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t The Influence of Mammals ·and Bird!! in Retarding Artificial and .Jif' 
Natural Reseeding of Coniferous Forests in the United States 

Clarence F. Smith and Shaler E. Aldous' \ C( t.\-'1 • 4¥1 

method oheforestation (1, 2, 8, 10, 16, 25,9; t46'• FORESTERS have long been searching for 
an economical method of re-establishing 
trees on deforested lands. Three methods 

have been used, namely; the.planting of nursery· 
raised stock and natural seedlings, direct seeding, 
ancl the encouragement of natural reproductiori. 
To date the planting program has been given the 
most attention but the other h..-o methods are 
older and considerable hope for their sath1factory 
use is always being expressed, Chief among the 
factors-that have pushed reproduction by seeding 
into the hackgrnuud is Lhe depredatim1 of see1l-

• eating rodents and birds. 
This does not mean, however, that animals. are. 

the chief factors in preventing reforcstatiou. 
Among the1 many olhcr important factors are: 
a\'ailability of seed source, soil type and condi­
tion, prevalence of destructive imiect~ and dis• 
eases, moisture supply, temperature, slope, and 
many 1)thers. So it should not be inferred that 
iE rodent and bird pressures could be remoyed 
reforestation would alway·s be successful. The 
role of mammals and birds in aiding reforesta­
tion is not discussed in this paper. Although 
actual consumption of coniferous s~eds implies 
i!estruction. it must he recalled that in the proc· 
ess of feeding, mannnals through caching, and 
birds by transportation and dropping of seeds 
may function as seed distributors. 

The first known effort at direct seeding on a 
national forest in the United States was in 1901 
{JI) on the San Bernardino National Fores,t, 
California. Th-is aud seve'ral other trials (12, 38) 
failed due to a combination of factors, one of 
which was the activity of seed-eating animals. 
Periodic, attempts at direct seeding were con­
tinued with little or no -Success through about 
1912 (61 20, 27, 39, 59, 62). In the early twen­
ties an interest was again shown in this work 
(30, 41, 42, 50), but si:ill one of the main obsta­
cles to success was the animal factor. During the 
late thirtic:. anrl up until Ll1e present ti.me, a re· 
nrwml intcrc;;l has agaiu hc('n extended lo Ll1is 

'Clarence .r'. Smitl1. fon1mrly hiologist of U. 5. fi~h 
and Wi!rlli!e Service Control Methods Research. Sta• 
tfoned at Mt. Shasta, Cam. Shaler E, Aldous, biologist 
with U. 5. FiSh and Wildlife Service, Public Lands 
Wildlife R~search Section. St. Paul, Minn. 

32, 33, 34, 35, 36, 37, 40, 45, 46, 47, 48, 49, f ,., 
58; 61, 63). ,,JlfF' 

It has been during thls latter period that the 
authors and other workers in the Fish and Wild• 
life Service have been making extensive investi• 3 ft, 't 
gations of the relation -of animals to the ·forest. 
Reproduction by seed and the animal pre&&Ul'e 
thereon has received considerable attention, It 
is the purp0se of this paper to point out the 
degree and type of pressure r.xertr.cl by birds 
and mammals !HI fores[ SC(,iJH, lho ln\c spcdcs 
affected, and to describe methods of reducing or 
diminating- thcse losses. 

MANY ANIMAL AND Bum SEED EATERS 

A large number of different mammals and 
birds feed on the seeds of coniferous trees, both 
when supplied naturally and when provided by 
planting procedures. From the literature and 
the aulhnrs' studies, a total of 44 mammals and 
37 birds have been -found to eat coniferous se~ds 
(Table 1). This list could be materially length~ 
ened if the data from unpublished stomach anal­
yses in the files of the Fish and Wildlife Service 
were assembled. Vap Dersal (64) lists the ani­
mals that feed on all species of conifers in the 
United· States_, hut from his descriptions it is im­
possible to separate seed eaters from vegetative 
foeders. 

Although the list of seed eaters is long, only 
a few species are of significance -in forest regen­
eration. The tree squirrels, chipmunks, white• 
footed mice, and a few species of seed-eati,;ig 
fringillid birds are responsible for the greater 
part of all trouble caused b}· mammal!< and birds 
in regenerating forests by seeding. Habitat is­
the governing factor which determines which 
species of animal might he present to consume, 
the seeds, 

Tree squirrel.'\ ( Sciurus} are not commonly 
found vcry for rnnn trees with Lhe rr:.'lult that 
their dcprcdnli(>IIS arc uo:-unHy on 1l1r: com~~ or 
on thr: sr.(•rl drnppir1;; from Ll1r:m. On dr:nudcd 
areas that are being artificially reseeded, these 
squirrels ,are of minor importance except around 
the tree-fringed borders. On the other hand, they 
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Birds 
../41ue grouse 

Sierra grouse 
Ruffed grouse 
Ilcibwhite 
c;1dlfornia itmdl 
flt1.nd•t11lled pigeon 
Eastern mourning dove 
✓Red•sha£ted flicker-
..,(,,wis woodpecker 

Canada jay 
,.,Iih,e jay 
"5te1ler's jay 
vCro.w 
c-Clark's nutcta'.cker 
...:Wlt1lt!t wten 
, .. lbtbln 

Engli~h spurrow 
Southern meadowlark 
Red.wing blackhird 
Rusty blackbird 
Brewer', blackbird 
Bl«ckbil:'ds 
Cowbird 
Bronzed grackle 
t11ue groabeak 

i-i'::~t!ttlng 11rt1ebeak 
C11\lfornl1 purple lind1 

.,Pine grosbeak 
.,Redpoll 
~oldfindt 
.,.Red crossbill 

Towhee 
..-Slate-colored junco 

Caroliua junc" 
Oregon junco 
Red-backed junco 

... Chipping sparrow 
Song sparrow 

Mammals 
Cinereous shrew 
Trowhridite shrew 
Wandering shrew 
Baird's dusky shrew 
Yaquina shrew 
Gibbs shrew-mole 
Columbia ground ~quirr('! 
Rock squitl:'el 
California ground ~quirrd 
Ffoher ground squirrel 
White-tailed antelope squirrd 
Mantled ground sqnirrd 

...-Western chipmunk 

.. £aol('rn c:hipmnnk 
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Hltl f,IAM111AU IHIC/Wf, 1'1'1 MT 1'1tV, RP:lltl~ 
(A~h THY. Hl'tttOntTY 11r,n:ttv.1'1r.r,}t 

Dendragapus o&scurus 
Dendragapu3 fu[igirlosus sierrae 
Bontisa umbell_us 
Coli~U3 Vlrilfo_iahll.f 
Lojjharltie cttli/tlritU:/t 
Colu.ml1ia Jwmata 
Ze11.t1.idura mncroura carolinerui-3 
Colaptes ca/er collari.~ 
Asyndesmu.,; lewis 
Perisoreu.s canade11.,i.• 
Cyanocitta cTU/rara 
Cyanocitta stelieri 
Corous bracl,yrhynclws 
Nudfra,;a. cdlimihidm, 
N ahhU4 "hl~,n,tl/t 
T1ml1M mlgmlorlrt.i 
!'1:1Mer dmne,,iir.11:r 
Stumellcz mag11a arg1,i1dn 
Agelaiu~ phoem'.reu.• 
EuphagU!l carofinus 
Euphagus cyarwcephalus 
No species named 
Molot/irus aler 
QUikidus qui3ca/us ileneus 
Guii'ric/1 Clti!r/1.li.m 
fft~;;erlph11rlil. ~a4µert/n4 
C4rp1nlrtcu~ purpureu~ call/om/r.,.3 
Pinicola ernicieator 
Acan.thi.s linaria 
Spinus tTUilis 
Lox.ia curvirostm 
Pipilo macnlatu:; 
Junco hyema/is l,yemalis 
Junco hyemali.i conneclens 
Junco ofrgamis 
Junco phoeo11,ow.s dorsnlis 
Spizella passerina 
Melaspiza melodi1t 

Sorex cinerel/,.1 
Sore,:. Trowbridgii: 
Sorex vagrans 
Sorex obscurus bairdi 
SoreX :f"aqµinae 
Neuro,'r.richus gibbsii 
Citellus beecheyi 
Citellu.s -Variegatus 
Citellus beecheyi 
Citellus bcecheyi fishen· 
Citellus leucurus 
Citellus lareralis 
Cite(lus lateralis an:zonensis 
Citellii.s lateralis chrp'r,deirU!l 
Eutamia.s minimtts 
Eutamias minimus jaclrsoni 
Eutamia., amoenus 
Eutamia.s qutldriviW:ztus 
Eutamins quadrivittat"s $pecios11s 
Euta.mias cinueicollis 
Eutamias townsendii 
Eutamia.s quadrimaculatu.~ 
Eutamias sp . 
T ainW.s striatus stri.a.tus 
Tamia.s stn'atus gri,;eus 
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are probahly lhe heavi<i~t consumers n! mmifor• 
ous seeds under natural conditions. Heavy cut• 
ling of sugar pine cones ( even before they are 
mature) by the California gray squirrel was re· 
ported by Berry (6) and Jotter (27). As much 
as 70 to 75 percent of the seed crop was reported 
taken by these squirrels, and as rrtahy as 702 
t1011der1:1ea pine cones were founct under one tree, 

VORACIOUS RODENTS ARE HEAVY 

SEED CONSUMER& 

The appetite for pine seeds by squirrels was 
shown by Hatt (J.8) when he reported one pair 
of captive red .squirrels ate the seeds from 422 
cones of eastern white pine in one week's time; 
Motlanhauer (35) found red 11quirrel11 dipped 
from 50 to 100 percent nf thr, c:onr,•hearing limbs 
of the table mountain pine. It was the opinion 
of Pulling (41) that red squirrels took all the 
white pine seed produced during a poor year in 
one area in New York State. An examination of 
three red squirrel atotttachl'! frottt a jack pine 
tl11~h Elrea iu M lunesota showed that they had 
consUJlled l,178 jack pine seeds or an average 
of 392 seeds per squirrel. In this latter case, 
the squirrels were collected at the edge of the 
cutting area. None was observed in the main 
body of the clearing. Tl1is localization was fur­
ther illustrated ·by Smith (53°) when he wrote, 
'·The greatest rodent damage occurred on the 
fully-timbered area where red squirrels invaded 

the quadre.t~ ~eVl"'rnl t!mee. 11ti1tr~hlng for ungermi­
nated seeds." 

Ground squirrels ( CiteUus) are not commonly 
pests on sites requiring reforestation. These ani­
mals occur only in the wesforn states in open 
types 0£ habitat where reforestation is not likely 
to be practiced; However, these an!ms:ls e.'re 
known to retard forest regeneration at timti!I, as 
Tinsley {58) reported the Columbian ground 
squirrel in fdaho to have consumed practically 
all the seeds {pondersosa and western white· 
pine) sown. 

One associated quite closely with the forest is 
the mantled squirrel. Throughout the ponderosa 
pine be11:i this groitp is common and bt!lltived ttl 

be Utt irnportant ponderosa pine seed cotu1umcr 
by Wahlenhcrg (60) anrl Taylor and Gorsuch 
(57). 

Chipmunks plav an important role in prevent• 
ing the reseeding of foresl1s. The western chlp­
muhk (EUtamias) haS been a greater fnctor in 
this flll'ipl!IJt than the eastertt fortn (T11ml<u), 
Mo11t 11eedh1g atudle! have been made 1n the West 
and in the Lake States where t.he western form is 
much more abundant. In the Lake States, both 
chipmunks occupy the same range., but-Eutamias 
is found more in the logged or burned areas and 
is much more numerous over the whole area. 

In northern Minnesota, chipmunks were found 
to be pronounced pine seed destroyers. The ex• 
amination of stomachs from 88 chipmunks col-

TABu; I-{Continued) 

Common name 

Red squirrel 

Scientific name 

Tamiasciuru.s hudsonicu.s 
Tamia.sciurus hudsonicu.s baileyi 
TamiasciuruS hudsonicU,J loqurv: 
Tamiasciurus hudsoni,ws ventoru= 
Tamiasciurus hudsonic:us iichardsoni 
Trimiasciurus douglasii 

Reference 

5.9,15,26,29,41,43,49,53,56 
41,43,49,S3,56,l8 

65 
21 

36, 54 
36,.)2 

17 
19 -~ 

·,; .,. (lfe,;tern gray squirrel 
~ i: flying squirrel 

{,: Pocket ll!Ouse 

Tamiasciurus douglasii albolimbatus 
Tamiasciurus /remonti fremonti 
Sciurus griseus 
Glaucamys sabrinus latipes 
Perognathu.s fasciatw; 

36. 52 
3 

Text 
51 
52 langai:oo rat 

'l'liile•footed inouse 

'l"oodrat 
lttd•backe,1 mouse 
JINdow mouse 
&ure mouse 

Perognathw: parvus mollipilasus 
Dipadom_rs heermanni 
Peromyscus maniculatn.s 
Pcromyscus ma11iculatus gra.cilis 
Peromyscus leucopus noveboraccnsis 
Peromyscu.s sp. 
Neotoma fuscipes 
Clethrionomys gapperi 
Microtus' monlanus 
Mus musculus· 

·" Tr:it 
53 

55, 62 
14 

Text 

" 53 

'Ibis list does not include spedes eating Juniper and Taxis, and includes references only from published 
atkles and findings fnnn the author's field work. 
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lcded ln .n jack tiine slush im:a rcven\ecl that 72 
percent contained the remains.of jack pine seeds. 
They averaged 31 seeds per stomach, hut one 
chipmunk had eaten 796 and another had 204 
in its stomac~ and 168 in its cheek pouches. The 
88 animals had disposed· of a total of 2,749 jack 
pine seeds. Although chipmunks fot111.ed. only 
39.5 percent of the rodent population, they con· 
sumed 61 percent of the jack pine seeds removed 
·by rodents on this area. 

Co,!!.ili.!:9.US-Seed.J:ksmieti-on--b~bipmnnk« has 
been rep6rted by Dearborn (12) ft!!m the BlacJ, 
Hills, Tinsley (58) in the Northern Rocky Moun­
tains, Korstian and Baker (30) in the intermoun• 
tain region of Utah, Taylor and Gl?rsuch (57) 
in the Southwest, WH\is (62) and Moore (36) 
in the Pacific Northwest, L. Smith (53) for the 
New England area, and Horn, in an unpublished 
(1932) report from California. 

Mice as a group, because of their wide hahitat 
and geographic di1,trilrnlion, am perhaps thP. 
greatest animal factor ln retarding forest rcgc11• 
eration by seeds. A -great many of the authors 
reviewed, mentioned mice as one of the chief 
offenders. 

White.-footed mice {Peromyscus) have been 
found by the authors to be the most widely dis­
tributed and the most influential specie,,;' in their 
studies. Where other authors have specified spe­
cies, the white-footed i.;roup arc usually men­
tioned. Accordi.ng to Silver (50), white-foote<! 
mice damaged from 10 to 90 percent of the seed 
spots -on a planting pr.ogram in the Ocala Na' 
tional Forest, Florida, Willis (62) attributed 98 
percent failure of seed spots of Douglas-fir on the 
Colum"bia National Forest lo the work of mice, 
and cage tests shpwed that a mouse could con­
sume 300 seeds of this species daily. In the Lake 
States white-footed mice were found to be second 
only to chipmunks in numbers and in the con­
sumption of jack pine seeds. The examination of 
30 stomachs revealed that 70· percent had eaten 
jack pine seeds and the whole lot averaged 19 
seeds per stomach. The greatest number eaten 
by a single animal was 156. 

Other mice known t0 feed on coniferous seeds 
are red-backed mice ( Clethrionmys) 1 meadow 
mice (Microtus), jumping mice (Zapus), pocket 
mice (Pe.rognat.lms), and house mice (Mus mus­
:culusf 

The red-hacked mice are perhaps the most 
characteristic forest species, but their food pre­
ferences run more to succulent vegetation than to 

scerls. A{tr.r a logg!ug 11pct't1Han whlire most ol 
the timber is cut, these mice are rapidly replaced 
by the white-footed species. That they can be a 
minor factor in seed consumption, however, is 
shown by the analysis of 59. stomachs of mice 
trapped on a jack pine slash area-, Only 14 per· I)': 
cent nf them had eaten jack pine seed,_ the great• • ,; 
est number per individual being 25, and the ~~ 
aYerage .6. ~"!'. 

BIRDS·ALSO TAt<:!;; MOCH SEED 

Birds are more of an jnfluence in seed con­
sumption than is generally believed. Many 
workers have referred to seed destruction by 
birds and rodenU! but few have specified wblch 
birds are involved, As early as 1916, Tourney 
(59) listed mourning doves, iedpoll, Canada jay, 
blue jay, English sparrow, robin; blackbird, . 
finch, junco, and blue grosbeak as forest seed •• 
eater:s. In the longlr.a[ pine area nf Mii;sisRippi, 
Uu-rlcigh [ R) found heavy pinsumplion of sr:eds 
hy mourning doves, l,obwhitcs, nworfow larks, 
Brewer's rusly, and rccl.-winged !Jla,;kbirds, and 
cowbirds. He found that damage by these birds 
was most severe during years of heavy seed pro­
duction and relatively light during scanty seed 
years. the explanation being that the seed crop 
when abundant attracted and held larger bird 
populations. Pearson (39) and Krauch in a 1937 
report for the southwest named the junco as a 
causr~ o[ failure of seeding nxpcrinirmls. 

In the northwest, Moore (36) found Douglas­
fir seeds attractive to winter wrens, purple 
finches, song sparrows, towhees, and juncos. 

Four juncos, eight chipping sparrows, eight 
goldfinches. and one Brewer's blackbird were col­
lected on a jack pine slash area in northern Min­
nesota. Of these 21 birds only three (chipping 
sparrows) had failed to feed on jack pine seeds. 
Most of these birds were present in fair-sized 
flocks, which could have been responsible for 
the consumption of a large part of the seed crop. 

It is rather surprising to find such insectivor­
ous mammals as shrews consuming cimiferous 
seeds, but Moore (37) states, "They play a defi­
nite and deleterious µart in natural reforesta­
tion." He lists five species of shrews that were, 
found to eat Douglas-fir· seeds. Jack pine seeds' 
were found in the stomach of one long-tailed 
shrew in Minnr.sola. 

Many workers have deµ!orcrl serious /1\8SC>" ol 
seed hy rodents and birds without sp(>cifyiug the f 
identity of the animals concerned: In fact, the· ~,. 
writers have found it impossible to attribute 
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CRl!fIDUA FOR GOLDEN EAGLE, FERRUGINOUS HA WK, 
AND PRAIRIE FALCON NEST SITE PROTECTION" 

by I 
Gleilll W. Suter, Il~ 
Environmental Sciences Division 
Oak[Ridge National Laboratory 
OakjRidge, Tenne&see 37830 
andi 
Jan ~- Joness .. 
Biol(lgy Department 
Uni~emty of Virginia 
Cba,ilottesville, Virginia 22903 

Ahsttact 
~lishment of buffer zones around raptor nest sites has become an important man­

agem~t tool in areas undergoing energy development or increasing recreational pres-­
sure. 1We conducted a survey of field researchers who had distributed Golden Eagle, 
Fenuginous Hawk, and Prairie Falcon during their research, Bases for and limitations of 
the'~ of buffer zones to protect nesting rap tors are discussed. 

j 

introduction 
En4rgy development and other human activities can diminish raptor populations by 

alteriJ;lg habit:at and by disturbing nesting activities. Disturbance of nesting raptors can 
result/in complete desertion of nests, eggs, or young. Temporary departure by adults can 
cause \overheating, chilling, or desiccation of eggs or young, predation on eggs or young, 
or nilised feedings. Three studies of the Golden- Eagle (Aqufla chrysaetos) found that 46, 
71, ~d 85 percent of nesting failures were due ta human disturbance (Boeker and Ray 
1971,lCa.menzind 1969, D'Ostilio 1954). The effects of such disturbance range from loss 
of a y~·s reproduction to long-term loss of t;he nest site if the disturbance is chronic. 
RaptOf researchers found that by disturbing birds they can jeopardize the reproductive 
actm;Y being studied (Fyfe and 01endorff 1976). 

Cotjcem over disturbance has resulted in the establishment of spatial or temporal buf­
:e:'S ~ction of activity within an area or period of time) between some energy devel­
.;..gm ,)ts 3Dd' raptor nest sites. Geothelmal development proposals for sites· in Utah and 
~~ in recommendations for buffers by federal agencies (ERDA 1977, Fisher 
~ ~ 1977:). Buffer zones were established to protect raptor .nest sites along the 
~ pipeline (Olendorff.and Zeedyk 1978). and were recommended for the pro­
-~N..-, lem ie-gas pipeline. Gacobson 1974). These recommendations were based pri­
• • .iE--'S!e experience of the individuals involved because of the absence of a body of 

~ ~ of the birds to these disturbances or any consensus of the raptor 
• ~ _ ·roncerning control of disturbance. This study summarizes and ex­

°.lliiSES ]n!" such decisions relative to the Golden Eagle, Ferruginous Hawk 
~ ra:t:ie Falcon (Falco mexicanus.). 
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Table 2. Recommended Buffer Zones for Golden Eagle, Fermginous Hawk, or Prairie Falcon Nest Sites. 

Distal;tce Species Development type Restriction Source 
1 km /0.6 mile~Golden Eagle Geothe'rmal drilling No drilling ERDA 1977 

Prairie Falcon 

' Ferruginous Hawk Geothermal drilling No S1,1rface Fisher 1978 0.5 mile (0.8 km) 
all }'ear and distmbance 
1 rtjile (1.6 km) 
M~ch 1-July 15 

I mil~ (1.6 km) All eagles Pipeline Olendorff and 
Zeedyk 1978 

2 mi!d.s (3.2 km) 
all fear 

Colden Eagle Pipeline No construction Jacobson 1974 

' 
2 miles (3.2 km) 

Match 1-Sept. I 
Golden Eagle Pipelioe No ground activity Jacobson 1974 

o.25-0.s mile 
(0.4---018 km) 

Golden Eagle General M. R.Fulle~ 

200-500rn All three species General N. Woffinden"-

0.5. mi;ie (0.8 km) Grassland raptors General R. P. Howard" 

• milei(L6km) 
linejof sight 

Golden Eagle General R. P. Howard" 

asugg~ons =,e;vod in ,espa.,..,_ to the raptor d!s:tuman"" survey. 

sites.\ Ferruginqus Hawks are more versatile, -but most require a tree or rock out­
cropping. Tiris use of elevated nest sites contrasts sharply with the open-land huntir~& 
habi~ of these species. The importance of nest s;ites is confirmed by Fyfe and Annbrus­
ter' s ';(1976) and .Anderson and Follet's (1978) success in increasing the productivity of 
Pr3.ll.?-e Falcons and Ferruginous Hawks,. respectively, by nest-site creation and manipu­
latio\l (see also Howard and Hilliard 1980, White 1974). 

N¥t-site protection is only advantageous if the prey base remains adequate following 
development. Many types of development such as oil, gas, and geothennal exploitation, 
pipe~e and road const:ruption, and development of campgrounds and interpretive facil­
ities ;on public lands remove vegetation from small areas. If important prey concentra­
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~other objection to nest-site protection was that disturbance might occur because of 
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Dev~lopers should be reminded that the nest site, not the individual birds, is being pro­
tected. Shooting the birds would not eliminate the need to restrict development near 
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