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AHSTHACT 

Eme rgence o f Tr~- podendron lineatum from caged na tura ll y infes t 
ed hos t logs occur red fro m ·June 2 to Au gust 2" 1969, Approx imately 30', o f 
t he parent bee tl es emerged be fo re ·June :30, w hen t he firs t major brood 
emergence t ook p lace, The spora dic brood emerge nce w as appa re ntl~- influ
e nced by ma tura ti on. a nd markedly b~' e l1\' ironment a l tempe ra ture, A da il~ ' 
emergence. A t ota l o f 6 ,!):19 beet les emerged. wit h a 6 ' <;' sex ra tio of .99/, 
Emergent brood bee t Ie" we re h vgronega ti \'e a nd 5t rong '" photopositi\-e , 
indica ting that be ha \' io ra l re \'e rsa ls in both humidit y' a nd photic responses 
mlls t occur s in ce the hee t les se lec t a nd OCCUPY' mois t . da rk ove rwint er in g s it es, 

INTRODUCTION 
Brood Trypo d erlClro II lill ('illllf11 e m e rge 

fro m tlwir host in mid to late s umm f' r and fly to 
overwinter in th e litt e r a nd duff of th e fore st 
floor . in rotting stumps o r und e r th t' bark scal es 
of s tanding trees (K inghorn an d C hapman 
19,i<J. C hapman I <J60 I. V (' ry littl .. is known 
a bout til!' behavio r o f tll!' s (' h.'ptles prior to 
th e ir (' ntring a n ovpr"'inter in g s it t' " ' h r rp tllPY 
r('main in 11 reprodu('tiv. ' diapau se I Foc kl e r 
and Bord en 1()7~1 for tlH' wint('r month s. 
Ho wl'v('r. I'mprgpnt b e .. tl.,,, in thl' s limm e r 
appt'ar to he photo-po>;iti\'p Il)yPr and 
Kinghorn I l)() II. e \ ,' n Ih o ll gh th ., y py .. ntually 
orif'nt to s ites " ,h e re lig ht int e ns ity is minima\. 
A knowl('dgt' of the' hphu\' iour of brood h (' ('11(,5 
m ay I,'"d In tlll'ir ew' nillal maniplliation and 
contro\. 

Thi s pape r d pse rilws tI](' .' nH' r/.!pnc(' I,... hayior 
an d orientation to hllmidit\, and li ght of brood 
T. lill PiII/1I11 from coasta l Briti sh Co lum hia. 

EI\1ERGE~CE FROM '-\OST LOGS 
Th irt ee n logs ... i to .iI m Ion/.! a nd I iI to 21 

em in diamtpr. \'ert' rem()\' !'d from natllralh'
inf('s ted Dougla s fir s la sh n .. ar Bra c kPnda le. 
fl ,C. Firs t attac k wa s not ed on i\1ay I. I !J () I) 
and th e h eav ily infes ted logs ".>lII',' ted on Ma , 
~:\. Thl'\' " 'en' tran sporlt' d to Si mon Frase r 
U ni\'('rs it~ and p\;ICl'd in ,,-r('('n .. d ('ag('s 
lapprox, I m 1 in an outdoor ,' J\ c l."ur p "ith a 
trans lu .... nt roof. 'j' pnlJwraturt' a nd humidity 
WN .. nlOnitor, 'd with a port ah ll' II\' /.!roth,'r
mo g raph I'la cl'd in on t' o f th., ,'a/.!(' s. I ~ a.-ll d ay. 
ifl :-;(\(·t~ t'nH:'r ~.!iIl~ frOll1 tilt ' lo :,!~ \\'P rt' f 'ollC'('tf'd 

int .. rmill'·lllh' IIntil I): iIiI 1'.111. I\" .. tl." ,,' .. n' 
St'x .. d on ('ollp.,tion, 

Th., ,·n .. lo s llrl' of fi. ,ld- .. ol\.,.,t .. d lo/.! " I'l'r-

.... !lpp.>lI I..'d !I\ I Il l " .'\..11 1"11,11 I \\'~ \" ,I!( II ( ,001Ih 1:. 1 :111:111.1 

:-,,·j· .... I:tft·! 

milled a mor e prec isf' ob sp r vatio ll o f em ergen ce 
IFig. II than thro ug h interpre tation of th e 
numl)('r,; of beetl es trapped in flight (C hapm a n 
and Ihe r I')()O: l1udin sky and I)at erman 
191>41 , A to tal of () .. i ~9 b ee tl es e m e rged l ei : 9 
st'x ratio ()1)71. commpn c in g on 1ul1l' 2. 
Ohsl'r\'ation s (' .. ased on Augu st 2 7 fo llo win g 2 
"I' !' ks of " OIl s iste ntly lo w e nH'rg f' n cf' . Log 
diS:i(,('tion , on J IIn (' 4- to 12 dis!' ln spd that no 
hrood had \ '1'\ pupatl'd indi ca tin g that th e fir st 
f' m!'rgI'IH' (' con s is ted pntirf'ly of parl'nt adult s . 
Sinn' approximately J II daY's arp required for 
pupation Il'rebble and Graham I 'I ,i ii. th p 
Jlln (' :10 e mergenl'" Iwa k probably r ('p resent s 
th .. fir s t m ajor brood e mt'rg pn cp. Of tlH' I07() 
1)(' ('1"" .'oll('(' I(' d \wfnrt' Jlln e 1 0 . \ (1'1 WN(, 

prt' rnatllrt,ly (' m (' rging c allow adllit s . The 
rl' malnlng H77 bpf' tl es wprp prpsllmably 
pa rpnt s rpprespntin/.! approximately ,W" o f th e 
attacking population (th (' re w('r(' 1,):\ I attack s 
l'Ountpd on th e d t' barked logs following 
pnH' rgt'IH 'p l. 'I'lli-' ./111](' :\0 pmprgplH'p oC(' lIrrpd 
411 day s aft!'r th .. initi al attack. a ppriod 2 I 
da\', , I",rt. ' r than IInd e r field condition s in 
EllroJl" IHad()rn I (1:1:1 I, At thi s tilll e llI a ny 
ga ll pri .. , s till ('onta ilwd ('ggs and .. ark in star 
lan'al'. Th l' \wa k (,llIprgp lH'e in th p fir:'t :1 w ee k s 
of .III'" ,,'as as IlIl1l'h a s one month parli(' r th a n 
n()t ed for b., .. tI .. , in Ih., fipld IChapllIan and 
rh"r 11) 1>0: Hlldin s k\ and DatPrman 1l)()4- 1 
I)((t llI a turati()n " a" pr()bab'" infiup lll,,' d by 
hi g- h ( ' il l!t' t t'1l 1pt'rHtllrt'!"l. 

.\Iortalit\, '''IS ''' \'(' [('. p()ss ibl\ dil l' to a 
f1l1Q.!Il :-i fOlllld g-f()\\ in:,! profll:-iC' ly in 1l1 any 
tlllln .. k (In" ,1,,:\ h .... tl(' s I'nH'rgl'd Iwr /.!allt'n. 
far I .. ", .. Iltall lit .. 111 illilll 11111 ('\pp"tPd nlllllb f' r ()r 
III .. nlt ' r/.!"lIt hr()()d b .... tl .. s IHadh()rn 1'1 :1:1 1. 

' (,hlh .• 1 ( 'O ll :-it' n ati\ 'p (':-; t inl Cllf' of brood 1l10r

ta l it, "()lIld Ill' at Ipa ;; t :;0 ' , A , il1lil a r 
llI()rtality ra\( ' ()f parl'nt b ... , tl"" w,, "ld \Pan' 
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Fig. 1. l) aih' maximum tempera tu re a nd e m e rgence o f T. iineatum pa re nt s and brood adu lt s 
from na tura lh ' infes ted. caged log,;. A rrows denot e pe ri od o f call",,' adult e mergence. 

approximat e ly :1 (, ', of th r origina l parrnt s 
II I1aC'C 'o llnt ed fOL Tht're fort, . w e a S5 11m r that a t 
leas t gO ', of th e ,'j,4(.:\ hep tlps ,,·hich c'nH>q;ed 

after Jllnl' :Itl " 'rrp brood brt't lr s. Som p o f ti lt> 
hig l1<'r fl' mal t' e m e rgen, 'c' aftPl' Jlln t' 211 Fig , II 
IInd oll ht l', II,' rl ' pres"nt.' pa n'nt f('ma ll's. 

'I'h t, :-; poradi c ('nH'r~t..'IlCl' durin g JlIl~ ap

pt-- an ·d to rt , flt' l' l hrood IHaturatinn trf' l1d ~ and 
th t' OlTUrrt ' l lt ' t-' of ."i llffici(·Il tly hi~h t(,lll

penltuf"(' s to ~ linllllat (-' t' l1lf'rg-p n c(' . :\11 ininllllli 

tCI11ppra llin's Wf'r e oftt-' Il :-; inli l ar . Hc)\ \" (' \ '(·r. 

Bl os t t' 111 (' r gt'IlC 'p IH· ,ak:-; ('o ill cid pd with high 
ma ximllnl t,'mlw r a tll r,>, I Fig, I I, From Jlln r 
:!t) to .JIII~ :!:;. (' I1It-'rg-t' IH '" \\a~ allal~zed in tw o 

grll ll p": dOl' S ,dH' n Ie"" than Itl lI Iw(' tl e s 
t' nll'rg-,·d. ilnd day s ,,·hen 111 0",' than 11I1I1)(,l' ll p.,; 

l'me rg"d. ,," " I' tht' f"rlll .... . till' d a i'" l1l('a n 
Ill axinl lllll tf-'1l 1 pt'ratllr l' and t'1l1 Pq!(,11 ('f', 

n' s rH",ti,,'''· . "('I'(' :! ·I·.I C I ra nge 1-1·.-1· ttl 
:1 1.1 <:1 and ·1·,1·.(, IW('I I .. ". "hil(' for til<' la tt r r. 
th ey ,,('/'(' :1 1. :1 C Ir"ng" :: 2:\,:1 to :1:.1\ C 1 
and :U:! h .,.'I I('", On : ", ' ,'a" io l" . f,' " C' I' th an 
1110 h rl' tl t''' ,'m,'rgt'd o n da\S ,, 11< ' n ma x imlllll 
t('n1lwr:1tlll'( ' "a s higher than :!~. C. HO" l' lrr . 
on onh (11)(' ci a , ' did nt" rc' than 100 IWl' i1, 's 
t'nwrg(' ,,11< ' n t h (' ma xilllllm tpmfwra tllrr did 
not r pa(' h :! . ~ C, 'l'ht'rt'fort,. ,\(' ('onc ll/ dt, th a t 

2~ ' C 17.) FI is the nitica l alllbirnt te m
perattlrr to ind1l(, £' a llHl SS e nl f' r~ell l:p. 

Fo ll o wing cool period s a la('k of m at l/r t' b t'p tl es 
appare ntl y d ,'layed Iw ak emergt'l1('r. For 
l' xa mpl p, only :; 0 b p(' tl r,; Pnt l' rg-l'd o n .lilly (, 
wh(' 11 Ih (, Ill uxinl lllll l(' 1l1p e nllllff' r pCI (' IH'd 
~() .-;- C. hili :{,;O bt'( , tl (·~ f' 1l1f'rg(' d nil .JIII~ -
,,·ith a ma x imum It'ml J(' rat llrp of :! " ,f, C. 

OR IENTATION OF BROOD rlEETI.ES 
TO H U'IIDITY A~D LlGI-IT 

Aftl 'r Jlln l' :\11 . b {", tl p,; ,,' (' re (,o l!Pet rd for 
f'Xp f-' rinl t' llt a li oll \\ ithin 2 hl)lIr ~ o f r lll erg-P!lC'I' 

and h c, ld OIl approximatc'l, 4 C and IO() ', 
i{ t' la ti ,,' Hu midity IH . I-I. I. Th (' on '" fli g-ht 
p() ~:o' i l,I( ' wa ~ in tilt' ~n l.all P IlH' r gf'IH'(' ('a~t \ rrior 
to ,'"I1",·ti"n. 

HUl11i d it y pr..r,'r,'n ,'e a t :!O C "a s 
t'XlIllli rlt 'd ill a :! -('il oicf' apparatll s ('oll ~ i s l ing o f 

a ",Iindri('a l p la" ti c " ",,('1 I II " Ill in riianH' tt'r 
and II "Ill dt 'PI)' ,,,ith a pla"ti(, li d . :\ "crf'r n 
nH' . .; h arc' na "l' parat r d i1)(' IIpp ,'r and 1(I ,,"pr 
Ir ah,' " of th (' app a r a ill s, A partition in tilt' 
low, ' r half px tl' nd l'd to til<' "cree n mr,;, nealing 
:! ,' h allll)('rs in " ' hi e h hll midit, "'01" co ntroll ed 
b,' Cae l cr~"tal s 10 ', I. ,'olH' l' nt ratrd aq ll t'o ll s 
soilltion ,; of 1\1gC I U~ ' I Hnd :\aC I 177 ', I , 
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and water 1100 ', I Uanisch 19381. The upper 
half of the chamher was also divided by a 
partition in lin e with the lower but leav ing an 8 
mm space above th e screen on which walking 
bf'eties could freely choose a desired at
mosphere. 

Prior to each test. tllP apparatus was 
allowed to equilibrate with 2 experimental 
solutions for 112 hour, and tlH' beetles were 
conditioned to room temperature for IS 
minu tes. Two replicates of 20 beetles were run 
for each sex in light and dark conditions for 3 
humidity alternatives : 0-34 ', . 0-77 " and 0-
100" . Controls were run in light conditions at 
ii-,, ', R.H . The apparatus was placed in the 
centre of a square. unmarked box and rotated 
1110 halfway through each experiment. The 
position of tes t beetles was noted at one-minute 
intervals for 30 minutes, and the mean 
response calculated. COllnting bee tles in dark 
tests necessitated brief exposure to a very dim 
light held directly above the chamber. 

At alternatives of 0-77" and 0-100" for 
both sexes und er both light and dark con
ditions. and at 0-34 ' for males in th e dark. the 
drier atmosphere wa s clearly preferred 1 Table 
11. All the above preferences were significantly 
different from the controls It-test. 1'<:.011. The 
rp<iuced ability to discriminate between 0 and 
34 ', R.H . suggests that humidity 
discrimination at this stage of the beetle's life 

Relative 

need only diffe rentiate between conditions of 
high and low moi sture, the circumstances most 
likely to occur during emergence from host 
logs . 

The photic orientation of emerging beetles 
was examined on July 16 at the University of 
British Columbia Research Forest , Maple 
Ridge. B.C. Twelve logs infested in early May 
were piled in the centre of a 2.1 m cage 
covered with white cloth which allowed diffuse, 
but relatively natural lighting. Light intensity 
readings were recorded every 30 minutes from 
11 : 00 a.m. to 9:00 p.m. at 8 positions around 
th e cage periphery and the number of emergent 
beetles in each position on the cage walls was 
record ed . 

A prounounced photopositive orientation of 
emerging beetles was evident (Table 21. The 
apparent aversion to the highest light intensity 
from 4: 00 to 8: 00 p.m. I Table 2l apparently 
is an artifact caused by the reluctance of beetles 
in a corner position of the cage to move as the 
sun shifted in position. In a laboratory choice 
cham ber , a few tests also revealed a strong 
response to light at both 100 ', and 0', R.H. 
However, no hea t controls for the light source 
were included. The photopositive nature of 
emergent brood beetles suggests that they may 
res pond to visible or ultraviolet radiation and 
may be susceptible to manipulation with such 
stimuli at this stage of their life. 

Humidity Females Males 

]',1 terna ti ve s Light Dark Light Dark 
% 

Controls 

77-77 50.2 48.0 

Experirnentals 

0-34 48.8 45.9 50.4 58.5 

0-77 60.5 59.7 62.9 75.1 

0-100 64.5 69.1 59.1 67.1 

Table I. Percent of emerged brood adult Trypodendron Iineatum choosing the dry a lternati\'e 
when g;\'en a choice of :2 relative humidities under light and dark conditions. lVlean of :2 replicat es 

of 20 beet les for each test. 
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Time Mean No. beetles on walls of cage at 

of Temperature positi ons ranked by decreasing light 

Observation in Cage (CO) intensity for each time period . 

1 2 3 4 5 6 7 8 

1 2- 1 17 . 4 5 

1-2 18.3 16 2 1 

2-3 19.1 29 3 2 

3- 4 20 . 4 38 3 2 

4- 5 25.2 4 37 12 1 

5-6 28 .9 6 25 20 1 

6-7 28.9 7 18 16 

7- 8 24.3 10 26 9 
8-9 19.4 8 5 16 

Table 2. Orientation of eme rged b rood adu lt Trypodendron lineatum to light in a fi eld cage. 

The humidi t y and ph o tic respon ses of 
brood T. linea tum "' f' rf' Vf'ry differ e nt from 
those o f paren t bee tl e,; exc ised fro m ho st logs 
(Pulliain e n 1965 1. R l' produ r in g parent s w ere 
strongly ph o to nega tive at hig h humidit y le vels. 
and were very h ygropos itiv e . bein g able to 
discrimin a te be twee n 1(10 a nd 97 ', R.H . Th e 
d iffe ren cp in orientation ca n b e e xp lained 
through an examination o f th e biology of the 2 
stages. R e producing pare nt s remain in dark 
galleries and re ly h eavi ly o n moist conditio n s 
for both dirf'c t survival and fungu s c ultivatio n. 
lImyeve r . brood bf'e tl es em erge into an en 
\~ronm e nt ",hid] mu st be d ry and well lig ht ed 
to enable them to fl y to a n o verwint f' rin g 
location and perceivl' a dark and m o is t s it p in 
whi ch to ov(' r\V·inter. 

It is evid e nt that rf'vprsa ls in both photic 
and humidity respo n se o (,c ur in brood hl' " t le,. 

To locate a nd re main in th e overwinterin g site . 
th ey mu s t becom e photonegative a nd 
hygroposi ti ve. Th e s hift in photi c to 
chemotac ti c response in spring bee t les occurs 
aft er a pr('requisi te period o f fli ght IGrah am 
19:)9. 19()U; B e nn ett a nd Bo rd en 197 11 and 
as in Dendroc/onus pseudo/sugile. may also be 
as soc iat ed with lipid content IAtkin s 19 66a . b . 
1<)()91 and se lec tive lipid oxida tion iTho mposn 
and B (' nn c tt 19 ill. S lI ch phy siological activity 
could provide an effec ti ve . interna l feedbac k 
mec hanis m which would allow a be ha vio ral 
rp ve rsa l only after an in sec t had a chieved a 
de, ircd phy,iological co ndition. Th e kn o wn or 
pos tulat PfI m echani sm s co ntro lling behaviora l 
reversa ls in s pring bee tl es may lead to e ffec tive 
nH'a n s o f inv f's tigatin g th e r ever sals of photic 
and h 11111 id ity res pon se in brood Try{Jodelldron 
Iifl (l U( 11111. 
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T hom lNlll. S . :\. and H . H. He nnel t. 19,1. O xidalion of fat d urin g f1ighl of m a le Dou gla s -fi r 
heetle!'. lJ e nd ,'oc t o nu s p s e ud ots u ga e . . J. I n,.;. I'h\·, ill\. 17: 1;;;':1 - ];',li:\' 

'I' ll E rr o u U) OF /.VSECT.'i 

f{ .. fprp " ,'" I. ibl'an· Bo ok , 
C m li , C ir" III a ti o ll Co . 

I'hil ad (' lp h ia . I <J~ I 
(lI !!' 

F r ull l ti nu ' t o t i nl !' Ih i~ :-;o('il· t y b a ... d l' h a lt'd 
pro p fI...;al :-; to p ll h li:-; it a ll 1' 1 (, ll lf' 111ar~ handhoo k 
O il in :-'t ' (' h of t ht ' p r o\ i r ll ' l' for 11:-'(' i ll :-i(' hflu l :-i. 

C Ollllllit t t' (':-\ !l a\t ' " \t'll 1)/'1'11 :-; lr ll t ' k to I JI' l! ill 

writin g. IJlII "0 'll a nl, ,, .,.i pl h a.- IH'"'' fllrth · 
('oI11 i n g-. Pr()hH h l~ Ihl ' 1l1l'n JiJPr:-; di ~(' o \t ' rp d 

th a t il i., ,' \lraurdill;lI-ih dif ficull III p r odl" '" a 
rf' g io n al g- lI idt· to ill ... ,'! ' I:-- for ~ fl llng- n ·a d l· r .... \\ ho 
art' 1l1a k i ll g' a ~ t a ll dill !! :--ta rt. S nnlt ' h a:-; i(' 
knOll I"d g, ' h a , 10 I){' a,, " nlt 'd o r p ro \ id N I. T h,' 
tw o 11, \ ,1, 1. ... !If ifl fo r n lat iol1 (In' fl o t ('a ,"'\ ~ III 

( 'Oll l b iI H ' into II ~ lll , 1 1 1 hook li nd (l 1" .:1~ ~ lil t'rt ' i ~ 

th l' prtl hl t'1ll "I' i ll l"lrali ,, " . 
:\ 0 \\ il pl' l'ar... tl ll fll il l' r r oc k ·bll i lo nl 

t'1t' 1ll " lll an hoo kl t'l . n,, 1 , Ia nl "d 10 Ih i, ar ,' a 
ad III ill, ·tll). hIli a l Iill .. pr il't'd h .. lo" a m Ihillt: 
th i, "w i,'I\ ", Il Ilcl h"pt' for . \\t ' li an d In
lt~ r t'~ lifl g l ~ \\ ri lt l'rl \\ i t h o lll ~('I' · \\ hi l'. 
' "IH' r la li lt·,. b r i ll ia 'lIh ill ll , lra l .. d ill ,·, dor 1o 
th .. (,) u t" ' Il', la' I,' . alld fac l ua l " lwI, g h for C h a,. 
Dar" ill h inl .'!, If. I I i, 11 11, ' o f a .'!' ri," o f 1:2 

I ll i,.,k F is h t's . T h" Earl h . I' tl'.l . Th p C' o \ e r 
b lI, r li !'t'a d .': " .. . ( 11 1' 1' 110 f l,II 'l'o lort'd p ic · 
1111',',. I " di"lillllan' fo r lll for '1 ui l'k. f' a s ), 
r,.r, ' rt' II, " '. :\11 fUll danll ' n la l;; a nd ,',,{'nl ia l fac ts 
I'm a ba ,.; il' g r a s p of s l, hj ," ·t. A ll illl p lc lll r n t fo r 
,·dlll ·a li o llal a,h a ll l't'nll' Ilt. " A ll trIll ' . 

' I'h l' prob lt-' Ill in "ri t illg s lIch a s I hi ~ is o n e 
II I' "iJl l i( 't' : "h <l l 10 11."'( ' ffo n l th l' 1l 1o llil la in s o f 
a \ ailabk illfo rJll at ifl ll . ,"'l ll t h a t t h l ' b l ' g i nll ef is 
1101 I"'!'t,d a lld II,rn, 'd u ff. II nf' th, ' s la ll' nll'n lS 
al'l ' ~q al t r a(' ti\·,· ly ill u ~ tra l p d a ~ t (l I ('s ~( ' n th e 
illli'orta l J( ' (' of t i l( ' l'\ iI III p ies (' hO~ f' Il . . I\ '1IJ rt 'o Yf'r . 
d, 's pilt · a fa illl Flri l i, h fla \·or. Ihl' f' .\ arllp lt' s a rp 
n l o ~ t l~ :-1 0 g l ' ll t'ral th a t \ \ t ' ha \'p i ll t h i~ pro \' in ce 
..;i lll il a r 1'1 11'11 1."'; 'II' 1"I , l al i \e:-; (' I o sf' t'l1oug h 10 

n ' t · (Ig ll l~, t '. 

:\ II Ill<' lall d ar llI" o po, b a rt ' to'lI'l lt' d on. 
illt' l ll(iill /! Llin 'f ' I'd!!t 1 :-- 1111 ,...; p id t' l' :-I , ' rh ~ f(l i:o; a 

III·o -pa t: ,· intl,· .\ . a n " x""II, ' nl fll mil\ t n', ' o f I .~ 

()rd ,' ,·, of in .'(,,'t, Irolll Co ll pm !Jo la up . and 11 

lahl,' o f :2 -1 I \r d..,., II rt: 1I lli zf'd 1)\ nlP llIlll Or 
plw.,i,. lIi lh rllu lld 'liInIill' r" o f ''' ,w ,·it' ., in t' a l' h . 
1)11, ' pa gl' i, dn olt'd 10 I'II II" I' li n t: nl ('l h od". 

'I'll .. 'J II ", li " ll r" lll a ill < , ho lii d II I' ,;( ill If\' to 

pro d l" '" a handllt", ,, fo r II.C. ,;(' h"o ls or fl'''' o n 
"! w h ho" k, a" Ih i<' Th ,' pmh l" lll r l' ."o" 1' ._ ilsc lf 
ill L/) tllrl '(' p a rt :.:: \\ h a l ill fo r ll l H tiol1 t o pn ',..,( 'nt'l 

11 0" 10 il lJ " l ralt' :1'.' \X' lltI ,;ilOllld pa \ '1 

II . H . \l l/ rCart il y 




