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Chapter 1

laTROISJOTIOH

fha use of laooo tic idoa  I s  no t in  a l l  oasss a prao- 

t lo a l  awuLS o f e o n tro llin g  d o s tra o tlro  fo ra s t  in s s o ts .  An 

tm dtzatanding of tho n a tu ra l fa c to rs  a f fso tln g  d s n s i t is s  of 

populations of in s tc ta  may load to la s s  u s t  of eh«aioal 

c o n tro l. Inform ation on tha  a f f i^ t s  of b ird s  on d a n s itia s  

of populations of fo ra s t  In sec ts  i s  naadad not only baoausa 

o f i t s  bearing on n a tu ra l reg u la tio n  of in se c ts  but baoausa 

i t  a lso  co n trib u tes  to a fu r th e r  understanding of avian 

ecology.

The c o lle c tio n  of various hinds of data  i s  e s s e n tia l  

fo r  in T ss tig a tin g  ^ i s  aspaot of fo ra s t  o rn itho logy , Infor*  

mation must be obtained on the hinds and numbers o f b ird s  

th a t  in h a b it the area  o f the  fo ra s t  in s e c ts .  An undsrstand* 

ing of feeding h ab its  and seasonal a o t iv i t i s s  of these  b ird s  

i s  necessary fo r  determ ining those species '^ a t  may be 

p redato rs  o f the in s e c ts .  In v e stig a tio n s  must bs made on 

the d ie ts  of the predatory  b ird s  in  order to  determine the 

p roportions of the in seo ts  in  th e i r  food. An understanding 

of the l i f e  cyole of the species o f prey i s  neoessary fo r  

determ ining in  what stages o f development the in seo ts  a re  

av a ilab le  fo r p redation  by M rds.

Avian p redation  on the Blaoh H ills  b e e tle , Pendroo- 

tonus ponderosae Hephins, a b ee tle  th a t  a ttach e  ponderosa
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pla«« Pinas pondsrosa Douglas» has asTsr boon la T ss tig s to d , 

sxospt by casual o b ss rra tio n s . The a p p lie s tio n  and re s u l ts  

of a sequenoe of operations fo r  in T ss tig a tin g  l^e  number of 

Black H ills  b ee tle s  oonsimed by b ird s  during the period  o f 

f l i l ^ t  and a tta c k  o f th is  in seo t i s  p resented  in  th is  paper*

kUM m is si BasiE aiMi, Msiks*
A b r ie f  d e sc rip tio n  of the  l i f e  cycle o f tbe Black 

H ills  b ee tle  i s  preswoted here in  o rder to  show the tea^ o ra l 

re la tio n sh ip  o f the period  o f f l ig h t  o f the a d u lt b ee tle s  

and th e i r  a tta c k  on the h o st t r e e  to o ther stages in  the 

l i f e  cycle o f th is  in s e c t .

During August the a d u lt  f«aa les  bore in to  the bark 

o f the h o s t tre e  and c o n s tra c t egg g a l le r ie s  in  the in n er 

bark in  which to lay  eggs. Larrae develop from the eggs 

and mine l a te r a l ly  from the egg g a lle ry  fo r  the  r«aaia ing  

weeks o f ^ e  summer. Pupation takes p lace -^e follow ing 

summer in  a pupal o e ll  prepared by ^ e s e  la rv a e . Gradually 

the  s c le ro tic  exoskeleton o f the  pupa hardens and the a d u lt 

form i s  reached by the f i r s t  o f  Ju ly . These new ad u lts  

s t a r t  to  «aerge l a te  in  Ju ly  and oontinue through August 

w ith some s tra g g le rs  waerging throughout the  y ear. Ponds* 

rose  pines in fe s te d  by ta i s  b e e tle  u su a lly  occur in  groups 

of 2 o r 3 to as many as 350 (Keen 1952tl39).

To develop and t e s t  procedures of in v e s tig a tin g  

avian  p redation  on the a d u lt Black H ills  b e e tle  during the



psrlods of and attaolc o f th is  laaoct*

fho iQvostlgatioBi «iEtomd«d from Magr of 1961 to  May 

of 1963* Tho aont&a o f J tm t, July* and Amgnat o f ibotl yoara 

v tro  spiait In  tn« f io ld .  ^ o  standa of pomdoxosa pine of 

a ^ u t  50 acrea each near Balleyp Park Oonaty* Oolomdo 

(Tovnahlp 7 aoutdi. Sans® T2 w est. Sections 19, 24, e lev a tio n , 

8,000 fe e t  above sea le v e l)  were used fo r  f ie ld  work* One 

stand was used fo r  oenauslng the  populations o f b ird s , ^ e  

o ther fo r  o o llec tln g  birds* fhe s iz e  of the population  o f 

Black H llla  b ee tlea  was measured l a  both stands*



Oliapttr XI

RW im i OF LXTSBATUIS

Tarloas a«thod« o f dotorm lnlag FFoportloao o f popu«> 

Xotloaa o f fo ro o t inooets roaoTod "bf b ird s  hsTO boon d tro lo p - 

od ir l th la  ^ 0  l a s t  twoaty j ^ r s *  Oat of tb t  f i r s t  a t t s a p ts  

to  sTaluato th s  d tg ro t o f  p rsd a tio a  by b ird s  oa f o r s s t  ia»  

soo ts iras a ad t by K tadtic^ (1947)* la  h is  study of th s  ia»  

toraetiOB o f  popolatioas o f b ird s  aad th s  spruo t Wdwora» 

ho prosoatsd  o a lo u la tie a s  ea th s  p ro p o rtio a  o f th s  popuXatioa 

o f spruot budwozB l a r r a t  eoasuatd by birds* fh t  au ab tr o f 

b ird s  p t r  100 a o rta  was s s tia a to d  by o tasusiag  s iag iag  a a l t s  

duriag th s  atstia^g; p triod*  Qit d ta s i ty  o f th s  popu la tioa  of 

sprues budvora la rv a t  p t r  100 ao rta  was o a lo u la ttd  from 

t s t i a a t s s  o b ta ia td  fro a  p r tr io u s  s tu d io s . Ht o a lo u la ttd  

th a t  4 .3  p«r e t a t  of the to t a l  popu la tioa  o f  l a r r a t  was 

satoB hf b ird s duriag 45 days o f  th s  su a a tr . This d tg r t t  of 

p rsd a tio a  was based oa the o s tia a to  ^ a t  w oh b ird  offiSMuasd 

40 full*grow a la rv ae  p t r  day (w ith s l i ^ t  a d ju s tao a t fo r  

yo\ui£ b ird s) durian  th is  time*

l a  a study s i a i l a r  to K tad tigh 's»  O torgt aad M ito h tll 

(1948) iav o s tig a tsd  av iaa  p rsd a tio a  oa ^ t  sp ruo t budworm* 

Through an u n sp to if itd  method o f osanuslagt the s i s t  o f  the  

populatioa  o f b ird s  was e a le u la tsd  to  be about f i r s  p e r a e r t .  

T h ^  s s tia a to d  H u n t  a b ird  o f any age ooasumtd 6  grams o f 

sp ruo t budworm la rv ae  p t r  day throughout a period o f 40



dA]T8 When, tlittia la sd o ts  v tr«  aTallal»l«« fh «7 •8 ti«

aatftd th a t  b ird s r«aoT8d from 3*5 p t r  eoa t to  7*0 por eo&t 

of t^o pepu la tioa  o f  spruoo budvora Xarvao.

M ltoholl (1952) dooerlbod a aothod o f aasoaslag  tho 

r o la t l r o  la to n o l '^  o f foodlag oa spruoo budwora Xarvao o f 

irarlous spoolos o f b ird s . Xa oao aroa o f stud9r» tb s  popu* 

Xatloa o f b ird s  vas etasussd  by eouatlag  tho s lag lag  maXos 

durlag  tb s  ao s tla g  porlod . l a  a a o ^ o r  a r w  b ird s  voro eoX* 

lootod aad tb s  p ro p o rtlo aa ts  roXuas vblob spruoo budvom 

Xarvao o o astltu to d  o f Ibo to ta l  ToXuao o f food rooordod 

fro a  Idio stoaaebs o f  826 b ird s  was moasorod. M ltoholl do- 

rlTod a  roXatlTo ladoz o f p roda tloa  fo r  oaob spoolos o f b li^  

b]r muXtlpX/lag 12io p roportion  o f spruoo budvoms l a  tbo 

stoaaebs bjr tbo aumbor o f  b ird s  por ao ro . fbo p roportion  

o f tbo spruoo budwoana population  ooasumod by b ird s vas not 

oaXoulatod.

Hutoblsoa (1 ^ 2 )  la irM tlgatod  tbo o ffs e ts  o f wood- 

poobors on tho ibgolsiann spruoo boo tlo . fbo aumbor o f 

boo ties roaoTod bjr veodpoobors vas o s tlaa to d  bjr aoasurlag  

tbo surfaoo aroa o f barb th a t  sbovod ovldoaoo o f vork o f 

voodpookors. Ho o s tlaa to d  th a t  about 40 por e a s t  of tbo 

population  o f bootlos bad boon roaoTod h j  b ird s  durlag tbo 

v ia to r  months. Tbo a lso  o f  i^o bootlo  population  vas o s t l -

aatod b j  using  o a leu la tlo a s  fro a  p ro tlous s tu d io s  mads l a  

d lffor«& t areas by o th er rosanrobors. Hutoblsoa oxaalaod 

tbo eoa toa ts  o f stoaaobs o f voodpookors oolXootod durlag



Ids study and s s t ia s ts d  th a t  Sngsljaann sprues h s s t le s  sads 

up 99 p ar osn t of the voodpsolcsr's d ie t  a t  th a t  t l a s  In  

the area  o f study*

Cnlght (1957) dsyslopsd a astiiod o f asasu rlng  ao r-  

taX i-^ o f th t  lagsXaann sprues h s s t l s  due to  d i r s c t  and 

iadX rsot o ffso ts  o f voodpsoksrs. Wire so rssn  was la s ta i le d  

OYsr a p a r t  o f the hark o f  s s r s r a l  sprues t r e s s  a t  the  hs* 

g laalng  o f the w in ter to sxoXuds the feeding o f  woodpsoksrs 

on th is  h ih em atin g  in sect*  In  August o f the  follow ing 

8uaaer» the  su r r ly a l  o f the  h ee tle s  which were a v a ila h le  

to  woodpeokeira under -Uie unsereened hark was ooapared w ith 

th a t  o f the  h ee tle s  p ro tec ted  fro a  woodpeckers hy the w ire 

soreens* Knight e s tia a te d  th a t  woodpeckers deetzoyed fro a  

A5 to  98 per oent o f the h ih em atin g  population  o f m gel* 

aann sprues b e e tle  during the  w in ter aonths*

An ex ten s ire  study on the  foods o f t i t a io e  was oon- 

ducted hy B etts (1955) in  B rita in*  She deterained  the  nua* 

her o f p a irs  o f n estin g  b ird s  per aore hy a to ta l  census of 

^ e  study area* The abundance o f d e fo lia tin g  in se c ts  was 

e s tia a te d  hy asasu rlng  the amount o f f ra s s  produced hy ioh» 

seo ts per hour* Many d ir e c t  ohserw ations o f the  feeding of 

n e s tl in g  b ird s were asde* She e s tia a te d  th a t  n e s tlin g s  

were fed about seren food i t« s s  per hour during 16 hours 

o f the day. She aesixaed th a t  a d u lt b ird s oonsuaed a t  l e a s t  

as auoh as the n e s tl in g  b ird s  and eatlB ated  th a t  between 

0*5 per oent and 2*6 p er oent o f  the population  o f d e fo li-

a tin g  in se c ts  was removed by b ird s during the  n es tin g  psriod*



Ino8ffifits0Y (1961) 8tab led  th8 foods o f n o s tlln g s  of 

the spotted  Flyoatoher (Musoleapa hypoleaoa) l a  R aseia. He 

ea lou la ted  the auaher o f la re r te h ra te s  ia h a h itia g  a u n it  

a rea  o f voodland o f the h u a tlag  t e r r i to r y  o f the a d u lt 

Spotted fljo a to h er*  By d ire o t ohserva tioa  from a b llad  he 

ta l l ie d  the auaber o f Tarlous speoies o r groups o f la v e r te -  

b ra te s  eatea by ae s tliag s*  He thea ea lo u la ted  the  ^predator- 

i a l  e f f e c t” o f the Spotted Flyoatoher oa the  various speoies 

aad groups o f ia v e r te b ra te s , P re d a to ria l e f fe o t i s  the 

auaber o f iad iv id u a ls  o f a s p i l e s  o f ia v e r te b ra te  takes 

cepreseed as per oea t o f the to ta l  auaber of th a t  ia v e r te -

b ra te  a v a ila b le . He ea lo tila ted  th a t  le s s  thaa oae p e r o m t 

of the to ta l  a v a ila b le  iav e rte b za te s  aas reaoved by the 

Spotted fly o a to h ert but up to 40 per o ea t o f the  popu latloa  

of aa iad iv ld iu il speoies o f ia r e r te b ra te  were tak es .

Various methods o f a ssess iag  av iaa  p redation  oa 

fo re s t  ia s e c ts  have beea d isoussed . A ll methods iavolved 

some meaas of estim atiag  th e  s is e  o f the popu latloa  o f ia»  

sec ts  but ao t a l l  methods iavolved estim ates o f the  s iz e  o f 

the populatloa  o f b ird s . Estim ates o f the aisaber o f i i^ e o ts  

destroyed b ird s  have beea Imsed oa various k iads of d a ta . 

These data  iao lude o a lo u la tio as  based oa 1} measursmeats o f 

the populatloa  of ia se o ts  a t  various times o f the year,

3} ia s e o t  rsmaias in  the ooa tea ts  o f the stomachs o f b ird s , 

3) d ire o t observations o f feeding h ab its  o f b ird s ,

A review o f the l i t e r a tu r e  o f av ian  p reda tion  oa 

fo re s t  ia se o ts  d isc lo ses  th a t  very few in v e s tig a tio n s  have
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aad t on av iaa  p radatiou  o f bark-baatlea*  O alj tha  

a o r t a l i t f  o f lilb am atin g  bark»0«etlos oausod Oj voodpoekors 

baa Oo«a InT oatl^^tad . Proooduroa fo r  la v o a tlg a tia g  av ian  

p redation  on l>aric«beetlea during the  f l i e ^ t  s tage  o f th e se  

in se c ts  have no t heaa developed*



Obaipttr X t l

M4.XSBZALS AKD METHOI}S

proe«dur«8 fo r  la v M tis a tli ig  mvifta p r td a tlo a  oa 

t i l t  B ltok E llZ t b t e t l t  v t r t  d r r t le p td  tad  t t t t t d  from May 

o f 1961 to  Ftbrmary 1963* fb t  fitX d verk v a t ooaduottd 

duriag  the aoa tlit o f Jaat»  J^uly aad Augatt o f 1961 aad 1962 

l a  two Btaads o f poadorota p la t  o f  about 50 a o r t t  taoh a t a r  

B a llty , Paxk Oouaty» Colorado (fovatb lp  7 south , Kaagt 72 

v a s t ,  S to tlo a t 19# 2A, t l t t a t l o a ,  8,000 ab o rt s ta  I t r t l ) *  

F ro e td u rtt o f  l a r t s t lg a t l a g  th is  s u b |te t  v t r t  ao t p t r f t e t t d  

u a t l l  th t  tuBoflitr o f 1962, aad oaly t h t  p roO tdurtt u t td  a t  

th a t  t l a t  a r t  p r t t ta t td *

!Cht B tthodt d tT tlop td  fo r  l a r t t t l g a t l a g  th is  p reb- 

l« a  m i l  b t p r t t t a t t d  aad tx p la la td  la  th t  o rd tr  Ih ty  

ap p ta r l a  th t  fo llo m a g  o u tlla t*

A« E aua tra tloa  o f Blaek H illa  b t t t l t .

1« R teordlag o f a l l  t r t t o  l a f t s t t d  by Blaok H l l l t  

b a t t i t s .

2 . E a tla a tlo a  o f aisabtr o f Blaok M lllt b t t t l t a  

th a t  flaw from h o s t t r t t t *

3* B a tlaa tlo a  o f r t l a t l v t  au ab tr o f Blaok H l l l t  

b t t t l t t  th a t  ta t rg td  d a lly  from r tp r t t ta ta t lT O  

l a f t t t t d  t r t t t .

4 . S t t lu a t lo a  o f r t l a t l r t  aumbtr o f Blaok H l l l t  

b t t t l t t  th a t  ta t rg td  hourly  from t h t t t  t r t t t *
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In  jua« o f 1962 o su rro j vao aodt o f  a l l  troos la*  

foatod vll&  Blaok H llla  boo ties in  the two a reas  o f study*

A nap was made o f  the r o l a t l r e  lo o a tlo a  o f these  t r e e s , and 

th e i r  d ia a e te rs  a t  b re a s t h e ig h t were reoorded* The arerage 

auaber o f tre e s  p e r 10 acres aad average d ia a t te r  o f  ia fe s t*  

ed tre e s  i a  the area  o f study were eoaputed*

Three o a lo u la tlo as  were aade i a  o rder to  e s t ia a te  

the average area  o f  bark ia fe s te d  by Blaok H ills  beetles*

A ll o f these  o a lo u la tlo as  were based oa fig u re s  derived 

fr<« the  average diam eter o f ia fe s te d  trees*  They iaoluded 

o a lo u la tlo as  o f  1) oiroumfereaoe o f the  bole a t  ^ e  lo v er 

l i a i t s  o f ia fe s te d  baxk« 2) leag th  o f ia fe s te d  p a r t  o f bole» 

3) oiroumfereaoe o f the  bole a t  ^ e  upper l i a i t s  o f ia fe s te d  

baric*

1%̂e average oiroumfereaoe o f the bole a t  the  lo v e r 

l i a i t s  o f ia fe s te d  bark vas based oa data  d ithered  by Pr*

G* Feohaer (sohool o f F o res try » Oolorado S ta te  U a iv e rs ity t 

persoaal ooaaualoatioa) i a  h is  study o f tap e r o f u a ia fe s ted  

poaderosa-pine i a  a oaapaxable staad  i a  the  Blaok H ills  of 

South Dakota* 13xe average h e ig h t above the  greuad o f i a -

fe sted  bark vas computed fm a  data  developed by Massey 

(Height of T reataeat o f the Blaok H ills  b e e tle  i a  Poaderosa 

B ias aad the B elatioash lp  o f Height to  X afestatioa* Boose- 

v e l t  S a tio aa l F orest 1950* Ihipublished rep o rt o f 1951«

Hooky Mouataia Forest aad Hangs Experimoat S ta tion )*  The 

average o irouafereaoe o f the bole a t  the  maximum h e ig h t
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alM>T« th* ground o f  Infootod tez% urns oaleu latod  on tho )»aois 

o f  foebnor’o d a ta ,

?ron ^ 08 0  data  tho to ta l  aurfaoo aroa o f  Infoatod 

tezlc in  tho arwft o f study ifas ea lo u la tsd  using  the formula 

fo r  the ourved s u r^ o o  o f a frustum o f a r ig h t  oeno* IQho 

r e s u l t  o f th is  c a lc u la tio n  was than converted to  average 

su rfa es  a rea  o f In fe s ted  hark p e r 10 ao res .

The average number o f Blaok H ills  b ee tle s  per square 

fo o t o f  In fe s ted  bail: was oalou lated  by oomputlng the  

average number o f BlMk H ills  b ee tle s  under sec tio n s  o f bark 

(measuring 6 x 6  Inches) removed from the n o rth  and south 

s id e  o f a  sample o f In fe s ted  t r e e s .  The sampling o f the  

b e e tle  population  fo r  th is  ecmiputatlon was random and took 

p lace about two weeks p r io r  to  the f l ig h t  period  o f th is  

In s e c t .  Knight (1959) found th a t  data obtained l a  the  same 

way oould be used fo r  oomputlng a r e l ia b le  estlaurte o f  l^ e  

average density  o f th is  In se c t p e r square fo o t o f I n f e s t s  

bark.

The average number o f Black H ills  b ee tle s  p e r ac re  

In  the area  o f study was computed by m ultip ly ing  the average 

surfaoe area  o f In fe s ted  bark p e r 10 aores by the  average 

number o f b ee tle s  oooupylag a square fo o t o f In fe s ted  bark .

B rie r  to  the  f l i g h t  period o f the Black H ills  b e e t ls t  

1 |  X 4 fe e t  w ire screen  cages were a ttached  the  no rth  s id e  

o f the  bole o f th ree  In fe s ted  ponderosa p ines In  each o f  the  

two a reas o f s-tody* A sorew-tcp Mason ja r  was a ttached  to
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th« t e s t  o f eooh oago so th a t  ia so o ts  eaatrging from th s  on** 

closed area  o f bark oould be remoyed* iChese oagee were 

oheoked ewery morning in  o rder to determine the day th a t  

raiergenoe o f the Blaok H ills  b ee tle s  s ta rted *  & fter emerge 

enoe had s-torted , the to ta l  number o f Blaok H ills  b ee tle s  

•merging each day from the s ix  cages was recorded. Uhls 

q u an tity  was graphed to  g ive an estim ate o f the  r e la t ly e  

In te n s ity  o f emergence throughout the days o f the summer.

F orest m itom oleglsts from the Rooky Mountain F o rest 

and Range £xperlm«cit S tation* F ort Oolllns* Colorado, oon- 

dueted la r e s t l i^ t lo n s  on the  f l ig h t  and a ttao k  o h arao terls*  

t i c s  o f  the Blaok H ills  b e e tle  In  the  same a rea  of study .

They oo lleo ted  and recorded the  mxmber o f Blaok H ills  b e e tle s  

found hourly la  the abore oages erexy o th e r day fo r  a 10* 

day period  during the g re a te s t  In te n s ity  o f the eaergeniie 

p e rio d . From these d a ta , the  r e la t ly e  In te n s ity  o f Blaok 

H ills  b ee tle s  <mierglng p er hour l a  the  arms o f study was 

estim ated .

S t m M  11211.
Xn June o f 1962, a eensus tra n se c t was es tab lish ed  

In  one o f the  areas o f study . This tra n se c t coursed 27 

ohalns north  tiirough yarlous d e n s itie s  o f fo re s t  and 23 

chains south through a oomparable area  w ith some open brush- 

land* Groups o f In fe s ted  ponderosa p ine were p re sen t a t  

yarlous lo ca tio n s  along the  tra n s e c t .  A lso, deyloes fo r  

a t t r a o t ln g  Blaok H ills  b ee tle s  were I n s t i l e d  near the
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tra n se c t b]r the fo re s t  en to ao lo g ls ts  working in  the area« 

Figure 1 shows the lo c a tio n  o f the census tra n se c t In  re* 

la t lo n  to  tre e s  th a t  con ta in  Black H ills  b ee tle s  before the 

emergence In  the  sinmer o f 1962 and tre e s  th a t  were a ttacked  

by th is  in se c t the same summer.

Birds were oensused along the tra n se c t 54 mornings 

from Jims 21 to  Septmaber 15* ?he owcsuslng bee^n no l a t e r  

than one hour a f t e r  su n rise , and was omapleted In  about 90 

m inutes. The species o f b ird s  ebserved during eaoh census 

were recorded a t  In te n ra ls  o f one chain along the  tra n s e c t .  

C alcu lations o f  the to ta l  a rea  oensused fo r  each speoles o f 

b ird  were tmsed on the  g re a te s t  d is tan ce  o f reco g n itio n , 

which varied  w ith  density  o f fo re s t  and w ith  conspicuous-

ness o f each species o f b ird . The area  oensused fo r  eaoh 

speoles was tabu la ted  a t  the end o f the  summer, and the 

average number of b ird s  per 10 acres computed fo r  f iv e  

census periods co n s is tin g  o f 10 days msoh. Census data  

gathered during unfavorable weather conditions th a t  re v ea l-

ed extremely low population  d e n s itie s  o f b ird s were n o t used 

In  the f in a l  computation o f the d en sity  o f b ird s .

si sskml s i tisSlM s i ikHi sjs M24U Basis 
ama Sssiiss

In  the summer o f 1961, b ird s  were sho t w ith  a .410 

gauge shotgun during the period  o f  f l ig h t  o f the Black H ills  

b e e tle . Ihe re e \ilts  o f  the an a ly s is  o f the stomach oontente 

o f these b irds were used as a b as is  fo r  dsterm lnlng the
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Figure 1.
BLACK HILLS BEETLE INFESTATIONS1961 a 1962

6 A I L E Y ,  C O L O R A D O  
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Range Experiment 
S ta tio n
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spcolca o f b irds to  bo stad lod  latoaolTO ly l a  1962.

Dorlag tho suaaor o f 1962 b ird s  woro eo lloe tod  l a  

a s tsad  o f poadorosa p la t  eoaparablo to  tho staad  abors th s  

b ird s  vsro  osasussd, so tb a t  tho popo latloa  o f b ird s l a  the 

a rsa  o f  osasuslag  aas ao t roduood* This aroa whoro b ird s  

wort eo lloe tod  vas s i tu a te d  about oae th ird  o f a m ile aorth* 

v e s t  o f  the  a rm  where b ird s  were oeasused aad vas about 75 

aeres l a  else* Birds v e rs  oo lleo ted  fro a  8tOO a ,a .  u a t l l  

Buaset durlag  the l a s t  two oeasue periods* l a  irtiloh a o s t  o f  

the  b ee tle s  emerged• Xa aa a t ta a p t  to  o b ta la  a raadoa 

saaple* eaeh speoles o f b ird  vas oo lleo ted  uasT S tasa tlea lljr 

a leag  aa uadeteralaed  oourse v l th la  the  area  o f  the oo lleo t*  

la g  p lot*  3oae b ird s v e rs  oell<K)ted l a  o th e r areas o f the 

fo re s t .  Thm time o f day th a t  these  spM laeas vere  takoa 

aad th e i r  lo o a tlo a  r e l a t l r e  to  tre e s  la fe s te d  l a  1961 o r 

1962 vere  recorded.

Speoles o f b ird s oo lleo ted  l a  g re a te s t  q u a a tl t le s  

vere c la s s i f ie d  la to  feod lag -oategorles  based oa th e i r  lo«  

o a tlo a  aad aethod o f feed lag . Che feed lag  o a tego rles  vere  

designated a s t

1 . H r* fo lia g e  feeders* e o a s ls tla g  o f b ird s th a t  

feed p red o alaaa tlx  l a  a i r  aad oooasloaa lly  l a  

upper fo lia g e  o f trees*

2. Foliage feeders* o o a s ls tla g  o f U rd s  ttMit feed 

p re d o a lau itly  l a  fo lia g e  o f t r e e s .



17

3« 3tffa«braaoh ooiuilstliig  o f b ird s  ’Uiat

food prodoslB sntly  oa tho so la  s to a  aad oeoasloa* 

o i ly  oa broaohos o f troos*

4« G round-fellago foodora, e ^ s i s t l a g  o f  b ird s  

th a t food prodoalaaatljr oa tho grouad aad 

oooasionally  l a  fo lia g e  o f troos aad bushos.

Tho oeasua data  fo r  d if fo ro a t  spooios o f b ird s  wore 

sogrogatod by food iag-oatogorios, aad the  l a t t e r  vore 

analysed as s ia g lo  e a t i t i e s .

!Zhe ooatoats o f  oaoh stomach voro spread out im l- 

fo ra ly  i a  a e a lib ra te d  sa to h  g lass  aad ozaoiaod fo r  ren a ias  

o f Blaolc H ills  b o o tie s . The arerage  p roportion  o f these  

b ee tle s  l a  the food o f the  asabers o f  oaoh feodiag-eatogory  

vas detexniaed r ia u a l ly .  These proporM oas were ooaTorted 

to tho e tu i r a l« i t  weights th a t  they o o astitu to d  o f the 

estim ated v e ifh ts  o f food ooasuaod by the aoabors o f oaoh 

feodiag oategory during tho two oensue p e rio d s . Tho w eight 

o f  food ooasumed d a ily  was based oa the  assumption th a t  

these b ird s  a te  d a ily  t^ ^ ^ b itie s  o f food e^uiTalont to about 

25 p e r o « it  o f th e i r  body weight (Look 1954tl31)« The 

STorago weiid^t o f b ee tle s  ooasumed ^  aeabers o f oaoh feed-

ing oategory was ooaverted to  equiw aleat numbers o f beetles*  

l a  o rder to e a le u la te  the number o f b ee tle s  taken 

p e r 10 aores by m«abers o f each feed iag-oategoryf the 

arerage number o f b ird s  per 10 aores fo r  each oategory was 

m u ltip lied  by the  average number o f b ee tle s  i a  th e i r  d ie t*
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fb« to ta l  aioibor of bootlos ooaomod by b ird s  o f a l l  oats*  

g o riss  was oalou la tsd  suaalag the to t a l  auabsr o f b s s t ls s  

oat«L by b irds o f «i^oh fssdiag*oatogoz7 «

^ s  p roportion  o f  ^ s  p o p ^ a tio a  o f ad tilt Blaok H ills  

b s s t ls s  oonsuasd by asabors o f  a l l  fssd iag*oatsgo rls8  aas 

«Q}rs88sd as tbs aasn aiaabsr sa tsa  p s r  10 aorss«
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Ohapt«r IV

fassM m x o H  o f

si ^  Bss^ SUM SsaUs ff,ggttMti,̂ 9.5
19is number o f Black H ills  b s s t ls s  p ar 10 aorss Ixi 

the a rea  o f study was d erired  from the follow ing se<iuenoe 

o f opera tio n s.

The map o f In fe s ted  tre e s  In  both areas o f study was 

a rb ltam rlly  subdivided In to  12 sec to rs  equ ivalen t to 10 

aorea each. The tre e s  In fe s ted  In  1961 w ith in  eaeh sec to r  

were counted, and th e i r  average number was oalou la ted  to 

be 21.85 p e r 10 ac re s . Thirty-one p e r cen t o f a l l  tre e s  

In fe s ted  In  1961 was sampled fo r  Black H ills  b e e tle s . From 

th is  sample 'tiie average number o f b ee tle s  th a t  emerged dur-

ing the summer of 1962 was estim ated to  be 27*96 p er sqiukre 

foo t o f bark, w ith a standard e r ro r  o f 5 .52 .

The measurements used In  computing the su rface  area  

o f In fe s ted  bark were In te rp o la te d  from measurffiients of 

diam eters tak«a a t  b re a s t h e l ^ t .  The mean diam eter o f 

298 tre e s  In fe s ted  In  1961 was oalou lated  to  be 9 .4  inches 

w ith a standard e rro r  o f 0 .2 . The heigh t o f the In fe s ted  

bole fo r  tre e s  w ith  diam eters o f 9*5 Inches was estim ated 

to be about 23 fe e t  above ‘Uie ground, based on Massey's 

Co p , o l t . .  p . 11} study o f the  re la tio n sh ip  o f d la a i^ e r  

and h e l ^ t  o f In fe s ted  bark o f ponderosa p in e . M orta lity
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o f th« bootlos was sx tr« n e lj  variable*  as lad io a ted  bf 

saaplea o f bark taken a t  various b e i i^ ts  above s ix  f e e t  on 

the bole* Ho measures v e rs  taken to  evaluate  the ex ten t o f 

th is  m o rta l!tj*

Data gathered by Fechner ( o p .  c i t . , p . 11) in  a 

ooaparable stand o f  un in fested  ponderosa p ine show th a t 

tre e s  w ith  diam eters between 9 and 10 inehes tap e r to  about 

7*4 inches a t  23 fo e t above the ground, fhe surfaoe a rea  

o f the bole wss computed between 1 and 23 fe e t  above the 

ground* s inee  the density  o f  Blaok H ills  b ee tle s  below one 

fo o t i s  extremely low. The diam eter a t  one fo o t above the  

ground was in te rp o la te d  from Feohner's data  to  be 11.0 

inehes.

The surfaoe ar«ei o f in fe s te d  bark fo r  tre e s  o f 

average diam eter was computed to be 52.99 square feet*  and 

the average siirfaee ar«n o f In fe s ted  Imirk p e r 10 so res was 

oa leu la ted  to be 1*157.83 square f e e t .

Assuming t ^ t  the leng th  o f  the in fe s te d  bole o f 

the average tr e e  was 22 f e e t  and th a t  the number o f b ee tle s  

from samples o f bark removed a t  b re a s t h e ig h t were rep resen t*  

s t iv e  o f the mean s is e  o f the  population* the  average number 

o f b ee tle s  p e r 10 so res  was oalou lated  to  be 32*373. This 

f ig u re  was used as the estim ate  o f the  maximum number o f 

b ee tle s  th a t  mnerged in  J'uly and A^agu8t o f 1962.

The number o f Blaok H ills  b e e tle s  emerging p e r day 

was recorded from counts o f b ee tle s  taken from the oages
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on 6 tre e s  (Figure 2}* fhe re s u l ts  f r o m  the hourl^r ooimte 

of b ee tle s  from these cages a re  presented in  Figure

Oj iM M  S i
fo rty -n in e  censuses were used during th is  study . 

They were grouped in to  f iv e  census periods co n s is tin g  of 

about 10 days eaoh (Table 1 ) .

TABLE 1 .—SATES OF CllfSgs PERIODS

Osnsus period Dates
Number o f o ^ su se s  

in c lu led_______  taicfn ______

I June 23 to  Ju ly  5 13 (10)

I I Ju ly  6 to Ju ly  20 10 (10)

I I I Ju ly  21 to  August 3 10 (10)

IV August 4 to August 13 13 (10)

V August 23 to September 14 9 (9)

V  number in  parentheses rep resen ts  number of censuses 
used.

Records were made a t  in te rv a ls  of one chain along 

the  census tra n sso t of the g re a te s t  d is tance  o f reco g n itio n  

of eaoh species of b ird . From th e ss  data the to 'te l area 

osnsused fo r  saoh species was computed. The area  osnsused 

fo r  species snoo\mtersd in freq u en tly  was no t oomputed. Be-

cause of the d i f f ic u l ty  o f id e n tify in g  b ird s o f the genus 

l>aiPidonar. a l l  mwabers o f th is  genus were analyzed as a



Figure 2 .—H lstograa of to ta l  muaber o f Black H ills  b ee tle s  
co llec ted  from s ix  cages a t  9s00 a .a .  d a ily . Dotted l in e s  
r ^ r e s e n t  average number o f b ee tle s  p er day daring times 
when they were iu>t co llec ted  d a ily . Distance between 
hatches o f  h o rizo n ta l l in e  above represen'te leng th  of 
census perio d s. to

to
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Figure 3>—Average number o f Black H ills  b ee tle s  co llec ted  
hourly from s ix  cages in  1962, August 7 , 9 , 11, 13, 15.
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s ia g l t  « a t i t 7 * A suanary o f a l l  spooios o f b ird s  onoountortd 

along th t  tra n so c t and tho aroa oonsasad fo r  oaoh i s  p re so n t- 

•d In  fablo  2.

13io avoragt number of b ird s  p e r 10 acres fo r  each 

census period  fo r  b ird s  in  wbioh the area  oenaused was ooa- 

puted i s  shown in  fab le  3* ^ s  frequenoy o f observations 

during each census period  fo r  soaroer b ird s  no t ooaputed on 

a 10 aore b asis  a re  presented  in  Table 4 .

Species o f b ird s  oenaused th a t  were oo lleo ted  in  

la rg e  (lu an titie s  were c la s s i f ie d  in to  feediag»oategorles<  

nie aeabers o f ‘̂ e s e  ca teg o ries  a re  presented in  Table 5* 

B irds observed in  the  area  but no t o la s s if ie d  in to  feed ing- 

oa tego ries  weret

sparrow Hawk 

Oreat Homed Owl 

Coamon Hlgh'^awk 

B road>tailed Hummingbird 

Red-shafted F lioker 

H lllia n so n 's  Sapsuoker 

Hairy Woodpecker 

C la rk 's  Nutoraoker 

Red-brMksted thatch* 

Brown Creeper

H era it Thrash 

T irg in la 's  Warbler* 

Townsend's Warbler* 

Western Taunager 

Fine S isk in  

G reen-ta iled  Towhee 

Chipping Sparrow 

Savannah Sparrow* 

Goldenf»erowned Kinglet* 

Gray i w j

House Wren

The a s te r is k  (*) in d io a tes  b ird s  th a t  were o o lleo ted . The 

average number per 10 aores o f the  members o f eaoh feed ing- 

category fo r  ^ e  f iv e  census periods i s  shown in  Figure 4.
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TABLl 8 .—3PB0IB3 OP BIRDS UTOODSTERED ASD AREA 0EHSD3ED FOR 
BAQH

Arm l a  aorea

Sparrow Hawk, Fgiaa M 2 M X S S IM  

Graat Homad Owl, Balw y irg la la a g s  

Ooamoa Mlghthawk, C hordailaa a ia o r  

B road-ta llad  Huaaiagblrd, Salaaohorua platyearotta 

Rad-ahaftad P llo k a r, Oolaotaa oafar 

W illiam aoa's Sapauokar, Sphyraplcae thyroidaua 

Hairy Woodpaokar, Paadrooppoa Y illoaas 

l^p idoaar fly o a tch e rs  

la a ta m  Wood Pawaa, C a a lm f  aoxdldalas 

V io la t-g ram  swallow, laohyoinata th a laae iaa  

Gray Jay ,

s t a l l a r 'a  Jay , Qgft.aao,|.1ilgft HaUjOdk 

C lark*8 Hutoraokar, Polaabiaiia

Mountain Ohiokadaa, Parua gamhali 

W hita»hraastad Huthateh, S i t ta  oaro lin an sia  

Rad«hrmatad Huthatoh, S i t ta  oanadanaia 

Pigay Suthatch, S i t ta  pygaapa 

Brown Oraapar,

Houaa Wrm, £Sl21
Robin, 'gurdua a ig ra to r iu a

H am it th ru sh , H rlocich la  neuttata not

Xownaand'a S e l i ta i r a ,  Myadaataa townsandi 

Goldan-orownad R in g la t, Ragulus sa traoa

not eoaputad

not

not

15

15

15

10

15

30

eoaputad

15

30

14

14

eoaputad

13
ooaputad

14

15

ooaputad

15
14



TABLE 2««»»Qo]ttlautd

26

s o l i ta ry  T lroo, l i s i a  U W B liM S L  

V lr« ia ia*s W arUor, I a | j | , l g i a  
Auduteoa*8 Warblar* Bwiiroloa auduboai 

foimaaad*s Warblar# B^daroioa townsaadl

Was ta rn  faaagar, U m s m  la te m iW  
Bias 31akla» Spiaaa o laas 

G ra ta* ta llad  fowbaa* QbloruMt oh lo rara  

Sawaaaah Sparrow, 

aray*baadad Juneo, Jaaoo eaaloapa 

Olilpplag Sparrow, S p lsa lla  oasaarlna

not oompatad
li

14
aot ooapatad 

14 
14 
14

ao t oompatad 
14

aot oompmtad

n /  S eieatlflo  mmm ara from tha A«0«ir, oii«slcllst of lo rttt 
Aaarloaa Birds, ad*, 1957.
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SUKiS 3* -^oatliia«d

z IT
ftd>

I T
S o lita ry  Vtrao 

Auduboa's Marblor 

Vestftxm famagar 

Pia« S iskltt 

G raen-tailed  Towhae 

Grajr-haadad Jtmco

0.0

0.1  ♦ 0 .1  

0 .7  ♦ 0 .3  

0 .4  1  0 .3  

0 .1  t  0 .1  

5.6  ♦ 1.6

0 .2  t  0 .1

0 .0

0 .9  t  0 .3  
0 .2  ♦ 0 .1  

0.1  ♦ 0.3 

7 .5  t  1 .3

0 .0

0 .3  t  0 .2  

0 .3  1 0 .3
0 .0  

0 .0

7 .1  ♦ 1.1

0 .3  t  0 .2  

0 .0  

0 .0

0.1  t  0.1 

0.0

9.0 t  0 .2

0 .6  ♦  0.2  

1 .7  t  0 .3  
0 .0  

0.0

0.1  1 0.1

6 .3  ♦ 2 .3

K>OQ
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fABLS OF MTS BXEBS WSHE OBSSRVBB IB SAOH OSBS0S
PERIOB FOR BIRDS IN WHICH 
ED ON A lO-AORE BASIS

THE AREA 0BNSD31D WAS HOT C

S0«0lM........................................
OononB ooriodo

t — I T ------ T T ^ SI

Sparrow Eawlc 0 1 0 0 0

Croat Horaod Owl 0 0 0 1 0

Coaaoa NlgBtbawk; 6 8 1 0 0

B road*tallod Bum iagblrd 2 1 7 4 0

Gray Jay 0 0 0 0 1

R od-brw stod Natbatoh 0 0 0 0 1

Brown Or top or 0 0 0 0 1

H om it Xbraah 0 0 0 0 2

Ooldaa-orownod Klnglot 0 0 0 1 0

7 irg la la* 8  WarbXor 0 0 0 0 1

Townsond'o Warblor 0 0 0 0 1

sarannah Sparrow 0 0 0 1 0

Chipping Sparrow 0 0 0 0 1
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TABLE 5 .—3PS0IB3 OF BIRDS OF EAOH FEEDIHG-OATEGORY

Wiilt»«>br9aat«d[ Huthateh 
Flgoijr Huthatoh

Fas ta rn  wood Fairaa 
V io lat-g raaa Svallow

Mouataia Ghiokadaa 
S o lita ry  Vlrao 
Audaboa'a Warblar

S taX lar'a  Jay 
Robia
fovasaad 'a S o li ta ir a  
Oray«biaadad Juaoo

I 3taa&*braaeb faadara

I I  Alzwfollaga faadara

I I I  Follaga faadara

IV Oroi&ad-follaga faadara
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F B E O IN O -C A T C S O R V  I FEIDlNS-CATtGOfty H

Aug .

FieOlHO-CATEGOey nr

jL CMCU> PCAIODS
A u « .3 i

Figure 4 .—.Ifumber o f b ird s per ten  acres In  Feeding- 
ca teg o ries  I ,  I I ,  I I I ,  IV, fo r a l l  census p erio d s . 
The v e r t ic a l  l in e s  rep resen t the ranges, the h o r i-
zon ta l l in e s  rep resen t the means, the rec tang les 
rep resen t the 95 per cent confidence In te rv a l of 
the mean.
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l£ S i  s i SM IM  SMS M&SI IU l£
!1&8 fr«% u«ioit8 o t  ooourr«meft o f f r a c ta l t3  o f Black

H ills  baetlfts found in  ^ s  stomachs o f b ird s  o o llso tsd  during 

th s  sm ^er o f 1961 a rc  tabu la ted  in  INikbls 6,

fo u r ou t o f s ix  stomaohs o f Hairy Woodpeokors ool-

lso tsd  in  1961 oontainsd a d u lt soid pupal Blaok H ills  b s s tls s*  

Msthods fo r  dsterm ining v h s th sr th s  b s s t ls s  in  stosmohs o f 

voedpsoksrs v s re  sa tsn  b sfo rs  o r a f t e r  th s  smsrgsnos o f th is  

in s e c t  haxs no t bean dsxslopsd* fo r  th is  r ^ s o n  no maabsrs 

o f the  troodpeoker eomplex were oo lleo ted  in  1962*

Ihe ooourrenoe o f fragnen ts o f Black H ills  b e e tle s  

in  the stomaohs o f b ird s  oo lleo ted  in  1962 i s  presimated in  

fa b le  7 .

Measurements o f  h o u rlf  aaergenoe (fig u re  3) a re  the 

b es t estlwiLtes a v a ila b le  o f hourly a o tiT lty  o f b e e tle s  i^ io h  

hays emerged* I f  the hourly a c t iv i ty  o f flsiergwit b e e tle s  

i s  re la te d  to  the oonspicuousness o f -^ese  in se c ts  to  b ird s , 

the  p ro l» b il i ty  o f a b ird  ea ting  a b e e tle  before 6i00 a.m* 

and a f t e r  7i00 p.m* should be lo v er than in  -toe afternoon* 

41so, i t  may be assumed t t o t  b e e tle s  a re  most l ik e ly  to  be 

eaten by b ird s  which forage In  a reas  o f  In fe s ted  trees*  In  

reoogn ition  o f ^ e  p o ss ib le  d if f e re n t  o p p o rtu n itie s  fo r  feed-

ing on b e e tle s , the stoaiushs o f each feeding-oategory  were 

fu r th e r  o la s s if ie d  aoeordlng to  t in e  o f day aud nearness to  

in fe s te d  trees*
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TABLE 6 .—FHSQUEmJT OF OOOTJREMOE OF 3T0HA0HS WITH FEAGMEHTS 
OF BLAOK HILL3 BEETLES FOR BIRDS OOLLEOTED IN 1961

ScM les o f b i r 6 ..............
Nuabar

azaainad

5ua\>er i^ ih  fra g -  
aan ts  o f Black 
H ills  b aa tla s

Goanoa NlghthowR 2 0

lroad<-toilo4 Huaaiagbird 1 0

Rod-ohaftod F liobar 6 0

W liliaaiaoa's Sapsuokar 3 0

Halxy Woodpookar 6 4

Eapldoaaz fly o a teh a r 1 0

Wastara Wood Pawaa 5 4

OllTo-sldad Flyoatohar X 1

T iolatograoa svallov 2 0

S ta l l a r 's  Jay 3 0

C la rk 's  Nutoraokar 2 1

Mountain Ohlokadaa 10 1

W hita-braasted Nuthatch 4 1

Flgoij Nuthatch 23 4

Robin 9 1

Toansand'a S o li ta ira 7 3
Audubon's WarbXar 5 2

Pina S iskin 1 0

Graj-haadad Junoo 5 0

Chipping Sparrow 1 0



TABLE T .—OCOBRRBHOS OF BLACK HILLS BEETLE FMOMBHT3 IH 
STOMACHS OF BIBBS OOLLEOTBB IM 1962

Proportion
duaibsr of of stomaoh
stoaunobs oontsn ts
w ith rap rsscn tsd

Huabtr b s e t ls by b o tt le
0«Eisu8 of b ird s fra g - frag ao a ta .

.. ___ JMBlS____
Fetdlng-catagory  I

IV 2 1
V 21

M lilta-braastad lu th a to h  IV 7
V 6

P ig m ^  Nathatoh 3
2
2
0

5, 5, 10 
5, 15 
70, 95 
0

Paadliig-oatagorF I I

V io lat-g raan  Svallov 

W«8t«m Wood Pewoa

IV 3 0 0
V 0 0 0

IV 6 3 10,
V 2 1 5

IV 1 1 15
V 3 0 0

Foadlng-oategory I I I

Mountain Ohiokadee IV 18 1 5
V 23 0 0

Audubon's Warbler IV 2 0 0
V 6 0 0

S o lita ry  Vlreo IV 1 0 0
V 2 0 0

Feeding-oategory IV

Cray-beaded Junoo IV 13 0 0
V 16 0 0

Robin IV 7 0 0
V 0 0 0

Tovnsend's S o li ta ir e IV 2 0 0
V 4 0 0

S to i l e r 's  Jay IV A 1 traoe
V 2 0 0

Speeies of b ird s not
o la s s lf ie d  in to feed ing -oategori es

Brown Creeper IV 0 0 0
V 1 1 25



TA.BLB 7«**Contiiiu«d

o f b ird s

H0d«br«ast«d Huthatob

Y irgiala*8 W arbltr

Ruby*oroim«d B lng le t
(S isB lia  g i l t f tM a )

!Toim8«ad*8 W arbltr 

Sayannah Sparrow

Hunbtr
Oaitaus o f b ird s

Proportion  
Huabsr o f o f stonaoh 
stomaohs eontouts 
w ith  ropresentod
b o tt le  by bootlo  
fra g -  frag ao n ts .

lY 0 0 0
Y 1 0 0

IV 0 0 0
V 1 0 0

lY 0 0 0
V 2 0 0

lY 0 0 0
Y 1 1 tzaeo

IV 0 0 0
V 1 0 0
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Th« four tla« * lo o a tio n  e lassos u s td  wares

A. Oolleotad between 6t00 a.m. and 7tOO p .m ., and 

le a s  than one chain away from in fe s ted  t r e e s .

B* C ollected between 6t00 a.m* and 7t00 p.m.* and 

g re a te r  them one chain awajr from izifested t r e e s .

0 . Oolleoted before 6i00 a.m. o r a f t e r  7t00 p.m.« 

and le s s  than one chain away from in fe s te d  t r e e s .

B. Oolleoted before 6t00 a.m* o r a f t e r  7tOO p .a .»  

and g re a te r  than one chain away from in fe s te d  

tre e a .

The numbers o f epecimims o f <»oh feeding-*oategory in  each 

tim e-loca tion  c la s s  a re  shown in  H gure 3*

The average p roportions o f the Black H ills  b e e tle  

components in  the stomachs of m<mbers in  each tim e-lo ca tio n  

c la s s  o f each feeding-category  fo r  Oaoaus Periods IV and V 

were computed (Tables 8 and 9)* Because members of Feeding- 

oategoriea I I I  and IV had only tra c e s  o f  Black H ills  b ee tle s  

in  ^ e i r  stomachs, only members o f Feeding-categories I  and 

I I  were considered in  the computation o f the number o f 

b ee tle s  oonsumed.

The average weight o f Black H ills  b ee tle s  in  the 

foods of members of Feeding-oategories I  and I I  was computed 

under the assumption th a t  these  b ird s  oonsumed d a ily  a 

q uan tity  o f food equal to  about 25 p e r cen t of th e i r  body 

w eight. The average body w e ii^ ts  o f members o f these  feed-

in g -oa tego ries  a re  presmaited in  Table 10. Prom these  weights
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S
O \S
U. lo-

co
12

FEEDiNG-CATEQOUy I

15

A 5  C D

CffMtU.93C

m
A G C O

tfl 20 '
Ul
£

C C N S U S  PffWOO
I T

FrEDiNe-C/tTEGony or
C v u u f t  *

A B C  D
EbiA B e D

FEEDIKe-CATESOR.y 01
Cv(««ur rcstoo

m

d L

C e n s u s  p e « io o

cTL

i 15-Vt̂
 10'

FEEOmO-CATGQORV Iff
Census vsKioe 

I3T

A B C o

C en su s  v e « te «
I

b=3
A B  C  O

i
ut as-
(0
O  20-

« IS

TOTAL OF ALL FEEDIMS CATEGORIES 

CeHsus M Rtoo Census pci

A  0  C  D A  B  C D

Figure 5 .—Number of specimens of Feeding-oategories I ,  I I ,  
I I I ,  and IV In  each tlm e-looation  c la ss  fo r  Census Periods 
IV and V.
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TABLE 10,»*MEAH WEIGHT 07 3PB0ZSS 07 BZHBS IBOLUBE!} WITHIE 
FEBBIHG-OATBGORZES Z ABB ZZ

SSB9H BE3BSSI

IfumBtr

F«941ng«eategox7 Z

W)iit«*br«aatad ^ ^ a t o h  12 17*9 t  0 .3

Plggqr Euthatoh 38 10.3 1 0 .1

FtadlXLg-eatagorsr ZZ

a»Dl«on«» 3 U .6  !  0 .7

Waatam Wood Pawaa 7 13«2 ^ 0 .3

V lela t^g raaa Svallotr 3 15*4 1 0 .3
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i t  was oalou latad  th a t  eaoh maaher o f Feadlag*oategoriea X 

and I I  a te  about 3#5 grams o f food per day,

Black H ills  b s s tlo s  oo lleo tsd  in  1961 from a stand 

o f p in s  25 m iles v e s t o f Fort O ollins had a mean ve ig h t o f 

0,017 grams (data obtained from William MoOuabridge, F orest 

Entom ologist, Rooky Mountain F orest and Range Experiment 

S tation}* fh is  f ig u re  was derived from the m ^n  ve ig h t o f 

790 b ee tle s  veighed in  groups ranging from 16 to  21 b e e tle s  

eaoh* The standard d ev ia tio n  o f the v e ig h ts  of the groups 

vas O.OOi grams*

From these  d a ta , the  average v e igh ts  o f b e e tle  frag -

ments in  the stomachs vere  ca lcu la ted  by the methods ex-

p lained  on page 17 fo r  b ird s  in  Feeding*>categories I  and 

II*  These ve igh ts  vere converted to  e<|uivalent numbers o f 

Black H ills  b ee tle s  (liable 11)*

'The estim ate and the  95 p e r cen t oonfidenoe in te rv a l  

o f the number of b ee tle s  consumed by these b ird s  during the  

l a s t  tvo census periods a re  shovn in  Table 12* The propor-

tio n  o f the b e e tle  population  consumed by these  b ird s  during 

those census periods vas ca lcu la ted  to  be 8*5 per cent* % e 

95 per cen t oonfidenoe in te rv a l  on th is  f ig u re  i s  from sero  

to  43,5 per cent*
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UBLB 11 .—5UMBSR OF BL40K HILLS BIETLBS IM DIETS OF MEMBERS 
OF FSEDING.OATBSORXBS 1 AHD I I  DURIHG OBHSUS PERIODS IV 
AND V

tfaight of 
food

Oansus oonaumad 
nariod o ar dar

X- S x i . f A ^
I t s ? t .0 5 ^ o f  
p roportion  of 
b aa tla s  in  
d ia t  oar day

H s « t o 5  o f 
a q u i^ la n t  
waight in  gms. 
o f b aa tla s  in  
d la t  par day__

H sT t.0 5  o f 
aquivmlant 
number o f 
b aa tla s  in  
d la t  oar day

IV 3.5
FaadingooatagorF I 

6 .8 5 i8 .4 l 0.2410.53 13.87t44.51
V 3.5 0 .7 4 l i . l9 0 .03 l0 .07 1 .73 t 5.78

IV 3.5
Faeding-oatagorF I I  

11.50112.01 0 .40 l0 .82 23.12170.52

V 3.5 l.OOl 2.26 0 .40l0 .11 2 .3 l l  8.67

a /  Th« ayabols ^ s z t . 0 5  ra p re sea t the  maan p lus o r minus 
tha 95 par oant confldanca in ta r m l  o f the  mean.
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TABLE 12— iSUMMARY OF OOMPUTATIOI OF HUMBER OF BEETLES 
00M3UMEL BT M^BERS OF FBEBIIG-OATEGORI^ 1 ASS I I  SURIHG 
0SH3US FERIOSS IV AHS V

fio, o f Xtsit.OS l t s x t .0 5
dajB in  o f niamber o f nunibor E o tiaa tes  o f the  m m -  

Oensus eafneue o f b ird s  o f b ee tle s  ber o f b ee tle s  o o b -
Barlod peilod  p e r lO so res 1b  d i e t   sBmM a e r

I )FeedlBg-ostegory X
1

H o i i i r /

lY 10 13 .4 t2 .0 13 .9 t44 .5 0 1,863 8,994

V 9 12 ,9 l4 ,8 l .T i  5 .8 0 197 1,195

Feediag*oategox7  IX

lY 10 2 . 9 ! i a 2 3 .ll7 0 .5 0 670 3,744

9 O.5I 0.5 2 .3 t  8 ,7  . 9 ______ ____22.
Total 0 2,740 14,032

^  Mean, a ln lau a  and maxlaum values a re  based oa the m ^ns 
and 95 per ofoit ooBfldwute Im te rra ls  o f the  number of 
b ee tle s  la  the  d ie ts  and the number o f b ird s  per 10 aores.
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Chapter V

DXsoussioir

The operations developed fo r  la y e s tlg a tin g  th is  proh« 

I m  w il l  he dlsoussed l a  the  o rder l a  vhioh they vere  p e rfo ra -  

ed, BO th a t th e i r  ladepeadeat v a l id i ty  aad usefuaaass as a 

vhole may he eval\iated» l a  a d d ltlo a , suggestions s i l l  he made 

fo r  modifying these operations fo r  adapting o r re f in in g  th e i r  

use according to  p a r t ic u la r  requirem ents in  fu tu re  s tu d ie s ,

a £  glX ls h f i t l e  population  
The degree o f aoouraoy desired  in  th is  study did no t 

w arrant the d ir e c t  talcing o f a l l  measurements used In  o a lo u la t-  

Ing the proportion  o f the  population  o f h ee tle s  consumed hy 

b ird s , Oonsequmitly, app ropria te  Infereeioes from the r e s u l ts  

o f o th er res^orohers aad o e r ta ln  assumptions vere  employed 

In  oomputlng ^ e  s ls e  o f the population  of th is  In se c t,

!Hie heat approximations o f the average tap e r and 

leng th  o f the In fe s ted  hole o f tre e s  In  the area  o f study 

were derived from data  obtained hy Kassey o l t . .  p , 11) 

and Feohner ( o p ,  o l t , .  p , 11 ), The stand o f ponderosa p ine 

from vhioh Feohner gathered h is  data was estim ated by fo re s t  

mitomologlats of the F o rest and Bangs Experiment s ta t io n  In  

F ort C o llin s , Colorado, to he oomparahle In  ta p e r  to the 

stand o f tre e s  In  B ailey , Colorado, 3he only data  a v a ila b le  

on the leng ths o f the In fe s ted  holes o f ponderosa p ines were 

those data gathered In  1950 hy Massey In  the Roosevelt N ational 

F o res t,
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Saaples of bark takaa from th t  stand in  Bailey in  

1962 a t  various heigh ts on the bole o f seve ra l in fe s te d  tre e s  

in d ica ted  th a t  the su rv iv a l o f the Blaok H ills  b ee tle  above 

10 fe e t  from the ground vas extremely v a r ia b le . The v a ria b le  

su rv iv a l of th is  in se c t vas assumed by fo re s t  entom ologists 

to  be caused by the severe cold weather o f the previous 

w in te r. For th is  reasoUf the computation o f the su rface 

a rea  o f in fe s te d  bark (baaed on the length  o f in fe s te d  bole 

derived from Massey's data) i s  probably an overestim ate of 

the ac tu a l su rface area o f in fe s te d  bark in  the  area  o f 

study«

In  fu tu re  research  o f th is  k ind , a more aoouzate 

estim ate o f the su rface area o f in fe s ted  bark could be ob* 

tained  by taking ac tu a l measuremants o f the leng th  and tap e r 

of the  in fee ted  bole from a sample of in fe s te d  tre e s  in  the  

area  of study.

The reduction  in  the  numbers of b ee tle s  under the 

bark between the date in  which these In sec ts  wore sampled and 

the  time of th e i r  f l ig h t  was no t considered in  estim ating  the 

number o f b ee tle s  th a t  emerged in  the suaaaer o f 1962# However, 

fo r  the degree o f aocuracy desired  in  th is  study i t  was f e l t  

th a t  the m o rta lity  o f the b ee tle  during th is  time did not 

a ig n if io a n tly  reduce the estim ate of the number o f b ee tle s  

th a t  amerged per 10 acres* F urther refinem ents fo r  o o rreo t- 

ing  ^ i a  source o f e r ro r  cannot be made u n t i l  more i s  known 

about the degree of m o rta lity  a t  th is  stage of the l i f e  cyole 

o f the b e e tle .
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Thft r a t io  of troos a ttao k td  b j Blaolc H ills  b t s t l s s  

in  1961 to  t r e s s  a ttacked  in  1962 vae 1*0 i 2 .1 , This 

increment of the number o f in fe s te d  tre e s  agrees w ith the 

p re d ic tio n  o f the trend o f the  in fe s ta t io n  made from the 

r e s u l ts  o f a sequen tia l sampling of the population o f b ee tle s  

taken In  Ju ly  of 1962 according to  methods dsTeloped by 

Knight (I960)* Oonsequently* the f l ig h t  o f b ee tle s  in to  the 

area of study from ad jacen t lo ca tio n s  was assumed to  be in  

equilibrium  w ith the f l ig h t  o f b ee tle s  out o f tiie area  of 

study* lo  teohniques a re  a'vmilable fo r  ad ju s tin g  the e s t i -

mate of the population of b ee tle s  in  the  event o f a la rg e  

immigration o r « s ig ra tio n  of 'tiiis insect*  ?or th is  reason» 

the estim ate of the proportion  of the  population  of th is  

in se c t rttBOved by b ird s  has to be based on the ex is tin g  

population  in  the area  o f study*

The procedures used in  oansusing b ird s in  the  area 

of study can be compared to the '’variab le -w id th -strip '*  method 

of oensusing te s te d  by Mman and Baldwin (I960) in  th e i r  

evaluation  o f various methods fo r  oensusing woodpeckers*

They u t i l i s e d  the g re a te s t d is tance  a t  which each species of 

woodpecker was noticed  in  o rder to determine one h a lf  the 

width of h is  census s tr ip *  They computed the number of each 

species o f woodpecker per acre  sep a ra te ly « They found th a t  

the r e s u l ts  o f th is  method compared b es t to the re su lts  o f a 

100 per Q m t  census o f the study plot*



The proo«diir«s o f otmsusiag usod in  th is  study 

d iffe re d  from the preceding in  th a t  the g re a te s t d is tance  of 

recogn ition  fo r  eaoh species o f b ird  vas considered fo r  each 

in te rv a l  o f one chain along the census tra n s e c t .  This modi-

f ic a tio n  was necessary because o f the  v a riab le  d is tan ce  of 

v i s i b i l i t y  a t  d if fe re n t  lo ca tio n s  along t^e om sua tra n se c t 

due to various d a n s itie s  o f f o r e s t .

The average number o f b ird s owtisused in  the area of 

study was computed on a 10 acre  b a s is , because th is  u n i t  of 

area  corresponds o lose ly  to  the ac tu a l a rea  oensused fo r  eaoh 

species o f b ird  (fa b le  2 ) ,  The adjustm ent o f census data  

to the u n it  of area  (100 ac res) suggested by Lack (1937) 

may no t be v a lid  i f  the h a b ita t  o f the arwi oensused i s  no t 

represooLtative o f th e  h a b ita t  o f 100 aores in  the  same area  

o f study. In  fu r th e r  s tu d ie s  o f th is : kind the  u n i t  of 

area could be modified to  oorrespond to the approximate area  

oensused.

The number o f b ird s p er 10 aores was derived from 

average counts fr<m census periods o f 10 days eaoh, except 

fo r  Census Period V (which consisted  o f nine days). The 

r e s u l ts  o f the computation o f the number of b ird s  per 10 

acres were v a ria b le  from one oraisus period  to  the o th e r.

This can be explained in  p a r t  by the f a c t  th a t  th is  study 

was conducted during the n esting  season of many b ird s . An 

ino rease  recorded fo r  many speoies o f b ird s was probably due 

to an a c tu a l inor«»se o f f le d g lin g s . The dec line  and sub-

sequent absence o f V io let-g reen  Swallows in  the area  was due
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to tho p ro -ttlg ra to ry  floolcing of th is  spso iss  n ss r  tho Horth 

Fork o f the South P la t te  r iv e r  located  one a i l e  south o f the  

area  o f study.

V aria tion  in  number o f b ird s computed during d i f f e r -

en t census periods could a lso  be due to th e i r  uneven d i s t r i -

bution in  the  fo re s t .  In  fu r th e r  s tu d ie s , a more p re c ise  

estim ate o f the average number o f b ird s  pwr 10 aores could 

be made by increasing  the number o f days f n m  which th is  

average i s  computed.

m i s M s s i s .
In ferences were made on the avian p redation  on Blaok 

H ills  b ee tle s  in  one area o f study from the ooeurrenoe of 

b ee tle s  in  the stomaohs o f b ird s  oo lleo ted  in  another a re a . 

This procedure presupposes th a t  foods o f each species o f 

b ird  were s im ila r in  both areas o f study. This assumption 

settss J u s t i f ie d  in  tiaat no apparent eco log ica l boundary 

separated  the two a re a s , and no im portant d iffe ren ces were 

observed in  the oomplex o f avian species o f e i th e r  a rea .

I t  i s  d i f f i c u l t  fo r  one in v e s tig a to r  to  c o l le c t  a 

sample o f b ird s  o f s u f f ic ie n t  s i t e  fo r  analysing  the feeding 

on Blaok H ills  b ee tle s  by each species of b ird  sep a ra te ly . 

C lassify in g  the samples in to  feed ing -ca tego ries  and analys-

ing  each o f '^ e se  o a tego ries  as a s in g le  e n ti ty  i s  a u se fu l 

means o f in creasin g  the e ls e  o f the samples. A fu r th e r  olase^ 

i f io a t io n  o f oo lleo ted  specimens in to  tim e-lo ca tio n  c la s se s
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eaa used fo r  analyzing b ird s w ith g re a te r  o r le s s e r  prob-

a b i l i t i e s  of having eaten Black H ills  b e e tle s .

The o la s s i f ic a t lo n  of specimens o f each feeding- 

category in to  tim e-loea tion  c la sse s  (page 36 and H g ^ e  5 )  

revea ls  th a t  more specimens were co llec ted  of Tim e-location 

C lasses A and B. This shows th a t  c o lle c tin g  o f b ird s  was 

biasedf because more specimens were co llec ted  between the 

hours o f 6too a.m. and J t O O  p.m. The r e s u l ts  o f the an a ly s is  

o f stomach conten ts show th a t  b ird s  of Tim e-looation C lasses 

A and B were the only b ird s th a t had fragm m ts of b ee tle s  

in  th e i r  stomachs. This may in d ic a te  th a t specimens o f b ird s 

of Tim e-looation C lasses A and B had g re a te r  o p p o rtu n itie s  

fo r  feeding on b e e tle s . However* la rg e r  samples o f b ird s  

would have to bo co llec ted  in  o rder to give th is  s t a t i s t i c a l  

s ig n if ic a n c e . The attem pts to take random samples can be 

improved in  fu tu re  s tu d ie s  by spending equ ivalen t leng ths 

o f time c o lle c tin g  a t  times o f the day and areas tUnt co rres-

pond to  each tim e-looation  c la s s .

The number o f samples o f b ird s  o f each tim e-lo ca tio n  

c la s s  o f each feeding-category  w ill  vary w ith  the d is tr ib u -

tio n  o f b ird s , ^ i s  may r e s u l t  in  the c o lle c tin g  of inade- 

qiaate numbers o f b ird s  fo r  analyzing s t a t i s t i c a l l y .  Larger 

samples could be obtained by more workers c o lle c tin g  in  

severa l comparable stands o f fo re s t .

One d i f f ic u l ty  th a t  a r is e s  in  the an a ly s is  o f food 

in  the  stomachs o f b ird s i s  the  continued d ig es tio n  o f these
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foods a f te r  death o f the  b ird . Koerereld (1951) suggests 

th a t  th is  ooatiimed d ig es tio n  of foods a f te r  death may he 

stopped hy d issec tin g  the stomach immediately a f t e r  k i l l in g  

the b ird s  and using 10 per cen t form alin to p re se rre  the 

stomach co n ten ts . In  the prescsit study, the stomachs o f tiie 

b ird s  oo lleo ted  were f i l l e d  w ith a so lu tio n  o f 35 per cen t 

a lcohol by use o f a p ip e tte  wia the esophagus. A ll specimens 

co llec ted  were frosooL w ith in  f i r e  hours a f t e r  being oo lleo ted  

In  d'anuary o f 1963, the  stomaohs were remored and th e i r  con-

te n ts  examined.

S e ta iled  rolum etrio  methods fo r  measuring ^ e  pro-

p o rtio n a te  rolume of fragm«ots o f Black H ills  b ee tle s  in  

^ e  stomaohs of b ird s  a re  ia p z a c tio a l because the volume o f 

the  stomach conten ts in  most species of b ird  i s  very sm all. 

% us, the v isu a l estim ate as described on page 17 seaas to  

be the  b es t method fo r  m ^su rin g  the volume o f b e e tle  frag -

ments in  the stomaoh co n ten ts .

Several assumptions were necessary  in  o rder to  c a l-

c u la te  the number o f b e e tle s  consumed d a ily  from the pro-

p o rtion  o f fragments o f b e e tle s  in  the stomaohst 1} the 

average per cen t o f fragments o f b e e tle s  in  the stomachs 

can be used to  determine the d a ily  consumption o f b e e tle s ,

S) the d if fe re n t  foods in  the stomaohs o f b ird s  o f the same 

feed ing-category  have approxim ately equal weights fo r  the 

same volumes (sp e c if ic  g ra v ity ) , 3) a l l  foods o f b ird s  o f 

the same feeding-category  a re  d igested  a t  approxim ately the
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same r a te .  Using these assum ptions, the p roportions of 

b ee tle  fragments in  the stomachs were converted to equival-

ent weights th a t  they c o n s titu te d  of the estim ated weights 

of food consumed by these b ird s  d a ily . These weights were 

then converted to equivalen t numbers of b ee tle s  consumed 

d a lly .

The only re q u is i te  fo r  the f i r s t  of these assump-

tio n s i s  the c o lleo tio n  o f an adequately la rg e  sample of 

specimens fo r  each tim e-lo ca tio n  c la ss  in  each feeding- 

category to s a t is fy  the s t a t i s t i c a l  le v e l of accuracy de-

s ire d . The la rg e  standard e rro r  ca lcu la ted  fo r  the mean 

proportions of b ee tle  fragments demonstrates the extreme 

v a r ia tio n  in  p roportions o f these fragments in  the stomachs. 

Larger samples might r e s u l t  in  a more accurate  estim ate of 

the p roportion  th a t b ee tle s  c o n s ti tu te  of the d ie ts  of 

b ird s . However, la rg e r  samples might not a f fe o t g re a tly  

the r e la t iv e  s iz e  of the confidence in te rv a l  o f the mean 

i f  the feeding of b ird s  on Black H ills  b ee tle s  i s  in h e ren t-

ly  h igh ly  v a r ia b le .

The assumption of approxim ately \mlform sp ec if ic  

g rav ity  fo r  foods o f b ird s in  the same feeding-category  

can be used i f  the members of the feed ing -ca tego ries  are  

found to  ea t s im ila r  kinds of foods, as i s  the case w ith 

the members of Feeding-oategories I  and I I  in  th is  study. 

However, i f  b ird s  c la s s i f ie d  in to  the same feed ing -ca te -

gories in  fu tu re  s tu d ies  had extremely varied  d ie ts .
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ad ju stao n ts  would be requ ired  fo r  the w e l^ ts  o f d if fe re n t  

foods fo r  oomputing the weights o f b ee tle  fragments from 

T oluaetrio  measurements.

The ra te  o f d ig es tio n  o f various foods ( fo r  b ird s  of 

the same feeding-oategory) oould be analyzed in  fu tu re  stud* 

ie s .  H artley  (1943) suggests an experim ental method fo r  mak-

ing allowances fo r  the speed of d ig estio n  of various foods 

in  whioh groups o f experim «ital animals a re  fed meals of 

s in g le  kinds of food. The animals are  k i l le d  a t  in te rv a ls  

and the degree o f d ig es tio n  o f ‘Qxe foods in  the stomachs i s  

recorded. In  th is  way, each kind o f food can be given a 

numerical value rep res«a ting  i t s  r a te  of d ig es tio n  th a t  oan 

be used fo r  evaluating  the d ie ts  of animals from the examin-

a tio n  of th e i r  stomach co n t« a ts . However, the assumption of 

a uniform r a te  o f d ig estio n  fo r  b ird s th a t  ea t s im ila r  foods 

(b ird s  o f the same feeding-category) seems ju s t i f ie d  fo r  

a t ta in in g  the degree o f aoouraoy desired  in  th is  p relim in-

ary  study.

The wei£^t o f the a d u lt Black H ills  b ee tle s  in  the 

area  o f study was approximated by use of the weight of b e e tle s  

oo lleo ted  from in fe s te d  tre e s  located  about 100 m iles north  

of the area  o f study. In  the event o f lo c a l d iffe ren ces  in  

weights o f b e e tle s , a more accu ra te  estim ate oould be ob tain -

ed by w e ir in g  b ee tle s  oo lleo ted  from the area o f study.

The number o f a d u lt Black H ills  b ee tle s  computed per 

10 ac res i s  probably an overestim ate because o f the g re a t :
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m o rta lity  o f th is  ia so o t l a  th t  t re a  ahova 10 fa a t  from tha 

grouad. For th is  raasoa, tha p ropo rtloa  oalou latad  la  th is  

study of tiia b aa tlo  populatloa  ooasumad by b ird s  durlag 

Caasus Parlods IV aad V Is  coasldarad to be aa undarastlm ata.

ilssumlag ao s\irv lval o f b ee tle s  above 15 f a a t  oa tha 

bole o f la fa s te d  t r e e s ,  the populatloa  o f b ee tle s  vould have 

beea oalou latad  as 23,575 per 10 a c re s . This f ig u re  Is  

about 72 p e r oeat o f the value oalou latad  imder the methods 

p rev iously  described (page 12 aad 20). The p roportloa  of the 

populatloa o f b ee tle s  removed by b ird s uslag  th is  l a t t e r  

fig u re  mould be 11.6 p er ce n t. The 95 per cen t coafldeaoe 

In te rv a l oa th is  f ig u re  Is  from zero to  59.5 per o ea t.

The frequency o f oooiurreaoe of a given p ro p o rtlo a  of 

b ee tle  fragments la  the oonteats o f the stomachs (Table 7 )  

resembles th a t  o f a Poisson d is tr ib u tio n . Homever, an anal* 

y s ls  of goodness o f f i t  did no t demonstrate th is  to be tru e . 

I f  I t  can be shoma l a  fu tu re  research  th a t the oeourrenoe of 

b ee tle  fragmMits In  the stomachs o f b ird s  does approximate 

‘tills  hind o f d is tr ib u tio n , a more p re c ise  confidence In te rv a l 

on the mean proportion  o f f r a ^ d t s  might be computed. The 

sm all samples oo lleo ted  l a  th is  study made I t  necessary  to 

accept low p rec is io n  l a  the confidence In te rv a l fo r  ‘tiie mean 

proportion  o f b ee tle  fragments l a  the  stomachs. Regardless 

o f the form of “the d is tr ib u tio n  o f these  p ro p o rtio n s, the 

mean I s  the  b es t param eter from which the number o f b ee tle s  

eaten can be estim ated .
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Th« methods dsTelopsd Im th is  stud^r appXj only to  

avian p redation  on the Blaok H ills  h ee tle  during the f l ig h t  

period o f th is  in s e c t . Hovever» some o f these prooedures 

may he <^ployed fo r  in v e s tig a tin g  avian  p redation  on o th e r 

fo re s t  in s e c ts .  I t  i s  d i f f i c u l t  to compare the methods used 

in  th is  study w ith those used fo r  in v e s tig a tin g  avian pre<- 

dation  on o th e r fo re s t  in s e c ts .  Howevert the u t i l i s a t io n  

o f c e r ta in  em pirical data  in  the  p resen t study o f fe r  an im* 

provement over previous in v e s tig a tio n . These improvemants 

includet

1 . Heasurffinents o f the  r e la t iv e  abundance o f the  in se c t 

prey througdiout the summer.

2 . The computation o f density  o f the population of b ird s  

throughout the siimmer from average counts derived from 

census periods o f seve ra l days each. This perm itted  

the d e tec tio n  o f changes o f niambers of b ird s  over a 

considerab le  Icoigth o f time which may be used in  

fu tu re  s tu d ie s  fo r  c o r re la tin g  f lu c tu a tio n s  o f both 

populations o f b ird s  and in s e c ts .

3. The ca lc u la tio n  o f the number of in se c ts  eaten by 

b ird s from the ac tu a l occurrence o f fzmtgments of these  

in se c ts  in  the stomachs. This perm its the evaluation  

o f v a r ia tio n  in  feeding on the  in se c t and could a lso  

be used in  fu tu re  s tu d ie s  fo r  in v e s tig a tin g  p o ss ib le  

p a tte rn s  o f feeding on o ther foods. The frequency of
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ooourrtnoe of o ther foods in  the etoa&ehe may co n trib -

u te  to our hnovledge o f Idle q u a n titie s  o f o th er foods 

consumed by b irds throughout the  summer.

Various suggestions have been made fo r  re f in in g  the  

metibiodB developed fo r  th is  in v e s tig a tio n . These re fin o aen ts  

may only r e s u l t  in  computing these  irairious data w ith more 

p re c is io n . Previous to th is  study , no inform ation was a v a il, 

ab le  on the number o f Black H ills  b ee tle s  consumed by b ird s  

during the f l ig h t  period o f t h l a  in s e c t .  I t  i s  f e l t  th a t  

the procedures developed and te s te d  in  th is  study o f fe r  a 

su b s ta n tia l  means fo r  estim ating  th is  value.
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Ohapter VI 

SUMIUBT

Prooftdures fo r  la v o s tlg a tin g  a r ia n  p redation  on the 

a d u lt Blaok H ills  b ee tle  during the period o f f l ig h t  and 

a ttao h  o f  th is  In se c t irere developed and tested*  F ield  work 

vas conducted during -^e months o f J\me, Ju ly  and August o f 

1961 and 1962 In  two stands o f ponderosa p ine o f about 50 

ac res each n ^ r  Balleyp Oolorado* One stand was used fo r  

oensuslng the population  o f b ird s « the  o -^er fo r  o o lle o tln g  

birds*

She density  o f the  population  o f b ee tle s  p e r 10 

aores was computed from average number o f b ee tle s  found In  

samples o f In fe s ted  bark* She r e la t iv e  In te n s ity  o f b ee tle s  

imerglng and fly in g  p e r day was detem lned  from ootmts o f 

b ee tle s  co llec ted  from cages i n s t i l e d  on In fe s ted  trees*

Birds were oensused along a census transect*  She 

to ta l  arwiL oensused fo r  each species was ca lcu la ted  based 

on the g re a te s t  d is tance  o f recogn ition  o f the  birds* Shis 

d is tan ce  varied  wl'to density  o f fo re s t  and oonsplouousness 

o f each speoles o f bird* She average number o f b ird s  p e r 

10 acres m s  computed from 49 censuses takwi throughout the  

summer*

During the  period  o f fllgd^t o f  the Black H ills  beetle*  

b ird s were co llec ted  In  an ad jacen t stand . She co lle c ted  

speolasns were c la s s i f ie d  In to  feed lng*categorles and the
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fltoaaoh conten ts o f each aeoibsr o f saoh oatogory vas oxaminod 

fo r  fragpaents o f Blaok H ills  b e a tls s .  l^eh  fssd ing-oatagory  

vas analysad as a s ln g la  en tity*  fha avaraga p roportion  o f 

fragm «its o f b aa tla s  in  tlia food o f aaabara o f aach faading* 

oatagory iras a s tia a ta d  T isnally*  fhasa proportions vara 

eonvartad to aquivalan t v a if^ ts  th a t  thay o o natitn tad  o f 'tiia 

a s tia a ta d  v a igh ts  of food oonauaad by thasa b ird s  d a ily , 

fhasa v a igh ts  o f fragaan ts  o f b aa tla s  vara  oonrartad to 

aquiiralant nuabars o f baatlas*

fha araraga  nuabar o f b aa tla s  aatan by aaabars o f 

aaoh faading-oatagory d\iring tha pariod  o f a o s t  in tan sa  

aaarganoa of tha  b a a tla  vas eoaputad* This ooaputation vas 

basad on th a  nuabar o f b ird s o f aaoh faading-oatagory 

oansusad par 10 aoras and tha avaraga nuabar o f b aa tla s  

oonsuaad by than*

Tha proportion  o f tha population  o f b aa tla s  oonsuaad 

by b ird s  vas oalou latad  to  ba 8*3 p a r oant* fha 9 5  par can t 

oonfidanoa in ta rv a l  o f th is  f ig u re  i s  fro a  saro to  45*3 par 

oant*

F ie ld  observations ind ioatad  th a t  m o rta lity  o f tha 

Blaoh H ills  b aa tla  during tha  previous v in ta r  o f 1961*62 vas 

abnoraally  h igh . Oonsidaring th is  high v in ta r  m o rta lity , 

tha p roportion  o f tha population  o f b aa tla s  rm ovad by b ird s  

vas ooaputad to  ba 11*6 p ar oant* Tha 95 par oant oonfidanoa 

in te rv a l  on th is  f ig u re  i s  fro a  saro to  59*5 par cant*
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fha fraquaacy o f oeourraayoo o f a glToa p ro p o rtlo a  

o f fragsi«ait8 l a  the eonteate o f the etomaoh appimred

to  re se a h lt  a fo lsao a  d l e t r l t a t io a ;  howeirer» aa aa a ly a ls  o f 

goodaese o f f i t  a t  the  95 per oaa t le v e l o f  e iga lflo aao ef 

fa ile d  to deaoz^tra te  th is  hlad o f  d le tr lh u t lo a  o f the  d a ta . 

% e r e la t iv e ly  fevr auahers o f speolmeae oo lleo ted  l a  th is  

study aade I t  aeoeseary to  aooept a s a a l l  degree o f  pro* 

o ls lo a  l a  the  eoafldeaoe la te rv a l  o f the  mean p ro p o rtlo a  o f 

the popala tloa  o f h ee tle s  coasaaed hy b ird s . I f  the  fo m  

o f th e  d l s t r lb a t lo a  o f  ^ e  o o o a rr^ o e  o f b ee tle  fragaea te  

l a  tbe  stCHsaoh o f b ird s  oaa be approximated l a  f a ta r e  re« 

searohy a  more p re c ise  eoafldeaoe la te rv a l  oa '^ e  moaa 

p ropo rtloa  o f the  popu latloa  o f b ee tle s  r^aoved by b ird s  

a l i ^ t  be oomputed. Eee^rdless o f the  form of th is  d l s t r l*  

b u tlo a , the mean vas the  b e s t paiam eter from vhloh the 

aamber o f b ee tle s  ooasamed by b ird s ooald be estim ated .
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ABSTRA.OT OP fHESiS

A METHOD FOR IHVESTIGATIHG AVIAS PREDATIOH 

OH THE ADOLT BLAOK HILLS BEETLE

Prooedurts fo r  In v e s tlg a tin g  avian  p rada tion  on the  

a d u lt Blaok H ills  b s e t le ,  Dsndrootonus pondsrosae HopkixiB, 

during the psriod  o f f l ig h t  and a tta c k  o f th is  in s e c t  v e rs  

developed and te s te d . F ie ld  work vas conduoted during the 

months o f June, <Tul7 , August o f 1961 and 1962 in  two 

stands o f ponderosa p ine o f about 50 aores each near Bailey* 

Park Ooxmty* Colorado.

The density  o f the population  o f b ee tle s  per 10 

aores was computed from average number o f b ee tle s  found in  

samples o f in fe s te d  bark. The r e la t iv e  in te n s i ty  o f b ee tle s  

emergixig and fly in g  p er day was determined from counts o f 

b ee tle s  co llec ted  from cages in s ta l le d  on in fe s te d  t r e e s .

Birds were oensused along a census tra n s e c t .  The 

to ta l  area oensused fo r  each species was ca lcu la ted  and 

based on the g re a te s t  d is tan ce  o f recogn ition  o f b ird s  which 

varied  w ith  density  o f fo re s t  and oonspicuousness of each 

species of b ird . The average number o f b ird s per 10 aores 

was computed from 49 censuses taken throughout 'tiie summer.

During the period  o f most in ten se  emergence of the 

Blaok H ills  beetle*  b ird s  were co llec ted  in  an ad jacen t 

s tand . The co llec ted  specimens were c la s s i f ie d  in to  feed- 

in g -oa tego ries  and the stomach con ten ts o f each member o f



eftoh oatttgory w«r« examined fo r  fragaen ts  of Black H ills  

b e e tle s . Baoh feedlngooategory was analysed as a s in g le  

e n t i ty .  The average p roportion  o f fragments o f b ee tle s  In  

the  food o f members o f each feeding-category  was estim ated 

v is u a lly . Ihese p roportions were converted to egiulvalent 

weights th a t  they co n s titu te d  o f the estim ated weights o f 

food consumed by these  b ird s  d a ily . These weights o f fra g -

ments o f b ee tle s  were converted to  equ ivalen t numbers o f 

b e e tle s .
The average number o f b ee tle s  eaten by members o f 

each feedlng-oategory during the  period o f most In ten se  em-

ergence o f iA kt b e e tle  was computed. This computation was 

based on the  number o f b ird s  o f  imioh feeding-category  oensused 

p er 10 ac res  and the average number o f b ee tle s  consumed by 

then .
The proportion  o f the population  o f b ee tle s  consumed 

by b ird s  was ca lcu la ted  to be 8 .5  per ce n t. The 9 5  p er oent 

confidence In te rv a l o f th is  f ig u re  I s  from zero to  43»3 per 

ce n t.
F ie ld  observations Ind ica ted  th a t  m o rta lity  o f the 

Black H ills  b e e tle  during the  previous w in ter was abnormally 

h igh . Oonslderlng th is  high w in te r m o rto llty , the p roportion  

of the  population  o f b e e tle s  removed by b ird s  was computed to  

be 11.6 p er ce n t. The 95 per oent confidence In te rv a l on th is  

f ig u re  I s  from zero to  59*5 per c e n t.

P a trick  L. B talloup 
Bepartment o f Zoology 

Colorado S ta te  U niversity  
May, 1963




