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I studied red-tai led haaaks in  Boulder County,  old during their 1985 

nest i ng season. The purposes of th is project were to study red- ta i led haark 

breeding biology and nesting-season diets and then to make management 

recommenda t i ons based on these resu I ts and an undes tand i ng of past rap tor 

management . 

Numbers of  red- ta i  I ed hawks winter and nest i n  Boulder Coun'ty, Colorado. 

Boulder County a l so has f i ve maj or ecosys tear- types (Marr  , 1904 1. The study was 

designed to be less interventiue than m a y  previous studies of  raptor food 

hobits had been. Pel l e t  contents and other remains, cot lected beneath nests, 

were identi f ied. Red-tailed hawks haw been said to consume a t  least 247 species 

of  animals. A t  least 31 mamaralian and s i x  avian species w e r e  identif ied by 

p e l  l e t  analysis to be consumed by red-tailed hawks i n  Batldcr County. 

Nine nests i n  t b a e  o f  the f i w  M i to t - t ypes  (Plains Grarsland, L o w e r  

Montane, Upper bntane) were studied. One to 1.7 jweni l e  hawks fledged per 

nest . 

The evolution o f  husan attitudes and mnagement practices abact raptors 

(speci f ical l y  red-tai led hoaks where possible) mere surueyed. Red-tai led hclraks 

and other raptors have been persecuted for years. The 1972 Hipatory Bird Treaty 

Act provided protection for raptors by requiring permits before hundl ing them. 

Red-tai led hadts are cormonly used by falconers. In  Colorado, young red-tai led 

hawks can be removed froa a nest to be used for falconry. The falconer must have 

a proper petmi t and KUS~ leave two yovrg i n  the nest. 

I outl ine possible future studies which could be conducted kJ volunteers. The 

use of  strychnine d other secmdmy poisons, used for pra i r ie  dog control and 

could then indirect ly k i l l  raptoto, should be discontinued. Finally, I -st 

that the Colorado Division of  W i  Idl i f e  mi tor red-tai led hawk nests to assure 

ttw young are l e f t  i n  the nest by falconers. 



l NTROWCT l ON 

Food habits and the b d i n g  ecology of  f r ee1  iuing red-tai led h&s (Buteu 

j~#uicet?sis) have been studied extens i ue l gj . k p  i te the plethora of  stud i es, 

no major study has been conducted i n  Colorado. Olendorff (1973) studied diets of 

other nesting raptors, but largely ignored the d t a i  led hawk btcuuse i t  was 

not abundant on the Pawnee National Grassland. 

The purposes of this study were to provide some information on the 1985 

nesting-season diets of red-tai led hawks i n  Boulder County in  dif ferent 

ecosys tems . These resu l ts, and an understanding of  past rap tor management, u#w l d 

be used i n  forwulating nrcmogecnent recomnendations. 

This section of  the p u p e ~  provides information about the status, I i f e  

history, and diet  of  red-tai led haurks that i s  helpful i n  understanding the 

methods chosen. FI br ie f  survey o f  various methods o f  raptor food study i s  

presented. Habitat selection and some methods of habitat analysis are discussed 

as are human attitudes abart ragtors. 

Status 

Red- ta i led tratlrks are common diurnal raptors i n  North h e r  i ca (&own and 

Anadon, 1968). Red-tailed hawks probably are the s d  most common raptor i n  

Colorado (Gerald Craig, pers. coernr. ). Red-tai led hmks ainter and nest i n  

Boulder County, Colorado. I n  1972, Henny reported that populations of red-tai led 

hawks a r e  stable throughart their range. Red-tai led hawks have suffered the 

effects of  egg-rhrll thinning that haue af f l i c ted  many species of  rapt-, but 

to a lesser deq-ee than a m y  other kinds (Rdersm ond Hickey, 1972; Bram et  

a l . ,  1977; Hemy, 1972; Hemy and blight, 1972; Hickey and finderson, 1988; 

Seidmsticker and Reynolds, 1971). This may be due to a ssrrl ler  proportion of  

fish i n  the diet  (Plterson, 1969). 

L i f e  History 

Red-tai led hawks exhibit  sexual dimorphism i n  size. Adults are betreen 560 

and 635 m long (Beebe, 1974). Hales weigh around 1000 g, whereas females weigh 



around 1200 g (Beebe, 1974; Brown und Rmdon, 1968). Differences i n  size 

influence food requirements and q be important i n  niche part i t ioning and 

expanding the prey base o f  the pair  (%&h-son and Norberg, 1981; Craighead and 

Craighead, 1956). 

Red-tailed hawks vigorously maintain hunting and nesting ter r i to r ies .  fl pair  

(generally mated for I i f e )  controls the ter r i to ry  which commonly has a radius o f  

approximately 1.7 km (APPENDIX I ). Per*, which provide a god  overuiew of  the 

surrounding area, are an important feature o f  a te r r i t o ry  (Fi tch e t  u l  ., 1946). 

Ter r i to r ia l  defense varies i n  form and intensity, declining as the season 

progresses (Cmigheod und Craighead, 1956). Tarr i tor ies may be re-occupied in 

s u b s w t  years i f the hacwks w e  migratory (Hagar, 1957). Gates ( 1972) obserwd 

red- ta i I ed hawks a i n ter i ng i n  areas that later becume nesting terr i t o r i  es . These 

observations helped locate nests and determine potential hunting areas. 

Old nests usual l y  are modified and mused i n  succesriue gears (Bai ley, 1918; 

F i  tch e t  a! .  , 1946; Lut t ich e t  a l . ,  1971; Orians and Kuh lm,  1956). The pair 

muy maintain bu i ld  several nests early i n  the nesting season to be used in  

case o f  harassment or early nesting fa i lu re  (Fitch e t  a l  ., 1946). I t  i s  easiest 

to locate o ld  masts i n  deciduous tt-ees during the winter lahen the Ieaoes are  

absent (Craighead and Craighead, 1956; Hclgcrr, 1957; Wiow e t  a l . ,  1956). 

Behauiors, such as defensiue displays and uocalizations, are another good 

indicator o f  a local nest (CraigBnad tmd Craighcad, 1956). These observations 

i n i t i a l  l y  focused the search for  nests i n  the present study. 

Nest construction sonretimes begins as early as late January, but may begin 

later .  Neuerthaless, incubation does not begin that early (Fi tch a t  a l  . , 1946; 

Hagar, 1957; Orians e t  at ., 1956). In  the arcstern United States, nest 

construct ion has been observed between 6 February and 25 M (Ca l I, 1978 ). 

Green twigs are found in  occupied nests (Beebe, 1974; %ennett clnd Rudersdorf, 

1980; Cal I, 1978; Hamerstrom and Hamerstroar, 1951; Widxwqer, 1984). 

"Whitewash" is v is ib le  beneath nests (Johnson, 1975). 



Beebe ( 1974 : 82 ) no tcd that egg- I ay i ng began " . . . as ear 1 y as February i n  

Hex i co and across the sou them Un i ted States, by March or earl y Apr i l i n  the 

region of Puget Sound, by mid-April across mid-Canada, and as late as early June 

i n the extreme north . " I n the western Un i ted States, eggs have been observed to 

be la id fma, 8 M to 17 Apri l .  The red-tailed hawks' breeding season (from 

laying to fledging) i s  approximately 112 days long (RPPENOIX I). 

Generally, SKtS of red-tai led hawk pairs lay on w a g e  2.5 eggs. The 

rema in i nq 108 do not lay eggs i n  a given year. Both sexes incubate the eggs 

(Bent, 1g37) for approximately 32 days. Brood sizes auerage 2.1 young. O f  those 

young that hatch, 64s survive to fledge <WPENDIX I). The pcsents act ively 

defend the i r young. The w r v  i v i ng young hove been observed to f l edge be tween 16 

Hay and 1 July (Gal I, 1978). Once fledged, the q w q  may stay i n  the v i c in i t y  

of  the nest for several days (Fit& e t  a l . ,  1946). 

The diets of free-living red-tailed hacuks haw ken  studied extensively 

elsewhere, but never in  Colorado (see Appendix I l l  for f a r i l y  complete l i s t ) .  

The young are brought the same kinds of food that adults eat (smal I mammals, 

rept i  les, amphibicins, insects, fish, crwtacwns, and birds). I n i t i a l  ly, the 

adults tear up the prey into smaller pi-; la tw,  entire carcasses are 

deposited i n  the nest for the chicks to feed on by themselues. A t  f i r s t ,  the 

chicks only eat the flesh and viscera. Because parents t r y  to recaouc a l l  uneaten 

prey from thr nest within a day, i t  mould tm d i f f i c u l t  to r e l y  only on nost 

remains for an accurate food study. 

Beebe (1974:78) identi lied a problea ep i  th food studies of  red-tai led hawks 

h he noted that, 

studies of the food habits and hmt ing aethods of th is  hawk wde in a 

specific region, or euen a t  a specif ic time of  yecw, do not necessarily 

indicate the kind o f  prey taken, or the hunting methods wed by the same 



species elsewhere, or even of the same birds i n  the s m e  area a t  a 

d i f ferent  time of  the year. Their behavior and food habits are in  fact so 

variable that two individuals l i v ing close together i n  the region and at 

the same t i me of  year m y  have food preferen- m d  hunt i ng hab i ts qu i te 

as d i f feren t as i f they were two seprrra te spec i es . 

~ ~ i k  et  a l .  (1979) noted that d ie t  varies in  response to fluctuations in  

populations of  prey species. W i n g  a snowshoe hare (Lepus uaericut~us) 

population decline, they observed the mean dai ly biomass of snowshoe hares in  

the d ie t  of  d - t a i  led haw&s decreasing whi le  the mean dai ly  biomass of other 

prey species (ground squirrels, voles, mice, various birds) increased. 

Food Studiw 

Various quantitative methods of determining diets o f  twptors have k e n  

d w e l o ~  (Craigheud and Craighaad, 1956; Errington, 1932). They include f ie ld  

obserwtiom, nest studies, stomach examinations, gul l e t  examinations, pel le t  

analysis, tethering (reuiewed by Errington, 1932), and the "cage nest" method, 

discussed by Se l 1 eck and O l ad i ng ( 1943 ) . This section w i 1 l discuss these methods 

and provide some background for the method chosen. 

Some of  these methods are harmful to the b i rd  than others. Stomach 

examinations not only k i l l  the bird, but they provide only l imited data (based 

upon stomach contents when shot). H o u w e ,  at  one time th is  was the accepted 

method and mas used as mcently or 1W9 by L a t h  (1QSO). I t  prcn not urtcaarmn? to 

f ind 22% of  those stoeachs exmined to be erpty (APPENDIX I ). Yet, as Olendorff 

(1973) has discussed for other aspects of  rapt& studies, "our current, 

extensive knowledge. . . i s  [ i n  part], regardless of  such detrimental effects, 

the result o f  th is  rerearch" ( O l e n d o r f f ,  /973:24). T h e r e f a u ,  u h i  lo  me do not 

have to cont i nu@ using these arthod+, we should not discard the data they 

generated . 

Gul l e t  exuminaticmr, tethering, direct nest studies ( i  .e., regular nest-tree 



c 1 i mb i ng ), and the "cage nest" method a l so are i nteruent i ue. A l though they do 

not usually k i l l  the birds being studied, they undoubtedly produce unnecessary 

stress for the adults and young inuolued. 

I f  man i s  going to continue to exercise the privi lege of using non-human 

animals for research purposes, then he must realize that covert changes 

in  an organisg be equally darn ing to the animal as overt changes, 

a l though the former are not equal l y unpleasm t to the huaran eye (Bekof f, 

Field observations and pe l le t  analysis are the least interventive methods of  

raptor food studies. Fie ld obseruations include sign reading and nest 

observations. Red-tai led hawks regurgitate undigested prey remains (hair, 

a feathers, scales, exoskeletons, and some bones) as pel lets or "castings". These 

pe l l ets can be co l l ec ted under the nest- tree. 

Fie ld observations alone can be misleading (Errington, 1932). The aduantages 

and disadvantages of  pel l e t  analysis for use in buteos have been discussed by a 

variety of authors: Brooks (1929); Duke e t  a l .  (19'76); English (1934); Errington 

(1930, 1932); F i  tch e t  a l .  (1946); Fi  tch and Bare (1978); Glculing e t  a l .  (1943); 

Lut t ich e t  a l .  (1970); Orians and K u h l m  (1956); Phelan and Robertson (19781, 

and Seidcnsticker (1970). F i  tch und Bcfre (1978: 5)  observed that 

"many m s t s  . . .arrr di rec t ly  ovlrr streams, so thut thm feces, pellets, and 

scraps of  food dropped into the water [which1 remoued some of  the cues by which 

Predators m i g h t  f ind the nest." O n  the p l a i m  in Boulder Cwnty, red-tailed 

hawks nest in plains cottowmod trees (&pu/uu u u r g e n i i i )  which ore associated 

with water. Herrcc, food raraino may be dropped into W rot* m d  IQS~ foc 

study . 

a Errington (1932:80) noted that 'digestion of bones p#s especially pronounced 

i n  the Buteos, in fast-growing young hc#trks having high calcium requirements, and 



i n most cases where sof t-boned j uven i I e prey was eaten. " Furthermore, "since 

hawks digest the b s  of  their prey more thoroughly thcm do oals, a sum1 ler  

amount of  each meal would be retained a t  the time of ingestion of  a new meal by 

hauks" (Duke e t  a1 ., 1976:S). This might result  i n  the "stockpiling" of meals, 

therebg preventing accurate quantitative analysis. butever, by relying on the 

undigested remuins, " .  . .hawk pel lets provide qual i tat ive data thot may 

re f lec t  food M i  ts" (Fi tch and Bare, 1978:7). 

Lutt ich e t  a l  . fo l  lowed certain guide1 ines for their quanti tatiue pel l e t  

analysis. For example, "not more than one individual of a species was credited 

to any one pel let,  unless numbecs of  teeth and bones indicated otherwise" 

(1970: 192). They also w e  careful not to double camt remains and pel lets. 

This i s  of  l i t t l e  significance i f  remains and pel le t  contents are analyzed 

separately or qua1 i tat ively.  

Brooks ( 1929: 222 ) noted that b i rds might not show up in  pel l e ts because 

" .  . .raptors pluck birds very carefully as a rule, or else s t r i p  the skin and 

feathers o f f  together, eating the meat only." Field obseruatians may provide 

additional data i n  th is case. Page and Whitacre <1975) estimated the number of 

birds consumed by counting primary feathers. 

Habitat 

"The red-tai led hawk has the midest ecological tolerance and geographic 

d ist r ibut ion o f  any but- in North Rmerica" <USFUS, 1981:8-1). I t  has gained 

th is  tolerance and distr ibut ion by adapting to u t i l i z e  a broad spectrum o f  prey 

(Bee&e, 1974). hawar, r e b t a i l e d  hawks a p p e w  not to choose nesting sites and 

ter r i to r ies  randomly. 

M - t a i  led hawks establ ish ter r i to r ies  i n  habitats which support their prey 

base. Terr i tor ies must be i n  areas which can provide nutr i t ional  wppmt for 

adults and presuwbly their young. Wmcik e t  a l  . studied red-tai led havks i n  

Alberta and stated that "about of al i nesting losses were associated v i t h  

food shortage" t1979:16). Fitch et  a l .  (1946) and Seidensticker (1970:40) 



observed that ".  . .many red-tailed hawks hatched as young ground squirrels 

became avai Iable." Janes reported a high degree of f idel i ty to breeding 

ter r i to r ies  and explained i t  by observing that, "even [a1 re lat ively poor 

terr  i tory. . .presents an opportun i ty for reproduct ion and i s  therefore of 

considernble value" (1984u:203>. 

I n order to compare various nest i ng s i tes and terr i tori es, i t i s cruc i a l to 

understand habitats. Rny method of  habitat analysis must m u r e  variables which 

influence prey habitat, prey abLmdance, and prey uulnerabi I i t ies. Habitat models 

are not population-predicting models. The remainder of this section w i l l  discuss 

tom methods for habitat eualuation. 

The United States Fish and Ui Id1 i fe Service has developed a procedwe that 

provides a numerical index which " .  . .represents the capacity of a given 

occurrence of habitat <e.g., a vegetative stand or s t rem reach) to suppmt a 

a selected terrestr ial  m- aquatic rai  l d l  i f e  species" ( C r u a p d c e r  and Eruin, 

1982: 123-1241. This m#ber i s  cal led the W i t a t  Sui  tabi I i t y  Index (HSI ). HSI 

values range between 0 ( to ta l l y  unsuitable hubitat) and 1 (optimal habitat). 

Specific instructions for variable measurement are not provided i n  the HSI 

description. I t  i s  a s s d  that the more data collected on each variable, the 

"better" the habitat eualuotion. 

Rn HSI model was d e u e l w  to model the relationship between habitat and 

red-tai led harrk success fo r  the eastern United States (USRIS, 1981). This nrodcl 

crssunes that red-tai lad herrks hunt i n  grasslands and nest i n  deciduous forests. 

h t e  sensing mthod+ (e.g., U.S. Geological topogmphic wps) may be 

used to estimate the re lat iue percentages of  the various; broad types of habitat 

(e.g., forest versus g r a s s l d ) .  

Variables in  each habitat are mommd (RPPENDIX I I >. U a l ~ m  are calculated 

by weighing these variables by the clnant of  habitat mi lable. The lower of 

C these two ualues i s  HSI. This " I  imiting-factor-concept" i s  crucial for a Mi ta t  

W l y s i s  i n  the East where both habitats are used by the hawks. This feature 



"acknowledges" the importance of a l l c r  i t i ca l var i ab l es . I t prevents a hab i ta t  

which lacks, o r  possesses I imitad amounts of, a crucial variable from being 

c lassi f ied as "optimum" habitat. In  Boulder County, red-tailed h d s  nest in 

cottonwoods on the plains and in  coniferous forests west of  the plains. The' 

relationship between grasslands for hunting and forests for nesting i s  not 

u l ways present i n Bou l der County . 

Noon e t a I .  (n . d . ) deve I oped a method to evaluate hab i tat  use by raptors 

which does not contain a limiting-factor-concept. They identi f ied uariables to 

be measured i n  forested hab i tats and nonfores ted hab i tats. They provided 

expl i c i  t instructions for i t s  implementation. This comprehmsiue evaluation 

procedure i s  begmd the scope of  th is project and also interferes urith sonre'of 

the goals of th is project. ( I t  requires nest tree c l  iarbing to record certain 

variables. Therefore, th is method i s  interventive than HSI.) 

Lut t ich e t  a1 . (19?0:201) concluded " .  . . that the red-tai I i s  an extremely 

adaptable raptor, capable of  effectiuely u t i  l izing o wide variety of  habitat 

types. I t s  s k i l l  as a predator. . . i s  evidently suf f ic ient  to permit occupation 

o f  both open and forest cover types with equal f a c i l i t y . "  Therefore, a modified 

HSI could be appl ied. This would remove the " 1 i m i  ting-factor-concept" hi le 

s t i l l  providing a meaningful method of comparing the habitats around the nests. 

Huinan A t  t i tudes T o m d  R ~ D  tors 

Ik, understanding o f  human a t t i  tucks toward raptors '(specifical l y  red-tai Id 

hawks) and how they hcwe changed m a r  time allows one to understand past and 

current methods of food habit study d also past and present awmrgerant 

techniques. This section w i l l  discuss hLaron a t t i t -  toaards raptors and holr 

they have changed as documented by legislat ion involving -ton. 

"Birds of  prey haw been treated as enemies e w  since European settlement 

began" (huat ,  1984:85). "Man's hos t i l i t y  to#rd hawks and owls probably bagon 

when he questioned their right to k i  l l and corrsucne grouse, duck, or any other 

prey that might serve as food for himself" (CraigheJd und Wighead, 1966:201). 



Farmers and ranchers frequent l y found themse l ves a t  odds w i th  predators. I n the 

late 19th century scientists, rea l iz ing  the value of certain predators in rodent 

control, atteaped to protect some species. llamgemnt o f  these species has 

always been r e  l a  ted to the h w n  costs and bene f i t s  der i ved from them. For 

example, Broadbent (1971) said that: 

H is tor ica l ly  w i  Id1 i f e  managers have based thei r  predator control programs 

on two tenets, neither o f  which i s  supported by the facts. The f irst i s  

that a l  l predators qre bad and they decimate our m i  l d l  i fe. . . . The next 

i s  that. . . [they], the purveyocs o f  w i  Id1 i fe ,  have an innate 

respomib i l ty  to  the livestock industry for any r i l d l i f e  depredations on 

domestic animals (p. 31). 

I f  a raptor species was said to eat chickens or gclae birds i t  #K persecuted. I f  

i t  ate crgricultural pests, i t  was protected. koadbent real ized that we should 

value predators for other reasons (e.g., the cal I o f  a c q t e  i s  i n t r i ns i ca l l y  

beauti ful  ). Now we real ize that raptors can control agricultural  pests, serve as 

indicator species, and that m l e  u a l w  the esthetic experience of siiaply 

seeing them f l y  wound. 

Fls early as 1930, k A t e e  and Stoddad cal led for protection o f  raptors 

because they claimed there ms not enough data to define which raptors were 

beneficial  and rrhich #ru not beneficial  . t h n w h i  le, 

they are becoming rare enough thrPugtwut most o f  the United States 

already to need the special treatment we should have auai lable when 

required for tha protection o f  any m i a s  o f  w i  I d  I i f e  actual ly 

threatened with extermination. Reg?#ttably, i t  i s  probable thctt before we 

have attained that evidence o f  c i v i  l ization, the haks and ouls w i  l l tx 

too far gone to p r o f i t  by i t  (p .  19). 



In  1893, Fisher (discussing red-tailed hawks> said: 

. . . i t s  inappropriate name 'Hen Hawk' stimulates an unceasing warfare 

against i t .  The farmers, who are chief ly  benefited by it, are i t s  most 

pronounced enemies, betawe of the errmeow be1 ie f  that the Rebtai led 

Hawk i s  a persistent and destructive enemy of poultry (p. 48). 

Later v i ews on the benef i ts and costs o f  red- ta i I ed hawk to humans have been 

along the same l ine of  thcnqht; red-tai led h d s  do eat some chickem and game 

species, but they are g a w o l l y  a beneficial species because they eat 

cons i derub l e numbers o f ' harm f u l pests ' and shou l d therefore not be persecuted 

(hi ley, 1918; Criddle, 1917; Errington, 1933; Fi  tch and Bare, 1978; Gloyd, 

1925; Hwrraday, 1913; Knight, 1902; Langenboch, 1938; Hay, 1935; Hdltee, 1935; 

Mclhel  I, 1949; Hendal I, 1944; fli 1 ler, 1931; thmro, 1929; Pearson, n.d.; Sage e t  

a l . ,  1913; S t d a r d ,  1931; Tauerner, 1934). Errington (1933) regarded " i t  as 

being one of  our most valuable w i  Id  I i f e  t s i c l  species and one having too low a 

reproductiue rate. . . to  hold up under the t e r r i f i c  persecution i t  receives 

thoroughout the United States" (p. 28). He suggested m l e t h a l  means of 

behaviorul modification rather than outr ight k i  l I ing of offending birds te.g. i f  

a red-tai led hawk was near gow chickens--shoot i n  the a i r  to scare the hacuk 

away). In 1935, ))ail oburvod thut rod-tai Id harlrs were effmctiue rodent k i l l e r s  

and stated that they should be protected because " i t  i s  one of the species which 

has diminished markedly i n  recent yews over auch of i ts range" (p. 33). 

fl problem with protection o f  select rapt* species (e.g. d t a i  led haaks> 

was ident i f ied by O r i a r r  (1955) wtw, h m  studying rrd-tai led harks i n  

Uiscomin, observed that none of  the ". . . local residents w e  able to or cared 

to distinguish one species of  hawk froa another. Fll l were unanimous in  saying 

that hawks are shot whenever possible i n  their area. The a t  t i tude that the WI 1 y 



good hwk is  a dead ha& s t i l l  preuails" (p. 10). Therefore, he continued, 

legislat ion protecting certain species of hawks uould be i rw f fec t iw  " .  . .unt i l  

public opinion i s  behind i t . "  A poss ib i l i ty  t h~ t  Orians did not consider would 

be to protect a1 1 ruptors. There would be no mistaken identif ications of hmks 

shot i f  no hawks were to be be shot. Baldwin e t  a l .  (1932), prophetically 

realized th is 23 ywrs before ahen they noted that, "control musums designed 

to eliminate certain species and not others are d is t inc t ly  and unquestionably 

imduisable" (p. 420). They based th is  statement by discussing the results of 

the 1929, f i w  dol lar bounty in  Pennsylvania on goshawks. With in  one yeur af ter  

the law went into effect, 503 birds were taken into the o f f ice  of  the 

Pennsylwmia Gane Coarission a t  Harrisburg i n  order to receive the $5.00 bounty. 

Out of th is  t s i c l  503 birds only a, or 15% w e  goshawk. Over 58% of a l l  birds 

taken were o f  beneficial varieties" (p. 420). 

Legislation cwmwning raptors ~ Q S  been a t  tha local, state, federal, ond 

international levels. Legislation hcls included: no protection, bounties on 

certain species, protection of  'some species, and protection of a l l  species. The 

most infamous of a l l  raptor legislat ion was the 1885 "scalp act" i n  

Pennsyluania. Fkrrianr , (  1886:228-229) -ribact i t  we1 I. 

On the 234 of  June, 188S, the legislature of  Pennsyluania passed an 

act knom as the "scalp a t , "  ostensibly "for the benefit o f  

agriculture," which provides a bounty of  50 cents each on Howks, Owls, 

WecKels, and Hinks k i  I led e i  th in the l ini ts of  the State, Md a fee of 20 

cents to the notary or just ice taking the aff idcwit.  

By virtue of  th is act crbact $90,000 has hen  paid in  bounties during 

the yeor ond a h l f  that has el@ since tha l a w  uent into effect.  This 

represents the destruction o f  a t  least 128,571 of the aboue-mentioned 

animals, most of tuhich were HClQkS and Oals. 

Granting that f ive thousand chickens are k i  l led annually i n  



Pennsylvania by Hawks and Owls, and that they are worth 25 cents each (a 

l iberal estimate in  uiea o f  the fact that a large proportion of  them are 

k i  l led when w r y  young), the total loss would be $1,250, and the poultry 

k i  I led i n  a year and a ha l f  would bir worth $1,873. Hence i t  appears that 

during the past eighteen months the State o f  Pennsy luan ia  has expended 

$90,000 to saw i t s  fanners a loss of  $1,875. But th is estimate by no 

means represents the actual loss to the farmer and the tax-payer of the 

State. I t  i s  within bounds to say that in  the course of a year every Hawk 

and Olnl destroys a t  least one thousand mice, or their equivalent in  

i nsec ts, and that each mouse o r  i ts  equ i ua I ent so des tmyed wu l d cwse 

the f a r m  a loss of  2 cents per anma. Therefore, oari t t i ng  o l  I reference 

to the ~ r a o u s  increase i n  the numbers of these noxious an iml s when 

nature's menas of  holding them in  check has been removed, the 1-t 

possible estimate s f  the ua lm to the farnnr o f  each Hcnrk, Owl, and 

Weasel would be $20 a year, or $30 in a p a r  and a ha l f .  

Hence, in add i ti on to the $90,000 actual I y expended by the S tote in  

destroying 128,571 of  i t s  benefactors, i t  has incurred a loss to i t s  

a g r i w l  t k l  interests of  a t  least $3,857,130, OF a total loss o f  

$3,947,130 i n  a year and a half, which i s  a t  the rate of  $2,631,420 per 

annum! In other words, the State has thrown av~cyl $2,103 for every do1 l a r  

saued! Flnd cvcn this does not represent f a i r l y  the f u l l  loss, for the 

staughtor of  such a wst nunkr of prodatears birds and mammals i s  almost 

certain to be f o l l d  by a correspondingly enor- increase i n  the 

numbers of mice and insects formerly held i n  check by them, and i t  m i l l  

take many years to restore the balance thus b l  i d l y  destroyed through 

ignocance o f  the etommic relat ions of  our conuor, birds arid -1s. 

In 1899, 30 states hud rw legislation protect i ty  w y  twptors (Phil l ips, 



1949). As o f  1949, a t  least 30 states protected " a l l  hawks and o w l ,  except the 

b i r d  hawks--Cooper's, sharp-shinned, and goshawk--and the great horned owl " 

(Phi l l ips, 1949:377). I n  1972, "a1 l species o f  raptors occurring i n  the w i  I d  i n  

the Un i ted States and Hex i co were g i uen Federal protect i on under the H i gratdry 

B i rd  Treaty Act 116 U.S.C. 703-7111" (U.S.F.U.S., 1977: 1). "Rotect ion" means 

that i f  a human aunts to  tmp, b a d ,  col lect,  k i l l ,  import, or export a raptor, 

o permit must f i r s t  be obtained. Violations o f  the Migratory B i rd  Treaty "are 

punishable by fines o f  up to $500 and/or s i x  months i n  prison, and revocation o f  

permits i f  applicable. Sale or barter o f  raptors i s  a felony, punishable by a 

$2,000 f ine and/or two years i n  prism" (U.S.F.U.S, 1977:s). There are s t i f f e r  

f ines re lated to bald eagles and edmgemd species. As with a l l  laws, state 

l otlrs do not take precedence wer Federal l aars unless the state law i s  more 

r e s t r i c t i v e  <U.S.F .U.S., 1977). 

a I n  Colorado, "turkey buzzards" were the on1 y raptor protected i n  1899 

(Phi l l ips, 1949). In  1903, a l  l ropi.1-IPS were protected except sharp-shinned hawks 

( #cc ip i tat* s tt* iu tus), Cooper ' s hawk ( Hcc ip i t e r  cuupet~ i i 1, goshawks 

< Rcc ip i tet- get? C i / is), duck M s  ( iit icu pcr*egr inus), and great horned ow l s 

(Bubo c~irginiunus) (C.S.A., C . 7 3 ,  225, 231). According to Robert Tul ly  

(pers. corn. ), even though laost r w t o r s  were protected by law, there was l i t t l e ,  

.if any, enforcement o f  the lam. Raptors, including red-tai led hawks were 

rac t ine ly  k i  / led  in Colorado until the 1960s. 

"'Falconry' mans the opoct of  tdting quarry by muans of  a trained raptor" 

(50 C.F.R., 5 21.3). Falconry ums practiced i n  ancient Egypt. Falconry was very 

popular i n  the lliddle Ages. The more "noble" species (e.g. falcom and eagles) 

were resewed for the aristocracy . Falconry was introduced to Annr i ca i n  the 

ear ly  20th century (Nym, 1966). Falconry has existed as a sport i n  Colorado 

since before the 1930s Wobert Tul ly, pers. m. 1. In 1963, Colomcb passed a 

a lap, requir ing permits for possession of mptors (Colocado Session Law, Ch. 142, 

1%3). This lau uas one o f  the f irst laws in the United States designed to 



regulate falconry. Later, Colorado's falconry laws were st i f fened and ult imately 

adopted in to  the Federal Regulation 50 C.F.R. 21--Migratory Bi rd Permits. State 

statutes 21.3, and 21.28-21.30, of 50 C.F.R. 21, deul specif ical  l y  with raptors 

and falconry. I t  out l ines a continuum o f  permits and levels o f  experience 

required before a falconer can obtain certain species. Wild red-tailed hawks can 

be taken by those falconers i n  the lowest class ("fpprentice"). Colorado 

Wi ld l i fe  Cocamission Regulations (Chapter 6 )  also discusses requirements for 

falconry. Colorado's regulations are a l i t t l e  mom r e s t r i c t i v e  than the Federal 

laws. Red-tai lad hawks s t i l  I can ,b taken by q m t n t i c e  falconers 

Robert Tul l y  (pers. c o u .  1 said that once a falconry permit i s  obtained, the 

falconer can remove one eyas red-tai l  (2-3 week o ld  juveniles are ideal) from a 

nest. " h e n  a young raptor i s  removed from a nest a t  least two (2) l iue  young 

raptors shal l  remain i n  the nest or  aerie" (Colorado U i l d l i f e  Commission 

Regulations, Chapter 6, Flr t ic le I l lb) .  In practice, there i s  l i t t l e  supervision 

by the Colorado Division o f  W i  l d l  i f e .  A falconer i s  supposed to report to the 

local Division o f f i ce r  that s/he i s  removing a rnptor from a nest a t  a 

par t icu lar  location. Once reported, they are a1 loaed to capture the raptor 

without the o f f i ce r  checking the status o f  the nest. 

HRTERIALS FIIiD METHOOS 

Red-tai led hawk nests were located i n  early 1985. The methods o f  Call 

(1978) and Cmig)reod and Craigtmad (19S6) ware uoad to  locate nests. I begcur 

searching for nests on 16 January and continued u n t i l  la te  July. Histor ical 

nests were re-checked for occupancy. Fb.eas where there utere s ight  ings o f  

red-t-ai I s  during the nesting season w e  checked carefu l ly  for nests. 

Once the nests mare identif ied, regular v i s i t s  pmu aad. until the yarng 

fledged or disappeared. Those nests that were easi ly accessible rece iwd arore 

v i s i t s  than those ohich required substmt ia l  hiking or dr iv ing  to re&. The 

u i s i  ts  were as brief,  and as fw f m  the nest as possible to l i m i t  disturbance 



of the adults and/or juueniles. During the visi ts, observations were made on 

the presence or absence o f  adult(s); sex o f  adults; nest defense; hunting; 

feeding; young; etc. Furthermore, once the young could be seen, ages were 

es t i ma tad (where poss i b l e ) based on compar i sons w i th photographs i n Bent . 
(1937); Cal I (1978); Craighead and Craig- (1956); Finley (1905); Fi  tch e t  a1 . 

(1946); Orians and Kuhlraan (1956); and Suranar (1929) 

Habitat analyses were conducted fo l  lowing the fledging of  the young. A 

modified Habitat Sui tab1 i I i ty Index (HSI for the rebtcri led was appl ied to 

a1 I nests where juueni le red-tai led hacks w e  seen. Four , S, E l  U) 25 m 

l i ne transec ts  extended from the nest tree to measure U 1 and V.2 (Appendix I I ) in  

those areas i n  which the red-tai ls nested i n  "grassland" (as interpreted from 

U.S.O.S. topographic maps). In  those areas i n  which red-tails nested i n  

"forests" (U.S.G.S. map interpretation) Uq was measured on four (N, S, E l  W )  25 

• m l ine transects extending from the nest tree. Uf and U;! vlere measured by trt~, 

"X's", each with 25 m "arcbs" i n  grassy habitats. Mi tional data mere col lected 

while measuring HSI variables: diameter a t  breast height (dbh) of nest tree; 

height of  nest tree; species of nest tree; height of nest; slope of ground 

around the nest; and distance from the nest to -t water. This mainly 

provided a meom of  corrparing nest sites. Coapariscm of the entire area 

u t i  l ized by a giwm r a b t a i  lad hawk fari l y  would haw required additional 

tramec ts and spec i f i c knor l edge about home ranges. 

Pel l e t  analysis and the identi f icat ion of  nest remains were supported by 

unintrusiw nest obsecuations from the ground to w i d e  information on diets 

during the resting setmm. Pellets ond rest remains w e  collected knscrth the 

nests soon after the young b i rds f l edged. Rppmx i M te l y one hour per nest was 

spent searching i n  and around the "whi te-wash" zone. Each pel l e t  raos placed in  

an individual l y  labeled polyethylene bag. I f  fear pel lets ald/or remains 

located, d nest tree climbing was feasible, the nest trea was el  imbed and 

Pel 1 e t s  were removed from the nest surface. 



Pellets and other remains were frozen for one month to k i l l  associated 

inuertebrates. The pel lets were then placed i n  individual p in t  ice cream 

conta i ners and were a l loured to reach rooar temperature pr i or to anal ys is .  

Pel let analysis consisted of  numbering, weiqhinq, and measuring each pe l le t .  

Gross morphology was described (color, t-exture, the presence or absence of fur, 

feathers, scales, h s / t e e t h ,  odor, and moisture). The contents laere then 

identi f ied. 

Content identi f icat ion was based on the identi f icat ion of  fur, feathers, 

bones, and teeth . Useful keys and guides included : Arms t r o w  ( 1972 ); Arms trong 

and Freeman (1982); Brown (1942); G i  lbert (1980, 1981); Hcntnnan (1920); Hoffmann 

and Patt ie (1968); Mathick (1938); Moore e t  a l .  (1974); Nason (1948); Stains 

(1938); W i  l l iams (1938). Road-ki l led smal l a\asllaclls w e  col lected for 

comparative purposes. Zoological col lections o f  the Unioersi t y  of  Colorado 

Museum raere also used for comparison. Expert judgment o f  specialists a f f i l i a t ed  

uri th  the U n i w s i  t y  o f  Colorado was re1 ied upon for identi f icat ion of  sow 

con tents . 

Specifically, a set o f  comparative hair  slides of local ly col lected specimens 

(when possible) apos made for huir analysis. I f  a nest had f e e  than 20 pellets, 

huir was identi f ied in a l l  of  the pel lets. I f  a nest had more thm 20 pellets, 

hair  was identi f ied i n  20 rondosly selected pel lets. Five percent of those 

pel le ts  analyzed for hair  were re-analyzed to obtain a measure of precision (* 
correct ly re-idmntifiedl* m-identi f id).  

Feathers r#ce analyzed, i n  a l l  pel lets containing them, by Joe Strauch (an 

expert associated with the Uniuersi t y  of  Colorado tluseun). Identif ications were 

made when possible. Scales and chitinous remains were not identif ied. bnes and 

teeth mere identi f ied &en possible. Direct cosrporisonr ri th the m l  ian sku1 I 

col l e t i o n  were aade frequently. 

Pel lets m e  placed in me of seuen mass classes (0-0.49 g, 0.5-0.99 g, etc. 

to '3.0 g) .  Pel lets were also analyzed based on their kinds of contents (fur, 



a 
feathers, sca l es, bones/ teeth, more than one k i nd, and i dent i f i ab l e 

bones/ teeth >. 

A l i s t  of food items of  the red-tai led hawk and their source in  the 

l i terature was developed. Certain c r i t e r i a  were follouted when assembl ing the 

l i s t .  Primary sources were located. Species were l is ted only when i t  w a s  clear 

exactly uh i ch spec i es were being reported (common mmres confused the process ) . 

Technical and common names of  mammals followed Jones et  a l .  (1982). Hall (1982) 

was useful i n  tracking doum obscure mammalian ncmres. The R.O.U. checklist (1983) 

was used for common and sc ient i f i c  names of  birds. The 1957 check1 i s t  ms 

helpful i n  tracking doapn symnymies. Names of  amphibians and rept i  las fo l  l o r  

Col l ins e t  al . (1978). Fish names fo l  low Robins e t  a l  . (1980). Piumrous sources 

were used to organize the i nver tebtw tes . This l i s  t was supplemented w i th the 

I i s t  generated f r o m  pel l e t  analysis. 

RESULTS 

!I!?& 

Over 8,000 miles were driven searching for and monitoring nests. Nine nests 

were located in  1985. Eleven additional areas wee  searched intensively for 

nests. Nesting results are summarized on Table I. Once nests were located to 

determine progress, I mado w e  than 113 v i s i t s  (range 1-26) to the nesting 
I 

areas. Ninety pgment of  the obserued pairs of  hacrks l a id  eggs. Incubation began 

as eclrly as Merch (Nest *4). The young fledged from late FIay (Nest to 

mid-July (Nest W). Nine to f i f t e m  juwni l e  red-tai led hawks fledged (an 

werage of 1-1.7 hmks per nest). Descriptions of  the nests and their 

approximate locations folloo. L i f e  requisite values of each of the nests and the 

species of  the nest tree a m  -ired on Table I I. 

NEST * 1--WILD BASIN-84 (40°13'N, 105°32'W) 

This nest ucls a feu hundred meters NE of Wild b in-85. I t  @as aproxiwtely 

2550 m above sea Ieve l i n  an Upper flontane forest (flarr, 1964 ). Because no young 

w r e  seen in it, a habitat analysis was not conducted. The habitat tuas simi lor 



to that o f  nest * 6 (Ui Id  Basin-85). 

NEST * 2--BOULDER W L E Y  RWH-85 (40°04'N, 10S015'U) 

This nest was located 12.5 rr up a plains cottonurood tree in  a large, gently 

r o  l l i ng (angle (5' ) horse pasture a t  Boulder Ua l ley Ranch. The horse pasture 

formerly contained a substantial pra i r ie  dog colony. The colony was poisoned in  

1981 with strychnine. Neighboring (less than 1 km away) pra i r ie  dog towns 

remain. A feu p ra i r ie  dogs wre seen cuithin 100 m of the nest in  June. The hawks 

bui It th is  nest i n  1984 (Jones, pers. corn. 1. From a t  least 1982 un t i l  1984, the 

hawks nested over Farmers 0 i tch, about 250 m from this nest . There was an active 

great h o c d  owl (6ubo ctiryiniunus) nest about 1 km away from the 1905 nest. 

The nest tree wos aproximtely 1630 ar above sea I w e l  in the Plains Grassland 

region ttlarr, 1964). The nest was apmximately 215 m from the nearest water 

source (Farmers D i t c h ) .  The tree tacn 26.2 m high ond had a dbh of 1.17 a.  The 

HSI o f  the area, calculated frofa f w  "grcr+slandn transacts, which meeKured food 

variables, on 16 August 1985, was 0.61. 

NEST * 3--41st & OWOW3 (40°07'N, 10S015'U) 

This nest w a s  hi It  i n  1985 following a successful theft of  the 1984 nest by 

great homed -1s. The usurped nest was i n  the sane m a l l  modlot, less than 75 

m a w y  from the a c t i w  hcdc nest. The e lewt ion o f  the nest tree was 1646 ta also 

in  the Plains Grassland region (flarr, 1964). The nest was direct ly  aboue an 

i r r igat ion di tch and next to a sml I i r r igat ion pond. t b t l y  ocnrgmzed com 

pasturas surround the nwt. Thm unflooded pasture below the nest contained a 

small p ra i r ie  dog colony. Wwingad  blackbirds (Rge/aius phrleniccaus) nested 

around the pond. The hark nest wrs 17.8 m high up a 22.4 in tree ri th a dbh of 

0.55 m .  The HSI of the arm was calculated by measuring "grassland" and "forest" 

variables since the madlot ros identi f iable on a U.S.G.S. I M ~ .  Th .  l i f e  

requisite values were 0.1 (food), and 1.0 (reptoduction) measured, i n  both the 

"forest" and the "grassland," on 20 August 1985. Ui thout the 

" I  i m i  ting-factor-concept", the HSI was 1.0. 



NEST + 4--GIEISER (40°03'N, 105'09'U) 

This nest w s  one o f  seuera I red- ta i led hawk nests i n  the immediate area, 

presumably constructed by the same pa i r  (Ue i ser, pers . corn. 1. I t w a s  located on 

the edge o f  a f l a t  woodlot, above an i r r i ga t i on  ditch, less than 1 km from 

Bou l der Creek. A large, uncontro I led pro i r i e  dog colony was less than 1 km from 

the nest. The woodlot ms s u r r o u d  by well-managed cow and horse pastures. In  

the horse pasture, p r a i r i e  dogs were control led by shooting and by having thei r  

holes f i  I led in. The nest was about 1.3 km from nest + 8 (White Rocks). The 

neighboring Boulder Creek r ipar ian  zone was managed by removing beavers and 

keeping pmple out. The nest was 14.9 m up a 19.9 m plains cottonrood with a dbh 

o f  0.88 m .  The nest tree elevation o f  about 1550 m placed i t  in f larr 's  (1964) 

Plains Grassland Region. The l i f e  requis i te ualues, calculated by measuring food 

variables i n  the grassland, was 0.97 on 21 August 1985. The HSI PK~+ 0.97. 

NEST 5--103 & 72 <40°06'N, 105%'U) 

This nest UKK located 19.6 m up a 26.9 m t a l l  lodgepole pine, 2725 a above 

sea level i n  an Upper tlontane forest (Flarr, 1964). The ground oms sloped a t  7' 

around the nest. The neares t clear i ng was the intersect ion o f  State Road 72, and 

County k d  103. A small stream flomed beside Route 72. The nest mas 0.2 kin from 

th i s water source. There was much w i dence o f  p i ne squ i rre 1 ( Turn iusc iw9us 

hudsutt icus) act i u i t y  i n  the forest around the nest. The grassy areas 

surrounding the intersection contained sign o f  montane voles. An act ive great 

horned owl rmst eus less thm 1.5 km SE o f  the red-tai led hawk nest. The cbh o f  

the nest tree wcw 0.53 m. The l i f e  requis i te wlues based an food (0.0) and 

reproduction (0.24) were measured i n  both the "forest" and the "grasslcmd" on 28 

Fkrgust 1985. Ignoring the."l i m i  ting-factor-concept," the MI was 0.24. 

NEST * 6--MILD BASIN-85 (40°13'N, 105%3'U> 

This nest was 21.9 m up a 22.9 m t a l l  ponderosu pine rith a dbh of  0.7 m .  The 

a 9rwcnd aracnd the nest was steeply sloping (35'). The nest tree was aproximately 

2550 m above sea level i n  a th in ly  wooded, Upper Montane forest (Ilarr, 1964). 



The va l ley be low the nest conta i ned the meander i nq North S t .  Vra i n Creek w i th ' 

i ts  asmc i ated r i por i an ecosysteas. The nest was aproxi mate l y 0.4 km from the 

nearest body of  water. Flany b i rd  species nested in  the area around the creek. 

Rber t ( Si' iutws ubet* C i) and pine squirrels were common on the slopes around the 

nest. The l i f e  requisite values were calculated by measuring food (0.7) and 

reproduction (0.7) variables i n  bath the "grassland" cmd the "forest" an 28 

August 1985. The %I was 0.7. 

NEST * 7--FWTRON (39'56'N, 105°17'W) 

This nest was l mated east of  the Matron, a rock format i an about 20 10 m above 

sea level. The nest was 15.8 m up a 19.9 m pond.com pine with a dbh of 0.62 m.  

The Mesa Tra i l  runs in the grassy valley east of the nest uthich was located in  

the Lower PIontane Forest tflarr, 1904) adjacent to a 1- talus slope. The nest 

was 0.6 km way from the nearn t water source (the creek mi ng through Shodoaa 

Canyon). There was substantial vole act iu i ty  i n  the grassy areas adjacent to 

tisrberl ire. The HSI of  the area was calculated f m  the 1 i f e  requisite ualues 

fo r  food <0.4), and reproduction <1.0), measwed i n  the "forest" and i n  the 

"grassland" on 19 August 1985. Disregarding the " I  imiting-factor-concept," the 

HSI was 1.0. 

NEST *8--UHITE ROCKS (40W9N, 105008'U) 

This nest was less than 1.5 ka east of nest 4 (Ueiser), 1W5 m above sea 

level, i n  Hwr's (1W) Plains thssland Rcgiotl. Large ponds, periodically r i ch  

with waterfoal, and catt1tgraz.d lmodoars s w  th i s  nest. I t was 24.5 m up 

a 33.1 a plains cottwmrod with a dbh of  1.19 a. The trunk of  the nest tree w s  

less than 8 m froa a bend in Boulder Crrrek.  The nest mas less thon 100 m froin an 

expanding prwir ie dog tom. fin active great homed owl  nest #n I n s  than 1 km S 

of the hawk rwst. An HSI of 0.6 mas calculated by nmrsuring food requisites for 

the "grassland" surrocmding the nest on 22 Auqust 1 M .  

NEST * 9--35th & N I W  (40°06'N, 10S016'U) 

This nest was located i n  a small stand o f  trees near an i r r igat ion ditch, i n  



a l i gh t l y  grazed cow pasture, 2010 m abwe sea level. Since no young were raised 

a t  th is nest, no habitat analysis was conducted. 

NEST * 10--OUREV (40°09'N, 10!j013'U) 

This nest was located i n  a small stand of trees near- an i r r igat ion ditch, 

about 1585 a crbow sea I eve I . Cat t l e and horses grazed the pastures surrounding 

the nest tree. A habitat analysis was not conducted bemuse the nest was 

ahndoned. 

NEST * ?-49th & LEFTHRND (@40°06'N, e105°14'W) 

This nest probably was located i n  a woodlot near Lefthand Creek. The meadows 

around i t  were frequently ouergruzed. The lneodotlr west of  it, along Lefthernd 

Creek ,  had a dense colony of p m i r i e  dogs l i v ing i r t  i t .  I3 habitat analysis was 

not conducted as the nest never was located. 

Food Hab i t s  

Food data were co l l ected from nests 1-8. Pel lets wema co l l ec ted beneath a l l 

nests except nest * 7 (Matron 1. The * 7 nest tree arc8 c l i lsbed to reach the nest. 

About 30 minutes was spent inside the nest removing pel lets and some remains 

from the top layer of  material. The nest was not destroyed u h i  le gathering 

information. The brecrkdom of the pel lets by srcrss group i s  presented i n  Table 3 

and Figure 1. The numbers o f  pel lets collected f m  each nest i s  i l lustrated in 

Figure 2. The number of pel lets collected from each nest varied greatly (2 to 

147). The kinds o f  contents i n  the pel lets are presented i n  Table 4 and Figures 

3-8. Most pmllets containad fur (Fig. 3). Host m t s  had pel lets containing 

feathers i n  fever than 201 of the pel lets collected. A notable exception ms 

nest 8 3 (41st & Oxford) which had feathers i n  6711 of i t s  pel lets (Fig. 4). 

Forty-eight percent of  the pet lets collected contained scales. The scales umu 

not distributed ewnly among the rmts.  Nest 8 2 (BUR) hod scales i n  n## of i t s  

Pel lets, while nest * 7 (ktron) had scales i n  691 of i t s  pel le ts  (Fig. 5) .  

b w  ond teeth remains i n  pel lets also varied. Thirty-six percent of  the pel lets 

ml lected had bone, tooth parts, or fragments. Howwet-, nest * 4 ( k i s e r )  had 



bones or  teeth in 741 o f  i t s  pel le ts  whereas nest * 2 (BUR ) had them i n none 

(Fig. 6) .  The more pel le ts  containing bones or  tooth parts col lected from a 

given nest, the s m l  l e r  the percentage of ident i f ied bones or tooth parts ( f i gs .  

2 and 7 1. Seventy percent 0 f those pe l I e t s  co l I ec ted con ta  i ned more than one 

k ind o f  food item (Fig. 8 ) .  However, nest * 2 's (BW)) pe l le ts  only contained one 

k ind each whi l e  every pel l e t  i n  nest * 1 (Mi  I d  Bc~in-84) contained a t  least two 

kinds o f  contents. 

The resu I t s  o f  the I i terature search for  food hab i t s  o f  red- ta i led hawks are 

l i s ted  i n  Appendix I I t .  Thirty-nine orders, 176 genera, and a t  least 247 species 

have been said to be consumed by red-tai led hawks. I n  the present study, a t  

least 31 species o f  w m a l s  from four orders were ident i f ied by nest remains, 

hair, bone, or  tooth analysis (Tables U and UI ). Eighty-two percent o f  those 

ha i r  samples analyzed were correct ly  re- ident i f ied. Seven o f  the species 

(  usto tot- cut,udensis/ 0c.h tonu pt* itrclap~~ L.ynuays /udocric iunus', (iuur+- 

But-sut8 ius, ETicrcr f us f ot?g icuuJus, fie i f IIt*uJut? Curwgs PO/? C'ut?us, rum ius 

u ~ d t ~ i n u s )  had never been reported to be consumed by red-tailed hawks. Six avian 

species were ident i f ied  from feather analysis (Tables 5 and 6) .  

0 I SCUSS l ON 

Productiui ty 

The numbers o f  pai rs  o f  hawks laying eggs (908, 2 = lo), compared favorably 

with what has been reported in the l i te ra ture  (9#, = 650). Unlike the 

observatiom o f  h i g h a a d  d Craighead (la), Hagoc (19J7), Lu t t i ch  e t  a l .  

(1971), and Seidensticker and -Ids (1971), most (3/4) o f  those red-tai led 

hawk nests near (11.3 ka) great homed om1 nests produced a t  leust 2 young per 

nest. I t  i s  possible thcat the BUR nest fa i led because o f  owl predation on the 

young. 

Seidensticker and Reynolds (1971) 1 isted several reasons why red-tai led hawk 

nests might f a i l  to  produce young. I t  i s  possible, but not probable, that ny 

observations m i g h t  hove influenced nest successes. t?y v i s i t s  d id  not include 



nest tree climbing and were as b r i e f  as.possible. However, other humans could 

have influenced nest fa i lure.  Gunshots were heard i n  the v i c i n i t y  o f  nest * 5 

(103 & 72). A Boy Scout camp was nearby. Fklditiomrlly, the nest was v i s ib le  from 

the road. V is i ts  could have attracted the attentions o f  others who might have 

removed or  k i l l e d  the young. A close investigation f& signs o f  climbing spike 

use on nest * 5 tree proved f ru i t l ess .  Mamcik e t  a l .  (1979) noted that about 

50% of  the nest i ng l osses o f  young red- ta i l ed haarks was due to  food shortages . 

Other natural effects leading to  nest fa i lu re  cannot be discounted. For example, 

nest * 10 was blown out o f  a tree a t  least twice before being abandoned. 

Henny and Wight (1972:245-246) estimated that " .  . .1.79-1.89 young 

Ired-tai led hcwrksl #rst be fledged per breeding-age female to  muintain a stable 

population" south o f  the 42nd pa ra l l e l .  I n  Boulder County, 1.0-1.7 red-tai led 

hmks fledged from those located nests . These mmtm-s seem low. However, a l l 

nests located were analyzed, not a random sampling o f  nests. heraga success 

from hatching to fledging of hawks i n  Boulder County (6011, n = 10) compared 

favorably to that reported i n  the l i terature (64%, g = 123). This study w s  only 

one year long. Too few data were col lected to a l  low def in i t i ve  statements &out 

population trends in Boulder County. 

The lengths o f  the breeding seasons o f  red-tai led hawks i n  Boulder County 

seemed lour (ca . 46 - cu . 83 days ) cowpclred to  the approximately 1 12 days ( m g e  

79-141) reported i n  the l i terature.  I had d i f f i c u l t i e s  assessing the status of 

the nesting rewon frorr the distances that most nests prcsrr obserued. Preuiow 

studies had usad norc interventive techniques (e.g.,  regular nest-tree c l  irrbing) 

card  therefore had col lected more precise data. Houseuer, nest * 3 (41st and 

Oxford) was observed closely. A 46- to  49-day nesting season (incubation to 

fledging) a ~ l s  seen at  th is  nest. T)wrofm, the poss ib i l i t y  exists that those 

numbers reported i n  the l i t e r a t w  are s~cseurhcrt high, or that red-tai led hawks 

0 exh ib i t  remarkable f l e x i b i l i t y  in length o f  breeding seasm. 



Hab i +.at Ana l uses 

The fact thot red-tai led hawks nested in crreas with such variable HSl 's, 

shows that mu hab i ta t  assessment methods m i  ght be a t  fau l t or thcl t the proper 

variables were not measured. Numerous samples over several years, not jus t  a few 

samples on a given day, might have better described the habitats around the 

nests. Also, home range information would have allowed a d d i t i m l  representative 

trcmsects. H o w ,  preliminary generalizations con be made. Red-tailed hawks 

nest high up i n  large trees, f a i r l y  close to water, and sometimes above or near 

a concentrated food source' (e . g . , a p r a i r i e  dog town ) . Height probably serves to 

avoid predators and also to gain a good overvista o f  the surrounding area. (Uhen 

I was in the Matron nest col lect ing pe l l e t s  and remaim, I could see for  miles 

i n  most d i rect ions.)  Water might be required for prey abundance or nest tree 

growth. Nests were only d i rec t l y  above a water source on the plains. Since 

cottonwood trees require water, th is  i s  not unusual. I do not think (as d id  

F i tch and Bare, 1978) that red- ta i  led hawks choose nests above bodies o f  water 

"so that the feces, pel lets, and scraps of food Iarel drop[pedl into the water 

I t 0 1  removed I s i c l  some o f  the cues by which predators m i g h t  f ind  the nest" ( p .  

5 ) .  1 had few problems col lect ing pel l e t s  bemath nests. Nest sani tot ion (as 

Orians and Kuhlmcan, 1956, reported) i s  probably conducted by rerroving uneaten 

prey fram the nesting area. Nesting above or near a concentrated food source 

probably reduces the costs o f  foraging. 

Uhi l e  HSI i s  not& a population predict ing - 1 ,  i t  i s  interesting to sae the 

relat ionship betmen HSI and nesting success. Whgn MI'S 

" l i m i t i ng- fac tor-comept" was i pored, the resu l t s  were' l ess than te l l i ng . f l  

r e la t i ve l y  high I i f e  requis i te value d i d  not guarantee producing yoLEng than 

a loca w l u e  (nest *$, Uhi te  Rocks, produced tw young arith a ualue o f  0.6, 

whwas nest 83, 41st a d  Oxford, probably producsd tw young with a u a l m  of 

1.0). The nest arith the lowest value (nest *5, 103 & 72, ualue = 0.24)  probably 

produced no yamg. These data s h o d  l i t t l e  relat ionship between HSI cmd nesting 



success Q l though the smp I e s i zs i s  tbo sma l l to be pred i c t i ve . 

b y  I tears and Methods 

What a red ta i l  [ s i c ]  or any other Buteo [s ic1 eats i s  largely a matter o f  

what i s  to be had w i thou t too much trouble; what i s consp i cwus enough to 

be readi ly  seen by a hungry bird; what i s  wi th in the b i rd 's  power to 

capture and to handle; or what i s  already available i n  the form o f  a 

carcass beside a higharay, along a lake shore, or  i n  a f i e l d  or  a 

woodlot. The feeding o f  a l l  mid-west Butcos upon rodents, snakes, 

i nuer tebru tes, and Ilrhc7 twer else they a q  recognize as e l  i g i b l e food and 

can readi ly  get c l a m  on, reveals a m f k i n g  to ecological pattern that 

combines, as well as i s  control led by, the elements o f  naturalness and 

necess i ty (Err i ng ton and Breckenr i dge, 1938 : 12 1 ) . 

The prey spec i es i dent i f i ed from each nest urere spec i es expected to  be found 

i n  the v i c i n i t y  o f  each o f  the nests. Bent (1937: 157-158) stated that " .  . . the 

ywng ired-tai led1 hawks are fed largely on [ s i c ]  mice and squirrels.  " 

"Squirrel -s i zed" m o f m ~ ~ l  s s d  to  be present as rema ins urherever they were 

found. Also, chipmunk- and muse-sized mmmls were comuared. 

B i rd  remains were found in pel l e t s  a t  a low, but f a i r l y  consistent rate.  Host 

feathers were not ident i f iab le.  "~f icker-s ized" b i rds e r e  represented from most. 

nests although red-tai led hawks have been k n m  to eat a l  l but the largest 

species. No bird remains wwe fowd i n  nest * l  or *2. This could indicate those 

individuals not hunting b i rds  or i t  n ight  be an a r t i f a c t  o f  the small numbers 

o f  pel le ts  col lected from each o f  those nests. Bent (1937: 137) mted that 

"probably most o f  the small b i rds  crre k i  I led during the nesting season as food 

for the small young." 

Reptiles and amphibians were not identified, but p m b b l y  were preyed Upon 

whenever possible. Hammerson (1982) l i s ted  amphibians and rep t i l es  found i n  



Colorado and where they are found. Amphibians probably l e f t  few identi f iable 

remains : None of  the seal es appeared to be f i sh sca l as. I do not th ink that 

scales i n  pel lets represented individual prey items or individual meals. The 

lurge percentage of  pel lets containing scales was probably caused by the scales 

lying around the nest and either becoming attached to fresh prey items or 

becom i ng attached to the pe I lets of  ter they were regurgi tated. Clnother poss i b l e 

cause for the l urge numbers of pe l lets conta i n i ng scales m i  gh t be that sca l es 

are not regurgitated as easily as fur. This might produce a 'reservoir' o f  

scales i n  a hacrrk's stomach which m i d  be regurgitated along with other items 

(e.g., fur, feathers). Quantitative statements about predation of  r a b t a i  led 

I hawks on rept i les  ond amphibians might be misleading. 

I nver tebrca te rema i ns were not noted or i dent i f i ed . Uhereas red- ta i led hawks 

may opportunistical l y  prey on some invertebrates (e.g., grasshoppers), some 

i nuertebra tes m i  gh t become associated w i th  a pel l e t  af  ter the ha& has 

regurgi tated i t .  The I i s t  of  iwertebrates associated with red-tai led hawks 

should be considered in  l ight  o f  the fact that i t  i s  impossible to determine the 

or ig in  of  many i nuer tebra tes ( the hawk rmcry have eaten the i nver tcbrate d i rec t l y, 

or the invertebrate might have been inside the mouth or stomach of  a vertebrate 

consumed by the M, or p-lwps the i w t e b r a t e  was eating a pel l e t ) .  

I 
Bone and tooth frugments were genemlly of no use in identifying remains. 

Entire j a s ,  when found, prwed extremely helpful.  Errington (1932) was correct 

when he o b s d  but- digest most bones. 

These mi ts i I lustrate the problems associated with quantitative studies of  

the food habits of  red-tai led hawks which re l y  on pel l e t  analysis. Pel l e t  

analysis i s  the least interventive method o f  raptor food study i f  pc l le ts  are 

col lected fo l  lowing fledging or abmcbmmt of  nests. Hmmve, pel l e t  contents 

may not re f lec t  individual meals and feu identi f iable bones are regurqi tated. 

Uual i ta t ive  studies, such as th is  one, must prouide iniomation on food habits 

of  red-tai led hawks. 



Future investigators should be aware of the d i f f i cu l t i es  associated with hair 

analysis. Korschgen (1980:115> said that "atti.tucies and work habits of  the 

i nves t i ga tor have great bear i ng on ach i evemen ts from f ood-I-& i ts 

stud i es. . . . [The investigator 1 must be thorough, pat i ent, crnd persever i ng 

[ s i c ] .  . . " .  Some species' hair  microscopically resembles other species' 

Therefore, some measure of  precision should be reported for hair  analysis. By 

having a good idea of which mammalian species 1 ive i n  an area where pel lets were 

collected, thus producing a subset of  hair  for comparison, considerable time can 

be saved. Red-tailed hawk pel let  analysis would not be a good ma~~ln~rl sampling 

techn i que . 

The following discussions are about those prey species neuer previwsly 

reported to be consumed bq red-tailed hawks. 

Pikas (Ucu tonu pt-inceps) were ident i f ied i n  two nests. Pikas probably utere 

never before reported or a prey item because no prwiow studies hod nests near 

timberline i n  an area h e r e  pikas lived. Pikas are found only in  alpine talus 

slopes. This suggests that hawks were t r a w l l i n g  a considerable distance 

iperhaps as far as 10 km by nest as's hawks) to hunt the pikas. Pika's elabomte 

alarm ca l l ing system wu)d seemingly make them less w l n d l e  to aerial 

predation than some other diurnal satall mammals. 

Although Knight (1902) and L l ~ y d  (1887) reported "prair ie dogs" as part of  

the d ie t  o f  red-tai led hawks i n  Uyocning and Texas, "black-tai led p ra i r ie  dogs" 

(c.yt~~.egs /~ ( r jOc~ i~ i~nu+ ' )  had n e w  before been specif ical ly reported. 

Ful I - g m  prair ie dogs right be too large for a red-tai led hawk to f l y  with, 

but juvenile p ra i r ie  dogs would pose no such problem. Prair ie dogs dispersed 

from their  coteries i n  the summer and were k i l l e d  ( i n  mass) by cars. Red-tai led 

hcnuks cou l d hcwe been scavsng i ng thesa ream i m C they hcwr been k n m  to scawnge 

kfore- - in  1981, a red-tailed hawk was found clecxl rwar a pra i r ie  dog burrow i n  

the BUR p ra i r ie  dog tom poisoned with strychnine--Jones, 1983). Flt least four 

nests were within 1 km of active p ra i r ie  dog toms. Black-tai led p ra i r ie  dog 



remains were found i n  t-hree of +-hose nest-s . C lark c t  a 1 . ( 1982 1 ran a l arqe be 1 t. 

tt-~nsect as plrr L of  a study of ve~tebra  tes assoc i a ted ~lr i th pra i r i e dog co 1 on i es . 

I n areas where b luck- ta i I ed pra i r i e dog ranges over 1 aped IN i th red- +.a i 1 ad hawk 

ranges, they d i J not not i ce red-tu i 1 e l  hawk and black- ta i i prai r i e dog 

nssoc i a t  ions. Ye?, my data  shot!^ that b l i 1 cd pra i r ie dogs are par t  ~f 

red-%a i l ed hawk d i e t s  l~~hen found sympatr i rn l 114 (314 of  nests wh i ch were 

sympatric with p r a i r i e  dogs showed evidence o f  p r a i r i e  dog predation). 

The management imp1 icat-ions of t h i s  are troublesome. Pra i r ie  dogs, considered 

agricult-ural pests, are cant-rot led by puisoning and shooting. Secondary poisons, 

such 12s strychti i tie, have bean used rout  i tie l y . Lead shot can act l i ke a secondary 

poison by u l  timutely or ci;+.ectly k.i l l ing an animal (e.g., a raptor) which 

unsuspec t i ng 1 y eats an an i ma l preu i ous l y shot . Other po i sons {e . g . , phos tox i n 

are indiscriminate k i ! l e r s ,  k i l l i n g  everything l i v i n g  in a p ra i r i e  dog burrow 

( e . g . ,  burrowing owls, snakes, ferrets, badgers). The Boulder County Extension 

Off i ce i ssues phos iox i n ( w  i th the proper E . P . A .  l i cense 3 ,  gas car tr i dges 

!containing sulpher and sodium n i  trate--which also k i l l  everything i n  the 

~ u ~ ~ D u J s ) ,  and strychnine Cs?rychnine has not been so I d  for about t-wo gears since 

the other ma thodr are more e f fec t  i ue ) . Non-secondary , and d i rsc tab 1 e po i sons are 

available, e .y .  zinc phosphide iTiet jen, 13761. The Ci ty  o f  Boulder has used 

zinc phosphide su3:cessfully for  several years and (as of early 1986) was t ry ing 

to have i t  accepted by Boulder County as +.he o f f i c i a l  poison. The only problem 

w i  th  zinc phosphide i s  that i t s  application i s  f a i r . 1 ~  laher intensive. 

Beavers ( &.us f or cm~udens is) ,  an0 ther spec i es never- h.: fore repor ted, were 

only consumed i n  the mountains. Numerous beavers used to 1 ive around the 

I4e i r;ev./Wh i t.e Rocks nests (84 and "8 ) and probab l y were consumed there too. Those 

beavers were trapped and k i l l ed because o f  the i r  destruct ion o f  cot tomuood trees 

along Boulder Creek. Small beavers f a l l  w i th in  the size-range o f  prey o f  

red-tai led hawks. 

Nor them pocket. gophers ( ?%OPUM~S .to ides) had been preo i ous l y reported 



as part of  the ,diet of  red- ta i led hawks but p 1 a i ns pocket g6p-s ( LiePuryr 

butosut* ius) had not. Plains pocket gophers were consumed a t  three of  the plains 

nests i n  th i s  study. A 1 l of  the nests were in  a ~ r  icul tural areas where 

i r r igat ion and cult ivat ion could have forced individual pocket gophers above 

ground, thus increasing their vulnernbi l i ty to predation. Caldwell (1986) 

recent 1 y reported red- ta i 1 ed hawks f 1 y i ng cmmy from tractors p 1 ow i ng f i e 1 ds 

rather than stuying around and hunting. Nevertheless, small mammals, including 

plains pocket gophers, are displaced by plowing and are therefore potential ly 

more vulnerable to hawk. predation. 

Long- ta i l ed uo 1 es ( Elicru Cus /unificuudus) had never k c  p e v  i ous l y 

reported to be consumed by red-ta i I ed W s .  In th is study, reaa ins were 

ident i f ied a t  the Matron nest (*?I.  Armstrong ( 1972:240) noted, "the 

long-tai led vole occurs widely i n  the western United States and adjacent Canada. 

a . . "  and " .  . . i s  the most euryecious of  Coloradan microtines. . . . "  CJne might 

assume that such a w i &-rang i ng species urou l d be consumed by red- ta i I ed hawks 

wherever they were found together . Perhaps s i nce long- ta i led w l es are less 

dependent on gruss runways than other microtines and m y  therefore l i ve  i n  

forested areas (Arms trong, 1972 ), theg are lnore d i  f f icul t to locate and catch 

than other species. 

P l a i ns harvest m i ce ( fie i Chrudut? Cuays sun Cat?us) had never been prev i ous l y 

reported to be  cons^ by red-tai I ed hawks. This nocturhal spec i es occupies 

drier areas on the plains thcm western harvest mice (&ifhruubtucmys 

sei;tu/uCisI ( k t r a n g ,  1972). Plains haruest muse remains were identi f ied a t  

the Uhi te Rodss nest (* 8) .  As the habitats are s in i  lar, they also are probably 

consumed a t  the Ue i ser nest (e 4 ). 

U i n ta chi pmaks ( Tar  iw & f'trus) amre rmm- before repotted to be oaten by 

red-tai led hmks. In this study, Uinta chipmunks vrere conucmed a t  the nest * 5. 

Uinta chipmunks me found in lodgepole pine forests. Since other species of 

ch i pmunks h e  been reported to be c a u d  by red-tai I cd hawks, preu iou. 



stlrdies of  red-tai led Lwks diets probably d id  not occur i n  lodgepole pine 

forests where the hawks' could have captured Uinta chipmunks. 

Future:Studlesd- 
Red-tailed hawks are f a i r l y  common raptors in  Colorado. This prwides an 

oppor tun I ty  to co 1 1 ect cons i derab l e base l i ne data, and to mon i tor the i r progress 

in the future. Future studies should note distr ibut ion and abundance, food 

habits, and breeding ecology. Since the Color& Division of  U i l d l i f e  has l i t t l e  

non-game funding, volunteers could be u t i l i zed  for th is  research. This section 

w i l l  out l ine a potential management plan for red-tailed haudcs in  Colorado. 

A part-time volunteer coordinator f m  the MXI could be appointed. Duties 

w l d  include stimulating interest mong local fktdubon Societies, nature 

assoc i a t  i ons, enu i rotmen ta 1 groups, and un i uers i t y  students . Data am 1 ys i s, and 

writ ing regular reports to those involved i n  the project amuld also be done by 

th is person. 

Changes i n  Christmas b i r d  count data wer time could be compiled by those 

organ i za t ions uh i ch reported the data . The coord i na tor caul d then map the 

resu 1 ts to dew 1 op abundance pat tarns. &ck and Lepth i en ( 1976 ) cau t i omd that 

since f i e l d  ident i f icat ion i s  not always correct, maps, tuhi le not providing 

"exact distr ibut ional l i a i  ts", could be used to depict " w a l  l abundance 

pat terns. " 

The same organizations responsible for the Christmas count data could 

stimulate neaberr to part icipate i n  breeding season counts. These counts would 

provide information on potential nest locations. For exarple, the Boulder County 

Nature Rssociotion has identi f ied a t  least 36 areas in Boulder County uhich may 

have red- ta i l lnawk nests. Has t of these artas were seurched for the hawks and/or 

nests for th is  study. Undoubtedly, w i  th awre people searching, more nests would 

haue been located. Therefore, potential nest a r e a  could be investigated bq 

di l igent  ~aembers of these organizations. Infwmation an location of nests would 

be r r s t r  icted to us few members as possible. Fln emphasis on non- intewent ive 



'a 
methods would be stressed to  a l l  involved i n  th is  stage. 

Once nests are l m t e d ,  several non-in tewent i ve checks could be made to 

determine nesting progress. Approximate fledging dates are easier to co l lec t  

than hatching dates. Fledging dates would be par t icu lar ly  useful since they 

would "define" the nesting season. 

Pel le ts  and other m a  ins cou l d  be co l lac t d  under nests a f te r  the young 

fledged or  the nests were kmwn to  be abandoned. Pel le ts  could be analyzed by 

biology students, with the help of thei r  instructors, a t  universi t ies. The 

m l y s i s  need not be that rigorous. Any information on species consumed would be 

useful.  

There would be a considerable time-log between data col lect ion and analysis 

with th is  many volunteers inuolued. Howeuer, the data mould s t i l l  be collected 

and analyzed. 

With th is  mass o f  data, concrete managemnt plans could be developed. While 

the red-tai led hawk i s  just one predator, other species r e l y  on thei r  prey i terns 

too. Emphasis m i g h t  be placed on el iminat ing the use o f  secondary poisons (e.g., 

used to control p r a i r i e  dogs and coyotes). Falconers might be discouraged from 

remouing eyases from cer ta in areas and encouraged to remoue yaung from other 

areas. Ui th know nuahws o f  young in a nest, Colorado M i  l d l  i f e  k g u i u t i o n  

Chapter 5, Ar t i c le  l l l b  (which specif ied a t  least two y w m  raptors remain i n  a 

nest where one was ram&) might be able to be followed ( I n  th is  study, only 2 

o f  6 productiue nests nt i$t  haw, fledged thres young. I f  these data are 

represent i t iw  for C o l d ,  the col lect ion o f  red-tailed haaks for falcomy 

m i g h t  have to  be seuerely l imited).  The habitats o f  red-tai led haarks and thei r  

prey could be m o n i t o r e d .  This study has demonstrated that, i n  Colorado, 

red-tai led horJss nest in a var iety of habitat tgpes. 

The &to col lected now, urhi l e  the red-tai led hark i s  s t i  l l f a i r l y  coararon, 

mu l d be useful i n the future i f and when i t becomes threatened or endangered. 

Regardless o f  the future o f  the red-tai led hawk, long-term data are infrequently 



co I I ec ted because costs of co 1 1 ec t i nq t.hese data are great . This program would 

maximize the amount of data collected while minimizing the costs. ( O f  course 

once these data were col lected management po l i c ies  should be based on them. 

Presently, annual falconry reports are compiled, f i led,  and l os t ! )  Additionally, 

pub1 i c  interest about r i l d l  i f e  might increase (thereby generating sore non-game 

reuenues > i f the pro j  ec t rece i ued enough favor& l e pub 1 i c i ty . The State o f  

Colorado, and the Division o f  Wi ld l i fe  urould have a l o t  to  gain and l i t t l e  to 

lose by embarking on such a pro ject .  



Figure 1 .  Number of pellets f m  each mass class collected at each of the 

nests. Number of pellets collected is  plotted on the ordinate. Mass classes 

(Table 3) are plotted on the abscissa. 
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Figure 2 .  Number o f  pellets collected from each nest. 
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Figure 3. Percent- o f  pellets from each nest containing f u r .  
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Figure 4 .  Percentage of pe i lets from each of  the nests containing feathers. 
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Figure 5 .  Percentage o f  pe l lets contain i ng scales from each nest. 
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Figure 6 .  Percentage of pellets from each nest containing bones or  teeth 
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Figure 7 .  Percentage of bones extracted from pel lets from each nest, i der?? i f ied 

to  genus and to  species. 
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Figure 8 .  Percentage o f  pel lets containing multiple food item-types from each 

nest . 
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Table 1 .  Summary of nesting chronology productiuity of red-tai led hawk 

nests & Boulder Countq during the 1985 nest i np season. 

NEST <*> l NCUBRT l ON BROOOING 

BUR (2) C ?  Rpri 1-29 fluy 

41st + Oxford (3 )  7 Apri I- 114 Hay- 

49th + Lefthand (?) 

Matron (7) <Q R p ~ i  l- 

Ourey ( 10 ) 20 tlarch + 1 1  +ilS 

103/72 (5)  24 June-1 July 

35th + N i b  (9>7 

Ueiser (4) <8 March < 17 Apri I 

Uhi te  Rocks (8) (9 Apri l- 

W i  I d  Basin (6) (6 June 

FLEDGING NUMBER FLEDGED 

? ' ? 

28June- lJuly  22 

>26 flay 9 

19-27 June l4 

'NO ac t iu i  t y  seen on or around nest a f te r  29 Hay. Nest presumably fa; lad. 

'~es t may have f l edged three. 

'Nest never found. Rdu l t s  seen act i ng t e r r  i tor i a l l y on numews QCCQS i ons and 

two juveniles seen f ly ing  with odul t s  on th is  date. 

4 ~ e s  t m a y  have f l edgd two. 

' ~ e s t  apparently blew out o f  tree twice; rebui I t  f i r s t  tin# but not second. 

Hawks seen in area 27 mil. No new nest found. 

'Fit least one dovry juuenile head seen on 24 June and par t  of ow head seen on 1 

July. No hawks or a c t i v i t y  seen a f te r  1 July; nest pcesusobly fa i led.  

7Nes t constructed I ate February and n M h ;  haukr seen i n area through 5 Rp. i l . 

Flo hawks or nesting a c t i v i t y  seen a f te r  5 April; nest presuinubly abandoned. 
r 



Table 2 .  Habitat analuses for red-tai led hawk nests in Bculder County, 1985. 

L i f e  Requisite Ualues 

NEST * "grassland" " f ores t " Nest Tree Spec i es 

2 0.6 1 - Plains Cottonwood 

3 0 . 1  1.0 Plains Cottonwood 

4 0 .97 - Plains Cottomood 

5 0.0 0.24 Lodgepole Pine 

6 0 .7  0 .7  PondervKa Pine 

7 0 . 4  1 . O  Ponderosa Pine 

8 0 .6  - P l a i ns Cot tonwood 



Table 3. Number qf pel lets from each mass class collected a t  each nest. Pel le t  

musses are in grams. 
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Tab l e 4 .  Con tents o_f red- ta i l ed hawk Re I I e ts co l l ec ted beneath Bou l der County 

nests in 1985. 

NEST Xpel lets "fur nfeathers nscoIes "bones mu1 t iple *identifiable 

c m  ten ts bones 



Tab l e 5. Mamma l i an and au i an spec i es consumed hy red- ta i led hawks i n Bou 1 der 

County, Colorado. Species marked with asterisk had never previously been 
reported to be consumed @ red-tai led hawks. 

ORDER INSECTtW3RA 

Sorex spp. 

ORDER LRGOPWRPW 

Lepus cal ifornicus 

Ocho tona p r  i ncms* 

St~lvi laqus audutbonii* (found only by bones, not ha i r )  

a l v i  laqus nut ta l  i i 

Sulvilanus spp. 

ORDER RODENTIA 

Castor canadens i s - 
Cunomus Iudouicianus* 

G e o r  bursar i US* 

Marmota f l w i v e n t r i s  

Microtus m i c a u d u s *  (found only by bones, not ha i r )  

M i  crotus ochroqaster* (found on1 y by bones, not Mi r 1 

Microtus pemytvanicus 

Onda t ra  z i be th  i cus 

Peromuscur; maniculatus 

Peromuscus spp. 

Re i throdon toaqg mesa l o t i s 

Re i throdon ~ O I U S ~  mon tanus* 
Sciurus -ti 

Sc iurus n i w  

Sc i urus spp. 

Spermphi lus lateral  i s  

Spermophi tus tridecemlineatus --- 
Tamias minimus 

Tam i as umbr i nus* 

Tam i as spp . 
Tamiasciurus hudsonicus 

e Thomomus ta l po i des 

Zapus princeps 



Tuble 5, continued 

ORDER CRRNIUORR 

f le~hi t i s  mephitis 

Procuon l o tor 

B l RDS 

ORDER PlClFORflES 

Co l pates crura tus 

ORDER PFiSSERIFORP(ES 

& m c i  t ta  stel leri 

Pica pica 

Pirangg ludouicima - 
Sturrms u u l m i s  

Turdus migm tor i us 



Table 6. flammalian avian s~ec ies found in  red-tailed h a  pel lets or nest 

remains Boulder County, Colorado. Species with a bold asterisk had never been 

sp_orted previously & consumed hy red-tailed hawks. 

NEST 8 MtlE M I R  BOt#S /TEETH FEATmRS 

1 WILD BflSlN 1984 

Marmota f laviuentr is 

Tamiasciurus hudsonicus 

f l  i cro tus i ccwdus* 

2 BUR 

Cunorarls ludouicanus* 

flicrotus pennsqlvanicus 

41st & OXFORD 

Geomus bursar i us* 

Lepus ca I i forn i cus 

Perolnuscus man i cu I a tus 

Peromuscus spp. 

Sixrcawh i l us tr i deem I i nea tus 

Sului luaus nuttal 1 i i 

Cunows Iudovicanus* 

Sturnus v u l m i s  

4 UE I SER 

Cuncms I udou i canus* 

Microtus pemsyluanicus 

Ondcrtra z i  bethicus 

Re i throdon tw- mecm 1 o t i s 

Sciurus nicm 

Spermoohi lus trideceml ineatus 

5LJlul lagus- spp. 

Geomus bursar ius* 

M i cro tus spp . 
M i cro tus ochroaas ter 

flicrotus pms~ luan i cus  

Ondatra zibethicus 



Peromuscus man i cu l a tus 

Table 6, continued. 

Suluilaaus audubonii* 

Sului lataus nuttal 1 i i 

Sului l a w  spp. 

Pirarma luudviciana 

S turnus vu l qar i s 

Castor canadens i s* 

Harmota f lauiventris 

Microtus pennsuluanicus 

Oco tona pr i nceps* 

Sciurus spp. 

Sorex spp. 

Tamias minimus 

Tamias uarbFinus* 

Tami as spp. 

Tamiasciurus hudsonicus 

M i cro tus spp . 
Thommus up0 i des 

Co 1 a~ tes aura tus 

6 WILD BASIN 198S 

Castor canclrlans i s* 
Mephitis mephitis 

Microtus pwmsyluanicus 

Ocho tona pr  i nceps* 

S c i w  aberti 

Spermo~hi lus lateral i s  

Tmiasciurus hudsonicus 

z!a!s pr-5 
Thorns  ta l DO i des - 

aurutus 

7 m m  
flamota f laviventris 

nicrotus ~ I W M ~ C U S  

Sciwws aberti 

-- talpoldes 
H i cro tus Iw i caudus* 



Table 6, continued. 

Sciurus spp. . 

Syunocitta stel ler i  

Pica pica 

Turdus migratorius 

8 WHITE ROCKS 

Microtus pennsylucmicus 

Peromuscus maniculatus 

Procuon lo tor 

Re i throdon torn* mn tcmus* 

Geows bursar i us* 

Hi cro tus ochrogas ter 

Hicrotus pennsyluanicus 

H i cro tus spp . 
Onda tra z i be th i cans 

Sulvilaqus spp. 

Co l rn tus aura tus 

Sturnus vulmris 
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APPENDIX I 

Pub l i shed data used to calculate averages i n  the text .  (The i nsp i ra t i on  for 

this append i x and some of the categor i es are from flader, 1978). 

Variable 0- Loca t i on Source 

Average te r r  i tory rad i us (km 1 : 1 .7 

1.9 Michigan, Wyoming Craighead and Craighead, 1956 

2.4 Michigan English, 1934 

0.83 Cal i fornia F i tch  e t  a \ . ,  1946 

1.8 Utah Sm i th and Ilwphy, 1973 

Approximate length o f  breeding season ( laying -> fledging) i n  days: 112 

8 1 U tab Hardy, 1939 

118 Flr i zona Mader, 1978 

139 Utah Sini th and Murphy, 1973 

79 Ohio Springer and Kirkley, 1978 

14 1 Cali fornia Uiley, 1975 

Average number o f  pai rs  

90 (212) 

100 (19) 

90 (153) 

56 (66) 

89 (107) 

90 (67) 

81 ( 28 )  

laying eggs I (n): 90 
P l k r t a  

flichigan, Wyoming 

fl#n tana 

A l ber ta 

A l ber ta 

U i scons i n 

Utah 

< 650 

Adumcik e t  a l . ,  1979 

Cra i ghead and Cra i ghead, 1956 

Johnson, 1975 

Lutt ich e t  a1 . , 1971 

klnuai l e  and Keith, 1974 

O r i a m  and Kuhlman, 1956 

Smi th and tlurphy, 1973 

Ruerage c \u tch  size (2 ) :  2.5 (797) 

2.18 (191) Alberta Adcracik e t  a l . ,  1979 

2.0 (8) Cat i fornia F i tch  e t  a l . ,  1946 

1.9 (33) Kansas Freemyer, 1966 

2.79 (476 ) USA, Canada Henry and Uight, 1972 

1.9 (30) A I bet- ta  Lu t t i ch  e t  al . ,  1971 

2.89 (19) Utah Sm i th and Pkrrphy, 1973 

flverage incubation period in days: 32 

32 Alberta Rdamik e t  a l . ,  1974 

30 BritishCoIuatbia Beebe, 1974 

28 North Rmr i ca? Bent, 1937 

35 Utah Hardy, 1939 

35 Flr i zona noder, 1978 

30 Utah Sm i th  and Murphy, 1973 



Average brood size (n3: 2.1 (213) 

2.09 t191) Rlberta 

1.9 (22) New York 

Adamcik e t  at, 1979 

Hagar, 1957 

Rverage success from hatching to fledging (n ) : 84 C 123 ) 

76 (29) flichigan, U p i n g  Craighead and Craighead, 1956 

59 (27) Cal i fornia F i  tch e t  a l  . , 1946 

07 (123 Utah Plat t ,  1971 

58.9 (553 Utah Smith and Murphy, 1973 

Stomachs empty R tn  empty/n examined): 22 (36 I /  1630) 

24 (16/68) Iowa Bailey, 1918 

16 (89 /562 USR Fisher, 1893 

0 t O / l >  A l abama Howel I, 1924 

44 (23/92 ) Permsy l van i a Langenbcrch , 1938 

0 (0/13 Arkansas Lano, 1926 

100 (1/13 Arkansas Lano, 1927 

34 ( 16 1 + Permsy I uan i a Luttringer, 1935 

106 more that were "un f i t "  for analysis/468) 

5 (1/203 m i n e  tlenda l I, 1944 

27 (28/102> Ohio Pearson, 1933 

20 ( l /S> Connect i cut Sage e t  al  ., 1913 

0 (0/7) Flor ida Stoddard, 1931 

38 (12/32) Pennsyluania Sutton, 1928 

9 (29/311) Pemsyluania Uarren, 1890 



WPEND I X I I 

Defini t ions of the Habitat Sui tab1 i ty  Index variables for  the red-t.ai led hawk 

model (USUS, 1981: 6-17>. Uwiables U1, U2, and Ug are measured for  grassy 

cover types. Uaribles Uq, and Ug are measured fo r  forested cover types. 

U1: Percent herbaceous canopy cover [the percent o f  the ground surface that i s  
shaded by a ver t i ca l  project ion o f  ol I non-woody vegetation (grasses, forbs, 
sedges, etc. ) I  

U2: Percent of herbaceous vegetation that is  8 to 46 cm (3 to  18 in) t a l l  (se l f  
exp l ona tory) 

U3: Number- o f  trees ! 25 cm (10 in> dbh per 0.4 ha (1.0 ac) (self  explanatory) 

U4 : Percent tree campg closure ( the percent o f  the ground surface that i s  
shaded by a uer t ica l  project ion of the canopies o f  all  trees) 

Us: timber o f  trees 2 50 cm (20 i n>  dbh per 0.4 ha < t .Q QC) (sel f explcmatory) 



APPENDIX I11 
L i s t  o f  a l l  animals (sc ien t i f i c  and commn names) at t r ibuted to the d ie t  of 
red-tai led hawks iButeo jamaicensis). 

Scient i f ic  N m  Common Name Source 

ORDER INSECTIUMR 
F. Soricidae 

Blarina spp. 

Blarina brevicauda 

Blarina c a r o l i n e n s i ~  

Cruptotis spp. 
C r w t o t i s  m a  

Sorex spp. 

Sorex c i nereus 

F. Tcrlpidae 
Scaloous spp. 
Sea 1 o w  aqua t i cus 

Scapanus latimanus 

nor them *or t- ta i 1 ed 
shrecl, 

southern short- ta  i l ed 
shrew 

1 e ~ s  t shrew 

masked shrea 

eastern mole 

broad- footed mo 1 e 

ORDER CHIROPTERA 
F. Uesperti l ionidae 

L a s i ~ b o r e a l i s  r e d b a t  

ORDER LFlGOPlDRPWI 
F. Ochotonidae 

Ochotona primem pika 
F. Lepor idm 

m~ SPP . 

L e ~ m c a l i f o r n i c u s  black-tailed jack. 
rabbi t 

Errington 1933 
Err i ng ton and Breckenr i dge 
1938 
Latham 1950 
Be I yea 1976 
Cra i ghead and Cra i ghead 1956 
Fisher 1893 
Orians and K u h l m  1956 
Springer and Kirkley 1978 
Sutton 1928 
Fisher 1843 
F i tch and Bare 1978 
L a t h  1950 
F i s k  1893 
F i tch and Bare 1978 
Blwnstein t h i s  study 
E r r  i ng ton 1 933 
Fisher 1893 
L a t h  1950 
Schnutz e t a l . 1980 
Adamcik e t  a l .  1979 
Mclnuai 1 l a  and Keith 1974 

Latham 1950 
Be l yea 1976 
Fisher 1893 
F i tch and Bare 1978 
Harperstrom and Hamerstrom 
1951 
Springer and Kirkley 1978 
F i tch  e t  a l .  1946 

F i t &  e t  a l .  1946 

Blurstein th i s  study 

Craiqhead and Craighead 1956 
Lloyd 1887 
Adancik e t  a l .  1979 
Craighaad and Craighead 19J6 
Lut t i ch  e t  a l .  1970 
Mclnvai l l e  and Keith 1474 
Mendcrll 1944 
Orians 19J5 
B lmste in  th is  study 
Bryant 1918 



Fisher 1893 
F i  tch e t  a l .  1946 
Hardy 1939 
Hader 1978 
Sm i t h  and Murphy 1973 

Lepus townsend i i h i  te-tai led jack Se i dens t i cker 197U 
rabbi t 

S u l v i l a ~ u s  spp. 
Blumstein th is  study 
Bohm 1978 
Cameron 1907 
Dixon 1906 
Engl ish 1934 
Err i ng t on 1933 
Fisher 1893 
Hardy 1939 
Lam 1926 
Latham 1950 
Lloyd 1887 
H c h  l l 1949 
Oraim 1955 
Smith and Murphy 1973 , 

Sqlui lacus auduboni i desert cottontai l Bluarstein th is  study 
Fisher 1893 
Fi tch  e t  a l .  1946 
l'luder 1978 
Seidensticker 1970 

Suluilaaus bachmani brush rabbi t  Bond 1947 
b#at  1918 
Surnner 1929 

Sului laaus f I w i d a n w  eastern cottontai l Be1 yea 1976 
F i tch and Bare 1978 
G a t a  1972 
Wll e t  a l .  1978 
Orians and Kuhlman 1956 
Petersen 1979 
Phe l an cmd Robertson 1978 
Springer and Kirkley 1978 

Sulvi l a w s  nut ta l  l i i N u t t a l l ' s  cottontai l Blumstein th is  study 
Fisher 1893 
Janes 1984 
Seidensticker 1970 

OROER RODEPfTlFI 
F. Sciuridae 

fiinmosmmoohi lus ha r r i s i  i Harris' antelope Made 1978 
squ i r r e  l 

f h o s ~ e r m o h i  IUS leucurus h i  te-tai led Smith and tlurphy 1973 
antelope squirrel  

!am- SPP. p r a i r i e  dogs Knight 1902 
Lloyd 1887 

Cqn-5 ludwicicrmcs black-tailed p r a i r i e  dog Bluastein th is  study 
G l a u ~ ~ s a b r i n u s  northern f l y i ng  Rdautcik e t  a l .  1979 

squ i r r e  l Lut t i ch  a t  a l .  1970 
Mclnuai I l e  and Keith 1974 

Harhota spp. Latham 1950 
hrmota f laviventris ye1 I'm-be1 l ied marmot Blumstein th i s  study 

C r a i  @mad and C r a  i ghead 1956 
Harmota m a x  woodchuck Bohnr 1978 



\ 

Sciurus spp 

Sciurus aberti Abert's squirrel 

Sciurus arizonensis Arizona gray squirrel 
Sciurus carolinensis gruy squirrel 

Sciurusdaualasii Dougias'.squirraI 
Sc i urus gr i seus western gray squirrel 
Sc i urus n i g ~  fox squirrel 

S c m m p h i  lus armatus Uinta grwnd squirrel 
- Spermohi luq beecheui Cal i f om ia  ground 

SQU i rre  l 
SO- beldirai Belding's ground 

squirrel 
- Sperraophilusr columbiowo Columbian ground 

squ i r r e  1 
%emorhi tus frank1 i n i i  Franklin's ground 

squ i rrs I 

S~armoph i 1 us l aterw l i s go I den-man! I ed 
ground squirrel 

Spermophilus richardsonii Richardson's 
gr& squirrel 

Craighead and Craighead 1956 
Hoger 1957 
M t e e  1935 
McDoctre l l 1949 
Sprinqer and Kirkley 1978 
Blumstein th is study 
Bohm 1978 
Craighead and Craighead t956 
Err i ng ton 1 933 
Hamerstroar and Hamerstrom 
195 1 
Latharn 1950 
Lu t tr i nger 1935 
flcfcDorrre l l 1949 
Pel l e t t  1912 
Sutton 1928 
Blunstein th is  study 
Fisher 1893 
Hall 1981 
Fisher 1893 
Fisher 1893 
Orians and Kuhlmn 1956 
Phe l on and FWmrtson 1978 
Mi l le r  1820 
F i  tch e t  al . 1946 
Belyea 1976 
Bluastein th is study 
Bohm 1978 
Craighead and Craighead 1- 
Engl ish 1934 
Fi t& and 8am 1978 
Gates 1972 
Hawrstrosr ond Hamerstran 
1% 1 
Oriam and KuhImcn, 1956 
Spr inger  and Kirkley 1978 
Dixon 1906 
English 1934 
Houston 1975 
Knight 1902 
M t e e  1935 
Tcwerner 1934 
Cm i g h d  and Cra i ghead t956 
Bond 1947 
F i  tch e t  01. 1946 
Jctnes 1984 

Mi l le r  1931 
t h r o  1929 
FIdaacik e t  a l .  1979 
Criddle 1817 
Errington 1933 
Fisher 1893 
Lutt ich e t  a l .  1970 
Hc l nua i l l e and Ke i th 1974 
Blurstein !his study 
Fisher 1893 
Janes 1984 
Mamcik et  a l .  1979 
Criddle 1917 



Lutt ich e t  a l .  1970 
Mclnvai I le  and Keith 1974 
Schmutz e t  a l .  1980 
.Se i dens t i cker 1970 

Sarmooh i I us tere t i ccwduz round- te i l ed Mader 1978 
ground squirrel 

Spermophi lus townsendii Tomend's ground Jams 1984 --- 
squirrel Sm i th and k r p h y  1973 

Sperrnooh i l us tr i decem 1 i nea tus thirteen- l i ned 6e l yea 1976 
ground squirrel Bluarstsin th is study 

B o h  1978 
Criddle 1917 
Errington 1933 
Fisher 1893 
Gates 1972 
HolRerstrom and Homers tram 
1951 
Lut t ich e t  a l .  1970 
Oriam and Kuhlman 1956 
Pel l e t t  1912 
Springer and Kirkley 1978 

Spermophilus variegatus rock squirrel ----- Fisher 1893 
Tamias spp. - Bennett Qnd Rudersdorf 1980 

Blmstein th is study 
Bohn, 1978 
Erringtan 1933 
L a t h  1990 
Luttringer 1935 
McDouell 1949 
Sutton 1928 

Tamias m e r r i a m i  llewiara's chipmunk F i  tch e t  a l .  1946 
Tamias minims least chipmunk Blmstein th is study 

C r a i g k d  d Cmiqhcod 1956 
Lut t ich e t  0 1 .  1970 
Smith and Murphy 1973 

Tamias str iatus eastern ch i pnrunk Fisher 1893 
Hcammtron cind Humerstran 
1% 1 
HorPell e t  a l .  1978 
Springer and Kirkley 1978 

Tamias guadrivi ttatus Colorado c f ~ i p ~ n k  Fisher 1893 
Tomias uark-imcs Uinta chiplsLadc Blulrstein th is  study 
Tamiasciurus hdsonicus red squirrel fWomcik at  a l .  1979 

Blumstein th is study 
B o b  1978 
Craighead and Craigheod 1956 
Engl ish 1934 
Fisher 1893 
Lut t ich e t  a l .  1970 
Luttringer 1935 
tldkmel l 1949 
k l w i l l e  and Keith 1974 
FCandrrll 1944 
Seidansticker 1970 
Springer and Kirkley 1978 
Sutton 1928 
Wade 1883 
Warren 1890 



Geomy i dae 
-s_ SPP. 

Geormrs bursarius plains pocket gopher 
Thomomus spp. 

Thomomus bottae 00 t to ' s pocket gopher 

Thomomus talpoides nothern pocket gopher 

F . He teromy i dae 
Dipodomys_ heermanni H e e r m ' s  kan~plrm 

r a t  
Oipodmw ordi i Ord ' s kangaroo r a t  
Peroana thus spp . 
Permathus bai leui Bai ley's pocket mouse 

F. Castoridae 
Castor camdens i s beaver 

F. Cricetidae 
C I e t h r i m -  spp. 
Clrthrionouyg gamwi  southern rebbacked 

vole 

n i cro tus spp . 

Microtus cal i forn icus Cal i forn ia vole 

nicrotus lmicaudus I q - t a i l e d  vole 
flicrotus montanus montane vole 
Microtus o c h m s t e r  p r a i r i e  vole 

Hicrotus pemsylvanicus meadow w l e  

Err i ng ton and Breckenr i dge 
1938 
Blumstein th i s  study 
Fisher 1893 
Houston 1975 
Pla t t  1971 
Bond 1947 
Bryant 1918 
Fi tch e t  a l .  1946 
Mader 1978 
Smith and llwphy 1973 
Sumner 1929 
M m c i k  e t  a t .  1979 
Blumstein th i s  study 
Crwighead and Cra i ghead 1956 
Jams 1984 
Lut t ich e t  a l .  1970 
k l m r a i  I le  and Keith 1974 
Munro 1929 
Seidensticker 1970 

F i  tch e t  a l  . 1948 

Fisher 1893 
Fi tch  e t  a l .  1946 
h d m  1978 

Blumstein th is  study 

Lathum 1- 
A h i k  e t  a t .  1979 
Lut t ich  e t  a l .  1970 
Hclnvai I le  and Keith 1974 
Sutton 1928 
Bart 1977 
Enql ish 1934 
Errington 1933 
Gates 1972 
L a t h  1950 
M i l l e r  1931 
Orians and Kuhlacm 1- 
P l a t t  1971 
Seidensticker 1970 
SmithcandFkrrphy 1973 
w 1- 
Springer and Kirk ley 1978 
Warrm 1890 
Bond 1947 
F i  tch e t  a l  . 1046 
suw\.r 1929 
Blmste in  th i s  study 
J a m  1984 
Blumstein this study 
F i tch and Bare 1978 
AdaRlcik e t  a l .  1979 
BakerandBrooks 1981 
Bel yea 1976 
Blunstein th i s  study 



Bohm 1978 
Craighead and Craighead 1956 
Dixon 1906 
Fisher 1893 
Hamers trom and Hamers trom 
195 1 
Lu t t i ch  e t  a l .  1970 
M&tee 1935 
Nc 1 nva i 1 l e and Ke i t.h 1974 
nmdcrl I 1944 
flunro 1929 
Phe Ian cmd Robertson 1978 
Sutton 1928 

Microtus pinetorwin woodland vole Fisher 1893 
Hmers trom and Hamers trom 
195 1 

Neotom spp. woodra ts  tlcfltee 1935 
Neotoma albiaula uh i te- throa ted woodrat Maw 1978 
Neotoma cinerea bushy- ta i 1 ed woodra t C r a  i ghead and C r a  i ghead 1956 
Neo toma f l or i dana eastern modrat F i tch and Bare 1978 
Neotocaa fusciws dusky-footed uroo&.at Fi  tch e t  a l  . 1946 
Neotoncl mexicana Hex i can woodrat Fisher 1893 
Onda t ra  z i be th i cus muskrat Rdaacik e t  a l .  1979 

Belym 1976 
Blunstein th i s  study 
Crai ghead and Cra i ghead 1956 
Fi tchandBare 1978 
Gates 1972 
Lut t ich  e t  a l .  1970 
mcfltee 193s 
t lc lnuai l le and Keith 1974 
Pe tersen 1979 
Phelan und Robertson 1978 
Seidensticker 1970 

Onwhcimus torr idus southern grasshopper tlade!r 1978 
muse 

P ! k H ! Y S ! 2 &  sPP. Blumstein th is  study 
Craigheud and Craighead 1956 
Errington 1933 
Springer and Kir&Iey 1978 

Pcrom~~scus boq I i i brush w e  F i  tch e t  a l .  1946 
P e r o m  leucwrur white-footed mouse Fit& and &rre 1978 
Pemmuscus ooniculatus daer muse Wmcik e t  a t .  1979 

Blurtstein th i s  study 
Fisher 1893 
F i tch  and Bare 1978 
Janes 1984 
Lut t ich  a t  a ) .  1QM 
Mclnuai l l e  and Keith 1974 
Seidensticker 19M 
Suith and tlwphy 1973 
Sunner 1929 

Permuscus t ruei pi& nouse F i  teh e t  a l .  1946 
Re i throdm t ow- spp . Errington and Breckenridge 

1938 
Re i throdontonry~ hunr i I i s  eerttem harvest muse F i sher 1893 
Rei throdontoaqls- mew\ot is  western hcwwest mouse B l w t e i n  t h i s  study 

F i  tch and Bare 1978 
F i  tch e t  0 1 .  1946 

Rei t h r o d o n t q  mont- plains haruest mouse B l m s t r i n  th i s  s t w  



Siqmdon spp. cotton ra ts  
Siamodonhis~idus h i sp i dco t t on ra t  

SI inan tows cooper i southern bog 1 emm i ng 
F. Mur idae 

Mu2 muscu l us house mouse 

Rat tus norwq i cus Norway r a t  

Rattus rattus black r a t  
F. Zapodidae 

Zapus hudsoni us meadow j urnp ing muse 

-US P ~ W S  western jumping mouse 

F. Erethizontidae 
Ere th i zon dorsa turn porcup i ne 

ORMR (=ARNIUOFIA 
F. Canidae 

Canis latrans 
UuilE vulQsz 

F. Procyonidae 
Procwn lotor 

F. b t e l  idem 
Mephitis mephitis --- 

l'luste 1 a spp 

flus te l a frena ta 

colpte 
red fox 

raccoon 

McAtee 1935 
Fisher 1893 
F i tch and Bare 1978 
Fisher 1893 

E r r  i ng ton 1933 
Errington and Breckenridge 
1938 
Fisher 1893 
Fi tch and Bare 1978 
M t e e  1935 
Bond 1947 
Craighead and Craighead 1956 
Err i ng ton 1933 
Fisher 1893 
Gates 1972 
Lantz 1909 
Luttringer 1935 
Petersen 1979 
Springer and Kirkley 1978 
Sutton 1928 
flcfltee 1935 

FUmcik e t  a l .  1979 
Belyea 1976 
Bohm 1978 
Fisher 1893 
Fi tch and Bare 1978 
Lut t ich e t  a l .  1970 
Hc lwa i l l e  and Keith 1974 
Orians and Kuhlman 1936 
Bluarstein th is study 
Seidcrrsticker 1970 

Fisher 1883 
Mcfltee 1935 

Fi tch e t  at.. 1946 
McDOcPell 1949 

Blumstein th is study 
Cra i ghead and Cro i ghead 1958 
Luttringer 1935 
tkbmel l  1949 

striped skunk Adcrcik e t  a l .  1979 
Blumstein th is study 
Fisher 1893 
Lut t ich e t  a l .  1970 
Craighead andcraighead 1956 
English 1934 
Errington 1933 

ermine Wcmcik e t  a l .  1979 
Lut t ich e t  a t .  1970 
Mclnvai l l e  and Keith 1974 

long-tailed wasel Hcnaers troa and thrwstrom 
19s1 
Lut t ich e t  a l .  1970 



Mc l nva i l l e and Ke i th  1974 
Muqtelq n iva l  iz  least uease l Adamcik e t  a l  1979 

Lut t i ch  e t  a l .  1970 
Mclnvai l l e  and K+j:  th 1974 

Mustela uison b l ack-foo ted fe r re t  Err i ng ton and Breckent : ',a 
1938 

F. Felidae 
Fel i s  rufus bobcat F i tch  e t  a t .  1946 

ORDER PERRISODFICTYLFI 
F. Equidae 

Emus caba I I us horse F i t ch  e t  a1 1946 

ORDER FlRTlODACTYLA 
F. Suidae 

Sus spp. pigs 

F. Bovidae 
Bos taurus COUJ 

Ouis ar ies sheep 

Errington and Breckenridge 
1938 

O r  i ans and Kuh Iman 1956 
Warren 1890 

F i  tch e t  a l .  1946 
Barney 1959 
F i  tch e t  a1 . 1946 

8 I ROS 

OROER ~ICIPEDIFORFIES 
Podice~s grisennena red-necl.ed grebe fldamcik e t  a l .  1979 

Mc 1 n v ~  i I l e Qnd Ke i th 1974 

ORDER CICOflllFORHES 
Butorides viresceris green heron Belyea 1976 
tjyc t i corax 5 s  t i corax b 1 ack-crowned n i yh t heron Ba i l ey 19 18 

ORDER ANSERIFORMES 
Anas spp. 
Ancls acuta 

Armrj americana 

carolinensis 

Anas cluoeata 

% d i scors 

h a s  ~ l a t l # h y d W S  

%as stramam 

a f f i n i s  

Ruthua amer i cana 

flytth co I l ar i s 

Buceohala albeola 

ducks 
northern p in ta i  1 

Alner  i can widgeon 

green-winged teal 

northern shoveler 

blue-winged teal 

ml lard 

scJdaKII I 

lesser scaup 

redhead 

ring-necked duck 

buff 1 ehead 

Seidensticker 1970 
Adclsrcik e t  a l .  1979 
k l n u a i  I l e  and Keith 
Fisher 1893 
kkmcik  e t  a l .  1979 
Mclnvai I Ie  and Keith 
Adclarcik e t  a l .  1979 
Hclnuai I l e  and Keith 
Fldamcik e t  a l .  1979 
klnucli l l e  and Keith 
AdaRcik et  a t .  19'19 
liclnuai I l e  and Keith 
Adamcik et  a l .  1Q7Q 
Bohm 1978 
Mclnuai I l e  and Keith 
Adancik at  a l .  1979 
k l n v a i  I l e  and Keith 
Adancik e t  a l .  1979 
k l n u a i l l e  and Keith 
Adaarcik e t  a l .  1979 
Mclnuai I l e  and Keith 
FldaRlcik e t  a l .  1979 
Mclmrai I l e  and Keith 
AdQRICik e t  a l .  1979 
Hclnvai I l e  and Keith 



ORDER FALCON I FORHES 
&ci pter  cooper i Cooper's hawk 

Bu teo j ma i cens i s red- ta i l ed hawk 
Butso l ineatus red-shou hotldc 
Circus cuaneus northern harr i er 
Falco  erew win us peregrine falcon 
Fa l co sparuer i us Rmerican kestrel 

ORDER GALLIFOWS 
Filectoris waeca rock partridge 
Bonasa umbel lus ru f fed  grouse 

C a I I i ~ e p I a  cal i fornicus quail 
C a l l i m l a  gambelii Gambel's quail 
C a l l i p d a  swamta  scaled quail 

Centrocercus ~gphas i amis sage gKKtse 

Col inus spp. bobPfhi t e  
CoI inus virqinamrs northern bobarhi te  

Gal l~.q spp. domestic chicken 

Perdix perdix gray partridge 

Adamcik e t  a l .  1979 
Lut t ich  e t  a l .  1970 
tlclnuai l l e  and Keith 1974 
Peyton 1945 
Coff in  1906 
Burtch 1927 
Lut t ich  e t  a l .  1970 
Beebe 1960 
Adamcik e t  a l .  1979 
Lut t ich  e t  a l .  1970 
Mclnuui l l e  and Keith 1974 

Janes 1g84 
f idacik  e t  a l .  1979 
Bohm 1978 
Fisher 1893 
Lut t ich  e t  a l .  1970 
McAtee 1935 
HcDowe l l 1949 
Mclnvail le and Keith 1974 
Seidansticker 1970 
Fi tch  e t  a l .  1946 
Fisher 1893 
Lloyd 1887 
kfitee 1935 
Craighead clnd Craighead 
1956 
Seidensticker 1970 
kRtee  1935 
Errington and Bredtenridge 
1 938 
Fisher 1893 
Springer and Kirkley 1978 
Adc#cik s t  a l .  1979 
hi ley 1918 
Err i ng ton 1933 
Gates 1972 
Lano 1927 
Lathaa lQSO 
Lut t ich  e t  a l .  1970 
Luttr inger 1933 
McFltee 1935 
Hclnvai l l e  and Keith 1974 
Mndall 1944 
Orians and Kuhlron 1956 
Pel l e t t  1912 
Petevren 1979 
Seidcnsticker 1970 
Sutton 1928 
W 1883 
W a r m  1890 
Wood 1869 
Adamcik e t  a l .  1979 
Beebe 1974 
Engl ish 1934 
Errington and Breckenridge 
1 938 



Gates 1972 
Lut t ich e t  a l  . 1970 
HcAtee 1935 
Hclnvai I le  and Keith 1974 

d 

Se i dens t i cker 1970 
Phasianus colchicus ring-necked pheasant Belyea 1976 

Er-r i ng ton and Breckenr i dge 
1938 
Gates 1972 
Lathaa, 1950 
~ l l  1949 
O r  i ans and Kuhltrtcan 1956 
Pe tersen 1979 
Springer and Kirkley 1978 

~yganuchus spp. p ra i r i e  chicken IIcFltee 1935 
xmpanuchus phasianellus sharp-tailed grow@ Adaarcik e t  a i .  1979 

Lut t i ch  e t  1 1 .  1970 
M t e e  1935 
k l w a i  1 l e  and Keith 1974 

ORDER GRUIFORMES 
Ful ica americana Rmerican coot 

Gal I inula chloroous common moorhen 
Porzum carolina SOTQ 

Ral lus e lwarn  king r a i l  
Rallus l imicola Uirgina r a i  l 

ORDER CMORIIFORFIES 
Catoptrophorus semipalmatus w i  l l e t  
Charadrius uociferus k i l l dee r  

Larus pipixcan Frankl in 's g u l l  
Phal-- t r i co lo r  Uilson's phalarope 

Adamcik e t  a l .  1979 
Boha 1978 
Hubbard 1947 
Lut t i ch  e t  a l .  1970 
Mclnvai I l e  and Keith 1974 
Page and Uh i tacre 1975 
Err  i ngton 1933 
Adaacik e t  a l .  1979 
Han#rstrtnn and Hanerstrom 
195 1 
Fisher 1-3 
Bohnr 1978 

Page and Uh i tacre 1975 
Mamcik e t  a l .  1979 
k l n v a i  I l e  and Keith 1974 
Lut t i ch  e t  a!. 1970 
Se i dens t i cker 1970 

OROER C(#UMBIFmS 
Colucnba fasciata band-tai led pigeon Beebe 1934 
Coluaba l i v i a  rock dove Adaftcik e t  a l .  1979 

t l c lnwi  l le and Keith 1974 
Orians and Kuhlnwn 1956 
Springer and Kirkley 1978 

Zenaida rro~rovu, lraming dow Errington and Brrdtenridge 
1 938 
Fisher 1893 
Gates 1972 
Springer and Kirkley 1978 

ORDER CUCUL I FORPIES 
Geococcyx cal i fomionus greater rocldrunner Fi tch  e t  a l .  19-40 

ORDER STRIGIFORES 
shor t-eared w l Cra i ghecld and Cra i ghead 

1956 
spp. screech owl Finley 1905 



NcRtee 1935 
Otus asio eastern screech owl Fisher 1893 

Fi tch e t  u l .  1946 

ORDER CRPRIHIILGIFORtlES 
Chordeiles minor common n i gh thaafk Lutt ich e t  a l .  1970 

MlDER CORACIIFORHES 
Cerule alcuon belted kingfisher Snyder 1926 

ORDER PlClFORtlES 
&yndesmus lewi s Lewis' woadpecker F i  tch e t  a l .  1946 
'&M& SPP. f l i ckers English 1934 

Hamerstrom and Hamerijtrom 
195 1 

Co l up tes aum tus northern f I icker Wmcik e t  a l .  1979 
Blwnstein th is study 
Gates 1972 
Lut t ich e t  a l .  1970 
Hclnvai l l e  cmd Keith 1974 
Oriom and K u h l m  1956 

Cola~tes cafer red-shafted f I  icker Crwighead and Craigheud 
1 956 
Fitch e t  a l .  1946 
Se i dcns t i cker 1970 

tie l cmerpes eruthroceoha l us red-headed woodpecker F i sher 1893 
he la^^ fwmiciuorus acorn wmdpecker Fi tch e t  a l  . 1946 
Picoidesvi l losus hairywodpecker Adaaeik e t  a l .  1979 

Betyea 1976 
klwi I Ie and Keith 1974 

Sph~traoicus uurius ye1 low-bellied sapsucker Advmcik e t  a t .  1979 
Lu t t i che t  a l .  1970 
flclnvai I Ie and Keith 1974 

MeIaius phoeniceus red-winged blackbird Belyea 1976 
Bdm 1978 
Gates 1972 
tbwstm d Hc#nerstrom 
195 1 
Lutt ich e t  a l .  1970 
Oriam and K u h l l ~ a n  1978 
Springer and Kirkley 1978 

~ ~ g r a s ~ s p a r r o t l f  Fisher 1893 
I I scrub j cay Fi  tch e t  a l .  1946 

e d i x  northern cardinal Sprinpa and Kirkley 1978 
Carduel i s  t r i s t i s  fhericm goldfinch Lut t ich e t  a l .  1970 

Springat- and Kirkley 1978 
mp~ckms arcxicatwq house f i  nch Bond 

Fi tch a t  a l .  1946 
Cathams gut tatus hers i t thrush Sutton 1928 
Chondes tes arolnmacus l ark sparroar F i  tch e t  a t .  1946 
Gwws 9pp. crows mi ley 1918 

Bohs 1978 
D i d d l e  1917 
M t e e  1935 
HcLhxuel l 1949 

Coruus bachurhunchos h e r  ican crow Bcrzlleqrass 1945 
Beiyea 1976 
Craighecrd and Craighead 



1956 
Fisher 1893 
Gates 1372 
Hogan 1983 
Lut t ich  s t  a l .  1970 
Orians and Kuhlman 1956 
Se i dens t i cker 1970 
St i nson 1g80 

cyanoci t t a  c r i s ta ta  blue jay rxrtes 1972 
Haarerstrom and Hamerstrom 
1951 
Lut t ich  e t  a l .  1970 

C_yanoci t t a  s te l  I e r i  Stel l e r ' s  jay Blulastein th is  study 
Dendro i ca spp . warb l er Lu t t i ch  e t  a t .  1970 
Dendroica petechia yellow uarbler Adamcik e t  a l .  1979 

Mclnuail le and Keith 1974 
Dumetctlacarolinensis graycatb i rd  Gates 1972 
Eremophi la  a lpes t r is  horned lark Janes 1984 

Smith and Murphy 1973 
Euohaaus cuanoceohalus Brewer's black-bird Craighead and Craighead 

1956 
Lut t ich  e t  a l .  1970 
Se i dens t i cker 1970 

lcterus s ~ u r i u s  orchard o r io le  Fisher 1893 
Junco huemalis dark-eyed junco Fisher 1893 
flelosoiza melodia song sparrow Err  i r q  ton and Breckenr i dge 

1938 
Fisher 1893 
Springer and Kirkley 1978 
Sutton 1928 

flo l o thrus spp . cowb i rds Lut t ich e t  a l .  19M 
No l othrus & brown-h& cowbird Or ians and Kuhlman 19% 
Passer domesticus house sparrow Gates 1972 
Perisoreus canadensis gray jay Adamcik e t  a l .  1979 

Lut t ich  e t  a l .  1970 
Hclnvai I l e  and Keith 1974 

Pheucticus ludovicianus rose-breasted grosbeak Lut t ich  e t  a l .  1970 
Pica pica black-bi I led magpie AdCHICik e t  a l  . 1979 

Blumstein th is  study 
Janes 1984 
Lut t ich  et a l .  1970 
Mclnuai I l e  and Keith 1974 
Soidensticker 1970 

Pio i Io  ewthroohthallaus rufous-sided towhee Bond 1947 
F i  tch e t  a l .  1946 

Pipi lo  fuscus -- - brown towhee F i tch  e t  a l .  1946 
P i ranqg I udw i c i arm western tanager Blumstein th is  study 

Soidensticker 1070 
Poocoetus gram i neus -per spawow Criddle 1917 

Fisher 1893 
~ i s c a l u s  guiscula cormron grackle Fisher 1893 

Gates 1972 
Spr inger and Kirk ley 1978 

S e i w  ccurocaoillus ovenbird Lut t i ch  e t  a / .  1970 
Sia l i a  cwrucoides mountain bluebird Jones 1984 

SlithandMurphy 1973 
Sia l i a  nrexicana western bluebird F i  tch e t  a l  . 1946 
Sia i i a  s i a l i s  eastern b l ueb i rd F i sher 1893 
Spi te l la  arborea American tree sparrow Fisher 1893 



Sturnel l a  spp. 

S t m e  I l a  m a q m  eastern meadour lark 
S turne l l a ma l ec ta western meadow lark 

Sturnus u u l w i s  European star1 ing 

Troa I odf I tes trqg l o a t =  winter men 
Turannus twannus eastern k ingb i rd 
T y m s  vert ical i s  western kingbird -- 
~ u r & s  spp. rob ins 
Turdus d r a t o r i u s  FbDerican robin 

Z m t r i c h i a  spp. 

t3llFliIBIANS Am) REPTILES 

ORDER CAUOFlTA 

fbnbustoma spp. 

Cameron 1907 
McAtee 1935 
Ora i ns and Kuhl man 1956 
Warren 1890 
Fisher 1893 
F i  tch e t  a l  . 1946 
Janes 1984 
Se i dens t i cker 1970 
k h c i k  e t  41. 1979 
Belyea 1976 
Blumstein th is  study 
Engl ish 1934 
Lut t ich e t  a l .  1970 
Mclnuaille and Keith 1974 
Orians and Kuhlman 1956 
Se i dens t i cker 1970 
Snith and hwphy 1973 
Springer and Kirkley 1978 
Sutton 1928 
Seidemtidter 1970 
F i t& e t  a l .  1946 
Saith and Murphy 1973 
M t e e  1935 
Adcrarcik e t  a l .  1979 
Blumstein th is  study 
Craigheod and Cra i ghead 
1956 
Fisher 1893 
Lut t ich e t  a l .  1970 
k l n w r i  1 le  and Keith 1974 
Se i denst i ckw 1970 
F i  tch e t  a l  . 1946 

LathaQ 19SO 
tkfltee 1 9 s  
k b l  I 1949 
Errington and Breckenridge 
1938 

ORDER SALIENTIFI 

&tfo spp. toads 

B fou  amaricanus harim toad 

Rufo coqnatus great plains toad 
Rana spp. 

R m  clamitans green fraq 

Blurrstein th is study 
Erc-ington 1933 
Latham 1950 
kAtee 1939 
k b l  l 1949 
M I  l 1944 
rn 1883 
Errington and Breckenridge 
1 938 
F i tch and Bare 1978 
Be1y.a 1976 
Hoaerstroh and Hanrerrtm 
1951 
Lutt ich e t  a l .  1970 
Lutt ich e t  a l .  1970 
Orians and K u h l m  1956 
Springer and Kirkley 1978 
Errington and 8reckenridge 



ORDER TESTUD I NES SlcAtee 1935 

ORDER SAURIA McAtee 1935 
Pla t t  1971 

Cnemidopharus sexlineatus s ix- I  ined F i tch and Bare 1978 
racerunner 

Cnemidophorus tesselatus Colorado checkered F i tch  e t  a l .  1946 
whiptai I 

Crotanhutuq c o l l a r i s  collared l i zard  Sm i th  and Hurphy 1973 
Eumecesgilberti G i l be r t ' ssk ink -  F i t &  e t  0 1 .  1946 

F i tch and Bare 1978 
Gerrhonotus coeruleu? northern a l l i g a t o r  Bond 1947 

l i zard 
Gerrhono tus mu l t i car i na tus southern a l l i ga tor  F i tch e t a I .  1946 

I i zard 
@hi saurus a t  tenuatus slender glass l i zard F i tch and Bare 1978 
Phrunosoma spp. horned l i zards Mader 1978 
Sceloporus mauister desert spiny l i za rd  Hader 1978 
Sceloporus occidentalis western fence l i zard  F i t ch  e t  a l .  1946 
Q& stamburiana side-blotched I izard F i  tch e t  a l .  1946 

ORDER SERPENTES 

&k i s trodon contor tr i x copperheud 
Co l uber cons tr i c tor racer 

Crotalus spp. rat t l esnakes 

Crotalus horridus timber rattlesnake 
Crotalus mlosrus b lack ta i l  ratt lesnake 
Crotalus v i r i d i s  western rattlesnake 
Diadoohis punctatus ringmds snake 
E l a ~ h e  obsoleta rat snake 
Heterodm spp. hogm~e snake 

Lcrmorooeltis spp. 
Lamprope I t i s  ae t u  I us common k i ngsnake -- 
Larawom1 t i s  trioncrulm milk snake 
Nasticoph& lateral  i s  s t r iped racer 
Mastic- taeniatus s t r ia ted  whipsnake 
Nerodia si- northern saater snake 
Pituocihis spp. 

P i tuo* i 5 cu ten i fer  pac i f i c gopher snake 

Luttr inger 1935 
HcD- 1 1  1949 
Uarren 1890 
Uood 1869 
F i  tch and Bum 1978 
Fi tch  and Bare 1978 
kmerstrolr and tkmerstrom 
1% 1 
Janes 1984 
HcAtee 1935 
Stinson 1980 
Cameron 1907 
Jemm 1926 
flader 1978 
Fi  tch and h 1978 
Johnson 1964 
F i  tch e t  a l .  1946 
F i t ch  and Bare 1978 
Fi tchandBare 1978 
Errington and Bredenridge 
1938 
M t e e  1935 
F i tch and Bare 1978 
Fi tch  e t  a l .  1946 
English 1934 
Dixon 1906 
Sa i th and fkrpkj 1973 
Fi tch  and Bore 1978 
Dixon 1- 
Errington 1933 
Err i ngton and Breckenr i dge 
1938 
Jensen 1926 
McRt-ee I935 
Bond 1947 
Fi tch  e t  a l .  1946 



Rhinocheilus lecontei hognose snake 
Thumnoohis spp. 

Thanmophis s i r t a i i s  coanrion garter snake 

ORDER CYPRINIFCUWES 
Ca ta tows spp . 
Qprinus carpio 

ORDER S I LUR I FORP#S 

CLASS RRACHNI~ 
0. firaneae 

F. FIrochnids 
0. Scorpionidae 

CLASS I NSECT I3 

Ckrrdy 1939 
F i tch and Bare 1978 
Jones 1984 
Hader 1978 
Stinson 1980 
Smi th and flurphy 1973 
Fitch e t  a l .  1946 
Craighead and Craighead 1956 
E r r  i nq ton 1933 
Err i ng ton and Breckenr i dge 
1938 
F i  tch e t  a l .  1946 
L a t h  1950 
Mdltee 1935 
Hendal l 1944 
Seidensticker 1970 
Springer clnd Kirkley 1978 
Belyea 1935 
F i tch and Bare 1978 
Sutton 1928 

FISH 

chum salmon 

suckers 
comnon carp 

l NUERTEBFlATES 

sp i ders 

scorpions 

centipedes 

CLASS CRLISTRCEFI 
F. Astacidae crayf ish 

Finleg 190J 
Seidenrtickcac 1970 
Seidensticker 1970 

FlcFItee 1935 
Pearson 1933 
Fi  tch e t  a1 . 1946 
Fi tch e t  a l .  1946 

Fitch e t  a l .  1946 
M t e e  1935 

F i  tch and Bare 1978 
Gates 1972 
PtcRtee 1935 
tlcootwel I 1949 
Pecr?;on 1933 

Bai leg, 1918 
F i  tch and Bare 1978 
Lathaa 1950 
Luttringcrr 1935 
FIcDowl l 1949 
Hendcll l 1944 
Pearson 1933 
Uarren 1890 



0. Co l eop tera 

F . Bupres t i dae 
Acmaeodera spp. 
Bupres t i d spp . 
Polycesta spp. 
F .  Byrrhidae 
Amph i cur ta spp . 
F. Carabidae 
Firnara SPP. 
Calosoma spp. 

Carabid spp. 

beet l es F i tch and Bare 1978 
Gates 1972 
Lu t tr i nger 1935 

F i tch  e t  a l .  1946 
Fi tch e t  a l .  1946 
F i tch  a t  a l .  1946 

Fi  tch e t  a l .  1946 

F i tch  e t  a l .  1946 
Errington and Breckenridge 
1938 
F i  tch e t  a l  . 1946 

F. Chrysontel idae 
Leqtinotarsa decemlineata Colop.coo potato beetle NcAtee 1908 
Odona ta spp . F i  tch e t  a l  . 1946 
F. Elateridae 
Elater id spp. F i  tch e t  a l .  1946 

Sutton 1928 
F. Hydrophilinae 
Hudrous spp. F i  tch e t  a l  . 1946 
F. Scarubaeidae 
Phobe tus coma tus F i t &  e t  a l .  1946 
Scarabeid spp. F i  tch e t  a1 . 1946 
Serica spp. F i  tch e t  a l  . 1946 
S i  lrha spp. F i  tch e t  a l  . 1946 
F. Tenebrionidae 
Coniontis spp. F i  tch e t  a l  . 1946 
Eleodes spp. F i  tch e t  a l  . 1946 
N,yc tooor i s spp . F i t ch  e t  a \ .  1946 
Tenebrionid spp. F i  tch e t  a l .  1W 

0. Oiptera f l ies 
F. Cal i fornidae 
Luc i l i a  spp. 
F. Cuterebridae 
Cuterebra spp. 

0. Hecniptera 
F. Belostomatidae 
Belostomatid spp. 
F.  Corixidae 
Corixid spp. 

0 .  H p m ~ p t e r a  
F. Fwmicidae 
F. Uespidae 
Uespu l a spp. 

F i  tch e t  a l  . 1946 

F i  tch e t  al: 1946 

Fi t& e t  a!.  1946 

F i  tch e t  a l .  1946 

ants F i tch  e t  a l .  1Q46 

home t s  F i tch  e t  a l .  1946 

mths and but ter f  l ies F i  tch e t  a l  . 1946 
M c f l  tee 1935 

c r  i cket-a and grasshoppers Sutt-on 1928 
F i  tch e t  a l .  1946 
Howl I 1924 



Luttringer 1935 
McAtee 1935 
knda  l l 1944 
Sutton 1928 

Helanovlus spp. grasshoppers Errinqton and Breckenridge 
1938 

F. Decticidae cr i cke ts 
Anabrus Ionqipes tlunro 1929 
F. Ciryl l idue 
Grlt i  lus spp. field crickets Errington and Brrckenridge 

1938 
F. Stenopelmutidae 
S tenope 1 ma tus fuscus Jerusalem cr i cke t F i tch e t a l . 1946 - 

CLASS NEMATOOA Lu t tr i nger 1935 


