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Chain Reactions Linking Acorns to Gypsy Moth 
Outbreaks and Lyme Disease Risk 

Clive G. Jones,* Richard S. Ostfeld, Michele P. Richard, 
Eric M. Schauber, Jerry 0. Wolff 

In eastern U.S. oak forests, defoliation by gypsy moths and the risk of Lyme disease are 
determined by interactions among acorns, white-footed mice, moths, deer, and ticks. 
Experimental removal of mice, which eat moth pupae, demonstrated that moth outbreaks 
are caused by reductions in mouse density that occur when there are no acorns. 
Experimental acorn addition increased mouse density. Acorn addition also increased 
densities of black-legged ticks, evidently by attracting deer, which are key tick hosts. 
Mice are primarily responsible for infecting ticks with the Lyme disease agent. The results 
have important implications for predicting and managing forest health and human health. 

O a k  trees (Quercus spp.) produce large au- 
tumnal acorn crops (masting) every 2 to 5 
vears, producing few or n o  acorns d u r ~ n g  
intervenine vears 11-41. Acorns are a crit- - ,  
ical food for \v111te-footed mice, Peromyscus 
leucopus ( 1 ,  4-6). Mice are important pred- 
ators of pupae of the  gypsy moth,  Lymantrla 
dispar ( 1 ,  6-10). This introduced insect pe- 
riodically undergoes outbreaks (1 l ,  12)  that 
defoliate  nill lions of hectares of oak forests, 
decreasing tree growth, survival, and mast 
production ( 13) .  A n  abundance of acorns 
draws white-tailed deer, Odocoileus virginia- 
nus, into oak forests 114, 151. Mice and deer 
are the  primary hosts of the  black-legged 
t ~ c k ,  Ixodes scapularis, w h i c l ~  is the  vector of 
spirochete bacteria (Borrel~a burgdorfer~) 
that  cause Lvme disease in humans (16- 
18) .  Here we report the results of experi- 
mental retnoval of mice and addition of 
acorns, \vl~ich demonstrate ho\v acorn pro- 
duction is connected to gypsy moth out- 
breaks and Lyme disease risk. 

M a s t ~ n g  is associated wit11 increased 
survival and breeding of mice i n  winter 
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and spring (1 9 ) ,  wit11 peak dens~t ies  occur- 
ring the  fol low~ng tnidsummer ( 1 ,  4 ,  6 ) .  
High tnouse density correlates with high 
predation rates o n  rnotll pupae ( 1 ,  6 ) ,  
which may prevent lo\v-density tnoth pop- 
ulations from increasing ( 1 ,  6-8). C o n -  - 
versely, mast crop failure correlates with 
low inouse dens i t~es  and low rates of p i~pa l  
predation t h e  following sumtner ( 1 ,  4 ,  6 ) ,  
w l ~ i c l ~  may initiate tnoth outbreaks (7, 9 ) .  

M o t h  populations ~t our research site 
reached peak densities in  1990, declined 
by four orders of magnitude to 0.2 egg 
masses hap '  by 1992, and remained be- 
tween 6 and 3 8  egg masses h a p 1  in  1993- 
1994 (1 ) .  A large red oak ( Q .  rubra) acorn 
crop in  autumn 1994 led to  high tnouse 
densities in  summer 1995 ( 1 ) .  W e  took 
advantage of low moth  and high mouse 
densities to  remove mice during moth  pu- 
pation, testing the  chain  of interactions 
linking acorns to  mice to  moths. Mice 
were removed from three grids of approx- 
imately 2.7 h a  but were left unmanipu- 
lated o n  three control erids 1201. Mouse , , 

densities did no t  differ bet\veen control 
and experimental grids in  June 1995, just 
before mouse removal (Fig. 1; P = 0.18, 
paired t test) (21 ) .  Continuous live trap- 
ping reduced inouse dens i t~es  o n  experi- 
mental orids to  less t h a n  half those o n  " 
control grids by the  midpoint of a 32-day 
reinoval period in  June-July coincident 
\vith female moth  pupation (Fig. 1 ;  P = 
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0.018, one-tailed unpaired t test) .  
Densities of late-stage moth  larvae (22)  

d ~ d  n o t  differ between treatments a t  t he  
start of the  experiment (Fig. 2A) .  Preda- 

rninant of Lyrne disease risk (1 6 ) .  Nymphs 
molt into adults tha t  seek a deer host In 

rnenting mouse nest boxes o n  experimen- 
tal grids w ~ t h  acorns, leaving boxes o n  
control grids unsupple~nented. Mouse den-  
sity and reproduct~ve status were moni- 
tored, and each month  we measured the  
numbers of host-seeking ticks and ticks 
infesting mice (34) .  Al though mice had 
been removed from the  experimental grids 
in  June-July, densities had returned to  the  
levels measured o n  control grids by early 
October 1995, before acorn additions (Fig. 
1; P = 0.98, unpaired t test) .  

Acorn addition significantly increased 
mouse densities from March-August 1996 

t h e  autumn. T h e  location of deer in  au- 
tumn determines the  location of egg-lay- 
ing adults and thus where host-seeking 
larvae should occur the  following summer 
( 1 ,  31-32). 

I n  the  autilrnn of mast years, deer spend 
more t h a n  40% of their time in  oak stands 
feeding o n  acorns but spend less than  5 %  
of their time there in  non-mast years ( 1  5). 
Larval tick densitv in  oak forests reaches 

t lon o n  female pupae was estimated by 
monitoring survival of the  native popi~la-  
t ion and by recording attacks o n  freeze- 
dried pupae (23) .  O n  control grids \vith 
high mouse dens~t ies ,  n o  living fernale 
pupae were found, and 100% of freeze- 
dried pupae were attacked by predators in  
2 to  4 davs, which is inucll less t h a n  the  13 . , 
days required for eclosion to the  adult 
stage. Over  99% of attacks o n  freeze-dried 

peak levels the  suArner after mast produc- 
t ion but is low durine the  summer after " 

pupae tha t  could be attributed to  verte- 
brates or invertebrates were caused by ver- 
tebrates, and 97% of vertebrate attacks 
where the  uredator suecies was identifi- 

" 

mast f a~ lu re  ( 1  ), correspond~ng to  predic- 
tions based o n  habitat  use b r  deer. In- 
creased densities of mice in  bak forests 
during the  summer after rnasting coincide 
with peak dens~ t i e s  of larval ticks (1 ) .  
Because mice are the  urinciual reservoirs 

able were inade by mice. I n  contrast, o n  
e x ~ e r i m e n t a l  grids, 42% of native feinale 

v 

pupae survived for 13 or more days, and 
22% of freeze-dried pupae were unattacked 
a t  14  days; 77% of these attacks were 
caused by vertebrates, wi th  89% being 
mouse attacks. T h e  number of successf~~lly 

for Lyrne disease spirochetes, high densi- 
ties of infected nymphal ticks and a high 
risk of exposure to  Lyrne disease should 
occur 2 years after heavy acorn production 
132). 
\ ,  

W e  took advantage of mast crop failure 
in  the  autumn of 1995, \vhen acorn pro- 
duction was lo\ver by a factor of 18 than  in 
1994, to  add acorns to  the  three experi- 
mental grids but no t  to  the  three control 
grids (33) ,  testing the  chain  of interac- 

eclosed feinale pupae and resulting egg 
masses o n  trees (24)  was respectively 45- 
fold (Fig. 2B) and 43-fold higher (Fig. 2 C )  
o n  experimental t h a n  o n  control g r~ds .  
Comparison of control grids in  1995 and 
1994 showed tha t  oak mastino in  1994 led - 
t o  a 15-fold increase in  July mouse densi- 
ties, a 34-fold increase in  inouse nredation 

tions linking acorns to  mice, deer, and 
ticks. W e  added inore than  81  1,000 acorns 
(>3500 kg) to  exper i~nental  grids a t  den-  
sities of 60 mp2 of oak canopy, approxi- 
mating the  1994 acorn crop. W e  also s i n -  
ulated food caching by periodically supple- 

o n  freeze-dried pupae, and a decrease bv a 
factor of 26 111 moth  egg Inass densities 
(25) .  

T h e  increase in mot11 densitv that result- 
ed from silnulating mast failure by removing 
inice was similar in magnitude to that ob- " 

served a t  the  start of natural moth out- 
breaks, and the  iiecrease in moth dens~ tv  o n  
control grids was similar in magnitude to  
that  previously observed after masting-in- 
duced increases in  mouse density (1 , 6 ) .  

Lvlne disease in the  northeastern and 
nor th  central  Uni ted States is transmitted 
to  humans by black-legged ticks infected 
with B . bu~gdorferi (1  6 ,  26).  Adul t  ticks 
feed and mate o n  white-tailed deer before 

, , 

Control ~x~er imenta l  
grids grids 

A p r M J  J A S O N D J F M A M J  J A S O N  

1995 1996 
Month 

Fig. 2. Densities of gypsy moth ~ f e  stages on or 
under burlap bands on trees on control grids 
(open bars) versus experimental grids (solid bars) 
where mice were removed, The bars show gr~d 
means and w~th~n-grid SEs. Across-grid control 
and experimental means (=SE) and statistical 
comparisons are also shown for each graph. (A) 
Number of living late-stage larvae per tree just 
before mouse removal. Control grids, 4.17 
(11.51); experimental grids, 3.36 ( ~ 0 . 6 8 ) ;  P 
= 0.83, Mann-Whitney U test. (B) Number of fe- 
male pupae per tree successfully eclosing to 
adults after mouse removal. Control grids, 0.008 
(20.005); experimental grids, 0.370 (20.1 15); P 
= 0.02, one-tailed Mann-Wh~tney U test. (C) 
Number of egg masses per tree after mouse re- 
moval. Control grids, 0.006 (k0.003); experimen- 
tal gr~ds, 0.245 (50,095); P = 0.02, one-tailed 
Mann-Whitnev U test. 

dropping to  the  ground i n  autumn,  laying 
eggs the  follon~ing spring or early summer 
( 1  7, 27) .  Lar l~ae ha tch  in  inidsurniner and 
are free froin infection with B. burgdorferi 
because of extremely low rates of transo- 
varial transinission (28) .  White-footed 
inice are primarily responsible for infect- 
ing ticks with B. bu~gdo~feri during the  
larval blood meal (29 ,  30 ) .  Larvae then  

Fig. 1. White-footed mouse densities 011 three 
control (C) and three experimental (@) gr~ds as 
mean (=SE) MNKA ha-', Apr~ 1995-October 
1996, showing ( i )  1995 densities before, durlng, 
and after the period of mouse removal from ex- 
perimental grids (black bar) at the time of native 
female gypsy moth pupation (white bar); ( i i )  1995 
densities before and during acorn additions (ar- 
rows) to experimental grids, October-November 
1995. when there were very low numbers of 
acorns produced on control gr~ds; and ( i i i )  1996 
densities after acorn additions to experimental 
grids in 1995. High 1995 mouse densities were 
associated with autumn 1994 masting, and 
mouse densities typically decline dur~ng winter ( 1 ) .  

molt to  nymphs tha t  o\,erwinter 011 t h e  
forest floor. I n  spring or  early summer 1 
year after egg hatch,  infected nymphs seek 
vertebrate hosts, including humans, and  
may transmit B, burgdorferi to  the  host a t  
this blood meal 11 6-17). T h e  abundance 
of infected nymphs is the  primary deter 
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(Fig. 1; P = 0.032, one-tailed F tes t ) ,  with 
approximately three- to  sevenfold greater 
densities o n  experimental grids than  011 

control grids in  March-May. Densities 
con\,erged o n  control values after August. 
From February to  May, 75% of the  adult 
inice o n  experimental grids ( n  = 72)  were 
in  breeding condition versus 59% ( n  = 

17)  o n  control grids (P  = 0.09, one-tailed 
X' tes t ) .  Al though the  lo\v numbers of 
mice o n  control erids limited our abilitv to  

higher o n  acorn addition grids t h a n  o n  
control grids (Fig. 3 A ) .  Al though deer 
habitat  use was n o t  directly monitored, 
larval tick distribution is largely deter- 
mined bv deer distribution the  nrevious 

Ecologists have hotly debated the  rela- 
tive importance of direct versus indirect 
species interactions as a cause of contingent 
ecological outcomes (38) .  Our  studies clear- 
ly demonstrate that  both gypsy moth dy- 
namics and Lytne disease risk have contin- 
gent outcomes arising from a coinplex chain 
of strong pairwise interactions among taxo- 
nomically diverse species that are all inter- 
connected within a n  ecosystetn. 

autumn (1  ) .  Consequently, adding acorns 
\vould have increased the  time deer spent 
in  autumn feeding o n  acorns in  experi- 
mental grids as coinpared with control 
grids. T h e  number of attached larval ticks 
per mouse was 40% higher o n  acorn-addi- 

c 3  

detect reproductive differences, the  in- 
crease in  rnouse densitv caused bv acorn 
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Control Experimental 
grids grids 

Fig. 3. T~ck densit~es on control grids (open bars) 
and exper~mental grids (solid bars) in August 1996 
after acorn additions to experlmenta grlds In Oc- 
tober-November 1995. The bars show grid 
means and wlthin-grld SEs. Across-grid control 
and experimental means (2SE) and stat~st~cal 
comparisons are also shown for each graph. (A) 
Number of host-seeklng larval ticks per square 
meter. Control gr~ds, 1.07 (20.21); experlmental 
grids, 8.59 (22.93); P = 0.017, one-talled paired 
t test. (B) Number of larval ticks per mouse. Con- 
trol grids, 24.67 (29.67); experimental grids, 
34.58 (113.64); P = 0.046, one-talled paired t 
test. 

may exis;, because moth  defoliation reduc- 
es acorn production and can  reduce oak 
abundance in  forests (13) .  Our  studies in- 
dicate that  attempting to  simultaneously 
prevent moth outbreaks and mitlirnize 
Lyrne disease risk, by using silvicultural 
practices tha t  alter acorn production, 
would be unlikelv to  succeed because de- 
creasing t h e  likefihood of moth  outbreaks 
could increase t h e  risk of Lyme disease and  
vice versa. 
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anmas  dur~ng the removal period every 2 to 4 days 
on expermental grds, 26 June-30 July 1995: and 
(ii~) monthly mark-recapture from nest boxes, Feb- 
ruary-Aprl 1996. Traps were ba~ted dally with oats, 
set 2 to 3 hours before dusk, and checked the 
fo lowng two mornings. Traps were not operated 
durng the day or in December-March to avo~d 
r~sks of overheating or hypotherma of anmas.  
Durlng mark-recapture, all mlce were glven num- 
bered metal eartags at flrst capture. Trap staton or 
nest box, tag number, gender, body mass, and age 
and reproduct~ve condition (for females, vaglnal pa- 
tency and ev~dence of pregnancy and lactaton; for 
males, whether testes were descended) were re- 
corded at a l  captures, and an~mals were released 
at the point of capture. Durng the removal per~od. 
the same variables were recorded, but tagged and 
untagged an~mals were moved to a slte 4.5 km 
away.Qne hundred forty, 230, and 239 mice were 
remoied from the three exper~mental gr~ds. re- 
spectively. None of the tagged relocated anmas  
were recaptured on grds  Care of animals was in 
accordance w ~ t h  institutional guidenes 

21 Unless otherw~se noted, response var~ables were 
examined for grid pa r  effects, usng an appropriate 
parametric or nonparametrc comparison, followed 
by treatment comparlsons using pared tests f P 
< 0.05 for grid pa r  effects and unpared tests if P 
> 0.05 for g r ~ d  pair effects. Where one-taled treat- 
ment comparsons were used because there were 
a prior1 hypotheses, t h s  IS reported; otherw~se, 
comparlsons were two-ta~led. A s~ngle tlme polnt 
was used to compare densities before mouse re- 
moval; nterpoated densties were used for com- 
parlsons at the m d p o n t  of the mouse removal 
period Mous i  dens~t~es were In-transformed be- 
fore grid effect analyses of varance (ANOVAs) and 
t tests. 

22. Two hundred forty to 242 trees, greater than 7 cm 
DBH and greater than 2 m in he~ght,  w~thout nest 
boxes, one tree pair per grid cell, were used for 
moth sampling on trees. Half the trees were band- 
ed with s t t ed ,  folded, burlap sk~rts (30 cm) tied at 
1.3 m.  One-third of a tree pairs were oak-oak, 
one-th~rd were oak-non-oak, and one-th~rd were 
non-oak-non-oak. Banded and unbanded tree 
pairs were alternated across each grid. Late-stage 
larvae use burlap bands as daytime refuges ( I  I ) ,  
and ther development was monitored unt l  fourth 
and fifth instars were prevalent The number of 
I v n g  larvae of all instars on or under burlap bands 
on all banded trees was counted during dry days 
between 8 and 15 June and was expressed as the 
mean number of larvae per tree, w ~ t h  a tree-to-tree 
vd~th~n-gr~d varlance estmate. Larval, pupal, and 
most egg mass dens~ty data were analyzed by 
Kruskal-Wall~s ANOVA by ranks and showed no 
g r d  pa r  effects (P > 0.05). Treatment effects were 
analyzed vdth Mann-Whtney U tests unless other- 
wise noted. 

23. Pupation, ecloson, matng, and egg-layng occur 
in the daytime restng locations of late-stage larvae, 
and the number of fl~ghtless females determnes 
egg mass density. Female pupae took a mean 
(2SE)  of 12.7 (-t0.4) days (n = 42) to develop to 
adults, before mmedately mating and lay~ng egg 
masses The t m e  taken for female pupae to ecose 
was determned by mon~tor~ng nd~v~dua l s  every 
other day from 30 June to 7 August on g r ~ d  cells 
w ~ t h  banded oak-oak tree pairs (n = 34 monitored 
survvors). Because no montored pupae survved 
on control grids, a d d t o n a  female (sixth-~nstar) lar- 
vae (n = 8) were enclosed ~n small wlre mesh cages 
as they began to pupate, to prevent predator ac- 
cess. Caged adults and egg masses were removed 
and are excluded from density estmates. The fate 
of ndivdual native female pupae on a given date 
(uneclosed or eclosed. based on character~st~c 
s p t t n g  and adult emergence holes), and charac- 
terstic signs of mor ta ty  agents on attacked pupae 
(predat~on, insect paraslt~sm, fungal hyphae, and 
other or unknown), were recorded every other day 
on banded oak-oak tree pairs Predation on freeze- 
d r~ed  female pupae was measured w ~ t h  a tech- 
nlque modfled from Smth (70) Mass-reared fe- 

male pupae (USDA Anmal and Plant Health In- 
spection Serv~ce, MA) were freeze-dried and af- 
f~xed with beeswax, whch  retans an imprint of the 
species-spec~fc tooth marks of vertebrate preda- 
tors, in groups of flve onto burlap panels 20 by 15 
cm. Twenty or 21 panels per g r ~ d  were stapled 
under the bands of one of the p a r  of oak-oak 
banded trees on 10 July. Pupae were montored 
daily to day 9 (except day 6) and then every other 34, 
day to day 18 or unt l  all pupae had been attacked. 
Judging by tooth marks and damage characteris- 
t cs ,  we recorded attacks as beng due to verte- 
brates. Invertebrates, both, or an unknown agent. 
(10). The total number of successfully ecosng  pu- 
pae was determned from counts on all banded 
trees at the end of the ecloson period and was 
expressed as the mean number per tree, with a 
tree-to-tree vd~thin-gr~d variance estmate. 
New egg masses on or under burlap bands were 
counted on all banded trees and expressed as the 
mean number per tree, w ~ t h  a tree-to-tree w~thin- 
g r d  variance estimate. Twelve randomly selected 
15-by-1 5-m g r ~ d  cells per g r ~ d  were also censused 
for egg masses on or under bands, at he~ghts less 
than 2 m on banded and unbanded trees, on small 
sapngs,  dead trees, woody debr~s, l i ter,  and 
rocks. Firm new egg masses were dist~ngu~shed 
from spongy old egg masses with visibly hatched 
eggs by gentle pressing. Mean (=SE) new egg 
mass dens~ties per grid cell were 0.028 (k0.028) 
on control grids and 0.305 (-tO.121) on experimen- 
tal g rds  (P = 0.036, one- taed Mann-Whtney U 
test). Most egg masses are laid at heghts less than 
2 m ~n low-density moth populat~ons [P. Skaler, 
Environ. Entomol. 14, 106 (1 985)l. 
Only two control g r~ds were fully operat~ona in 
1994, Iimlt~ng the statst~cal power of palrvdlse com- 
parlsons between 1994 and 1995. Mean ( kSE)  
mouse denstes, MNKA ha-', were 2 59 ( ~ 0 . 3 6 )  
~n July 1994 and 38.81 (-t9.24) in July 1995 (one- 
tailed paired t test on In-transformed data, P = 35, 
0.045). Mice attacked a mean (=SE) of 1.06 36, 
(-t0.44) freeze-dried pupae per day n 1994 and 36 
(214)  in 1995 (one-tailed pared t test on n-trans- 
formed data, P = 0.003). Mean (2SE)  egg mass 
denst~es per tree on or under burlap bands ivere 
0.1 1 (20.02) n 1994 and 0.004 (=O 004) n 1995 
(one-ta~led paired t test, P = 0.0862) 
J. Pesman and J S. Gray, n Ecological Dynamics of 
Tick-borne Zoonoses, D. E Sonenshine and T. N. 
Mather, Eds (Oxford Un~v. Press, New York, 1994), 
pp. 327-350. 
M. L W~lson, S. R. Telford. J. P~esman, A. Spelman. 
J. Med. Entomol. 25, 224 (1 988). 
J. Piesman. J. G. Donahue T. N. Mather, A. Spel- 
man, ibid. 23, 219 (1986). 
J. R. Levne, M. L. W~lson, A. Spelman,Am. J. Trop. 
Med. Hyg. 34, 355 (1985); T. N. Mather, M. L. WmI- 
son, S. I. Moore, J. M. C. R~be~ro, A. Splelman. 
Am. J Epidemiol. 130, 143 (1 989). 37 
R. S. Ostfeld, M. C. Miller, K. R. Hazer, J. Mammal. 
77. 266 (1 996). 
R. S. Ostfeld, K. R. Hazler, 0 .  M. Cepeda J. Med. 
Entomol. 33, 90 (1 996). 
R. S. Ostfeld, Am. Sci. 85, 338 (1997). 38. 
Acorn producton (mostly red oak) on control g r~ds 
n 1995 versus 1994 averaged 7.6 (range 7 2 to 8) 
versus 97 (range 59 to 134) acorns per square 
meter of canopy (est~mated from 0.5-m2 seed 
traps, of whch  f~ve  per g r ~ d  were under canopy 
oaks), from an average of 98 versus 142 mastng 3g' 

oaks per grid, based on canopy inspect~on. The 
acorn density added was the average of 1994 val- 
ues and that found by Sork et a/. (3) for red oak (25 
m-2 of canopy). To calculate the amount of acorns 
to add per grid, we used the mean DBH of masting 
oaks n 1994 to calculate average crown radlus (in 
meters) 11 71 + 7.92 x DBH [C D Canham, A. C.  
Finz~. S W Pacala, D. H. Burbank, Can. J. For. 
Res. 24, 337 (1994)]] and the average number of 
oaks mastlng in 1994. Based on these calcula- 
t~ons, we added an average of 270.525 (1 172 kg) 
acorns [prmar~ly red oak, locally collected and do- 
nated as well as purchased (Sheifled Seed Co., 
Locke, NY)] to each of the three exper~menta grids 

Acorns were added in three events between late Oc- 
tober and late November 1995 and were evenly scat- 
tered n a 4.45-m average crown radus c r c e  around 
the center of each of the Inner 80 gr~d cells. The 20 
nest boxes on each expermental grid receved acorn 
supplements of 10 per box every month from mid- 
September to December 1995; then 5 per box every 
2 weeks to early June 1996. 
Ln-transformed mouse density before acorn addl- 
t o n  was analyzed at a slngle t m e  po~nt  (grd  effect 
ANOVA, t test) In caculatng the effects of acorn 
add~t~ons on mouse denstes  (In-transformed) we 
used repeated measures ANOVA (rmANOVA) to 
test for grid pair effects (P > 0.05: rmANOVA 
Wilkes' Lambda for tlme and treatment by t m e  
nteracton effects, P > 0.05, F test for treatment 
effect). Sample szes for mouse breedlng frequen- 
ces  on control g r~ds (analyzed by x2) precluded 
analys~s of g r ~ d  pair effects T ~ c k  densities were 
sampled monthly on all gr~ds, AprNovember  
1996, by draggng a I - m 2  white corduroy cloth, 
supported by a wooden dowel at one end and lead 
vde~ghts at the other end [R. C Falco and D. F~sh, 
Exp. Appl. Acarol. 14, 165 (1 992)] along 15-by- 
30-m transect segments per g r~d ,  w ~ t h  transects 
randomly selected at each sample t~me .  Every 
30 m, t cks  were removed and preserved in 7096 
ethanol for ident~f~cation. Mean larval t ~ c k  dens~ty 
( tcks per square meter). averaged over transect 
segments w ~ t h  a segment-to-segment within-grid 
varance estmate, were In-transformed (grid effect 
ANOVA, t iesi). The numbers of larval tlcks at- 
tached to ve-trapped mice were counted at each 
trap sesson. Mean larval t cks  per mouse, aver- 
aged over each grid, w ~ t h  dfferences among mice 
g v n g  the within-grid varance est~mate, were In- 
transformed (grid effect ANOVA, t test). Data for 
August 1996 are reported because this IS the peak 
per~od of host-seek~ng act~vity by larval t~cks,  as 
determ~ned by 7 years of monltorng data (30 31). 
E. A. Desy and G. 0 Ba tz ,  Ecology 70. 41 1 (1989). 
The abundance of Infected host-seek~ng nymphal 
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tcks  on spirochete-infected mice. and higher densl- 
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substantally Increased 2 years after masting. This 
Inference was supported by our observaton that the 
average densty of nymphs In June 1997 was 73.906 
hgher and In July was 31.306 hgher on experimental 
(acorn-supplemented) gr~ds than on control gr~ds. 
However, because of hgh varabilty among sltes. a 
drought causng small sample sizes of nymphs, and 
possble dens~ty-dependent emigrat~on by mcefrom 
our exper~mental grids dur~ng the 1996 per~od of 
larval infestation, ne~ther of :hese d~fferences was 
stat~stically significant (pared t tests, P = 0.21 and 
0.15 for June and July, respectvey). 
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