspect of mesonotum, pteralia and base of right elytron. 
Inner aspect of the mesonotum. 
Sagittal section of the mesonotum showing the median carina. 
Outer aspect of the metapleuron. 
Ventral aspect of the mesosternum and metasternum. 
Posterior aspect of metendosterhite. 
Inner aspect of the mesosternum and metasternum. 
Anterior aspect of metendosternite. 

2A.X 
3AX 
AXC 
ANP 
cxc 
EH4 
EPS 
:MS 
HI 
PLA 
PIS 
PNP 
PRSC 
RD 
RVS 
SA 
SOL 
SOT 
BTN 
TS 
vs 
WP 
a 
b 
c 

- Second axillary 
- Third axillary 
- Axillary cord 
- Anterior notal wing process 
- Coxal cavity 
- Epimeron 
- EpisternWII 
- Median Suture 
- Fhragma ta 
- Pleural apophysis 
- Pleural suture 
- fosterior notal wing proceas 
- Prescuttun 
- Posterior reduplication 
- Rever•ed nota! suture 
- Sternal apophysis 
- Scutellum 
- Scutum 
- Sternum 
- Transverse suture 
- Scuto-scutellar suture 
- Wing process 
- Anterior ventral angle 
- Ante~ior process for wing locking mechanism 
- Part of the process for the wing locking mechanism 
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PLATE VI 
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PLA'lE VII 

Fig. 53. 
Fig. 54. 
Fig. 55. 
Fig. 56. 
Fig. 57. 
Fig. 58. 
Fig. 59. 

Anterior aspect of prescutum. 
Dorsal aspect of metater~. 
Posterior aspect of postnotum •.. 
Inner aspect of metatergum. 
Inner aspect of postnotum •. 
Outer aspect of mesopleuron. 
Inner aspect of mesopleuron. 

A - Anal veins 
ANP - Ant.a,tio-~ ~-~1 wing pro.e&Siif 
.AXl - First axillAry - -
AX2 - Second axillar,y 
AX3 - Third axillary 
BA - Basalare 
C - Costa 
CUl - Cubitus 1 
CU2 - Cubitus 2 
EF.M - Epimeron 
EPS - Episternum 
M - Media 
MP - Median plate 
Hi - Phragmata 
PLA - Pleural apophysis 
PLR - Pleural ridge 
PIS - Pleural suture 
PN - Postnotum 
PNP - POiilterior notal wing process 
P.RE-EPS'- Pre-épisternum 
FRSC - Prescutum 
R - Badius 
SC - Subcosta 
SOL - Scutellum 
SOT - Scutum 
VS - Scuto-scutellar suture 
WP - Wing process 
a - Anterior muscle dise 
b - Circular muscle dise 
c - Sclerotized process in front of first abdominal spiracle 
d - Anterior arm 
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PLATE VII 
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Fig. 60. 
Fig. 61. 
Fig. 62. 

. Fig. 63. 
Fig. 64. 
Fig. 65. 
Fig. 66. 

Fig. 67. 
Fig. 68. 
Fig. 69. 
Fig. 70 
and7l. 

s 
SP 
T 

PLATE VIII 

Ventral aspect of abdomen. 
Dorsal aspect of abdomen. 
Lateral aspect of abdomen. 
Dorsal aspect of terga 7 and 8 of male • 
Outer aspect of tergum 8 of male. 
Inner aspect of tergum 8 of male. 
Inner aspect of sternum 7 showing the position of 
sternite 8 of male. 
Dorsal aspect of terga 7 and 8 of female. 
Dorsal aspect of tergum 8 of female. 
Inner aspect of tergum 8 of female. 

Inner aspect of sternum of female showing the position 
of sternum 8. 

Sternum 
Spiracle 
'T.,rgum 
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PLATE YIII 
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Fig. 72. 
Fig. 73. 
Fig. 74. 

PlATE IX 

Ventral aspect of the external male genitalia. 
Dorsal aspect of the external male genitalia. 
Enlargement of a section of the seminal rod. 
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PLATE IX 
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