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Absuact: Studies to evduate the impact of insects on the esablislrsment of advance o& 
mgeneraeion in Rnnsylvmia were initiated in 1989. The p o p u l a ~ ~ n s  md species of insects 
feeding on gertonina~ng acorns and new seedlings, their aec~vity p a d s ,  and the W a g e  
caused by these insects were s tu&d in refation to overstsaq-c&ens@ 440, 60, innad 8W pexent 
relative density) and understcjrgr vegetation control (herbiciided and unherbicided) at sites 
on the tanglaciated Allegheny Plateau in Cfedield County. These expefimems show& that 
overstory-density levels and Eeatment with herbicide to e l i~nla te  the un&rs to~ had 
negligible effects on the species of acorn-feeding insects present, their ppulaticsn levels, and 
their dmage to gebnat ing red oak acorns md new swdings. These e x p ~ m e n t s  &so 
showed that. acorn weevils (Comtsaclnf~lfds pasricatlks (Bohemm), nl~du1ids (Stelbtaat 
octomculata (Say), and acorn nloths (Valentink glandasdebla (Riley) are impermnt acorn 
predators, fiat they become active dummg Bate winter &'id sp~atg, and that they &stmy great 
numbers of gednat ing acorns and new seedlings in central Pennsylvmia oak stmds, thus 
affecting oak regenexaaion. 

"Although there seems to be a universd problem with ~generaating wonhem red oak, them is 
not a universal solution. Specific requiremnts for Local c o n d ~ o n s  wig need to be developed 
from the generd r e q u i ~ m n t s  for regenerafing the species'" nese  comments by Crow 
(1988) are srapportd by the luge voluaane of literature on the grobbm of r egene ra~g  oak, yet 
this problem remains a f o d h b l e  one. 

One problem that is encountered in rege~erating mamre oak stands an g d  and excellent 
growing sites can be traced to a lack of advatlce oak. ~ p d u c d o n .  The oak sedlings must be 
of sufficient size to success%ially compete with other faster grswing species when the: s m d  is 
regenerated (Sander 1988; h f d s  1988; Esrlmem: 1989). 

'~esearch Entomologist, U. S. Depastmerat of A&camlme, Forest Service, Northaeasrm Fares t 
ExpeGn~ent Station WSDA-FS, KEHES). Parsons, WV 26287, Resewch Fomster, USDA-FS, 
NEES,  Wmen, PA 16365, Research ForesaeriEPr~~ject Leader, USDA-FS, M E S ,  Pasons, 
WV 26287, and Resuch  Forester, USDA-FS, E E S ,  Wmen, PA 16345, respecfively. 
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In 1988, the Nonheastelx Farest Experiment Seation initiated a series nf studies nca ideni-ify 
md understa-nd the impofimt factors that limit the deveiohpacat of akBVit~lce red oak 
reprcducrion on ftigh-quality g~c~wing sites in Pennsylvania, Wese Vlrgirnia, Ohio, and 
Kentuck$. The effects csf deer, jrdewts, insects, light, cornpetition from hcrbacecsus and 
wsrxiy species, site, stand composition, md accm availability are some of the fz.;ictcsrs being 
eva'luared. 

The first research plots were established in 1988-89 on the Moshmnon State Farest in ceatral 
Pennsylvania. l'his paper reports early xsuIts from studies on the impact of insects on the 
eska$lid~ment of nodhern red oak (&L~@~c'c~*Ls rubra L,) sedlings. 

DESCMPTBON OF STUDY AREA 

The Moshannon Sitate Forest is loeaied in four counties in central Pennsylvania within the 
unglaciated Allegheny Plateau region, The experimentts were conduct& in the Ciedeld 
County section of the Forest, where the elevation is about 220-0 feet. Recipita~oa~ averages 
45 inches and is &shbute$ unifomly thoughout the year. The m a  is htsualiaEy snow covered 
from December through mid-h?arch. Soil nloisture is usudBy ample during the spsing and 
early surr1xxler, thoogil intermittent periods crf mcristu~ s ~ e s s  are common dufing the latter 
part of the gnjwirrg season. The frost-free period is about 130 days. 

A1E of the study stands originated after a complete clemutting shortly after the turn of the 
century. As a. result, they arc even-aged and about 80+ y e m  old. The site inlaex for 
nonhern red oak is abour: 70. 

FoEBowing elearcutting, many factors, inclu&ng xpeated fies, gave rise 10 the fully stocked, 
second-gowth h a r d w d  stands hat are present toclay. These smds have a mzjor component 
of noahem red oak gowirag in mixture with black c h e q  (Prunus serotr'm Ehrh.), sugar 
maple (Acer saccharim Mrmh.), red maple (Acer rubrm L.), and white ash (Frminm 
amt~ricarau I,.). Other species represented iaaclude yellow-poplw (Lirisdedron tulipifera L.), 
Amesjctin beech (Frkgm gradifolr'a Ehsh.), cucumbernee (Mcagmlia srcmnimra L.), $igtm& 
aspell (Pnpnlaes g~rzairdkdcmratu Michx.), hickory ( C a y  spp.), white oak (Quercm adha E.), 
black oak (Q1dert:l;ks veicktina Lam.), and chestnut oak (Quercnk.~ prim$ L.). 

The unclcrste4ty an  the study areas is limited in abutadace and cfiversiay, reflecting lung-tern 
browsing frorna the high deer population that numbes beaween 31. to 34 per square mils 

2Study Plan: I'licrors limiting the establishment sf advmce a& zgenera~on in mame a& 
stagads by H. Ciay Smith and L. R. Anachmdy (caB1d Linaitirag Factors Study). 



(Powell and (:onsidine 1982; Pennsplvmia Game Commission)'. Nay-scmrcd fLnr 
(Denn~iaedrin puncriliilririn L), New Yo& fern (Thel~~rcr is  r i r ~ ~ ~ b ~ > ~ ~ ~ ~ ~ ~ ~ ~  I..), nriiK.{! m:ipb 
(Accr pera.$yl%~aniclkpl~ I,.), spld Americiin beech a% not prefen~ed by deer and, t ? l e l~ fo r c ,  am g j l r " ,  

species found most freq~enily in the undenrories. Desirable hardwood ragenciarion idso ju 
spass, being limited to species that are IOW in preference as deer brawse. vig,uaijv oak 
seedling regenemtion is less ha:] IS inches tall due fa repared bmwsirrgb n,i: nuiher of 
advar~ce red oak seedlings. ranges fram about 60 to 350 per acre, 

METHODS 

The field design of the Gledeld instaIliatinn on the hlasshannon State Farcsa cransi.;rs cg srx, 
4-acre cutting-level plots manged in three randomixd c~)rghplett= b1txk~ (a total of' i 8 y;ltc~es). 
T~earmenn applied to these plots were: 2)  three cutting levels (40, 60, and EM ytercznr 
residual relative densiy); 2) fencing half of the plots Be> exclude deer; aasd 3) herbicldt: 
(glyphosate) applied to one-ha& of each of the I8 plots to elifinate tile understory vegcesiioar. 
Each block (replicate) was Iwated in a fu!ly stocked samd in whida nortiaem red oak was a 
pfincipal component, and that also was representative of the oak standr, in ahc area. Hcsbic kdc 
was applied in August 1988, and rhe overqtorgi vcatmeatts were rrmade in tlac w m e r  izrsd spting 
of 1989. 

Studies to detemairne the relative populations and species of insects than might be olat~sirlg 
damage ro red oak acorns were csr~ducted in  the spring sf  1989 and "n90e, Bclth experinnenns 
used piefall ~ a p s  ta catch the insects. 'fie pitr'all traps consisted of pint cartxaing jars wish 
10-ounce plastic cup inserts containing a pager towel, 20 ml of waer, and fc'11ur tpr five viable 
red oak acorns [has hzid been cut into halves (bait). The jar sedirag caps wcrc replaced with 
I/4-inch hardware sloth circles to allow entry by the insects. The wire discs were glued rnside 
the screw caps with epoxy ribbon adhesive to prevent rodents from gulling out the win 
screens. The traps were buried in the: soil with the tops flush with the ~ o u n d .  Wain shields 
for the naps were pmvidd by posit;ioniarg plastic food cont~ner  lids (6- to ;,la'-;rn~ch &anneier), 
suppofied on IO-inch nails, about 3 inches above the tops of tfae &BPS, Tht: @2ps were 
checked at 7- to 10-day periods. At the end of each $*(appbg p~d. the insects than were 
caught .were identified and counted, and the mgs equippea8 with new plastic cup ince~nc 
containing fresh acorn bait. 

h 1989, the trapping period was between May 3 to June 13 and a meal of five coliections 
4 0 8  of each were made. That yew, 4 pitfall naps (2  in each herbicided marad unaherbitided ye- 

cutting level) were placd in each of the 6 plots at replicates 2 and 3 and aiso in the two 
uncut (100 percent relative density) plots of replicate 1, a totd of 56 traps. 40 Fnant 

and 60 percent relative density plots a$ replicate 1 were not trapped in 19X9 bcrauhe rain 

'UnpuMished Pennsylvania Game Camnlission annual &mate of winrcr d ~ m  ~ u i a l i o n  
estimates by WilBim Pdmer. 



delayed the compleGon of the cuuirag treamerats until mid-June. h fa990, the ~rappirrg period 
was between P/fq If and June 6 and a totd ePf three collweions were made. Durirag 1990, 
two pitfall traps were placed in each Kesbicided and uraherbicidd section of dill pjots, for a 
totd of 72 traps. Analysis OF vaYlance was used to deternine if the insect species present or 
their population levels were affected by the residual stand deasiries on the plots md by rhc 
ny;aglicationn of herbicide (i.e. understory remcrvd). 

In separate experiments to evaluate insect damage to gemainating red oak acorns and young 
seedlings, direct-seeded acorns were used along with 6-irtch-squxe, open-bottom wire boxes 
of 0.5- by 1.0-inch hudwme cloth to protect sown acoms from chipmunh md larger 
mmmals. The wire boxes were secured to the w u n d  with 12-inch landscaping nails or 
$-inch plastic tent stakes. As with the pitfall trap experiments, these studies &so were 
conducted in the hejt$icidec% and unherbicided sections of the m i n  cuaing-level plots (40,60, 
%a) percent relative density). 

The first of the expriments began in early May I989 m d  was eonductd on seven plots 
where deer were excluded and one eanfencd plot. Six wire boxes welne placed in herbicidd 
m d  unherbicided sections of each plot. Under each w k  box, two red oak acorns were 
planted l-inch deep and two acoms were piaced an the soil surface. At a distance of 1 foot 
from each of 2 sides of the wire box, one acorn wiis planted I-inch deep and one pldced on 
the soil surface (eight acorns totd per site). All acorns inside and outside the boxes were 
covered with leaves. The acorns, which had been collecaed in 1988 and kept in cold storage, 
wen: just beginning to ~ m i n a t e  so all were viable when sown. Thus, 768 acoms were 
deployed; half were protected fmnn rodents and half were su,ajCb: OX. subsufidce sown. The 
sites were checked in late June to determine the extent of insect and rodent damage. 
Diffemnces in ditmage i ~ t ~ b u t e d  to residual overstorg). density and to unkrstoq removed by 
herbicide were detemined by aitalysis of vafi;ance (ANOVA), 

The second experiment begm in late October and early November of 1989. Ten wire boxes 
were placed in each herbicided and unherbicided secdona of d l  18 plots. Under each wire 
box, five. red oak acorns were pl;lced on tor, of the p u n d  and covered with leaves. The 
b x z s  were secured to the gmund with IZinch 1mdsc;sgistg nails or $-inch plastic tent stakes. 
The acorns used in this study were colliected outsicie of the study plot btdun&es and 
float-tested; any acorns showirlg signs of insect or other damage were discarded. The boxes 
we= dist~blbuted thughout  the plots md placed under acorn-bekng trees. Thus, 100 acoms 
were sown in each eut~ng-level plot (1,800 acorns total). The wire boxes were Efted and the 
acorns and swdlingr; checked for damage in May, June, and July of 19969. The heights of the 
seedlings were m e a s u ~ d  in July when the boxes wen,? fmm the pbts. Diffebences in 
damage between the ~esidud overstory densities an$ fmm the removal of the understoffy with 
herbicide were eevaliuated by ANOVA. 

The viabiliw of the acorn crop and effects of insects thereon were d e t e ~ n e d  frcm x o m  
samples taken in November inside 114- by 42-ft. knced rodent-exclosu~ phts inside the 
fenced 4-acre plots ( A u c h m d y  et al. - unpublished). This eIi.8minated v&a~on due $0 

removal of X O ~ S  by rdrenas prior to sampling. A sample of 18 to 25 acorns was collected 
in each rodent-exclcaswe plot. The aco>ms were packed in moist peat moss in plastic bags and 



stared at 45 t 50°C. Sevemli small. holes were punched in each bag to aHsw &emdon. Absue 
3 months fatel- the bags were placed at room aemperatuE md a smdH amount of water was 
added co each bag. After 2 weeks the a c m s  we= check& for geminadon. Inaviable acorns 
were cut open and inspect& to deternine the cause of gemifPa60n failure. 

A final study was ca~ductcd to delemine when feeding acthiq by acorn insects begins. A 
smple of 300 acorns was eoileeted near the plots on Fehmary 13, 190, a second smpfe  
of 235 acorns was collected on March 15, 1990. The acorns were examirned in the laboratogr 
and insect activity associated with each of the smpling dates was detemind. 

RESULTS 

Three important species of insects that damage gemina~ng  acorns were caught in the pitfall 
@aps in 1989 and 1990: the weevil, (;bmrmchel&~ pmticartkks (Bhphemm); rhe ni~dulid or 
sap beetle Stelidota ocdomhirculara (Say); and the acorn moth, Bb6alenPiPzia g i o d ~ k l l a  (Riley). 
Table 1 gives the man number of weevils and sap beetles caught per mg per mpping pesiod 
i'or five periods in 4989 and three periods in 1990. 

Analysis of variance revealed no significant diffeznces in weevil ar  sap ka l e  ppulaeons 
associated with the overstur~y-density maements or with the removal of the u n d e a t q  with 
herbicide in either years. Thus the data f~om dl plots within a replicate were p l e d  iand the 
replicate means were analyzed for difkrences. The weevil populafion in both 1889 and 1990 
was significmtly lower in Replicate I than in Replicate 2 but not signacm!y bwer than in 
Replicate 3. The Replicate 2 and Replicate 3 plots did not differ significanay in 1989 but 
they did in 1990. 

Table 1.--Mean number of weevils, Conorrachelw posticabeas, and sap kieetles, Stelidom 
octomaculaw, caught per pitfall trap per trap period, 1989 and f9W 

Area Weevil Sap Beetlies 

B 989 I990 1983 1930 

Replicate 1 4.8 a" 0.3 a 0.9 a 0.1 a 
Replicate 2 8.2 b 0.8 b 7.9 b 2.4 b 

Replicate 3 6.2 ab 0.3 a 18.0 b 1.9 b 

"Mean shown for each replicate i s  the mean of p d e d  p%d data since ANOVA showed no 
significant differences in either insect popula~on due to different overstop densities or $0 

rernsvd of undersmries with herbicide in either year, 
'Means in the same column follow& by the sgme Better are ncrt significm~y &Efe~nt at the 
95 percent level. 



Populations of sap beetles in Rcpficaee 1 were significantly lower ira both 1989 md 1990 than 
in Replicates 2 and 3. R e r e  was no sigmificanx difference in sap beetie popula~ons between 
Replicates 2 and 3 in either years. 

Popaafations of the acorn ~ o t h  V. plnnduledla were not detePmined from pitfall traps in 1989 
or 1490, but many moths were rexed froan she acorns used as bdt in ef~e pitd'alis. However, 
&cause [his insect was thought to be a minor acorn pest, no attempt was made to monitor 
exact numben. Subsequendy, geminating acorn smples collect& on MascH.1 15, 3990, near 
the study plots revealed that tthe radicle tips of 563 percent of tihe acorns had been eaten by the 
moth Hmae and t o q  rewing showed that 60 percent of &e acorns were iPi;"estd with 
moth Larvae, As a result, his  insect must now be considered a major pest of gednaGng 
a c m s  in Pennsylvania, and future studies should monitor the populations of a/. glap2CHulella. 

Table 2 presents the 1989 restlPhs uf subsurfxe- and sdace-sown acorns inside and outside 
of hxdware-cloe!~ boxes. There were 192 acorns in each of the four m a a n t s .  Andysis 
revealed no differences due to overstory density, herbici* mament, or plot toca~on 
(replication) so the data given in Table 2 is the podlifed data from all plots. Acorn placement 
and rodent protection &bid result in significant slifkrences in numbers of seeding§, acorns 
taken by rodents, and acorns desmyed by insects. Rdents destlroyd vistually every acorn 
outside uf the boxes -- all of the acoms on the surface arad 154;) (78 percent) of those buried. 
Under 111e boxes, insects ctessoyed 177 (92 percent) of the acorns on the surface but only 16 
(8 percent) of those buried. One t-rmnked and seventy-six (92 percent) of tthe acoms buried 
under a wire cage p d u c e d  a seeding while only 41 (21 percent) s f  those buried wikknour 
protection from rodents produced seedim~gs. Seventeen of the subsdace ;$13oms were 
destpoyeci tzy weevils and sap beetles which enter hose soil to feed on acorns. 

Tdb16: 2.--Results of 1989 test in which. 192 acoms per Beatmen1 were sudrace or subsu~ace 
sown, inside or outside of wire boxes -- number csb' acoms lost to sdeaats md insects a d  
seedlings prcduced, * - 

Treatment Seedlings Acorns taken Acorns des~oyed 

by rdents  by insects ---- 
............................. numkg --------------------------------- 

*Data pooled for dl study areas. T-test showed no significmt Uferences in number hdf 
seedlings relative no overstow density, herbicide &eatment, or study area. Susface treatment 
(A) insidc and subsdace aearmexars (@ and D) inside md outside boxes significantly 
iracrcased seedling esiahlishment (P 5 0.05). 



As shown in Table 3, irnsects des~oyed 87 percent of &a: gemJna~~eg acorns md new 
swdings &at taesla%tesl fmm 1,8(M1! acoms placed under the wire: boxes in aueum of 1989. 
Insects cfes~oyed 270 (44 percent) of the 422 ssec8Bings &at esrabjlished from 1135) 
geminating acorns. Only 152 (13 percent) of the 1,139 gednating acorns md see&wgs 
smived insect &unction and 1 13 of the seedings were in Replicate I. The insect &mge 
listed in Table 3 is based only on acorns that g e d n a t d  since rodents des~ogred some of the 
acorns and nonviable acorns were not subject to insect dmage. The insect &page was 
pfimfcrily by the scam moth and the Comf~achela~ weevil. Laboraaorgr re&ng of the a c m s  
removed from the w k  boxes revealed that at Beast one-&ird were infest4 with mo&s and 
n e d y  dI with weevils. Most of the newly rooted seeaings were Elled due to heavy weevil 
feeding on the radicles and shmts. There dso was some hareage to newly mted swdings 
by S .  octomcukat~ in concert with the weevils. The sap kefles; ate the render tap-shmts as 
they f e d  atd reprduced in the acom cotyldons, desmyjmg any chance for the acom ts  
resprout and form a see8ling. 

Table 3.--Fate of 1 8W noaahern red oak acoms sudace-sown under wire boxes in au tum of 
1989 and checked May, June, and July 1990." 

Replicate Totd Percent 

A - Geminating acorns 
destroyed by insects 

242 265 ?,I0 7 17 63" 

B - Seedlings destroyed 92 
by insects 

129 49 270 64" 

A + B - Tatd number of 
acorns and seeaiaags 334 394 259 987 87" 
destroyed by insects 

Surviving seedings 113"" 26 13 152 13 

Qf the 1,800 surface sown acorns, 661 (37 percent) failed to g e d n a t e  because of mouse 
predation (7 percent) and desiccation (30 percent). Plot &a pooled for each replicate since 
ANOVA showed no significant differences within a replicate ~8ative: to overstsq density or 
understory control. 
"Percentages based on 1,639 acorns that ge'dnated and 422 swd%kgs that initially 
e s ~ b l i s h d  from the 1,139 acorns. 
**Significantly different at 99 percent level firom Replicates 2 md 3. 

The acorn samples rennovd in November 1989, from the Podent-exclosm pilots revealed that 
132 of 536 (24.7 percent) were infested with insects, p ~ m h l y  Curckslio sg. lmae. Less &an 
2 percent of the acorns were infested with the fiibeawom moth, Cydia l ~ ~ f e r r e a m  CWsm.) 
md the acorn moth, V. ggkkdulelba. Surpsisingky, kmae of V. ghdulella  we^ fbmd in 
sound, previously nn&m;;%ged acorns, having gained entry into the acorn by chewing a%erough 
the micropyles on the cap end of the acorn. This is the first report sf this insect being a 



primxry znvadefer of sound, ungeminated acorns. kt is believed &at xhc Iawae iinr: able to chew 
only inno immature acorns. Damage to the cotyldons was confind to the cap ends and hd 
no affect on acorn viability. Sixty-two 447 percena) of the acorns infested wink Curcutir~ 
aweevils and Cyda'a moths MHed to geminate while 70 (53 ]percent) gednar id .  Ided 
gemination conditions in the laboratory probably allowd many insect infested acorns to 
prodeice seedlings that otherwise would have desiccated under naturd a:onr&tions. However, 
at least I2 percent of the 1989 bumper acorn crop was not viable due to insect h a g e .  

The samples of geminating acorns coElwted on F e b ~ d q  13, 1990, reveal& that the acom 
moth, which ctverwintas as an early instar I m a ,  had just begun to feed. In this smple, only 
13 of 300 acorn ra&cles Haad been damaged, but by Mach 15 the ra&cfes of 118 of the 235 
acorns collected had been daxm-raged by moth Hmae. Wwvil W a g e  was not obsehved in the 
Febmargr sample of acorns ;and by M z c h  15 weevil f e d n g  md oviposition had just begun. 
A e ~ v i t y  by sap beedes was not detected in either of the acom smples. Adult sap beet$es 
were found on moth- and weevil-destroyed acorns under the wire boxes on May 7, 8990. 
However, sap beetle repr&uc~on was not detected undl a second cheek of the acorns under 
gBae boxes on June 7 revealed that reproduction probably began in fate May. 

DISCUSSION 

The average ns~~nber of weevils and sap beetles caught in the pitfall aaps in  1990 appears 
very low compaed to 1989 (Table 1). In 1990, the traps we= csrnlpeting with a luge 
nnmber of residual acorns from the 1989 burnper crop. By conmst, in 1989, wildlife ha8 
consumed nearly at1 of the i l c m  crop by June, which result& in greater numbers of insects 
being zir&acted to the traps. Insects desuoyed 987 (87 pexent) of the 1,139 gerPrminabng 
acorns and young seedlings under the wire bctxes in 1990 (Table 3). This indicates that tthe 
acorn-illsect population actudly was very high in 1990, Thus, the number of acorn insects 
tgappetf in g~iafalls must be evaluated over time in sella~on to acorn food sources available in 
the su~youm&ng areat to aaecaartately assess populations. 

The picfgli nxpping period was shorter in 1990 than in I989 but was conducted during the 
ideal ninxc for assessment of weevil and sap beetle populations &at ovewhteredl within the 
plots; when temperatu~:s were below tgtc W s h s l d  for flight of the acorn insects but high 
enough for the insects to 9ea&fy migate to the traps by walking. The overwintering 
populations of acorn insects are the most hnnaging and their populabons within an area are 
best assessed before BYligraeion or e ~ g a h o n  by fight c m  occur and before emergence of new 
adults occurs in late spring and early summer. 

Mice desmyed H 19 (7 percent) of the 1,80Q) acorns placd under the wire boxes. However, 
95 acorns were eaten by mice in just two plots in Replicate 3. This demnstrates the loca4ized 
effect of some species of s&nts on seedling establishment. The hzdwae-cloth mesh &lowed 
entry by mice. Mice usually eat off tthe cap ends of the acorns, leaving a nearly lintxe acom 
huli; other rcdents typically leave she acorn hull in pieces. 



Of the 852 new seedings that were establish& under the wire boxes in 1990, oa%y 51 were 
undmaged by rodents. Rdents chew& off the tops of most sedlings emer@;ing frQm the 
wire boxes. This type of rodent dmage also was obsewed in Ohio (Gdford et d. 1988). 
Seedlings not dmaged by rdents ranged in height from 1 to 12 cm md averdged 5.4 cm. 
The smallest seedflings resulted from acoms heavily &mag& by insects; mne aap?pemd 
vigorous. 

Snowfall was less ahm nomd during the winter of 1989-90 in &e study area, ihnd f infd1 
was below normal in Mmch and April of 1990. This may account in part for the large 
number of acorns (30 percent) that did not geminate. I a b m t o v  gednaa;lon tests of samples 
d the acoms used in the study showed that 97 percent were viable. The dry con&bons at the 
time of acorn germination also may have influenced the impxt of insects on seeaing 
establishment. Delayed acorn gemination and a slow rate of radicle growth due to a 
moisture deficit would expose the radicle tips to insect f w h g  for a longer ger;id. 

The low population of sap beetles in the Replicate 1 plots (Table 1) m y  have k e n  a factor 
in a greater number of seedlings being established under ahe wire boxes in 1990 (Table 3). 
However, the impoance of the sap beetles is not completely known. A&eiona?; studies rare 
needed to establish insect and rodent popultption intenelationships with respect to acorn 
abundance and seedling establishment. 

Examination of seved  hunbed newly established sed oak ssedings In md near the plots in 
1989 revealed that only two seedlings originated "Cram surface acorns. Nearly all of the 
seedlings establishing in areas undisturbed by the logging operations resulted from a c m s  
buried or otherwise cached by rodents. By contrast, in 1990 nore &an 770 perwat of the new 
oak seedlings that were examined originated from surface acorns under leaf litter. Thus, the 
large acorn crop of 9989 rallawec3 some unburied acoms to swive  prdaeiow by both insects 
a d  rodents. 

Data obtained on insect species that feed on gerazllinating acoms and their i~mgact on sed ing  
establishment In central Pennsylvmia parallels resuits Ecow studies on acorn insects in Ohio 
(Galford et al. 1988). 

In conclusion, insects and rdents singly or in cornbina~sn can ~ign~czently limit the n u d e r  
of oak seedlings establishing in central Pennsylvania forests, even in years of large acorn 
crops. Foresters have long known that logging operations following a g d  acorn crop can 
increase oak seedling establishment. Many acoms are cove& or pressed into the so2 during 
logging. The results of this study demonsmte that b ~ e d  a c m s  are &ford& protecrion from 
insect and d e n t  prebtion anaf desiccation, which increases oak xe&ng es~b1ishment. 
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