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Chapter 1
1aTROISJOTIOH

fha use of laoooticidoa Is not in all oasss a prao-
tloal awulLS of eontrolling dostraotlro forast inssots. An
tmdtzatanding of tho natural factors affsotlng dsnsitiss of
populations of instcta may load to lass ust of eh«aioal
control. Information on tha affi“ts of birds on dansitias
of populations of forast Insects is naadad not only baoausa
of its bearing on natural regulation of insects but baoausa
it also contributes to a further understanding of avian
ecology.

The collection of various hinds of data is essential
for inTsstigating " is aspaot of forast ornithology, Infor*
mation must be obtained on the hinds and numbers of birds
that inhabit the area of the forast insects. An undsrstand*
ing of feeding habits and seasonal aotivitiss of these birds
is necessary for determining those species '“at may be
predators of the insects. Investigations must bs made on
the diets of the predatory birds in order to determine the
proportions of the inseots in their food. An understanding
of the life cyole of the species of prey is neoessary for
determining in what stages of development the inseots are
available for predation by Mrds.

Avian predation on the Blaoh Hills beetle, Pendroo-

tonus ponderosae Hephins, a beetle that attache ponderosa



pla«« Pinas pondsrosa Douglas» has asTsr boon laTsstigstod,
sxospt by casual obssrrations. The appliestion and results
of a sequenoe of operations for inTsstigating 1*e number of
Black Hills beetles oonsimed by birds during the period of

flil*t and attack of this inseot is presented in this paper*

KMm is si BasE aiMi, Msiks™

A brief description of the life cycle of tbe Black
Hills beetle is preswoted here in order to show the tea”oral
relationship of the period of flight of the adult beetles
and their attack on the host tree to other stages in the
life cycle of this insect.

During August the adult f«aales bore into the bark
of the host tree and constract egg galleries in the inner
bark in which to lay eggs. Larrae develop from the eggs
and mine laterally from the egg gallery for the r«aaiaing
weeks of “e summer. Pupation takes place -“e following
summer in a pupal oell prepared by “ese larvae. Gradually
the sclerotic exoskeleton of the pupa hardens and the adult
form 1s reached by the first of July. These new adults
start to «aerge late in July and oontinue through August
with some stragglers waerging throughout the year. Ponds*
rose pines infested by tais beetle usually occur in groups

of 2 or 3 to as many as 350 (Keen 1952t139).

To develop and test procedures of investigating

avian predation on the adult Black Hills beetle during the



psrlods of and attaolc of this laaoct*

tfho 1QvostlgatioBi1 «iEtomd«d from Mg of 1961 to May
of 1963* Tho aont&a of Jtmt, July* and Amgnat of ibotl yoara
vtro spiait In tn« fiold. "o standa of pomdoxosa pine of
a”ut 50 acrea each near Balleyp Park Oonaty* Oolomdo
(Tovnahlp 7 aoutdi. Sans® T2 west. Sections 19, 24, elevation,
8,000 feet above sea level) were used for field work* One
stand was used for oenauslng the populations of birds, "e
other for oollectlng birds* fhe size of the population of

Black Hllla beetlea was measured la both stands*



Oliapttr XI
RWimi OF LXTSBATUIS

Tarloas a«thod« of dotormlnlag FFoportloao of popu«
Xotloaa of foroot inooets roaoTod "bf birds hsTO boon dtrolop-
od irlthla Ao last twoaty j*rs* Oat of tbt first attsapts
to sTaluato ths dtgrot of prsdatioa by birds oa forsst ia»
soots iras aadt by Ktadtic® (1947)* 1la his study of ths ia»
toraetiOB of popolatioas of birds aad ths spruot Wdwora»
ho prosoatsd oaloulatieas ea ths proportioa of ths popuXatioa
of spruot budwozB larrat eoasuatd by birds* fht auabtr of
birds ptr 100 aorta was sstiaatod by otasusiag siagiag aalts
duriag ths atstia®g; ptriod* Qit dtasity of ths populatioa of
sprues budvora larvat ptr 100 aorta was oaloulattd from
tstiaatss obtaiatd froa prtrious studios. Ht oaloulattd
that 4.3 p«r etat of the total populatioa of larrat was
satoB hf birds duriag 45 days of ths suaatr. This dtgrtt of
prsdatioa was based oa the ostiaato “at woh bird offiSMuasd
40 full*growa larvae ptr day (with sli”t adjustaoat for
yo\uif birds) durian this time*

la a study siailar to Ktadtigh's» Otorgt aad Mitohtll
(1948) iavostigatsd aviaa prsdatioa oa "'t spruot budworm*
Through an unsptoifitd method of osanuslagt the sist of the
populatioa of birds was ealeulatsd to be about firs per aert.
Th” sstiaatod Hunt a bird of any age ooasumtd 6 grams of

spruot budworm larvae ptr day throughout a period of 40



dAJT8 When, tlittia lasdots vtr« aTallal»l«« fh«7 *8ti«
aatftd that birds r«aoT8d from 3*5 ptr ecoat to 7*0 por co&t
of t*o pepulatioa of spruoo budvora Xarvao.

Mltoholl (1952) dooerlbod a aothod of aasoaslag tho
rolatlro latonol' of foodlag oa spruoo budwora Xarvao of
irarlous spoolos of birds. Xa oao aroa of studg» tbs popu*
Xatloa of birds vas etasussd by eouatlag tho slaglag maXos
durlag tbs aostlag porlod. la aao”or arw birds voro eoX*
lootod aad tbs proportloaats roXuas vblob spruoo budvom
Xarvao ooastltutod of Ibo total ToXuao of food rooordod
froa Idio stoaaebs of 826 birds was moasorod. Mltoholl do-
rlTod a roXatlTo ladoz of prodatloa for oaob spoolos of bli®
bjr muXtlpX/lag 12i0 proportion of spruoo budvoms la tbo
stoaaebs bjr tbo aumbor of birds por aoro. fbo proportion
of tbo spruoo budwoana population ooasumod by birds vas not
oaXoulatod.

Hutoblsoa (172) lairMtlgatod tbo offsets of wood-
poobors on tho ibgolsiann spruoo bootlo. fbo aumbor of
booties roaoTod bjr veodpoobors vas ostlaatod bjr aoasurlag
tbo surfaoo aroa of barb that sbovod ovldoaoo of vork of
voodpookors. Ho ostlaatod that about 40 por east of tbo
population of bootlos bad boon roaoTod /j birds durlag tbo
viator months. Tbo also of i®o bootlo population vas ostl-
aatod bj using oaleulatloas froa protlous studios mads la
diffor«&t areas by other rosanrobors. Hutoblsoa oxaalaod

tbo eoatoats of stoaaobs of voodpookors oolXootod durlag



Ids study and sstiastsd that Sngsljaann sprues hsstles sads
up 99 par osnt of the voodpsolcsr's diet at that tlas In
the area of study*

Cnlght (1957) dsyslopsd a astiiod of asasurlng aor-
taXi-" of tht lagsXaann sprues hsstls due to dirsct and
iadXrsot offsots of voodpsoksrs. Wire sorssn was lastailed
OYsr a part of the hark of ssrsral sprues tress at the hs*
glaalng of the winter to sxoXuds the feeding of woodpsoksrs
on this hihemating insect* In August of the following
8uaaer» the surrlyal of the heetles which were availahle
to woodpeokeira under -Uie unsereened hark was ooapared with
that of the heetles protected froa woodpeckers hy the wire
soreens®* Knight estiaated that woodpeckers deetzoyed froa
A5 to 98 per oent of the hihemating population of mgel*
aann sprues beetle during the winter aonths*

An extensire study on the foods of titaioe was oon-
ducted hy Betts (1955) in Britain* She deterained the nua*
her of pairs of nesting birds per aore hy a total census of
Ne study area* The abundance of defoliating insects was
estiaated hy asasurlng the amount of frass produced hy ioh»
seots per hour* Many direct ohserwations of the feeding of
nestling birds were asde* She estiaated that nestlings
were fed about seren food it«ss per hour during 16 hours
of the day. She aesixaed that adult birds oonsuaed at least
as auoh as the nestling birds and eatlBated that between
0*5 per oent and 2*6 per oent of the population of defoli-

ating insects was removed by birds during the nesting psriod*



Ino8ffifitsoY (1961) 8tabled th8 foods of nostllngs of
the spotted Flyoatoher (Musoleapa hypoleaoa) la Raseia. He
ecaloulated the auaher of larertehrates iahahitiag a unit
area of voodland of the huatlag territory of the adult
Spotted fljoatoher* By direot ohservatioa from a bllad he
tallied the auaber of Tarlous speoies or groups of laverte-
brates eatea by aestliags®* He thea ealoulated the “predator-
ial effect” of the Spotted Flyoatoher oa the various speoies
aad groups of iavertebrates, Predatorial effeot is the
auaber of iadividuals of a spiles of iavertebrate takes
cepreseed as per oeat of the total auaber of that iaverte-
brate available. He ealotilated that less thaa oae per omt
of the total available iavertebzates aas reaoved by the
Spotted flyoatohert but up to 40 per oeat of the populatloa
of aa iadivldiuil speoies of iarertebrate were takes.

Various methods of assessiag aviaa predation oa
forest iasects have beea disoussed. All methods iavolved
some meaas of estimatiag the sise of the populatloa of ia»
sects but aot all methods iavolved estimates of the size of
the populatloa of birds. Estimates of the aisaber of ii“ecots
destroyed birds have beea Imsed oa various kiads of data.
These data iaolude oaloulatioas based oa 1} measursmeats of
the populatloa of iaseots at various times of the year,

3} 1aseot rsmaias in the ooateats of the stomachs of birds,
3) direot observations of feeding habits of birds,
A review of the literature of avian predation oa

forest iaseots discloses that very few investigations have



aadt on aviaa pradatiou of bark-baatlea* Oalj tha
aortalitf of lilbamating bark»O«etlos oausod Oj voodpoekors
baa Oo«a InToatl"*tad. Proooduroa for lavoatlgatiag avian
predation on I>aric«beetlea during the flie”"t stage of these

insects have not heaa developed*



Obaipttr Xt/
MAXSBZALS AKD METHOI}S

proe«dur«8 for lavM tisatliig mvifta prtdatloa oa

tilt Bltok EllZt btetlt vtrt drrtleptd tad tttttd from May
of 1961 to Ftbrmary 1963* fbt fitXd verk vat ooaduottd
duriag the aoatlit of Jaat» J*uly aad Augatt of 1961 aad 1962
la two Btaads of poadorota plat of about 50 aortt taoh atar
Ballty, Paxk Oouaty» Colorado (fovatblp 7 south, Kaagt 72
vast, Stotloat 19# 2A, tlttatloa, 8,000 abort sta Itrtl)*
Froetdurtt of lartstlgatlag this sub|tet vtrt aot ptrftettd
uatll tht tuBoflitr of 1962, aad oaly tht proOtdurtt uttd at
that tlat art prtttattd*

!Cht Btthodt dtTtloptd for lartttlgatlag this preb-
l«a m il bt prtttattd aad txplalatd la tht ordtr Thty
apptar la tht follomag outllat*

A« Eauatratloa of Blaek Hilla b tttlt.

l« Rteordlag of all trtto laftsttd by Blaok HIl1lt
battits.

2. Eatlaatloa of aisabtr of Blaok M1t btttlta
that flaw from host trttt*

3* Batlaatloa of rtlatlvt auabtr of Blaok H1lIt
btttltt that tatrgtd dally from rtprtttatatlTO
lafttttd trttt.

4. Sttluatloa of rtlatlrt aumbtr of Blaok H 111t
btttltt that tatrgtd hourly from thttt trttt*
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In jua« of 12962 o surroj vao aodt of all troos la*
foatod vll& Blaok Hllla booties in the two areas of study*
A nap was made of the rolatlre looatloa of these trees, and
their diaaeters at breast height were reoorded* The arerage
auaber of trees per 10 acres aad average diaatter of iafest*
ed trees i1a the area of study were eoaputed*®

Three oaloulatloas were aade 1a order to estiaate
the average area of bark iafested by Blaok Hills beetles*
All of these oaloulatloas were based oa figures derived
fr<« the average diameter of iafested trees® They iaoluded
oaloulatloas of 1) oiroumferecaoe of the bole at “e lover
liaits of iafested baxk« 2) leagth of iafested part of bole»
3) oiroumfereaoe of the bole at e upper liaits of iafested
baric*

1%e average oiroumfereaoe of the bole at the lover
liaits of iafested bark vas based oa data dithered by Pr*
G* Feohaer (sohool of Forestry» Oolorado State Uaiversityt
persoaal ooaaualoatioa) ia his study of taper of uaiafested
poaderosa-pine ia a oaapaxable staad i1a the Blaok Hills of
South Dakota* 13xe average height above the greuad of ia-
fested bark vas computed fma data developed by Massey
(Height of Treataeat of the Blaok Hills beetle ia Poaderosa
Bias aad the Belatioashlp of Height to Xafestatioa®* Boose-
velt Satioaal Forest 1950* [Thipublished report of 1951«
Hooky Mouataia Forest aad Hangs Experimoat Station)* The

average oirouafereaoe of the bole at the maximum height
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aM>T« th* ground of Infootod tez% ums oaleulatod on tho )»aois
of foebnor’o data,

?ron No8o data tho total aurfaoo aroa of Infoatod
tezlc in tho arwft of study ifas ealoulatsd using the formula
for the ourved sur®oo of a frustum of a right oeno* IQho
result of this calculation was than converted to average
surfaes area of Infested hark per 10 aores.

The average number of Blaok Hills beetles per square
foot of Infested bail: was oaloulated by oomputlng the
average number of BIMk Hills beetles under sections of bark
(measuring 6 x 6 Inches) removed from the north and south
side of a sample of Infested trees. The sampling of the
beetle population for this ecmiputatlon was random and took
place about two weeks prior to the flight period of this
Insect. Knight (1959) found that data obtained la the same
way oould be used for oomputlng a reliable estlaurte of 1"e
average density of this Insect per square foot of Infests
bark.

The average number of Black Hills beetles per acre
In the area of study was computed by multiplying the average
surfaoe area of Infested bark per 10 aores by the average
number of beetles oooupylag a square foot of Infested bark.

Brier to the flight period of the Black Hills beetlst
1] X4 feet wire screen cages were attached the north side
of the bole of three Infested ponderosa pines In each of the

two areas of s-tody* A sorew-tcp Mason jar was attached to
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th« test of eooh oago so that iasoots eaatrging from ths on™*
closed area of bark oould be remoyed* iChese oagee were
oheoked ewery morning in order to determine the day that
raiergenoe of the Blaok Hills beetles started* &fter emerge
enoe had s-torted, the total number of Blaok Hills beetles
'merging each day from the six cages was recorded. Uhls
quantity was graphed to give an estimate of the relatlye
Intensity of emergence throughout the days of the summer.
Forest mitomoleglsts from the Rooky Mountain Forest
and Range £xperlm«cit Station®* Fort Oolllns* Colorado, oon-
dueted larestli“tlons on the flight and attaok oharaoterls*
tics of the Blaok Hills beetle In the same area of study.
They oolleoted and recorded the mxmber of Blaok Hills beetles
found hourly la the abore oages erexy other day for a 10*
day period during the greatest Intensity of the eaergeniie
period. From these data, the relatlye Intensity of Blaok
Hills beetles <mierglng per hour la the arms of study was

estimated.

Stm M 11211.

Xn June of 1962, a eensus transect was established
In one of the areas of study. This transect coursed 27
ohalns north tiirough yarlous densities of forest and 23
chains south through a oomparable area with some open brush-
land* Groups of Infested ponderosa pine were present at
yarlous locations along the transect. Also, deyloes for

attraotlng Blaok Hills beetles were Instiled near the
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transect b]r the forest entoaologlsts working in the area«
Figure 1 shows the location of the census transect In re*
latlon to trees that contain Black Hills beetles before the
emergence In the sinmer of 1962 and trees that were attacked
by this insect the same summer.

Birds were oensused along the transect 54 mornings
from Jims 21 to Septmaber 15* ?he owcsuslng bee”n no later
than one hour after sunrise, and was omapleted In about 90
minutes. The species of birds ebserved during eaoh census
were recorded at Intenrals of one chain along the transect.
Calculations of the total area oensused for each speoles of
bird were tmsed on the greatest distance of recognition,
which varied with density of forest and with conspicuous-
ness of each species of bird. The area oensused for eaoh
speoles was tabulated at the end of the summer, and the
average number of birds per 10 acres computed for five
census periods consisting of 10 days msoh. Census data
gathered during unfavorable weather conditions that reveal-
ed extremely low population densities of birds were not used

In the final computation of the density of birds.

si sskml si tisSIM si ikHisjs  Me4U Basis
ama Sssiiss
In the summer of 1961, birds were shot with a .410
gauge shotgun during the period of flight of the Black Hills
beetle. lhe ree\ilts of the analysis of the stomach oontente

of these birds were used as a basis for dstermlnlng the
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Figure 1.

BLACK HILLS ﬁETL INFESTATIONS
a ﬁ)?

6AILEY, COLORADO

SECTION - 24

Prepared by the Roclcy
Mountain Forest and
Range Experiment
Station
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spcolca of birds to bo stadlod latoaolTOly la 1962.

Dorlag tho suaaor of 1962 birds woro eolloetod la
a stsad of poadorosa plat eoaparablo to tho staad abors ths
birds vsro osasussd, so tbat tho popolatloa of birds la the
arsa of osasuslag aas aot roduood* This aroa whoro birds
wort eolloetod vas situated about oae third of a mile aorth*
vest of the arm where birds were oeasused aad vas about 75
aeres la else* Birds vers oolleoted froa 8OO a,a. uatll
Buaset durlag the last two oeasue periods* la irtiloh aost of
the beetles emergeds Xa aa attaapt to obtala a raadoa
saaple* eaeh speoles of bird vas oolleoted uasTStasatlealljr
aleag aa uadeteralaed oourse vithla the area of the oolleot*
lag plot* 3o0ae birds vers oell<K)ted la other areas of the
forest. Thm time of day that these spMlaeas vere takoa
aad their looatloa relatlre to trees lafested la 1961 or
1962 vere recorded.

Speoles of birds oolleoted la greatest quaatltles
vere classified lato feodlag-oategorles based oa their lo«
oatloa aad aethod of feedlag. Che feedlag oategorles vere
designated ast

I. Hr*foliage feeders™ eoaslstlag of birds that

feed predoalaaatlx la air aad oooasloaally la
upper foliage of trees*

2. Foliage feeders* ooaslstlag of Urds ttMit feed

predoalauitly la foliage of trees.
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3« 3tffakbraaoh ooiuilstliig of birds Uiat
food prodosiBsntly oa tho sola stoa aad oeoasloa*
oily oa broaohos of troos*

4« Ground-fellago foodora, e”sistlag of birds
that food prodoalaaatljr oa tho grouad aad
oooasionally la foliage of troos aad bushos.

Tho oeasua data for difforoat spooios of birds wore
sogrogatod by foodiag-oatogorios, aad the latter vore
analysed as siaglo eatities.

Zhe ooatoats of oaoh stomach voro spread out iml-
foraly ia a ealibrated satoh glass aad ozaoiaod for renaias
of Blaolc Hills booties. The arerage proportion of these
beetles la the food of the asabers of oaoh feodiag-eatogory
vas detexniaed riaually. These proporMoas were ooaTorted
to tho etuiral«it weights that they ooastitutod of the
estimated veifhts of food ooasuaod by the aoabors of oaoh
feodiag oategory during tho two oensue periods. Tho weight
of food ooasumed daily was based oa the assumption that
these birds ate daily t*"”bities of food e”uiTalont to about
25 per o«it of their body weight (Look 1954tI31)« The
STorago weiid"*t of beetles ooasumed * aeabers of oaoh feed-
ing oategory was ooaverted to equiwaleat numbers of beetles*

la order to ealeulate the number of beetles taken
per 10 aores by m«abers of each feediag-oategoryf the
arerage number of birds per 10 aores for each oategory was

multiplied by the average number of beetles ia their diet*



fb« total aioibor of bootlos ooaomod by birds of all oats*
goriss was oaloulatsd suaalag the total auabsr of bsstlss
oat«L by birds of «”oh fssdiag*oatogozy «

N's proportion of s pop”~atioa of adtilt Blaok Hills
bsstlss oonsuasd by asabors of all fssdiag*oatsgorls8 aas

«Q}rs88sd as tbs aasn aiaabsr satsa psr 10 aorss«
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Ohapt«r IV

fassMmxoH of

si N Bss” SUM SsaUs figgtMi/ g5

19is number of Black Hills bsstlss par 10 aorss Ixi
the area of study was derired from the following se<iuenoe
of operations.

The map of Infested trees In both areas of study was
arbltamrlly subdivided Into 12 sectors equivalent to 10
aorea each. The trees Infested In 1961 within eaeh sector
were counted, and their average number was oaloulated to
be 21.85 per 10 acres. Thirty-one per cent of all trees
Infested In 1961 was sampled for Black Hills beetles. From
this sample 'tite average number of beetles that emerged dur-
ing the summer of 1962 was estimated to be 27%96 per sqiukre
foot of bark, with a standard error of 5.52.

The measurements used In computing the surface area
of Infested bark were Interpolated from measurffiients of
diameters tak«a at breast hel”t. The mean diameter of
298 trees Infested In 1961 was oaloulated to be 9.4 inches
with a standard error of 0.2. The height of the Infested
bole for trees with diameters of 9*5 Inches was estimated
to be about 23 feet above Uie ground, based on Massey's
Gp, olt.. p. 11} study of the relationship of dlaai®er
and hel”t of Infested bark of ponderosa pine. Mortality
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of th« bootlos was sxtr«nelj variable* as ladioated bf
saaplea of bark taken at various beii"ts above six feet on
the bole* Ho measures vers taken to evaluate the extent of
this mortal!ltj*

Data gathered by Fechner (op. cit., p. 11) in a
ooaparable stand of uninfested ponderosa pine show that
trees with diameters between 9 and 10 inehes taper to about
7*4 inches at 23 foet above the ground, fhe surfaoe area
of the bole wss computed between 1 and 23 feet above the
ground* sinee the density of Blaok Hills beetles below one
foot is extremely low. The diameter at one foot above the
ground was interpolated from Feohner's data to be 11.0
inehes.

The surfaoe ar«ei of infested bark for trees of
average diameter was computed to be 52.99 square feet* and
the average siirfaee ar«n of Infested Imirk per 10 sores was
oaleulated to be 1*157.83 square feet.

Assuming t~ t the length of the infested bole of
the average tree was 22 feet and that the number of beetles
from samples of bark removed at breast height were represent*
stive of the mean sise of the population® the average number
of beetles per 10 sores was oaloulated to be 32*373. This
figure was used as the estimate of the maximum number of
beetles that mnerged in J'uly and A”agu8t of 1962.

The number of Blaok Hills beetles emerging per day

was recorded from counts of beetles taken from the oages
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on 6 trees (Figure 2}* fhe results from the hourl’r ooimte

of beetles from these cages are presented in Figure

QM M §Si
forty-nine censuses were used during this study.
They were grouped into five census periods consisting of

about 10 days eaoh (Table 1).

TABLE 1.—SATES OF CllIfSgs PERIODS

Number of o”suses

Osnsus period Dates incluled taictn
I June 23 to July 5§ 13 (10)
I1 July 6 to July 20 10 (10)
I11 July 21  to August 3 10 (10)
v August 4 to August 13 13 (10)
\Y% August 23 to September 14 9 9

V  number in parentheses represents number of censuses
used.

Records were made at intervals of one chain along
the census transsot of the greatest distance of recognition
of eaoh species of bird. From thess data the to'tel area
osnsused for saoh species was computed. The area osnsused
for species snoo\mtersd infrequently was not oomputed. Be-
cause of the difficulty of identifying birds of the genus

I>aiPidonar. all mwabers of this genus were analyzed as a



Figure 2.—Hlstograa of total muaber of Black Hills beetles
collected from six cages at 9s00 a.a. daily. Dotted lines
r“resent average number of beetles per day daring times
when they were 1>t collected daily. Distance between
hatches of horizontal line above represen'te length of
census periods.

to
to
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Figure 3>—Average number of Black Hills beetles collected
ourly from six cages in 1962, August 7, 9, 11, 13, 15.
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siaglt «atitz* A suanary of all spooios of birds onoountortd
along tht transoct and tho aroa oonsasad for oaoh is presont-
*d In fablo 2.

13i0 avoragt number of birds per 10 acres for each
census period for birds in wbioh the area oenaused was ooa-
puted 1s shown in fable 3* ~ s frequenoy of observations
during each census period for soaroer birds not ooaputed on
a 10 aore basis are presented in Table 4.

Species of birds oenaused that were oolleoted in
large (luantities were classified into feediag»oategorles<
nie aeabers of "“ese categories are presented in Table 5*
Birds observed in the area but not olassified into feeding-

oategories weret

sparrow Hawk Herait Thrash

Oreat Homed Owl Tirginla's Warbler*
Coamon Hlgh'"awk Townsend's Warbler*
Broad>tailed Hummingbird Western Taunager
Red-shafted Flioker Fine Siskin
Hlllianson's Sapsuoker Green-tailed Towhee
Hairy Woodpecker Chipping Sparrow
Clark's Nutoraoker Savannah Sparrow™
Red-brMksted  thatch* Goldenfrerowned Kinglet*
Brown Creeper Gray iw j

House Wren
The asterisk (*) indioates birds that were oolleoted. The
average number per 10 aores of the members of eaoh feeding-

category for ~e five census periods is shown in Figure 4.
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TABLI 8.—3PB0IB3 OP BIRDS UTOODSTERED ASD AREA OEHSD3ED FOR

Arm la aorea
Sparrow Hawk, Fgiaa M2M XSSIM not eoaputad
Graat Homad Owl, Balw yirglalaags
Ooamoa MIghthawk, Chordailaa aiaor
Broad-tallad Huaaiagblrd, Salaaohorua platyearotta

Rad-ahaftad Pllokar, Oolaotaa oafar 15
Williamaoa's Sapauokar, Sphyraplcae thyroidaua 15
Hairy Woodpaokar, Paadrooppoa Yilloaas 15
1"pidoaar flyoatchers 10
laatam Wood Pawaa, Caalm f aoxdldalas 15
Violat-gram swallow, laohyoinata thalaaeiaa 30
Gray Jay, eoaputad
stallar'a Jay, Qgftaao).lilgft HaUjOdk 15
Clark*8 Hutoraokar, Polaabiaiia 30
Mountain Ohiokadaa, Parua gambhali 14
Whitayhraastad Huthateh, Sitta oarolinansia 14
Rad«hrmatad Huthatoh, Sitta oanadanaia not eoaputad
Pigay Suthatch, Sitta pygaapa 13
Brown Oraapar, not ooaputad
Houaa Wrm, £S121 14
Robin, 'gurdua aigratoriua 15
Hamit thrush, Hrlocichla neuttata not ooaputad
Xownaand'a Selitaira, Myadaataa townsandi 15

Goldan-orownad Ringlat, Ragulus satraoa 14
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TABLE 2««»»Qol]ttlautd

solitary Tlroo, lisia UWBIMSL not oompatad
Vlir«iaia*s WarUor, lalj|,lgia -
Auduteoa*8 Warblar* Bwiiroloa auduboai 14
foimaaad*s Warblar# B~daroioa townsaadl aot ooapatad
Wastarn faaagar, Um sm latem iW 14
Bias 31lakla» Spiaaa olaas 14
Grata*tallad fowbaa* QbloruMt ohlorara 14
Sawaaaah Sparrow, aot oompatad
aray*baadad Juneo, Jaaoo eaaloapa 14
Olilpplag Sparrow, Splsalla oasaarlna aot oompmtad

n/ Seicatlflo mmm ara from tha A«kar, oii«slcllst of lorttt
Aaarloaa Birds, ad*, 1957.
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SUKiS 3*-~opatlita«d

Solitary Vtrao
Auduboa's Marblor
Vestftxm famagar
Pia« Siskltt
Graen-tailed Towhae

Grajr-haadad Jtmco

0.0

0.1 « 0.1
0.7 « 0.3
0.410.3
0.1 ¢+ 0.1
5.6 ¢« 1.6

IT
0.2 t 0.1
0.0
0.9+ 0.3
0.2 ¢ 0.1
0.1 « 0.3
7.5t 1.3

ftd>

0.0

0.3 1 0.2
0.3 10.3
0.0
0.0
7.1 ¢ 1.1

IT
03¢ 0.2
0.0
0.0
0.1t 0.1
0.0
9.0t 0.2

0.6 « 0.2
1.7 ¢t 0.3
0.0
0.0
0.1 10.1
6.3 ¢ 23



fABLS OF MTS BXEBS WSHE OBSSRVBB 1B SAOH OSBSOS
PERIOB FOR BIRDS IN WHICH THE ARFA OBNSD31D WAS HOT C
ED ON A 10-AORE BASIS

OononB ooriodo
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Sparrow Eawlc

Croat Horaod Owl

Coaaoa NlgBtbawk;

Broad*tallod Bumiagblrd
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S
(e

co O
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- o O O O

Gray Jay
Rod-brwstod Natbatoh

[

Brown Ortopor

Homit Xbraah

—_ O O O O @~ O =

S N

Ooldaa-orownod Klnglot
7irglala*8 WarbXor

o O

Townsond'o Warblor

p—
e

sarannah Sparrow

S O O O O O O O = o o O O

S O O O O o o o o =
S O O O O o o o <o =

Chipping Sparrow



TABLE 5.—3PS0IB3 OF BIRDS

Wiilty«>br9aat«d[ Huthateh
Flgoijr Huthatoh

Fastarn wood Fairaa
Violat-graaa Svallow

Mouataia Ghiokadaa

Solitary Vlrao
Audaboa'a Warblar

StaXlar'a Jay

Robia

fovasaad'a Solitaira
Oray«biaadad Juaoo

30

OF FAOH FEEDIHG-OATEGORY

I 3taa&*braaeb faadara

IT Alzwfollaga faadara

III Follaga faadara

IV Oroi&ad-follaga faadara



FieOlHO-CATEGOey nr

0> RAIB

Figure 4.—Ifumber of birdsvper ten acres In Feeding-
categories I, II, III, IV, for all census periods.
The vertical lines represent the ranges, the hori-
zontal lines represent the means, the rectangles
represent the 95 per cent confidence Interval of

the mean.

31
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N&8 fr«%u«ioit8 ot ooourr«meft of fractalt3 of Black
Hills baetlfts found in *s stomachs of birds oollsotsd during
ths sm”er of 1961 arc tabulated in INikbls 6,

four out of six stomaohs of Hairy Woodpeokors ool-
Isotsd in 1961 oontainsd adult soid pupal Blaok Hills bsstlss*
Msthods for dstermining vhsthsr ths bsstlss in stosmohs of
voedpsoksrs vsre satsn bsfors or after ths smsrgsnos of this
insect haxs not bean dsxslopsd* for this r*son no maabsrs
of the troodpeoker eomplex were oolleoted in 1962*

Ihe ooourrenoe of fragnents of Black Hills beetles
in the stomaohs of birds oolleoted in 1962 is presimated in
fable 7.

Measurements of hourlf aaergenoe (figure 3) are the
best estlwilLtes available of hourly aotiTIty of beetles 1"ioh
hays emerged* If the hourly activity of flsiergwit beetles
is related to the oonspicuousness of -“ese insects to birds,
the prol»bility of a bird eating a beetle before 6100 a.m*
and after 7100 p.m* should be lover than in -toe afternoon*
41s0, 1t may be assumed ttot beetles are most likely to be
eaten by birds which forage In areas of Infested trees* In
reoognition of “e possible different opportunities for feed-
ing on beetles, the stoaiushs of each feeding-oategory were
further olassified aoeordlng to tine of day aud nearness to

infested trees*
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TABLE 6.— OF OOONJREMOE OF 3TOHAOHS WITH FEAGMEHIS
OF BLACK HILL3 BEFTLES FOR BIRDS OOLLEOIED IN 1961

Sua\>er i”1h frag-

ScMles of bir6 ............. aI;Ialll;i?lfd ?{airﬁ[g gga]%llggk
Goanoa NlghthowR 2 0
Iroad<-toilo4 Huaaiagbird 1 0
Rod-ohaftod Fliobar 6 0
W liliaaiaoa's Sapsuokar 3 0
Halxy Woodpookar 6 4
Eapldoaaz flyoatehar 1 0
Wastara Wood Pawaa 5 4
OllTo-sldad Flyoatohar X 1
Tiolatograoa svallov 2 0
Stallar's Jay 3 0
Clark's Nutoraokar 2 1
Mountain Ohlokadaa 10 1
W hita-braasted Nuthatch 4 1
Flgoij Nuthatch 23 4
Robin 9 1
Toansand'a Solitaira 7 3
Audubon's WarbXar 5 2
Pina Siskin 1 0
Graj-haadad Junoo 5 0
Chipping Sparrow 1 0



TABLE T.—OCOBRRBHOS OF BLACK HILLS BEFTLE FMOMBHI3 IH

SIOMACHS OF BIBBS OOLLEOIBB IM 1962

Proportion
duaibsr of of stomaoh
stoaunobs oontsnts
with raprsscntsd

. Huabtr bsetls by bottle
O«Eisu8 of birds frag- fragaoata.
L JMBIS
Fetding-catagory I
Pigm” Nathatoh v 21 3 5, 5, 10
\Y 21 2 5, 15
Mlilta-braastad luthatoh IV 7 2 70, 95
\Y 6 0 0
Paadliig-oatagorF 11
Violat-graan Svallov vV 3 0 0
\Y 0 0 0
W«8t«m Wood Pewoa v 6 3 10,
\Y 2 1 5
v 1 1 15
\Y 3 0 0
Foadlng-oategory III
Mountain Ohiokadee v 18 1 5
\Y% 23 0 0
Audubon's Warbler 1A% 2 0 0
\Y 6 0 0
Solitary Vlreo v 1 0 0
\Y 2 0 0
Feeding-oategory 1V
Cray-beaded Junoo v 13 0 0
\Y 16 0 0
Robin A% 7 0 0
\Y 0 0 0
Tovnsend's Solitaire v 2 0 0
V 4 0 0
Stoiler's Jay v 4 1 traoe
\Y 2 0 0

Speeies of birds not .
olasslfied into feeding-oategories

Brown Creeper

IV
\Y

0
1

0
1

0
25



TABLB 7«**Contiitu«d

of birds
Hod «br«ast«d Huthatob
Yirgiala*8 Warbltr

Ruby*oroim«d Blnglet
(SisBlia giltftM a)

IToim&«ad*8 W arbltr

Sayannah Sparrow

1Y
Y
vV
\Y
1Y
v

1Y
Y
IV
\Y

Hunbtr
Oaitaus of birds

—_O—O NDO—RO—O

Proportion
Huabsr of of stonaoh
stomaohs eontouts

with ropresentod
bottle by bootlo
frag- fragaonts.
0 0
0 0
8 0
0
0 0
0 0
0 0
1 tzaeo
0 0
0 0
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Th« four tlac*looation elassos ustd wares

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

leas than one chain away from infested trees.

B* Collected between 6t00 am* and 7t00 p.m.* and

greater them one chain awajr from izifested trees.

0. Oolleoted before 6100 a.m. or after 7t00 p.m.«

and less than one chain away from infested trees.

B. Oolleoted before 6t00 am* or after 7tOO p.a.»

and greater than one chain away from infested
treea.
The numbers of epecimims of <»oh feeding-*oategory in each
time-location class are shown in Hgure 3*

The average proportions of the Black Hills beetle
components in the stomachs of m<mbers in each time-location
class of each feeding-category for Oaoaus Periods IV and V
were computed (Tables 8 and 9)* Because members of Feeding-
oategoriea III and IV had only traces of Black Hills beetles
in “eir stomachs, only members of Feeding-categories I and
II were considered in the computation of the number of
beetles oonsumed.

The average weight of Black Hills beetles in the
foods of members of Feeding-oategories I and II was computed
under the assumption that these birds oonsumed daily a
quantity of food equal to about 25 per cent of their body
weight. The average body weii*ts of members of these feed-

ing-oategories are presmaited in Table 10. Prom these weights
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WI FrEDiNe-C/tTEGony or
g 20

CffMtU.9, CCNSUS Pffw0O Cvuuft *

SOS 15

A5CD AGm ABCD AI%]!)

HHIRAES Ry O HOGCTQN I

Cv(««ur restoo Census pe«ioo Census vsKioe Census ve«te«

m

dL ¢TL b3

ABC o ABCO
TOTAL OF ALL FEEDIMS CATEGORIES
CeHsus MRtoo Census pci
i
o 20
« IS
A0OCD A BCD

Fi%ure 5.—Number of specimens of Feeding-oategories I, II,
II, and IV In each tlme-looation class for Census Periods

IV and V.
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TABLE 10»*MEAH WEIGHT 07 3PB0ZSS 07 BZHBS IBOLUBE!} WITHIE
FEBBIHG-OATBGORZES Z ABB 77

SSBO9HBE3BSSI

[fumBtr

F«941ng«eategox7 Z

Wiit«*br«aatad ““atoh 12

Plgggr Euthatoh

a»Dl«on«»
Waatam Wood Pawaa

Vlelat“graaa Svallotr

38
FtadlXLg-eatagorsr ZZ

3

7

3

1749 ¢ 0.3
10.3 10.1

u.6 !0.7
13«2 7 0.3
15*4 10.3



*4]

it was oaloulatad that eaoh maaher of Feadlag*oategoriea X
and II ate about 3#5 grams of food per day,

Black Hills bsstlos oolleotsd in 1961 from a stand
of pins 25 miles vest of Fort Oollins had a mean veight of
0,017 grams (data obtained from William MoOuabridge, Forest
Entomologist, Rooky Mountain Forest and Range Experiment
Station}* fhis figure was derived from the m”n veight of
790 beetles veighed in groups ranging from 16 to 21 beetles
eaoh®* The standard deviation of the veights of the groups
vas 0.001 grams*

From these data, the average veights of beetle frag-
ments in the stomachs vere calculated by the methods ex-
plained on page 17 for birds in Feeding*>categories I and
I1* These veights vere converted to e<|uivalent numbers of
Black Hills beetles (liable 11)*

'The estimate and the 95 per cent oonfidenoe interval
of the number of beetles consumed by these birds during the
last tvo census periods are shovn in Table 12* The propor-
tion of the beetle population consumed by these birds during
those census periods vas calculated to be 8*5 per cent* %e
95 per cent oonfidenoe interval on this figure is from sero

to 43,5 per cent*
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UBLB 11.—5UMBSR OF BLAOK HILLS BIETLBS IM DIETS OF MEVBERS

gFl\D F%/EDING.OATBSORXBS 1 AHD IT DURIHG OBHSUS PERIODS IV

, X- Sxi.fA” Hs«to5 of  HsTt.05 of
tfaight of Its?t.05%0f aquitlant aquivmlant

foo roportion of Wa1§ht in gms. number of
Oansus oonaumad baatlas in of baatlas in baatlas in

nariod oar dar diat oar day dlat par day  dlat oar day

FaadingooatagorF I

1\Y 3.5 6.8518.41 0.2410.53 13.87t44.51

\4 3.5 0.7411.19 0.0310.07 1.73t 5.78
Faeding-oatagorF II

IV 3.5 11.50112.01 0.4010.82 23.12170.52

\Y% 3.5 1.OOI 2.26 0.4010.11 2.311 8.67

a/ Th« ayabols *szt.05 rapreseat the maan I1])1us Or minus
tha 95 par oant confldanca intarm 1 of the mean.
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TABLE 12— iSUMVARY OF OOMPUTATIOI OF HUVBER OF BEETLES
O0OMBUMEL BT M"BERS OF FBEBIIG-OATEGORI® 1 ASS II SURIHG
OSH3US FERIOSS IV AHS V

fio, of Xtsit.OS Itsxt.05 _
dajB in of niamber of nunibor Eotiaates of the mm-
Oensus ealneue of birds of beetles ber of beetles oo5-
Barlod peilod per 10 sores 1b diet sBmM aer
Hoiiir/
FeedlBg-ostegory X X ! )
1Y 10 13.4t2.0 13.9t44.5 0 1,863 8,994
\Y% 9 12,914.8 1.T1 5.8 0 197 1,195
Feediag*oategoxy IX
1Y 10 2.91'ia 23.1170.5 0 670 3,744
9 O.5lo.5 2.3t 8,7 .9 22.

Total o 2,740 14,032

A Mean, alnlaua and maxlaum values are based oa the m”ns
and 95 per ofoit ooBfldwute Imterrals of the number of
beetles la the diets and the number of birds per 10 aores.
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Chapter V

DXsoussioir

The operations developed for layestlgating this proh«
Im will he dlsoussed la the order la vhioh they vere perfora-
ed, BO that their ladepeadeat validity aad usefuaaass as a
vhole may he eval\iated» la addltloa, suggestions sill he made
for modifying these operations for adapting or refining their

use according to particular requirements in future studies,

af glXl1s hfitle population

The degree of aoouraoy desired in this study did not
warrant the direct talcing of all measurements used In oaloulat-
Ing the proportion of the population of heetles consumed hy
birds, Oonsequmitly, appropriate Infereeioes from the results
of other res”orohers aad oertaln assumptions vere employed
In oomputlng “e slse of the population of this Insect,

'Hie heat approximations of the average taper and
length of the Infested hole of trees In the area of study
were derived from data obtained hy Kassey olt.. p, 11)
and Feohner (o», olt,. p, 11), The stand of ponderosa pine
from vhioh Feohner gathered his data was estimated by forest
mitomologlats of the Forest and Bangs Experiment station In
Fort Collins, Colorado, to he oomparahle In taper to the
stand of trees In Bailey, Colorado, 3he only data available
on the lengths of the Infested holes of ponderosa pines were
those data gathered In 1950 hy Massey In the Roosevelt National

Forest,
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Saaples of bark takaa from tht stand in Bailey in
1962 at various heights on the bole of several infested trees
indicated that the survival of the Blaok Hills beetle above
10 feet from the ground vas extremely variable. The variable
survival of this insect vas assumed by forest entomologists
to be caused by the severe cold weather of the previous
winter. For this reasoUf the computation of the surface
area of infested bark (baaed on the length of infested bole
derived from Massey's data) is probably an overestimate of
the actual surface area of infested bark in the area of
study «

In future research of this kind, a more aoouzate
estimate of the surface area of infested bark could be ob*
tained by taking actual measuremants of the length and taper
of the infeeted bole from a sample of infested trees in the
area of study.

The reduction in the numbers of beetles under the
bark between the date in which these Insects wore sampled and
the time of their flight was not considered in estimating the
number of beetles that emerged in the suaaaer of 1962# However,
for the degree of aocuracy desired in this study it was felt
that the mortality of the beetle during this time did not
aignifioantly reduce the estimate of the number of beetles
that amerged per 10 acres* Further refinements for oorreot-
ing “1a source of error cannot be made until more is known
about the degree of mortality at this stage of the life cyole
of the beetle.
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Thit ratio of troos attaoktd bj Blaolc Hills btstlss
in 1961 to tress attacked in 1962 vae 1*0 1 2.1, This
increment of the number of infested trees agrees with the
prediction of the trend of the infestation made from the
results of a sequential sampling of the population of beetles
taken In July of 1962 according to methods dsTeloped by
Knight (1960)* Oonsequently* the flight of beetles into the
area of study from adjacent locations was assumed to be in
equilibrium with the flight of beetles out of tiie area of
study* lo teohniques are a'vmilable for adjusting the esti-
mate of the population of beetles in the event of a large
immigration or «sigration of 'tiiis insect* ?or this reason»
the estimate of the proportion of the population of this
insect rttBOved by birds has to be based on the existing

population in the area of study*

The procedures used in oansusing birds in the area
of study can be compared to the "variable-width-strip'* method
of oensusing tested by Mman and Baldwin (1960) in their
evaluation of various methods for oensusing woodpeckers*

They utilised the greatest distance at which each species of
woodpecker was noticed in order to determine one half the

width of his census strip* They computed the number of each
species of woodpecker per acre separately« They found that
the results of this method compared best to the results of a

100 per Omt census of the study plot*



The proo«diir«s of otmsusiag usod in this study
differed from the preceding in that the greatest distance of
recognition for eaoh species of bird vas considered for each
interval of one chain along the census transect. This modi-
fication was necessary because of the variable distance of
visibility at different locations along t“e omsua transect
due to various dansities of forest.

The average number of birds owtisused in the area of
study was computed on a 10 acre basis, because this unit of
area corresponds olosely to the actual area oensused for eaoh
species of bird (fable 2), The adjustment of census data
to the unit of area (100 acres) suggested by Lack (1937)
may not be valid if the habitat of the arwi oensused is not
represoolLtative of the habitat of 100 aores in the same area
of study. In further studies of this: kind the unit of
area could be modified to oorrespond to the approximate area
oensused.

The number of birds per 10 aores was derived from
average counts fr<m census periods of 10 days eaoh, except
for Census Period V (which consisted of nine days). The
results of the computation of the number of birds per 10
acres were variable from one oraisus period to the other.
This can be explained in part by the fact that this study
was conducted during the nesting season of many birds. An
inorease recorded for many speoies of birds was probably due
to an actual inor«»se of fledglings. The decline and sub-

sequent absence of Violet-green Swallows in the area was due
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to tho pro-ttlgratory floolcing of this spsoiss nssr tho Horth
Fork of the South Platte river located one aile south of the
area of study.

Variation in number of birds computed during differ-
ent census periods could also be due to their uneven distri-
bution in the forest. In further studies, a more precise
estimate of the average number of birds pwr 10 aores could
be made by increasing the number of days fnm which this

average 1s computed.

misM ssis.

Inferences were made on the avian predation on Blaok
Hills beetles in one area of study from the ooecurrenoe of
beetles in the stomaohs of birds oolleoted in another area.
This procedure presupposes that foods of each species of
bird were similar in both areas of study. This assumption
settss Justified in tiaat no apparent ecological boundary
separated the two areas, and no important differences were
observed in the oomplex of avian species of either area.

It 1s difficult for one investigator to collect a
sample of birds of sufficient site for analysing the feeding
on Blaok Hills beetles by each species of bird separately.
Classifying the samples into feeding-categories and analys-
ing each of '"“ese oategories as a single entity i1s a useful
means of increasing the else of the samples. A further olase”

ifioation of oolleoted specimens into time-location classes
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caa used for analyzing birds with greater or lesser prob-
abilities of having eaten Black Hills beetles.

The olassificatlon of specimens of each feeding-
category into time-loeation classes (page 36 and Hg"e J)
reveals that more specimens were collected of Time-location
Classes Aand B. This shows that collecting of birds was
biasedf because more specimens were collected between the
hours of 6t00 a.m. and Jt00 p.m. The results of the analysis
of stomach contents show that birds of Time-looation Classes
A and B were the only birds that had fragmmts of beetles
in their stomachs. This may indicate that specimens of birds
of Time-looation Classes A and B had greater opportunities
for feeding on beetles. However* larger samples of birds
would have to bo collected in order to give this statistical
significance. The attempts to take random samples can be
improved in future studies by spending equivalent lengths
of time collecting at times of the day and areas tUnt corres-
pond to each time-looation class.

The number of samples of birds of each time-location
class of each feeding-category will vary with the distribu-
tion of birds, “is may result in the collecting of inade-
qiaate numbers of birds for analyzing statistically. Larger
samples could be obtained by more workers collecting in
several comparable stands of forest.

One difficulty that arises in the analysis of food

in the stomachs of birds is the continued digestion of these
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foods after death of the bird. Koerereld (1951) suggests
that this ooatiimed digestion of foods after death may he
stopped hy dissecting the stomach immediately after killing
the birds and using 10 per cent formalin to preserre the
stomach contents. In the prescsit study, the stomachs of tiie
birds oolleoted were filled with a solution of 35 per cent
alcohol by use of a pipette wia the esophagus. All specimens
collected were frosooL within fire hours after being oolleoted
In d'anuary of 1963, the stomaohs were remored and their con-
tents examined.

Setailed rolumetrio methods for measuring ~e pro-
portionate rolume of fragm«ots of Black Hills beetles in
N e stomaohs of birds are iapzactioal because the volume of
the stomach contents in most species of bird is very small.
%us, the visual estimate as described on page 17 seaas to
be the best method for m”suring the volume of beetle frag-
ments in the stomaoh contents.

Several assumptions were necessary in order to cal-
culate the number of beetles consumed daily from the pro-
portion of fragments of beetles in the stomaohst 1} the
average per cent of fragments of beetles in the stomachs
can be used to determine the daily consumption of beetles,
S) the different foods in the stomaohs of birds of the same
feeding-category have approximately equal weights for the
same volumes (specific gravity), 3) all foods of birds of

the same feeding-category are digested at approximately the
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same rate. Using these assumptions, the proportions of
beetle fragments in the stomachs were converted to equival-
ent weights that they constituted of the estimated weights
of food consumed by these birds daily. These weights were
then converted to equivalent numbers of beetles consumed
dally.

The only requisite for the first of these assump-
tions is the colleotion of an adequately large sample of
specimens for each time-location class in each feeding-
category to satisfy the statistical level of accuracy de-
sired. The large standard error calculated for the mean
proportions of beetle fragments demonstrates the extreme
variation in proportions of these fragments in the stomachs.
Larger samples might result in a more accurate estimate of
the proportion that beetles constitute of the diets of
birds. However, larger samples might not affeot greatly
the relative size of the confidence interval of the mean
if the feeding of birds on Black Hills beetles is inherent-
ly highly variable.

The assumption of approximately \mlform specific
gravity for foods of birds in the same feeding-category
can be used if the members of the feeding-categories are
found to eat similar kinds of foods, as is the case with
the members of Feeding-oategories I and Il in this study.
However, if birds classified into the same feeding-cate-

gories in future studies had extremely varied diets.
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adjustaonts would be required for the wel*ts of different
foods for oomputing the weights of beetle fragments from
Toluaetrio measurements.

The rate of digestion of various foods (for birds of
the same feeding-oategory) oould be analyzed in future stud*
ies. Hartley (1943) suggests an experimental method for mak-
ing allowances for the speed of digestion of various foods
in whioh groups of experim«ital animals are fed meals of
single kinds of food. The animals are killed at intervals
and the degree of digestion of Qxe foods in the stomachs is
recorded. In this way, each kind of food can be given a
numerical value repres«ating its rate of digestion that oan
be used for evaluating the diets of animals from the examin-
ation of their stomach cont«ats. However, the assumption of
a uniform rate of digestion for birds that eat similar foods
(birds of the same feeding-category) seems justified for
attaining the degree of aoouraoy desired in this prelimin-
ary study.

The weif£"t of the adult Black Hills beetles in the
area of study was approximated by use of the weight of beetles
oolleoted from infested trees located about 100 miles north
of the area of study. In the event of local differences in
weights of beetles, a more accurate estimate oould be obtain-
ed by weiring beetles oolleoted from the area of study.

The number of adult Black Hills beetles computed per

10 acres is probably an overestimate because of the great
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mortality of this iasoot la tht trea ahova 10 faat from tha
grouad. For this raasoa, tha proportloa oaloulatad la this
study of tiia baatlo populatloa ooasumad by birds durlag
Caasus Parlods IV aad V Is coasldarad to be aa undarastlmata.

ilssumlag ao s\irvlval of beetles above 15 faat oa tha
bole of lafasted trees, the populatloa of beetles vould have
beea oaloulatad as 23,575 per 10 acres. This figure Is
about 72 per oeat of the value oaloulatad imder the methods
previously described (page 12 aad 20). The proportloa of the
populatloa of beetles removed by birds uslag this latter
figure mould be 11.6 per cent. The 95 per cent coafldeaoe
Interval oa this figure Is from zero to 59.5 per oeat.

The frequency of oooiurreaoe of a given proportloa of
beetle fragments la the oonteats of the stomachs (Table 7)
resembles that of a Poisson distribution. Homever, an anal*
ysls of goodness of fit did not demonstrate this to be true.
If It can be shoma la future research that the oecourrenoe of
beetle fragmMits In the stomachs of birds does approximate
tills hind of distribution, a more precise confidence Interval
on the mean proportion of fra”dts might be computed. The
small samples oolleoted la this study made It necessary to
accept low precision la the confidence Interval for tiie mean
proportion of beetle fragments la the stomachs. Regardless
of the form of the distribution of these proportions, the
mean [s the best parameter from which the number of beetles

eaten can be estimated.
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Th« methods dsTelopsd Im this stud”r appXj only to
avian predation on the Blaok Hills heetle during the flight
period of this insect. Hovever» some of these prooedures
may he <“ployed for investigating avian predation on other
forest insects. It is difficult to compare the methods used
in this study with those used for investigating avian pre<-
dation on other forest insects. Howevert the utilisation
of certain empirical data in the present study offer an im*
provement over previous investigation. These improvemants
includet

1. Heasurffinents of the relative abundance of the insect
prey througdiout the summer.

2. The computation of density of the population of birds
throughout the siimmer from average counts derived from
census periods of several days each. This permitted
the detection of changes of niambers of birds over a
considerable Icoigth of time which may be used in
future studies for correlating fluctuations of both
populations of birds and insects.

3. The calculation of the number of insects eaten by
birds from the actual occurrence of fzmtgments of these
insects in the stomachs. This permits the evaluation
of variation in feeding on the insect and could also
be used in future studies for investigating possible

patterns of feeding on other foods. The frequency of
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ooourrtnoe of other foods in the etoa&ehe may contrib-
ute to our hnovledge of Idle quantities of other foods
consumed by birds throughout the summer.

Various suggestions have been made for refining the
metibiodB developed for this investigation. These refinoaents
may only result in computing these irairious data with more
precision. Previous to this study, no information was avail,
able on the number of Black Hills beetles consumed by birds
during the flight period of thla insect. It is felt that

the procedures developed and tested in this study offer a

substantial means for estimating this value.
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Ohapter VI
SUMIUBT

Prooftdures for lavostlgating arian predation on the
adult Blaok Hills beetle during the period of flight and
attaoh of this Insect irere developed and tested®* Field work
vas conducted during -“e months of J\me, July and August of
1961 and 1962 In two stands of ponderosa pine of about 50
acres each n”r Balleyp Oolorado* One stand was used for
oensuslng the population of birds« the o-"er for oolleotlng
birds*

She density of the population of beetles per 10
aores was computed from average number of beetles found In
samples of Infested bark* She relative Intensity of beetles
imerglng and flying per day was detemlned from ootmts of
beetles collected from cages instiled on Infested trees*

Birds were oensused along a census transect®* She
total arwiL oensused for each species was calculated based
on the greatest distance of recognition of the birds* Shis
distance varied wl'to density of forest and oonsplouousness
of each speoles of bird* She average number of birds per
10 acres ms computed from 49 censuses takwi throughout the
summer™*

During the period of fllgd"t of the Black Hills beetle*
birds were collected In an adjacent stand. She collected

speolasns were classified Into feedlng*categorles and the
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fltoaaoh contents of each aeoibsr of saoh oatogory vas oxaminod
for fragpaents of Blaok Hills beatlss. 1%eh fssding-oatagory
vas analysad as a slngla entity* ftha avaraga proportion of
fragm«its of baatlas in tlia food of aaabara of aach faading*
oatagory iras astiaatad Tisnally* fhasa proportions vara
eonvartad to aquivalant vaif®ts that thay oonatitntad of 'tiia
astiaatad vaights of food oonauaad by thasa birds daily,
fhasa vaights of fragaants of baatlas vara oonrartad to
aquiiralant nuabars of baatlas*

tha araraga nuabar of baatlas aatan by aaabars of
aaoh faading-oatagory d\iring tha pariod of aost intansa
aaarganoa of tha baatla vas eoaputad* This ooaputation vas
basad on tha nuabar of birds of aaoh faading-oatagory
oansusad par 10 aoras and tha avaraga nuabar of baatlas
oonsuaad by than*

Tha proportion of tha population of baatlas oonsuaad
by birds vas oaloulatad to ba 8*3 par oant* fha 95 par cant
oonfidanoa intarval of this figure is froa saro to 45*3 par
oant*

Field observations indioatad that mortality of tha
Blaoh Hills baatla during tha previous vintar of 1961*62 vas
abnoraally high. Oonsidaring this high vintar mortality,
tha proportion of tha population of baatlas rmovad by birds
vas ooaputad to ba 11*6 par oant* Tha 95 par oant oonfidanoa

interval on this figure is froa saro to 59*5 par cant*
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tha fraquaacy of oeourraayoo of a glToa proportloa
of fragsi«ait8 la the eonteate of the etomaoh appimred
to reseahlt a folsaoa dletrltatioa; howeirer» aa aaalyals of
goodaese of fit at the 95 per oaat level of eigalfloaaoef
failed to deaoz”trate this hlad of dletrlhutloa of the data.
%e relatively fevr auahers of speolmeae oolleoted la this
study aade It aeoeseary to aooept a saall degree of pro*
olsloa la the eoafldeaoe laterval of the mean proportloa of
the popalatloa of heetles coasaaed hy birds. If the fom
of the dlstrlbatloa of “e oooarr*oe of beetle fragaeate
la tbe stCHsaoh of birds oaa be approximated la fatare re«
searohy a more precise eoafldeaoe laterval oa '“e moaa
proportloa of the populatloa of beetles r*aoved by birds
ali®t be oomputed. Eece”rdless of the form of this dlstrl*
butloa, the mean vas the best paiameter from vhloh the

aamber of beetles ooasamed by birds ooald be estimated.



59

LZfSMTUEB Oim>

Amerioan Ornithologists' Onion. 1957. Ohsoh-list of Horth
Aasrioan birds. 3th edition. Aaerioan Ornithologists'
Onion, Baltimore, Haryland. 691 p.

Amman, 0. > and P. H. Baldirin. 1960. A oomparison of
methods for oensnsing woodpeckers in spruee”fir for->
eats of Colorado* Eoology, A11699*706.

Betts, M H. 1955« The foods of titmice in oak woodlands.
Journal of Animal Eoologj, 24t282%323%*

George, J. L. and R. T. Mitchell* 1948. Calculations on
the extent of spruce budworm control by InsectiTorous
birds. Journal of Forestry, 46i1454-455.

Hartley, P. H. T. 1948. The assessment of the food of birds,
Ibis, 901361-381.

Hutchison, P. T. 1951« fthe effects of woodpeckers on the
“elmann spruce beetle Pendroetonus A
Hopkins. aster’s !Diesis, Colorado State Uniwersi®,
Port Collins, 73 p.

Inosemtsew, A. A. 1961. Influence of the Spotted Flyoatoher
(Musoicapa hypoleuca Pall.) on the abundance of its
rey, ikademiia itauk. Translation of Poklady,
iological Science Section, 137t223*226.

Kendeigh, S. C. 1947* Bird population studies in the conif-
erous forest biome during a spruce budworm outbr«Ak.
Department of Lands and Forests. Ontario, Canada.
Biologieal Bulletin 1. 100 p.

keen, P* P. 1932. Insect enoiies of western forests. United
States Department of Agrioulture. Misoellaneoiu
Publication Mo* 273* 2lk) p.

Knight, P. B. 1957* The effects of woodpeckers on popula-
tions of Bngelmann spruce beetle. Journal of Boonomio
Entomology, 51*603-607.

...... . 1959. Mens\irlng trends of Black Hills
beetle infestations. United States Rooky Mountain
Forest and Range Experiment Station. Port Collins,
Colorado. Research Mote 37.



60

SodrsYdld, B. ¥aa. 1950. Difficulties in stomach analysis.
Proceedings of the X International Ornithological
Congress. Uppsala, Sweden, 1950. p. 592-594.

Lack, D. 1937. Areview of bird census work and bird popu-
lation problems. Ibis, Series 14, 1%*369-395.

. 1954. The natural regulation of animal num-
............ bers. Oxford University Press, London. 343 p.

Mitchell, R. T. 1952. Oonsumption of spruce budworm by birds
in >l<Maune spruce-fir forest. Journal of Forestry,
50%387-389.



ABSIRACOT OP fHESIS
A METHOD FOR IHVESTIGATIHG AVIAS PREDATIOH
OH THE ADOLT BLAOK HILLS BEETLE

Prooedurts for Investlgating avian pradation on the
adult Blaok Hills bsetle, Dsndrootonus pondsrosae HopkixiB,
during the psriod of flight and attack of this insect vers
developed and tested. Field work vas conduoted during the
months of June, <Tuly, August of 1961 and 1962 in two
stands of ponderosa pine of about 50 aores each near Bailey*
Park Ooxmty* Colorado.

The density of the population of beetles per 10
aores was computed from average number of beetles found in
samples of infested bark. The relative intensity of beetles
emergixig and flying per day was determined from counts of
beetles collected from cages installed on infested trees.

Birds were oensused along a census transect. The
total area oensused for each species was calculated and
based on the greatest distance of recognition of birds which
varied with density of forest and oonspicuousness of each
species of bird. The average number of birds per 10 aores
was computed from 49 censuses taken throughout 'tile summer.

During the period of most intense emergence of the
Blaok Hills beetle* birds were collected in an adjacent
stand. The collected specimens were classified into feed-

ing-oategories and the stomach contents of each member of



eftoh oatttgory w«r« examined for fragaents of Black Hills
beetles. Baoh feedlngooategory was analysed as a single
entity. The average proportion of fragments of beetles In
the food of members of each feeding-category was estimated
visually. These proportions were converted to egiulvalent
weights that they constituted of the estimated weights of
food consumed by these birds daily. These weights of frag-
ments of beetles were converted to equivalent numbers of

beetles.

The average number of beetles eaten by members of
each feedlng-oategory during the period of most Intense em
ergence of idkt beetle was computed. This computation was
based on the number of birds of imioh feeding-category oensused
per 10 acres and the average number of beetles consumed by

then.

The proportion of the population of beetles consumed
by birds was calculated to be 8.5 per cent. The 95 per oent
confidence Interval of this figure Is from zero to 43»3 per

cent.
Field observations Indicated that mortality of the

Black Hills beetle during the previous winter was abnormally
high. Oonslderlng this high winter mortollty, the proportion
of the population of beetles removed by birds was computed to
be 11.6 per cent. The 95 per oent confidence Interval on this
figure Is from zero to 59*5 per cent.

Patrick L. Btalloup

Bepartment of Zoology

Colorado State University
May, 1963





