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Fig. 1.--A pa1r ot Alpine \hree-toed woOdpe~a feed
ing from an Bngelmann spruce beetl• intea~ed \ree. 



Pig. 2.--Inteated apruce .... with eXpOaed pupal cella 
reault1ng trom woodpeckers feeding on the 1~. 



Fig. 3··-A atand ot Engelmann spruce 1ntested timber a 
tfltl miles south o~ Kremmling, Colorado. 

' • 



F1g. 4.--Intested epruce tree &bowing large 
are&s ot bark removed from t.ree as a 
reault ot woodpeokera feeding on \he 
lana.e. 



Fig. 5·--Screen wire placed on infested apruoe 
tree to prevent woodpeckers trom d1aturb1ns 
development. of the brood. 



Chapter I 

lNTH.ODUCTION 

It is very probable that as long as extensive 

Engelmann spruce forests have existed, there also has 

existed one of their main enemies, the Engelmann spruce 

beetle, Dend.roctopua tn8tlmann1 Hopkins. The destructive

ness of this inaeot is not spectacular, but so quiet that 

it may cause serious damage before ita presence is die

covered. It is not easy to comprehend that large areas of 

a spruce forest may be killed or so neglected that near-by 

forests can be protected only by 1ntena1ve physical and 

costly ertorts. This has taken place in Colorado during 

the last ten years. 

In 1939 a severe windstorm swept over the spruce 

forests or western Colorado. This cauaed many trees to be 

blown over and weakened, providing an ideal breeding place 

tor the beetles. Under these conditione their numbers 

have increased so tremendously that they have been able to 

attack and kill healthy trees. 

There are many enemies ot the Engelmann spruce 

beetle With the woodpeckers ranking foremost among these. 

The bark beetles make up a large percentage of the wood

pecker's diet. At the preeent there 1a an enormous supply 

of Engelmann apruoe beetles upon wh1Ch they can teed. 



Waete and loas resulting trom destruction of 

toreata by the Engelmann apruoe beetle is 1noreaa1ng daily. 

Unt11 1950 there had been no Chemical methods uaed 1n con

trol of these beetles. These dewaatatora poae1blJ oould be 

controlled by woodpeckers proY1ded the woodpeckers were 

present 1n au£f1o1ent numbers. 

A atudJ of ~. effects of woodpeckers on ~• 

Engelmann spruce beetle 1a now completed and the reaulta 

are reported herein. the main obJeot waa to try to deter

mine the posa1b111t1es ot oontrol ot D!Qdrootonua 

tnstlm&nn1 Hopk1na afforded by an increase 1n the wood

pecker population. This stud7 was begun 1n November 1949 

and terminated June, 1950. 



Chapter II 

REVIEW OF LIT~-i...ltTU"E 

Colorado Engelmann spruce forests are being de

pleted by the Encelmann spruce beetle. Woodpeckers are one 

or the many predators or those beetles. Before making th1a 

stUdy on effects ot woodpeckers on Engelmann spruce beetle 

population information wae obtained as to the apeo1es ot 

woodpeckere. PreT1ous atud1ee made by Massey (12) showed 

tha.t the Downy, Rooky Mountain Hairy, and Alpine Three-toed 

woodpeckers were the most important apeciee. 

ti&Uafmstmlu;omcni ~~ra 
In 1911 Beal (2) reported "a.ll the three-toed 

woodpeckers rank high as conservators of the forest, with 

individuals eliminating annually as many aa 1},675 of the 

grubs moet destructive to forests.• 
.. 

Forbush (7) stated 1n 1927 ~at P1co1dtl 

\t1dactxlyg 40£1&1•• Baird, commo~y known as the Alpine 

Three-toed woodpecker ranges from novthern Montana to 

northern Arizona and Bew Mexico and 1a common 1n the boreal 

torest of the Rock7 Mountains. 

According to Bailey (1), l92G, the rood of thia 

woodpecker consists oYer 75 percent. or destruct1Ye wood

oaring larvae and beetles. The aoarc1ty or theee uaetul 



woodpeckera makes their protection and encouragement 

especially important. 

Dqwnl woodpecker, 
prz9batst Rubeeo!Q! S!e3naoa 

t ;· 

The· DownJ woodpecker, Qrtobates pubtaC!Jll 

Swainson, ia w. iaporta.nt predator of bark beetles. Aa 

reported tn 1911, Seal's (2) analysis of atomaCb contents 

ot the Downy woodpecker showed 76.05 percent of its food to 

oonaiet of animal matter. Bee~lea tormed 21.55 percent of 

the stomach contents and of these 14 percent were harmful 

wood•boring larvae. Beal turther atated that this is onlJ 

about halt of the amo\Ult of beetles found 1n the sto•ach ot 

Daobates Jilloaug IIOD.tJ.gole Anthoey. The Downy woodpecker 

feeds on larvae at all times of the year but most heav117 

during the cooler months. Forbush (7) stated 1n 1927 that 

the Downy woodpecker is par.\1oularly illport.ant in destruc

tion or the white pine weevil vh1ch kills topmost aboota of 

young white pines causing them to be tmt1t to1• lumber 

production. 

In 1939 Bent (J) wrote that with its var1oua 

forma, DrY9bt\ea PYitiCIQI SWa1naon occupies pract1callJ 

the entire United States and extend& north into British 

Coluab1a and sometimes as far as Alaska. Bent alao wrote 

that the Downy woodpecker 1a the ama.lleet member of the 

woodpecker family. It. 1a veey aiaUa.r 1n pluma.ge to the 

HairJ woodpecker, but. Olll.y about one-half the a1ze. 



HairY woodpecker, DrYobatee 
v;11osue m9nt1oota APthonY 

Baal (2) 1n 1911 aa1d that D£Yopates yillosua 

mont1qola Anthony is not migratory unless within very 

narrow limits. He continued by saying that oerambyoid and 

bupreat1d beetles with a few other wood-borers make up a 

large portion of the &Dnual d1et of the Ha1rJ woodpecker. 

These insects constitute over )1 percent or the food and 

are eaten in every month of the year. The greatest numbere 

are taken in December w-hen they const1 tute 41 percent or 

the total food supplJ• Other beetles form about 9 percent 

of the food. The latter are distributed among a number of 

tam111ea, all of which are more or lese harmful. 

Jensen (10), 1923, reported that 1n the Sangre 

de Cr1ato Mountains the Hair7 Woodpeokera range from 6,000 

to 11,000 teet. In 1939 Bent (3) wrote that the Hairy 

woodpecker 1nhab1ta the Rocky Mountain region, the Canadian 

and Transition zones, trom central Br1t.1sh Columbia and 

Montana, southward to eastern utah an.d. northern Now MeXico, 

and eastward to South Dakota and western Nebraska. Accord• 

ing to Bent this woodpeoker ae9ks its food 1n the trunks ot 

lodgepole and limber p1nea, cedars, tire, aapena and will

owe. It prefers dead or weakened trees to work on, prob

ably because of the presence of more borer• and sruba. 



Engelmann spruce beetle, 
Pep4Eostonut !96!lmann1 Hopkin• 

In 1909 Hopkins (9) described PtPdroctonut 

enselmanni Hopkins aa varying in length from 5 to 7 mm., 

with the average about 6.5 mm. The color ranges from uni

form light to dark red and black, to black head, thorax and 

abdomen, and red elytra.. The sculpture and 'Yest1 ture of 

the ep1stoma vary in size and color. 

Ropk1na also wrote that the Engelmann spruce 

beetles 1n Colorado vere found near Clyde, Boulder, Craig, 

Fort Collins, Glenwood 8pr1nga, Gunnison, Hahn's Peak, Hol7 

Cross National Forest, Meeker, Ouray Na\lonal Forest, san 

Isabel National Forest, Steamboat Springs and White River 

National Forest.. 

Describing the Engelmann spruce beetle 1n 1926, 

Essig (6) ~rote that they ware pale brown to dark red or 

black. The egg galleries they produce were abort and 

long1tUd1n&ll the larval galleriea oontiguoua tor some 

d1atance, grooved 1n wood and deep in the inner bark. How

eYer, during this stud7 obaervat1ona show that ne1:ther t.he 

larvae nor the adults torm groovea 1n the wood ot an ~ 

tested tree. Essig, continuing, said that the Engelmann 

apruce beetle often killa or doea much damage to Engelmann 

and Canada aprucea. 

Doane (5) 1D 1936 further reported that the bodJ 

ot Dtndroctonua engel•annl Hopld.na 1a aparsely clothed 
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w1th long hairs. The galleries they produce are excavated 

muCh Wider than the beetle and are packed with boring duet, 

through which the adults keep open a passageway. Eggs are 

laid side by side in elongate cavities alternating from 

side to side ot the egg gallery. The larvae at first bore 

out en masse transversely from the esg gallery but later 

make separate mines • The pupal cella are usually construct

ed 1n the inner bark eo as to be exposed when the bark 1a 

removed but may be made deeper 1n the inner bark and quite 

concealed. 

Doane e.lso noted t.h~;.t the attacks are made durins 

June and July, and there 1a one complete generation annual

ly with considerable overlapping of broods. ~his species 

haa caused widespread destruction of mature Engelmann 

apruce through the Rooky MoWlta.1n reg1on rrom Mexico to 

Cana.d.a. L'ld westward into Oregon. 

MetcaU and Flint (14) in 1939 wrote of' the bark 

beetles 1n general. They reported that some of the beetles 

attack perfectly healthy trees, others restrict themselves 

to trees already weakened from various causes. Their feed

ing destroys the cambium, loosens the bark, and rapidly 

killa the treea uaually trom the top dOlfnward. Metcalf and 

Flint also sa1d that many foresters believe that theae 

1naects are largely responsible for toreat fires by produc

ing areaa of dead and highly 1'lammable material. 



Also wr1t1ng 1n 1939, Chamberlin (4) described the 

Engelmann spruce beetle and said that it 1a a1m1lar to 

Pend£octonue ~1ceaperga Hopktna but averages larger and 1s 

more coarsely punctured. The distribution and hosta are 

also distinct. It differs from ReP4£0ctonY§ obt§YI 

Mennerheim by the darker pronotum and more distinctly 1m

pressed lateral etr1ae of the elytra, with coarser 

puncttli'es. 

Chamberlin also wrote that the hoet or this 

beetle is pr1msr1ly Engelmann spruce, fioel egselmsnna 

Parry, but the beetle does attack other species of f1cea. 

w1th1n its range. He said too that the height of emergence 

and flight occurs from late June to early August. Th1a 

differs slightly from the statement Doane (5) made in 1936. 

Chamberlin wrote also that the Engelmann apruoe beetle 

seldom attacks near the base of the tree, eepec1ally larger 

trees, but will be found entering the trunk at six feet 

~rom the ground or higher. 

Keen (11) writing generally ot the PenQrqotonya 

beetles in 1939 noted that they made up by far the most. 

destructive group ot bark beetles attacking pine trees tn 

North America. Attacked trees can first be distinguished 

by reddish boring dust caught 1n bark flakes or crevices 

and around the base ot the tree, or by pitch tubes that 

form on the bark at the mouth of the enterance tunnels. In 



the case or heavily attacked or decadent trees, pitch tubes 

are often either missing or are so small that they can be 

aeen only from a short distance. Later, discoloration or 

the toliage furnishes a more noticeable evidence of attack. 

It 1a difficult, Keen recorded, to correlate accurately the 

degree ot discoloration with the statue of brood deTelop

ment, as this varlea with different tree apec1ea, regions 

and seasons. 

Findings by Maase71 19441 (12) show the average 

number of beetles per square fool tn 1nteated trees to be 

308.38 ± 3Q.76. Massey'a study waa made on the Wh1te R1nr 

Bat1onal Forest 1n an Engelmann spruce beetle infestation 

a1m1lar to the 1nteetat1on on Rabbit Ears Pasa trom whiCh 

the data tor this work were oaken. fh1s number was obtained 

by telling about 35 infested treea. Beginning at the base 

ot the tree, population counta were made from one-halt 

aquare toot samples aver7 five teet \o the maximum height 

of the 1~estat1on. From the overall counts made, an 

average wa.e taken. 

Swain (16) reported in 1948 that bark beetlea are 

highly destructive to our beat timber trees. Also he noted 

that moat woodpeckers teed upon the bark beetles to some 

eetent but he does not consider them important 1n their 

control. 

In 1949 WJgant and Helaon (17) wrote th~t 1n its 



adult stage, the Engelmann apruce beetle is a small, 

cyl1ndr1cal, hard-shelled bee\leJ it is about one-fourth 

inch 1n length and about the size of an ordinary houaefl7• 

In JWle and July, when the adults leave the dead trees and 

start to fly, they are reddish brown to black 1n color. 

They soon settle on recentl7 felled or standing green treea 

and bore through the outer bark into the living i:rmer bark. 

~is attack extends over most of the lower main stem of the 

tree. 

According to Massey (13) the beetles work 1n 

pairs of male and female, eaCh pair raising separate 

broods. The female makes the entrance, tollowed by the 

male, and bores a tunnel between the bark and wood, which 

uaually extends ~ a vert1cal direction and parallels the 

grain of the wood. This t.\11lD81 1a known as the egg 

gallerr. The eggs are laid in alternate groups along the 

aides or the gallery, and the galleriea are packed with 

boring dust mixed with pitch. There are usually 3 to 4 

groupa ot egga a,.~ a total of about 125 egga 1n each 

gallery. On the average there are from 6 \o 6 euoh egg 

galleries tor each square toot of bark. 

When the eggs hatch 1n 3 or 4 weeks, the larvae 

teed on the succulent inner bark and cut mines that run at 

right angles to the egg gallery. This larval feeding con

tinues through the late aummer and tall. When winter 



arrives they are still 1n the inner bark, where they become 

dormant. 

The following spring the larvae resume feeding. 

Aa summer advances they become mature, transform to pUpae, 

and then into adult beetles. This new adult stage is 

reached by mid-summer, and the beetles first start feeding 

on the inner bark of the tree 1n which they were reared. 

87 August or September they appear to be mature. Then some 

ot the beetles emerge and congregate under the bark around 

the base of the tree. Others remain under the ba.rk where 

they developed. ln bo~h cases they rest quietly during the 

aeoond winter, and when warm weather returns the following 

apr1ng they are ready to take flight and attack other 

liVing trees. 

Pr!Jious P'ed£2stonua !P§•lmanni Hopkins attag4f.

-All previous outbrefke of the Engelmann spruce beetle 

occurred in the Rooky Mountain region, but moat of them 

were so long ago that their exact extent 1& not known. In 

1909, Hopk1na (9), ot the Department of Agriculture, foUDd 

evidence on the White River National 'orest of an outbreak 

that had occurred 20 to 25 years earlier. He alao found 

evidence that severe attacks ocour.ed on the areas now 

known aa the Pike National roreat about 1855 and on the 

Lincoln National Forest 1n Mew Mexico about 1890. 

According to WJsant and Melaon (17), 1949, an 
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outbreak that killed nearly lOO percent of the volume of 

spruce took place on the Aquarius Plateau in Utah between 

1918 and 1928. A localized outbreak waa reported 1n the 

northwestern part of Yellowstone National Park 1n 1937. 

None ot these earlier infestations evan approaChed the 

intensity and total destruction ot the one that started 1n 

Colorado in 1942. These authore indicated that several 

faotora made conditions for this devastation fayorabla. ln 

June 1939 a severe windstorm swept from the southwest 

oorner of Colorado, in a northeaaterlJ direction, across 

the mesa-type plateaus of the state. Thousands or acres ot 

shallow rooted Engelmann spruce blew over. Many of the 

roots on the down side remained 1n the ao11 sutfic1ently 

to keep the trees alive tor several years and favorable for 

attacks by the beetles. The Engelmann spruce beetle was 

present 1n small numbera 1n decadent trees. 

By 1942, this favorable breeding material had 

built up great populations. With a previously unknown 

reprOductive torce, coupled with the limited natural con

trol factors, the beetles invaded the standing spruce. a,. 
l943t when the infestation was t1rst discovered, the 

number ot infested treea was so great that control by des

troFing the insecta wi~ fire or 1naeot1c1dea seemed 

economically impractical due to the condition of inter

national affairs. The problem then became one of 



determining the extent and aeYeri ty of the outbreak ao as 

to prevent ita apread into other spruce forests, salvaging 

~e dead t1mber, and studying the lite history and habits 

ot the beetle as a baa1s tor development of control 

measures. 

The latest report an Engelmann spruce losses bJ 

the beetles was by Nelson (15) in 1950. Mr. Nelson wrote 

that Engelmann spruce occupies the high mountain country. 

It is found from 9,500 feet above sea level to timberline, 

an elevation of 11,500 to 12,000 teet above sea leTel. 

Over one-third of the stands is considered inoperable, 

while less than 25 percent could be classed aa easily 

accessible. It is primarily back country where the beetle 

haa destroyed entire forests. 

By 1942, 1ta increase was iremendousJ two years 

later it wae estimated that 90 percent of the treea eight 

inches and above in diameter were dead on the White River 

National Forest. At the present time, all the Engelmann 

spruce north ot the Colorado River on this forest--about 

three and one-halt billion board teet--are dead. In 

addition, a 1948 survey shows a loss of 35 to 50 m1111on 

board teet on the Grand Mesa National Forest., where the 

epidemic was first disooveredJ 74 million on the Routt) 5 

million on the unoompahgreJ 29t million on the .A.rapa.hOeJ 

and lesaer amounts on the Gunnison and san Juan National 



Forests. 

P~. Nelson also wrote that entomologists studied 

the epidemic in 1942. Methods of control which they recom

mended required men by the thousands; but, with the war on, 

manpower was at a premium. Foresters vera helpless. The 

possibility ot a government salvage ~rogram in 1944 and 

again 1n 1945 was analyzed but proved 1apract1cal, as the 

short logsinS season permitted too little use during the 

war of scarce and Vital logging equipment. 

Summarx ~ implication 

A wealth of information on the habits and habitat 

of woodpeckers and the Engelmann spruce beetle 1e still to 

be determined by further study. Most of the material. con

cerning the Engelmann spruce beetle taken from references 

by Chamberlin (4), Doane (5), Essig (6), Keen (11), Metcalf 

and Flint (14), and SWa1n (16) was based on original work 

by A. D. Hopkins. There are un.published f1nd1ugs on 

effects at woodpeckers on Engelmann spruce beetle popula

tion made 1n a summer food habits study by Massey (13). 



Chapter lll 

METHODS AJc:D V.J~ TE.i1.1ALS 

The Engelmann spruce toreeta of Oo~orado are 

being rapidly deYaatated by the Engelmann apruce beetle, 

Ptndroctonut engelmanni Hopkins. Since bark beetles are 

known to be taken by woodpeckers, a stUdJ ot efteota ot 

woodpeckers on Engelmann apruce beetle population was made. 

By the use ot 1ntormat1on trom aurveya made bJ 

the Forest Insect Laboratory, Bureau ot EDtomoloSJ and 

Plant Quarantine, u. s. Department ot Aar1culture, Fort 

Collins, Colorado a location on the west side ot Rabbit 

Ears Pass having the beetle 1n epidemic numbers was select

ed tor the problem. Much neoessar;y information, equipment., 

and aseiatance vas furnished by the Forest Inaect Labora

tory. 

The author apent one week each month from 

November, 1949 to June, 1950 in the area of stUdJ• A 

United States Forest Service cabin waa authorized tor uae 

during this \1me. The cabin 1a located aix miles west ot 

Rabbit Eara Pass on u. s. Highway 40 near Steamboat Springs, 

Colorado. 

One of the f1ret steps 1n the reaearcb was to 

mark ott three ten acre plota ot infested treea. These 



plots were numbered one, two, and three. Number one plot 

had a maJoritJ of the tnrested trees from the 1949 attack 

and a amall proportion ot the trees attacked in 1948. 

Number tvo plot had approximately a one to one ratio ot 1948 

and 1949 a·ttacked trees. Number three plot had a maJor1t7 

ot 1948 attacked traes and a small part of 1949 attacked 

trees. These three tJpes or plots were ohoaen to determine 

whether the woodpecker& would teed more on adult beetlee or 

the larvae. The 1948 attacked tree• hnd a large population 

ot adults and a few larvae. 

Several hours were spent. each day in observation 

to determine the species and number of pairs of woodpeckers 

feeding on the plota. Th1a waa done with the use of t1eld 

glasses and b7 slowly moving around 1n the plot until the 

area had been completel7 covered. Their teed1ns habit• were 

etUd1ed and t.a\a obtained on the time ot day and the 

\emperaturea at whiCh maximum feeding was taking place. 

!he effects of such weather factor• aa to overcast akJ, 

anowtall, or clear ekJ ·on the teeding habit& were observed. 

Ten woodpecltere were killed eaoh month from an 

tnteated area a1m1lar to the infestation on the study plots. 

This waa done to aToid killing the woodpeckera that might be 

tee41ng on the plots from which the data were taken. 

Authorization for killing the birds wae given by the Colo• 

ra4o State F1ah and Game Commission and the F1ah and 



Wildlife Service of the United States Department of the 

Interior. The stomaCh contents of these birds were analyz

ed to determine what percentage of their food \'fs.s ma.de up 

ot the Engelmann spruce beetle. Director E. R. Kalmbach, 

W1ldl1te Research Laboratory, Fish and Wildlife Service, 

Denver, Colorado, stated that 1n the caee of hard-abelled 

beetles (such as the Engelmann spruce beetle) the undigest

ed portions may remain in the stomach tor the better part 

ot the day and that in the case ot woOdpeckers there 

probably would be some rragments of the beetles 1n the 

stomach at all times with the possible exception of late 

at night or at dawn.l.l 

Arter the s\Udy was completed, the plots were 

sampled and est1matea made to determine the approximate 

amount of beetles the woodpeckers had taken trom the 1949 

attacked trees. 

The method or sampling 1s described 1n the 

following paragraphs. Twenty tnteeted trees were felled. 

The heights of infestation were measured. D1ametera of the 

trees were taken at varying heights so that the taper of 

boles would be considered when calculating the surface area 

of infestation. The areas where the bark had been removed 

from the treea by woodpeckers were measured. These 

measurement& were ao the sampling estimates on the plots 

I/ See Appendix G 



would be more accurate. 

The plots were measured 1n five yard strips. On 

each strip a coin was flipped to determine whether the even 

or odd trees were used 1n the sample. One hundred trees 

each were used from plots one ~~ two. Fifty trees were 

used from plot three because there were less than 100 

infested 1949 attacks on the plot. Random numbers vero 

used on the original samples and populations of 35 trees 

were set up for each ot the three plots. 



Chapter IV 

OBS~~~\VAT IONS 

The notes made herein on habits and activities of 

woodpeclrers are from observations made during a tew da.ya 

:trom each of the following monthaJ November 1949, December 

1949, Ja.nua.ry 1950, February 1950, March 1950, April 1950, 

May 1950, and June 1950. It. is probable that certain 

climatic conditions between periods of observations may 

have affected habits and activities of the woodpeckers 1n 

manners that were not observed. 

It is common tor a pair of birds to limit the1r 

feeding to a group ot seven or eight infested trees until 

there are no longer enough accessible beetle larvae there 

to provide sufficient food tor them. They will then move 

on to another small group o'f trees where the larval popula

tion hao not been fed upon. When the infested trees are in 

a relatively dense stand the birds feed first from those 

trees moat exposed to the sun. This may be due to the 

more advanced development of the broods in those trees. 

The Alpine Three-toed and the Rocky Mountain 

Hairy woodpeckers nearly always teed in pairs. The male 

and female can often be seen working within a foot of each 



other on the tree. Until early spring the Downys were 

seldom seen teedir~ in paira. 

The woodpeckers saem always to know exactly 

where to find the broods of the beetle under the bark of a 

tree. One hundred bark samples showing outside evidence 

of woodpecker work on them were taken from infested treea. 

Holes made completely through the bark by the woodpeckers 

were Checked from the under side, and in every case they 

led directly to a gallery of the beetles. 

During clear weather feed1ng will start at the 

first light of day. It ''~ill continue heavily until about 

lOtOO A.M. or lO(SO A.lii. and then slow down considerably. 

On many days it was difficu::.t to find birds feeding fi"om 

~1 :00 A.M, to about 2100 P .}II.. They will start feeding 

heavily agaln around 2100 P.M. and continue until nearly 

dark. During these feeding periods on clear days the 

pecking of the birds can be heard clearly for over two 

hundred yards. On days when it is snowing or heavily over

cast the feeding habits are changed to almost the opposite 

of clear days. The feeding is light and mostly during 

mid-day hours. It is difficult to observe the birds feed

ing during periods ot inclement weather. The easiest way 

then to locate a faed1ng bird is to watch for falling 

bark or fresh fallen bark on the snow. The noise made by 

their peeking during snowy weather can barely be heo~d 



from a few feet away. 

The woodpeckers were most active 1n feeding during 

December, J a.nuary, a.nd Februtlry. There was cons idera.ble 

feed1ns 1n early March with a slackening off later 1n the 

month. After nesting season begsn about the middle ot May 

and the young were hatched, both the male a:nd. fernnle worked 

continuously on infested trees throughout daylight hoUPs. 

During the winter months the bases of the trees 

are covered with several feat of snow. The beetles beneath 

the snowline 1n the trees are protected from the wood

peckers until the snow melts. As the snow begins to melt 

the birds tend to concentrate their feeding on the freshly 

exposed surfaces of the infected trees. Most of the 

h1bornat1nc adults are 1n the bases of trees and they 

usually started flying about the second week 1n June. The 

birds had not had t1me to consume many of them before the 

beetles had completed emergence. 



Chapter V 

ANALYSIS OF DATA 

~18 stUdy considers the following pbaaeea 

l. Determining the amount. ot Engelmann apruoe 

beetle tnteatat1on ln the etud7 plots. 

2. Determining the averase number ot pa1ra of 

woodpeckers on each plot durtng the period or stUdy. 

3• Inveat1sat1ng the winter food habite·of wood

peckers 1nvolT1ng Engelmann spruce beetles and other animal 

torma. 

4. Determ1ning the approximate percentage ot 

control exerciaed by the present woodpecker population 1n 

ratio to the preaent. lngelmann spruce beetle population. 

~ peet•• 1~eata\1gp 
ill ll1l. ISU4Y .-.P6 ... aiiloliAI 

Plo~ l had an approXimate ratio of ltJ 1948 to 

1949 1ntested treea. On the plot there were 86 unat.tacked 

trees, 161 attacked 1n 1949, and 67 attacked in 1948. The 

total aurtace ot 1949 tnfeetat1on tor plot 1 ie 12,382.5 

aqua.re teet. !h1rt.r-t1Te 1949 1nteated treea were sampled 

trom the plot. From each of ihese trees the diameter and 

height ot 1ntestat1on vas estimated. The aurtace area ot 

1nteetat1on was then determined for eaoh tree. Uaing the 

number 3Q8.38 * 30.16, MaaseJ (12), aa an average number ot 



beetles per square foot 1n an tnrested tree, the beetle 

population par each tree waa determined. 

The average number ot beetle• per tree --

23,732.9% 2,367.2 

The averase surface area of infestation per tree--

76.96 square feet 

Data shown in Appendix A, Table 9. 

Plot 2 had an approximate ratio of lal 1948 'o 

1949 infested t,reea. on the plot there were 62 unattaclted 

trees, 190 attacked 1n 1949, and 187 attacked 1n 1948. The 

total surface area of 1949 1ntest.at.1on 1a 14,753.5 aquare 

feet. 'rhe trees were sampled the same as 1n plot 1 and the 

same method used to determine the reoults. 

Tho average number of beetles per tree --

23,945.7 ~ 2,388.5 

The average surtaoe area ot 1nteatat1on per tree--

77.65 aquare tee'i 

Data shown 1n Appendix B, Table 10. 

Plot 3 had an approz1mate ratio ot 3&1 1948 to 

1949 1ntested trees. On the plot there were 23 unattacked 

treas, 53 attacked 1D 1949, and 168 attaoked in 1948. The 

total surface area of 1949 1Dtaatat1on 1a 5,554.4 aquar• 

teet. The trees were aamplod the same as in plot l and the 

same method used to determine the results. 

The average number of beetles per tree --

32,318.2 z 3,2}4.6 



The average aurtace area or infestation per tree--

104.8 aquare faet 

Data sho1m in Appen~1x c, Table 11. 

louu1at1oD £t woodpeckert 
in l!l! studx :Qlote 

The number of pa1ra of woodpeckers varied 1n the 

plots from one periOd of observation to the next. From 

counts made each month tor eight months, the number ot pa1ra 

on plot 1 is seven, on p1ot 2 seven, and on plot 3 tive. 

Table 1.--THE l-H.J"l1BEH.S OF flui1S OF ~:i'OODI-ECKE~ili COUliTED Ol~ 
tHE PLOTS OF INFESTED ENGELMANN Sl?a.UCE 

~;J:qt + flot. 2 Plot, :? 

1949 

November 3 6 5 

December 5 6 6 

1950 

January 9 a 7 

Februar1 9 7 4 

March 8 1 5 

April 7 6 a 

Ma.7 e 9 6 

June 1 7 5 

x1:'·7 ~= 7 
.- ... 
x3 .. 5 



~habit! 91. 
woodpeck!r• 

Some ot the tood habits are d1acuaaad 1n chapter 

5. The following data are from analJsia ot woodpecker 

atomacha and are preaented by tables showing relation to 

the conditione under whiCh the woodpeckers were killed. 

lat. Months 1n wh1oh the birda were killed. 

2nd. Months and weather ooDd1t1ona dur1ll8 which 

b1rda were killed. 

3rd. Time ot day the b1rda were killed. 

4th. Minimum temperatures on days the b1rda were 

killed. 

5th. Comparison ot the males with the femalea. 



Table 2.--ENG~~~NN SPRUCE BEETLE CONTEl~TS FROM WOODPECKER 
STOMACHS A.HRAI~GED BY MONTHS • 

November 1949 December 1949 January 1950 February 1950 

larvae-adulta larva.e-adult.a l&rTae-adul t.a l&rTae-adul ta 

112 3 64 4 17 5 40 1 

91 1 75 7 21 2 7 3 

41 0 '' 5 36 0 18 0 

38 6 76 0 72 1 7 3 

:59 2 33 5 70 l 4o l 

3l 1 127 1 19 ' 32 6 

43 0 127 3 40 1 152 0 

117 3 116 4 42 4 59 3 

87 6 72 3 45 l 82 l 

-- -- --- -- 71 2 152 2 

it= 
..... J..t ~:5 ~:, 16= ;~9 Ig:6 x2: 

6 .6 2.4 
8 ·' 

2.0 

March 1950 April 1950 Ma7 1950 Junel950 

larvae-adult a larvae.-adulta larvae-adult a larvae•adul "• 

26 0 37 4 51 0 7 0 

62 0 40 l 50 4 24 0 

102 1 24 0 31 0 95 8 

55 1 51 3 38 l 37 2 

178 8 61 9 27 0 31 0 



Table 2 •--ENGElJI.tJ.J~I~ SPRUCE BEETLE COl~TENI*S FftOM 'WOODPECK&i 
STO!Iu\CHS Al-L-\.ANGED BY MONTHS • (Continued) 

March 1950 Apr11 1950 May 1950 June 1950 

larvae-adults larvae-a.dul ts la.rvae-adul ts larvae-adults 

64 0 ll 0 24 0 47 3 

17 2 41 6 30 2 29 1 

37 6 9 0 47 7 31 0 

22 3 27 0 17 0 24 0 

4o 0 31 8 -- - 51 0 

xs= ~= 
35.0 1.6 



·t I 

!able 3.--SNGEU·t\HN S}iiUCli: BEETLE CONTENTS FROM WOODI=tECKER 
STOJI.i.ACHS AH1\.AHGED ACCORDING TO WEATHER CONDITIJNS AND 
MONTHS. 

November 1949 December 1949 

clear not clear clear not clear 

la.rn. .. a.dul te la.rvae-adul ts larvae•e.dults larvae-adults 

112 ' -- -- 64 4 '' 5 

91 1 -- -- 75 7 -- --
41 0 -· -- 76 0 -- --
38 6 ...... -- '' 5 ~ --
39 2 - -- 127 1 -- -
31 0 -- ..... 127 3 -- --
43 0 -- -- ll6 4 -- ._ 

117 0 -- -- 72 ' -- --
87 6 -- -- .... .... -- --

~~.6 - x· Yo- - ..... 
x~• ~6.1 x!}.o xa-.o 3.4 s.o 
J 8llUa.I'J 1950 :rebruar1 195<> 

olea.r not clear clear not clear 

larva.e-adulta la.rYa.e-ad ul t 8 larY&e•adulta larvae-e.dul t,a 

72 1 17 5 152 0 40 1 

19 ' 21 2 59 ' '7 ' ~ l 36 0 82 1 18 0 

~2 4 TO 1 152 2 7 ' 



... , ........ 

Table 3.--EliGE:L~~ALiN S?ilUCE BO: .. ETLE CONTE..!\l.'l'S FR014{ i\OODF2CKER 
STOMACHS ACt.H.A.t.'JG:i:D ACCORDING TO WEATHL:..~ CONDITIONS AND 
MONTHS. (Continued) 

January 1950 February 1950 

clear not clear clear not clear 

larvae-adults larve.e-e.dul ts larvae-adul ta la.rvae-adul te 

45 1 -- -- --- -- 40 1 

71 2 -- -- --- - 32 6 

- -- - ~~0 %..2 X(;: - -Xl: x2- X• 1:.o ,~, 48.2 2.0 36.0 1.5 

March 1950 April 1950 

clear not clear clear not clear 

larvae-adults la.rvae-adul ts la.rv'ae-ad ul t 8 larvae-adults 

62 0 26 0 37 4 9 0 

102 1 17 2 40 1 27 0 

55 1 31 6 24 0 31 8 

178 8 22 ' 5l 3 -- --
64 0 40 0 61 9 -- --

--- -- --- -- ll 0 -- --
--- -- --- -... 41 6 - --
19~.2 x2= x3= - -

~:3 - ~:7 X4= x- ~-
2.0 28.4 2.2 ~7.9 ~2., 



Table 3.--ENG;.-::IJ.:AN'N S:PJ.UCE BI~.STLE COl'J'r.&~TS FHOM \iOODl:JECKER 
STOMACHS A.~\'.ANGED ACCOrtDI!iG TO \~EAT1IE.a COl,DlTI·JNS At'JD 
MONTHS. (Cont.inued) 

May 1950 June 1950 

ole3.r not clear clear not clear 

larvae-adults larvae-adul ta larvae-ad u1 ts la.rvae-ad.ulte 

51 0 31 0 7 0 -- --
50 Jt. 38 1 24 0 -- --
30 2 27 0 95 8 -- --
47 7 24 0 37 a -- --
17 0 -- -- 31 0 -- --

--- -- -- - 47 3 -- --
--- -- -- - 29 1 -- --
--- -- -- -- 31 0 -- --
--- -- -- -- 24 0 -- --
--- -- -- -- 51 0 -- --

x1= ~~6 X~ 
... _ 

~~.6 ~:4 Xl~· 
39.0 .o .25 



• 1 

·-··· 
Table 4.-EriGF..L.Vu\la~ SFH.UCE BE.r~TLE CONTENTS FROM WOODPJ"~CDR 

STC~t\CHS Ari .. HANGED ACCORDI!'ZG TO TIME OF DA7!.. . 

A.I'-i. P.M. 
larvae adults larvae adults 

112 ' 38 6 

91 1 39 2 

41 0 31 0 

63 4 43 0 

:33 5 117 ' 76 0 87 6 

33 5 75 7 

17 5 111"{ l 

21 2 127 ' 36 0 116 4 

72 1 72 3 

19 3 70 l 

40 l 45 1 

42 4 71 2 

40 1 32 6 

7 3 152 0 

18 0 62 0 

1 ' 102 l 

40 1 17 2 

59 3 4o 0 

82 1 4o 1 



T;::~ble 4 .--ENGELKANli SFJ.UCE BE!1.'TLE OONTF~HTS FRO.M \'lOOD.fEClCER 
S'I'Ot~t.ACHS J..:i.HANGED ACCOa.DING 'rO Tl11E OF DA.Y • (Continued) 

A.M. l?.M. 
larvae adults larvae adults 

152 2 24 0 

26 0 11 0 

55 l 41 6 

178 8 31 8 

64 0 51 0 

37 6 50 4 

22 ' 30 2 

31 4 47 7 

51 3 17 0 

61 9 7 0 

9 0 24 0 

27 0 95 8 

31 0 37 2 

38 1 29 l 

27 0 31 0 

24 0 24 0 

31 0 51 0 

47 3 -- --
Xl=47.8 ..... - 4 x3:ss.3 ... -X">•2. X4-2.3 

"-



Table 5.--ENGEJ..J,lAHN SP.:tUCE BEETLE CON'!'ENl'S FROM WOOD?·ECK~i 
STOll.tACHS GROUPED ACCORDING TO 1EJU>EflATU3.E Rl\.NGE5 • 

Below 5° F. 5°F. to 20°F. Abo-ve 20°F. 

larvae adults larvae adults larvae adults 

76 0 112 3 9 0 

33 5 91 l 27 0 

127 1 39 2 31 8 

127 ' 31 0 51 0 

19 ' 33 5 50 4 

40 1 59 3 31 0 

42 4 82 1 38 1 

45 1 152 2 27 0 

71 2 17 5 24 0 

63 4 21 2 30 2 

75 7 36 0 47 7 

116 4 72 l 17 0 

72 3 70 l 7 0 

43 0 40 7 24 0 

117 3 7 ' 95 8 

87 6 18 0 37 2 

41 0 7 3 31 0 

38 6 40 l 47 ' -- -- '2 6 29 l 

-- -- 152 0 3l 0 



'l:able 5-.--.i£hGElJ!i.J:~ .. Nh. S.PH.UCE BiiJE'rLE CONTENTS FROM 1'/00DFECK.lm 
STO~ .•. ACUS GftOU.PED ACCORDING TO TEMPulATUd.E R..A .. NGES. 
(Continued) 

Below sol'. sor. to 2o0 r. Above 20°F. 

larvae adult a larvae adulta larYae adulta 

-- -- 26 0 24 0 

-- -- 62 0 51 0 

-- -- 102 l -- --
-- -- 55 .l -- -· 
-- -- 178 8 -- ---- -- 64 0 -- --
-- -- 17 2 -- ..... 

-- -- }7 6 -- --
-- -- 22 3 -- -
-- -- 40 0 -- --
-- -- 37 4 ..... --
-- -- 4o l -- --
-- -- 24 0 -- --
-- -- 51 ' -·- --
-- -- 61 9 -- --
-- -- ll 0 -- --
-- -- 41 6 -- --

x1•68.4 -- x3=s,.s x,.:2.4 xs=:54.s ~=1.6 X2•2.9 



·l'a.ble 6 .-... E.;NGEU1·~ .. ~H:i SPRUCE BLETLS COliTE.t~TS FROM viOODPECKEH 
STOMACHS k1.HAI~GED ACCORDING TC SEX. 

Kale Female 

larvae a.dulta larvae adult,a 

112 3 41 0 

91 l 39 2 

38 6 43 0 

31 0 63 4 

117 ' '' 5 

87 6 116 4 

75 1 17 5 

33 5 2.l 2 

76 0 40 1 

127 1 42 4 

127 ' 45 1 

72 ' 7 ' 36 0 18 0 

72 1 7 ' 10 1 .Ito 1 

19 ' }2 6 

71 2 26 0 

40 1 64 0 

112 0 11 2 

59 ' 40 0 



!able 6 • --~NGELV~J\N!·~ S.f·UUCE .BEl!.-.orLE CONTEl~TS Ft\Olt1 VOODZ)ECKTL1 
STO~L\CHS A.l1.RANGED ACCORDING TO SEX. (Continued) 

Kale Pemale 

larvae adults larvae adu.l1ia 

a2 l 24 0 

152 2 51 ' s:, 1 11 0 

178 8 27 0 

37 6 51 0 

22 ' 50 4 

37 4 ~ 2 

4o 1 11 0 

61 9 24 0 

41 6 31 2 

9 0 31 0 

31 8 29 1 

31 0 31 0 

38 l 24 0 

21 0 -- --
24 0 - --
47 7 .... ·-
1 0 -- --

95 8 .... ... 
47 ' -- --



Table 6 • .-ft ... ~lrGEL!f!ANN SP8.UCE B:;~_c.;TLE CON1r£NTS FROM WOODPECIC:.R 
S'ror-:;ACHS ARRANGED ACCORDING TO SEX., (Continued) 

Male Female 

larva.e adults larva.• adults 

51 0 .. --
62 0 ..... --

102 1 -- --
x1:64.7 !2=2.9 t,:,4.9 lt,_:l.6 

Woo4peokera w111. not. tee« ent1rel7 upon J:nselmum 

apruoe beetlea even tn heaY117 1ateete4 areas. The follow-

iDS 1a a llat. ot 1naect.a o\her t.han the £nsellaa:rm epruoe 

beet.lee, that were touna. ill the at.oaa.oha ot woodpecltera: 

Order J'eal1J Genua· 

1. Arane14a -- --
2. Homoptera -- .... 
:5. Coleoptera -- St.aphJl1n14ae --
"'· .. -- Darmea\ldae ..... 
s. • .... Cleridae --
6. .. -- Sool)'t1dae ...... Ipa 

7. .. ...... .. -- llt.yopthozaoua 

e. .. -- .. --
9· 

.. -- .. .... folygraphue 

10. " -- • -- llJ:7ocet.ea 



ON.er Fam1lJ Genua 

ll. Coleoptera -- ScolJ\1dae -- Carphoborus 

12. tt -- .. -- Soolytus 

13. n Ccramb7oidae -- --
14. Lep1dop\era -- --
15. Hynt8.Lloptera -- --
16. .. -- Braoonidae --
17. .. 

-- Ap1dae --
"-

18. Diptera -- Dol1chopod1dae -- Medet.era 

ln plot. l there were aeven pairs ot woodpeckers. 

The spruce beetle population per tree was 23,7,2.9 i 
2, 3G7 .2. !he number ot b•etles oonewaect per tree b7 wood

peckers was 12.746.9 t 1,271.4. Theae numbers show that 

\he approximate amount. ot beetle population taken from plo\ 

1 waa 53.7 percent. Re~er to Appendix D - Table 12. 

ln plot 2 there were aeYen pairs ot woodpeckora. 

The apruce beetle popula\1on per tree waa 23,945.7 % 
2,388.5. '!he number ot beetles consumed per tree by wood

peckers was 13,716.0% 1,368.1. !heee numbers show tha~ 

the approximate amount ot beetle population taken trom plot 

2 vaa 57.2 percent. Refer to Table 13 • Appendix E. 



ln plot ' there were onlJ t1ve pa1rs of wood• . 

peckera. The apruoe bee'l• populatiaa per ~ wae 

32,318.2 ± 3,2}4.6. 'fhe nu.ber ot bee\~ea oone'UIR64 per 

\ree bJ woodpecker• waa lT,08o.l t 11109.4. fheee numbera 

ahow that. "he approximate atiO'Uil' ot bee\l.e population t.akea 

tro• plo\ 3 vaa 52.8 peroent. Refer 'o 'fable 14 • 

Appendix,.. 

the peroent of beetle popula\ion \akan from \he 

t.hree 1D41 YldU&l plota appear nr7 nearl7 'he aame. 

Howner, a.n &D&lya1a ot Y&l'iance, uae4 to ahow whether 

thea• perc•ntagea ot \he beet.le popul.a't1on. oona\Uiett an \he 

three plots ditter.a appreo1abl7 b•oau.ee \he llUilbers of 

paira of woodpecker• T&l'ie4 tor the plot.a, 1Dd1cated \hat. 

t.he &Dal7aia ahould. be ll84e OD a UDS.t. baa1a. Upon \h1a 

baa1• ana u 1a aholfD. 1n table 7 tb.er• 1a a aign1t1oant. 

4itterenoe bet-ween ~ peroeu.t.as•• of beet.lea oona'UIIed. 

!able 7 ••·AliALYSIS OF VAIUA.NO.S OF PERCKllTAGES OF 'lifE SfRUCE 
Bu:fLE fOPULATIOI COBSUXED OB tHE 1'1L~E PLOTS OF lHJ'EI!-
ED ENGELMAN!l SPRUCE. . 

Varlab111t.J Suaa ot Mean ., 
~of' due \e Dfl equares aq\l&rea ftlue 

'!ot.ala 104 1,484.6 

Be~··-plot a 2 167.8 a:;.g 6.50 ,.09 4.08 

V1\h1n 
plot.• 102 1.,16.? 12.9 



Table 7. ··-A!H'U .. YSIS OF VAH.l.:'UlCE OF P.SftCENTAGES OF THE SPt\.UCE 
B~T~ ?01'~·-·rivN CONSW..ED OJl j_"'HE THREE PLOTS OF DIFEST• 
ED ENGF.J..)(fl.NB SPRUCE-. ( Con,1nue4) 

MSD .05 : 1.704 HSD .01 : 2.255 

Standard Error a .607 

MSD • Jl1n111W1 d1tferen.oe requirecl tar a1gD1tlan .. 

!he numbera or 1~9 1Dteated t.ree• on \be t.hree 

plot.e Tar1e4 troa 190 01l plot. 2 'to 53 on plot. '· An 

&aalJ81• of Tarianoe la made 'o det.el"'l1De vhet.her 'h• t.ot.al 

&IIOlDlt. ot beet,lea CODIIuaed troa each ot ~ three 1D41Y14· 

u&l plots d1tter a1snlf1cAD\17• rbla anal7a1a 1n ~able 8, 

ahow• that the aaounte ot beetrlea oona\UIIed from aaeh plot 

do ditter h18hl7 •1snitlc~tl7• 

~fable a ... Al'{ALXSIS OF VARIANCE Oli THE !OTAL AKOUIT OF 
BD'fLES OONSUJU:D OX fH.I: TIIREE IlfDIVlDUAL PLOTS OJ' 
IB.rESTED ENGELMANN S~\UC&. 

Vanab1l1t.y suma ot 
due t.o D./.P ·~·· 

Mean 
a quare a I' Rt~Ef value :cr.o 

~o~ala 104 21,315,176,6)0 

Be\ween 
plots 2 3,488,306,648 1,744,153,424 9.94 3.09 4.82 

V1t.h1n 
plots 102 17,886,869,782 175,}61,468 

.USD .05 : 6280 ED .o1 : 6}13 

Standarct Error : 2238 

JISD : Jl1n1111W1 41tteNDoe required tor a1gn11'1cance 



Chapter VI 

DISCUSSION 

The main problem ot this atUdJ 1a concerned w1th 

the extent to which Engelmann apruce beetles are 1nYolYed 

1D the winter food habits of woodpeckers. 

The ~brae apecies of woodpeckers used in this 

atud7, Alpine Three-toed, DownJ, and Rocky Mountain Hairy, 

were to be considered separately 1n ~e1r eftects an the 

Engelmann spruce beetle. SeYentJ-seven birds were killed 

and lt was found that the number ot DownJ and Ha1r7 wood

peckers killed waa not larse enough to compare with the 

number ot Alpine Three-toed woodpecker& k1lle4. In work1ng 

the data, the etfects ot all three apeo1ea were combined and 

used as a un1t. 

The ratio ot 1949 to 1948 inteeted treea waa 311 

1n plot 1. Plot 2 had a ratio ot Ul ot 1949 to 1948 

attacked trees and plot ' had a ratio ot la3 ot 1949 to 

1948 attacked tr•••• 

There wae no a1gn1t1oant difference in the beetle 

population per tree in the fire~ two plo\a. Plot '' 

howeTer, d1tfer"d a1gn1t1cantl7 troa plota l and 2 1n that 



1t had a larger population ot beetles per tree. 

During eaCh period ot atUdy aeTeral houre were 

epent each day to make counts on tbe pa1ra ot woodpecker• 

on the plots. On plot l the counts varied from three pairs 

1n BoYember 1949 to nine pairs in January and February ot 

1950. Plot 2 had the moat cona1stent number ot pairs dur-

1ng the study. Ther varied trom s1x pa1rs 1n November 1949 

to nine pairs in MaJ 1950. Plot 3 varied fro• seven pairs 

in Ja.nuarJ 1950 \o aa low aa two palra in April 1950. At 

nearl7 all times when the number of birds on ~he plots 

would be low, there would be several feeding Just out.a1de 

the plot perimeter. 

!29.4 hab1tl R.t. 
1h!. woodpeCk§£& 

The largest count of beetles per b1rd s~omaCb 

for an average in an7 one month was 1n December 1949. It. 

vaa during th1a month that the greatest amount ot act1T1tJ 

aeemed to take place. The amalles\ count ot beetles per 

bird stomach tor an aYerage 1n an1 one aonth waa April 

1950. Durins April and the first part ot M&J 1950 the 

least amount ot activity was noticeable. 



During clear weather the birds would be extr~elJ 

active 1n feeding. When 1t became overcast or started 

snowing, the feeding would slow down considerably and at 

times would atop altogether. If the weather continued bad 

tor several days, the birda would feed costly dur1ng the 

mid-day hours, and then onl7 tor a short periOd. 

There wae very little difference 1n the amount of 

feeding between mornings and the afternoons. If the 

weather conditions do not interfere, the hours ot feeding 

in the mornings and at\ernoona are about the same. 

There waa det1n1tel7 muCh more feeding activity 

at temperatures below 10° F. than temperature• above 200 F. 

Even during periods of snow the feed1n,s, which always 

slowed down 1n such weather, was more pronounced at the 

lower temperatures. 

According to counts ot stomaCh contents, the 

ayerage number of b9etlea found 1n the atomaana ot the 

malea was almost twice the number tound tn the females. 

Onl7 1n one case were there over a hundred beetles oounted 

trom the stomach ot a female bird. In seven of the malea 

there were over a baDdred. 

!he Engelmann apruce bee,lea made up nearl7 99 

peroen\ of the tnaeota 1n the 41et. ot the woodpecker•• 

Ot.her orders represented 1n t.he diet. of the bird• were 



1Iomoptera, Lepidoptera, H7menoptera, D1ptera, and Aranelda. 

APRroxtmatl percentage 
2.t t;t=~ UQpulaUsm tak§Jl 
~ wgo4Rfokera 

The percents of the beetle population taken from 

the three 1Dd1v1dual plots appeared relatively close. !here 

1s a a1sn1t1cant d1tferenoe ae ahown 1n Table 7 1n the 

percent ot beetles consumed on the three plots because plot 

3 had only five pairs of birds as compared to seven pa1ra 

eaCh on the other two plots. In considering thdt plo~a 1 

and two had more than three t1mae as many 1949 infested 

treea aa plot 3, and lesa than one a:1.d one-halt times as 

man, woodpeCkers, then the actual amount ot reed1ng bJ the 

woodpeckers on plots 1 and 2 waa muCh greater than on plo\ 

3• !he percent of the beetlea \aken over all three plota 

vaa approximately 55 percent or the population. 

The native a1tea on which Engelmann spruce atanda 

occur have natural barriers against the tood hab1 ts ot 

woodpeckers on ED.gelmann spruce beet lee. In the baaal t1 ve 

to a1x teet of the 1nteeted trees there are heavy brood& ot 

the beetles cons1at1ng of both larvae and the h1berna~1ng 

adUlta. UDder normal cond1~1ona of winter. ~1a eeot1on ot 

t.he treea 1a ooTered with snow. It w1ll remain covered. 

\Ult1l late MaJ or earl7 June. After \he anow melta down to 

the b..1ae of the treea, t.he woOdpeokera do nGt have time to 



consume these beetlea before they emerge. This w111 

probably prnent &nJ eftort.a or the woodpecker troaa takinS 

more than 75 to eo percent ot the bee,le populat1on UDder 

normal coDd1t1ona. 



Chapt.er VII 

SUMMARY 

In the last. ten years a large volume of the 

Engelmann spruce toreata 1n Colorado has been des\ro7ed bJ 

the Bngelmann apruoe beetle. !he 1nteatat1on apread Y8r7 

rap141J and up to the present time it haa coyered moat. ot 

the epruce tldl.er on the Whi~e River, Routt, and Arapahoe 

National Foresta. 

!h1s a\UIJ waa made to 1DYeat1sate the winter 

food hab1ta ot woodpecker• and to de,eraine ~eir value 1n 

control of the Bngelmann apruce beetle. 

The area or et.udy was an Engelmann apruce beetle 

intested area on Ra))b1t Ears Pass near St.NJiboat Springe, 

Colorado. fhe periOds tor gathering data were one week or 
eaoh month tram Bovember 1949 tro June 1950. The stUdy wu 

made on thirty acres ot infested apruce timber. 

!he three epeoiea o~ woodpecker& 1DvolYed in the 

study were the Alpine '!h.ree-t.oed, PiooJ.dtl irJ.Atotllua 

doroal*' Baird, the Dowrq, nrzopat.ee p\l))eaasms SWainaon, 

and the Rook7 Mountain Hairy • DaoQUtl Iillqf'l§ lf5\100ly 

Anthony. 



Revul ts obtained. a 

1. There were 19 pair• of woodpeckers that 

ted on the area UDder stUdy. 

2. !be greatest average number ot beetles 

found 1n woodpecker stomache 1n any one month waa 

December 1949. 

3· The woodpeckers are much more active 1n 

feeding on clear days than on cloudJ days. 

4. There 1a no a1gn1t1cant di:fterence ill 

the feeding 1n the morning and \hat of the 

a:tternoona. 

5. The woodpeckers teed more when the 

temperature& are below 50Je ~ When \empera,uraa 

are around 20oF. and aoove. 

6. Stomach oontenta from the male woodpecker 

1nd1cated that theJ \ook almost t.w1ce as !l&nJ 

bee\lea aa the femalea. 

1. Bngelmazm spruce beetlea made up about 

99 percent of the 1naeota conaumed by the wood

peckers. 

e. There vas approximately 55 percent ot 

the bee~le population consumed by the woodpecker• 

1n the area of stUdy. 



J'roll da'tta preaent.ed, 1t. could be concluded that. 

an 1ncreaee 1n the woodpecker pOpulation would &1d 

ma.ter1e.ll7 1n outt1ng the coat of art.1.t1c1al control oa 

Engelmann apruce beetle 1ntestat1ona. 1\ would alao ~end 

\o prohibit tu'ur• ep1demioa once the bo~tlee are under 

control. 
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.A.PPENDIX A 

Table 9.--FLOT l - SPRUCE BEETLE POPULATION P~i INFESTED 
TREE. 

Infested bark area per tree 1n square feet 

28.3 

172.8 

130.9 

52.4 

150.8 

150.8 

so.6 
31.1 

29.3 

28.3 

44.5 

Average 1n.teeted 
bark area per tree 
1n square feet 

70.7 

109.9 

29.3 

58.9 

31.4 

11.7 

49.7 

106., 

150.8 

47.1 

31.4 

Average number 
ot beetles per 
square toot 

l02.6 

47.1 

78.5 

75.4 

87.9 

213.1 

40.3 

62.8 

56.5 

97.7 

62.8 

78.5 

26.7 

Average b-eetle 
population per 
tree 

. ' ... 
t J.t .. 



APPENDIX B 

Table 10.--PLOT 2 • SPrtUCE BEETLE POPULATION P~t INFESTED 
TREP:. 

Infested bark area per tree in square feet 

69.1 

102.6 

142.4 

}3.0 

95.3 

37.7 

108.9 

88.5 

43.2 

61., 

134.0 

Average infested 
bark area per tree 
in square teet 

22.0 

62.8 

88.0 

36.7 

56.5 

81.7 

102.6 

53.4 

78.5 

4o.3 

164.9 

Average number 
of beet.lea per 
square toot 

75.4 

55.0 

65.5 

65.6 

31.1 

87.9 

47.6 

87.9 

62.8 

209.4 

AYerase lleetle 
populat1on per 
tree 



APPENDIX C 

'fable 11.--PLOT 3 • SPRUCE B"i!:.S'TLE POPULATION PE'.R INFE:3TED 
TREE:. 

Intestred bark area per tree 1n square tee\ 

137.4 

94.2 

141.4 

ao.6 
128., 

104.1 

208.9 

127.2 

.50.3 

31.1 

Average infested 
bark ares. per tree 
1n square teet 

87.9 

75.4 

146.6 

68.0 

179.0 

3Q8.4 

136.1 

155.5 

135.6 

91.6 

183., 

Average nllllber 
ot beetles per 
square toot 

62.8 

78.5 

36.1 
so., 
53.4 

56.5 

144.0 

25.1 

125.7 

75.4 

94.2 

57.6 

94.2 

ATera.ge beetle 
population per 
t.ree 



APPENDIX D 

Table 12.--PLOT 1 - P.EHCENT AND NU}fBEH. OF B:~ETLZS CONSUMED 
BY WOODF'ECXEtlS • 

Percent of bark removed from tree by woodpeckera 

85 50 50 

50 40 50 

50 5 40 

70 95 60 

85 75 5 

so 20 40 

70 20 10 

10 75 40 

65 60 25 

20 65 90 

4o 30 90 

20 

80 

Average boe'lle ATerage percent ot ATerase number ot 
popula.t1on per bark removed trom beetlee consumect 
t.ree tree by woodpeoker by voodpeokera 



APPENDIX E 

Table 13.-PLOT 2 - PZaC.ENT AND NIDJ.J3:W:ill 0F · B~i::STLES COI-iSUl~D 
BY WOODPECKERS. 

Percent of bark removed from tree by woodpeckers 

50 

50 

f?~ 

'-
so 
70 

70 

80 

70 

35 

35 

75 

Average beetle 
population per 
tree 

80 

50 

60 

30 

4o 

60 

15 

50 

75 

50 

90 

ATerage percent of 
bark removed from 
tree by woodpecker 

50 

60 

70 

20 

60 

65 

20 

60 

90 

45 

90 

15 

10 

Avcrase numbsr ot 
beetles consumed 
by woodpeckera 



APPENDIX F 

Table 14.--PLOT 3 • PEHCE!~T Al'lD NUVJBEHS OF BETLT.LES CONSUMED 
BY w~·~o!):PEC!"{'·:·:tS, 

Percent or bark removed from tree by woodpecker• 

30 

35 

60 

60 

10 

40 

50 

60 

70 

90 

40 

.A.Yerage 'beetle 
populo.t1on per 
tree 

70 

90 

75 

40 

50 

6o 

60 

50 

90 

30 

25 

AYerase percent ot 
bark removed from 
treo by woodpecker 

60 

65 

4o 

50 

25 

90 

50 

20 

50 

30 

20 

40 

65 

Averase number ot 
beetlee consumed 
by woodpeckers 



APPENDIX G 

tln11ied S\atea 
Department ot the Interior 
Piah and W1ldl1te ser.1ce 

W1ldl1te Research Labora\orJ 
Denver Federal Center, Denver 2, Oolora~o 

Ausuat 11, 1951 

Kr. T. o. Thatcher, Asa•t. Entomolog1e\ 
Colo. Agricultural and Mechanical College 
Depar\ment ot intoaology 
Fo»t Coll1na, Colorado 

Dear Mr. !hatcbera 

In J'OUI' letter ot AuSUat. 9 JOU inquire about. the 
p~r1od of time during which 1Daeota can be 1dent1t1ed 1D 
the a\omP-cha ot birds. A number ot taotora 4e\era1ne thia. 
Among these are the character of \be 1naeota themaelYea 
(whether sott and eaa1ly d1geated larvae or a hard-shelled 
beetle), the actual a1ze of the insect, the Yolume ot tood 
1D the stomach at the time, and poaa1~17 the hunger atatua 
ot the Dird itself, wh1ch lligh\ atfeot \he rapidity of 
digestion. 

I m1sht cite an extreme caae 1n which I ted 
Engl1ah aparrowa quant1t1ea ot oDe ot the smaller nema\odea, 
primarily to learn whether theJ pasaed t~e d1geet1ve tract 
uninJured. I d1ecoYered t.o Sf •Ul'Pr1ae t.:nat some of these 
·nematodes were To1~Gd by the birds w1 thin an hour tl'om t.he 
time they were eaten. Tha,, ot courae, ia an extreme oaae. 

In the caee or hard-shelled beetles an~ certain 
aeeds, the undigested portions may remain 1n the stomaCh 
tor the better part ot the day. Generally, diurnal birds 
haYe 2 feeding periods, 1n t.he •orn1ng and towards eYen1DS• 
Bormall7 the morning teedins would have largely passed the 



APPENDIX G.--Continued 

stomach before the evening teed1ns. began. L1kew1ae, on the 
mornin8 following evening teed1ns, the stomach again would 
be erapty. 

Many of our b1rda, commonly, and a fev of them 
regularly, regurgitate \.1Dd.1seated foOd 1tema. The outatand-
1ng examplaa of these, of oourae, are the birds of pre1, 
hawka and owla, and void pe~1eta ot UDd1sested food. At\er 
th1a has been done, the stomach 1& ap' to be completelJ 
empty. 

Bet:Jt?en the extremes I haYe mentioned there are 
all degreee of variation and in the case ot woodpeckers 
there probably will be aoae treamenta of 1naect food 1n the 
atoaaOh at all times except poaa1bl7 late a\ night or at 
dawn. 

Sincerely youra, 

E. R. Ka.lmbeeh 
Director 
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J..BSTRAO! 

IBmODUOtiOI. 

lD the last tew 1ears \he Engelmann spruce beetle 

has destro7ed several billion board teet ot IDgelmann spruce 

timber in Colorado. Chelll1cal control ot this beetle caa be 

sade GD17 b7 1atens1Te physical aDd costl7 efforts. 

A severe Y1Dd storm 1n 1939 caused many trees to be 

blown oyer and weakened. !his prortded an ideal bree<t1DS 

place tor the beetles. tlader these oond1 t1ons their nuaibera 

haTe iacreaaed ao tremelk\cnJ.Bl7 \hat the7 have been able to 

attaCk &Dd. kill health7 trees. 

JJIODS the •&nJ' enellies of the J:aselaamt apruoe 

beetle, the woodpeckers probabl7 rank foremost. .l larsa per

centase of bark beetles are 1ne1Udecl 1a the diet ot woOd

peckers. lrertous studies made b7 J.lf-. Cal.Yin L. Jlaaae7 ot the 

J'oreat Insect Laborator,, l'ort. Coll1Ds, Colorado showed that 

t.he DolflleJ, 1lockJ JfountaiD Hairr, and the .llpine !hree-t.oed 

woo4peckera were ~· most 1apor\ant apec1ea localised 1D spruce 

beetle infested areas. 

!he spruce bee1ile poasiblJ ooul.d be controlled b7 

woodpeckers provided the woodpeckers were presea~ 1D autt1c1ent 

nubera. 

!he aa1n objective of this stUd7 was to detera1ne the 

etteota ot woodpeckers on the Bnselmann spruce beetle aDd deter ... 

aine the approximate peroentase of control exercised b7 'the 

woodpeckers oa 1ihe beetle. !he atudJ was diVided 1D.to the 

0 Uli~DD ~0757~3 ~E 
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following ateps. 

!he problem: 

What are the ettecta ot woodpeckers on the D38elaann 

apruce beetle aD4 what percent. control will the present wood

pecker population ex•rc1ae oa the p.teaent J:DselaaDD spruce 

beetle population. 

l£tbltl IJl&lXt1s. 

1. What areas o:t J:Daelaum. spruce are :a.ow 1nteste4 

with the Jblelmaun spruce beetlest 

2. What species ot woodpeckers are aow looalised 

1a these 1Dteate4 areast 

3. llhat are the food habits of' 'these woodpeckers 

1nTolv1D& the Bnselaaun spruce beetlet 

~. Wh&t percentase of the preseat JDsel.aan •~ce 

b:eetle popula\1on will be ooas11aed by the present woodpecker 

populatioat 

llel1Jt4:ati1QQI• 
!his stlld7 will be l11111ied to \hree apec1ea of wood-

peckers anc1 to the 11D6ela:rm spruce lleetle 1Jlt'eate4 area on 

Rabbit Ears Pass and rto1n1t7• 

J'rom 1ntormat1oa 11ade on surYeJs b7 the Forest Iueot 

Laborat.or7, Fort Coll1na, Colorado, a locat1oa on the west side 

ot aabb1t Bars Pass ha~ the spruce beetle 1n epidemic n~ 

bera was selected tor the problea. Kuch D.eoeaaa17 1Jltorma\1on, 

eq1l1pment aad asa1a-&ance was turniahecl by the J'orest Iaaect 

Laborator7• 



One week waa spent each month troa Bovember, 1949 to 

June, 1950 1n the area of atUdJ• .&. u. s. J'erest 8eM'1ce cabin 

was uaed durins this time. 

!hree tan acre plota were aarke4 off 1n the infested 

area. !hey were nUilbered one, two, and three. !tuber one plot 

had a small proportion of 1948 attacked trees and a large pro

portion of 1949 attacked trees. BaJaber two plot had a ratio of 

about 1:1 of 1949 to 1948 attacked trees. Bumber three plot 

had a small proportion of 1949 attacked trees and a large pro

portion of 1948 attacked trees. !hese three tJPe& ot plots 

were chosen to determine whether the woodpeckers would feed 

most on l&rTae or adult beetles. !he 1948 attaolted trees had 

a hibernating adult population 1n thea, with Tery tew l&rYae, 

and 'the 1949 attacked trees had a large population ot larvae 

and a Te-,7 few adults. 

Observations were made each daJ on the plots to de

termine the nuaber of pairs of woodpeckers feeding there. 

!heir feeding habits were stUdied and data obtained on the 

time of day aDd the temperatures at which max111U11 feeding t.oolt 

place. !he effects ot such weather tactora as to clear and 

cloUdy weather were observed. 

!en woodpeckers were taken each month and the 

stoma~ contents an&lJzed to determine what percentage of 

their tood vas made up ot ~· Bngelmann spruce beetle. Author

ization tor killing ot the birds was s1ven by the Colorado State 

Fish and Game Commission and the U. s. P1ah and Wildlife Service. 



After the stUdY was completed, the plots were sampled 

and estimates made to determine the approximate aaount ot 

beetles the woodpeckers had consuaed trom the 1949 trees. 

twenty infested trees were felled. !he height ot the 

infestation on each tree was measured. Diameters on the trees. 

were made at varying heights so that the taper ot the boles 

would be considered when calcule.'ting the surface area of in

testation on eaCh tree. !he areas where bark had been removed 

from the trees by woodpeckers were measured. !hese measure

ments were made •o that sampling estimates on the plots would 

be more accurate. 

!he plots were measured 1n ~ive J'&rd strips. On each 

strip a coin was tossed to determine whether ~e even or odd 

trees were used in the sample. One hundred trees eaCh were 

used trom plots one and two. P1tty trees were used from plot 

three because there were less than one hundrect 1949 attacked 

trees on the plot. BaDdom numbers were uaed on the original 

samples and populations ot 35 trees were set up tor eaCh of \he 

three plots. 

J. study b7 Ill'· c. L. Massey of the Forest Insect 

Laborator1 &bows the average number of beetles per square toot 

1n infested trees to be 308.38 t 30.16. 

OB§ERVA!IOg. 

1. It is common for a pair of birds to limit their 

feeding to a group of seven or eight infested trees until there 

are no longer enough accessible larvae to provide a sufficient 



food supply tor them. 

2. !he Alpine !hree-toed and the Rock7 Mountain Hairy 

woodpeckers nearly always teed 1n pairs. 

3• Woodpeckers seem always to know exactly where 

to find broods of the beetle under the bark of the tree. 

4. In clear weather the feeding is done aostl7 1n 

the early morning and late afternoon. In cloucl7 weather the 

birds teed mostly during the nooDday hours. 

5. !he woodpeckers were most active 1n feeding 

during the months of December, J&nuarJ, and February. 

6. !he number of pairs of woodpeckers observed on 

the plots during the period of stUdJ averaged seven on plot one. 

seven on plot two, and five oa plot three. 

AIAL;SIS Ql ~· 
Much ot the data gathered during the stu.d7 was troa 

analysis of woodpecker stomachs. !he following findings was 

made from this data: 

1. Larvae made up moat ot the food contents. 

2. More beetle larvae were tolllld 1n the stomachs of 

the male birds than in the female birds. 

3• Hore beetle larvae were found. 1n the stomachs 

during clear weather than duriag cloudy weather. 

4. More beetle larvae were found 1n the stomachs 

during the month ot December thau a:n.7 other month. The least 

number were found in Apr11. 



s. !here was no siSnificant difference as to the 

number of beetl.e larvae fou:nd 1n the stomachs during the morn

ing or the afternoon. 

6. !here were more beetle l.arvae found tn the 

stomachs of birds taken at temperatures below 5o I'. than at 

higher temperatures. 

7. !he spruce beetles made up nearl7 99 percent of 

the insects foUDd 1n the woodpeckers stomachs. 

An anal7s1s of variance &bowed a e1snif1cant difference 

in the percentage ot the beetle population consuaetl trom the 

three plots. !he percent of the beetle population cona...a 

on all tllree plots was approx1matel7 55 percent. 

!he nat1Te sites on which JDgelaann spruce atands 

occur have natural barriers asa1nst the foOd habits of wood• 

peekers on JDgelaann spruce beetles. ln \he baaal five to six 

teet ot the infested trees there are he&VJ broods of the beetles 

cons1stin6 of both larvae and the h1bernatUts adults. Under 

normal cond1t1ona of winter t.h1s •••'ion ot the trees is coTer

ed w1th snow. It Will remain covered until late a7 or early 

June. A:rter the aDolf melts down to the baae of the trees, the 

woodpeckers do not have t1me to consume these beetles before 

ther emerge. !his will probabl7 prevent arJ.1 efforts ot the 

woodpeckers from taking more 'than 75 to 80 percent ot the 

beetle population under normal conditions. 

Froa da-ta presented. it oou.ld be concluded 'that an 



increase 1n the woodpecker population would aid mater1all7 

1n cutting the cost ot art1t1c1al control on Engelmann Spruce 

beetle 1nteatat1ons. It. would also tend to prohibit tuture 

epidemics once the beetles are UDder control. 
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