sible that it is cytoplasmic material from
the protoplasts. The only evidence of
this is that nearly all of the agglutinated
cells were dead 10 minutes after the addi-
tion of elicitor, as shown by staining with
fluorescein diacetate (//). In contrast,
protoplasts incubated with salt solution
or any of the commercial polysaccha-
rides at the concentrations shown in
Table 1 did not agglutinate the pro-
toplasts, did not cause debris accumula-
tion (Fig. 2), and did not result in cell
death.

The remainder of the studies were
done with elicitor isolated by Bio-Gel
chromatography because substantially
lower concentrations of elicitor were re-
quired to cause agglutination (21 versus
250 ug of D-glucose equivalents per mil-
liliter). Agglutination occurred when
protoplasts (1 x 10° cells per milliliter)
were incubated for 10 minutes with this
elicitor preparation at a concentration of
21 ug of p-glucose equivalents per mil-
liliter, but not at concentrations lower
than 10 ug or higher than 60 ug of p-glu-
cose equivalents per milliliter. The ag-
glutinated cells were dead and had the
same appearance as those shown in Fig.
1. The cells incubated with elicitor at
high concentrations were killed even
though they did not agglutinate.

Laminarin did not agglutinate proto-
plasts, but it did inhibit elicitor-mediated
agglutination when the laminarin was in-
cubated with the protoplasts for 10 min-
utes prior to the addition of elicitor at a
final concentration of 21 ug of p-glucose
equivalents per milliliter (Table 2). Lam-
inarin did not reverse agglutination once
it had occurred.

The data presented are consistent with
the existence of elicitor receptor sites on
the outer surface of potato leaf plasma
membranes. If this is the explanation of
elicitor-mediated agglutination, it is evi-
dent that the elicitors isolated by our
procedure are multivalent. The proposed
receptors are capable of being saturated,
as shown by the lack of agglutination
with high elicitor concentrations. They
are probably specific for B-1,3-glucan
portions of the elicitor molecule because
laminarin inhibits the agglutination.

The elicitor used in our studies was
isolated from a race of P. infestans
that can easily infect Kennebec potato
plants. Thus, our research does not elu-
cidate the mechanism of race specificity.
It is possible that race-specific elicitors
do exist (/2), but this character is lost
during the isolation of cell walls or elici-
tor. It is also possible that race specifici-
ty is due to other chemicals working in
concert with elicitors (6), or that elicitors
are released from the cell walls of an in-
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vading fungus only if the plant being pen-
etrated has a substantial amount of
resistance to that race of the fungus.
BRrRIAN M. PETERS
DAviD H. CRIBBS
DAVID A. STELZIG
Plant Sciences Division, West Virginia
University, Morgantown 26506
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Rabies: Decimation of a Wolf Pack in Arctic Alaska

Abstract. In a pack of ten wolves, one wolf behaved atypically and fought with
several packmates. This wolf was shot when it approached the author. Within 4
weeks at least six other members of the pack were dead. Rabies was confirmed in the
wolf that was shot and in two others that had not decomposed. Most of the wolves
infected with rabies had sought or remained at familiar areas in the core area of their
territory, which implies that they were not contacting neighboring packs. This was
confirmed with an aerial survey. Arctic foxes, experiencing a regionwide rabies epi-

zootic, were suspected vectors.

Rabies, a viral disease affecting the
nervous system, causes altered behav-
ior, paralysis, and death in most mam-
mals. It is transmitted by introduction
of virus-laden saliva into a bite wound,
by ingestion of infected material (/), or
by inhalation of contaminated air (2).
Knowledge of the effect of rabies on
family groups, behavior of normal ani-
mals in contact with rabid conspecif-
ics, and behavior and movements of
rabid animals would lead to better un-
derstanding of the persistence of rabies
in wildlife populations (3). In this report I
describe the behavior of rabid wolves in
the wild.

Reports of rabies in wolves (Canis
lupus) have dealt almost exclusively with
attacks on man (4). Rabies has rarely
been recorded in wolves in North Ameri-
ca. In Alaska, for example, there were
only six laboratory-confirmed cases be-
fore 1977 (5-7). Most rabid wolves in
North America were reported during
rabies outbreaks (epizootics) in arctic
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foxes (Alopex lagopus) or red foxes (Vul-
pes vulpes) (5, 8-10). Wolves seem to be
an important reservoir or vector of rabies
only in the eastern Mediterranean (/7).
Rabies is enzootic in fox populations
in tundra regions of Alaska 6, 12, 13),
and in 1976 an epizootic began in arctic
foxes along the Arctic Coast (7). In the
summer of 1977 I documented an out-
break of rabies in a pack of wolves in the
upper Hulahula River valley on the north
slope of the Brooks Range in north-
eastern Alaska (Fig. 1). In the summer of
1976 1 had studied the effects of human
disturbance on this pack (I4) and in 1977
had begun a study of its behavior. I was
in the Hulahula valley from 5 June to 18
July, 2 to 10 August, and 12 August to 12
September 1977. Homesites (15) were
observed for wolf activity from approxi-
mately 1.0 km with a spotting scope for a
total of 160 hours between 8 June and 18
July. In June, two wolves were captured,
immobilized, fitted with radio-trans-
mitting collars, and released at their cap-
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ture sites (/6). Both were frequently lo-
cated from the ground by means of radio
receivers.

Wolf packs are family groups com-
posed of a dominant (alpha) pair, their
current young, and any number of off-
spring of previous years. A pack may be
territorial (/7) or migratory (/8). In sum-
mer, all packs with pups localize near
dens and later near rendezvous sites
(15), areas where pups remain while
adults hunt. The Hulahula pack in 1977
consisted of a minimum of eight adults
(yearlings and mature adults) and two
pups (Table 1). In 1976 it had included
eight adults and four pups (I/4). The
breeding female (Alpha-F) was the same
both years, as was the den and at least
the first two of three rendezvous sites
(RS-1, RS-2, and RS-3).

Between 2110 and 2225 (Alaska Stan-
dard Time) on 13 July at RS-2, I ob-
served fighting that, among wolves in
summer, was unusually intense and

vicious. A dark tawny wolf (DT), later
found to be rabid, aggressively and re-
peatedly fought Alpha-M, M-95, and SW
(Table 1). Wolf F-94, which avoided
fighting, was attacked twice by DT, and
DT chased and probably bit at least one
pup. Wolf DT did not behave submis-
sively when knocked down, as others in
similar positions invariably did, but
attacked instead. During pauses in the
fighting, DT was watched intently by the
others as it wandered back and forth
over trails and made short runs, activi-
ties that were unusual and seemingly
aimless.

The wolf DT was probably a member
of the Hulahula pack since a wolf match-
ing its description was at RS-2 on 12
July. Its behavior on 13 July was consist-
ent with behavior of rabid dogs (Canis
familiaris) (19). There is one report of a
wolf attempting to escape a rabid wolf
(20), but my observations show that this
behavior is not always the case.

Table 1. Characteristics and fates of members of the Hulahula wolf pack.

Weight

*
Wolf Sex (kg) Fate

DT Male 29.8 Approached author and was killed on 14 July; rabies-positive

M-95 Male 29.6 Fitted with radio-transmitting collar on 13 June; found dead
on 8 August; died about 4 or 5§ August; porcupine quills in
muzzle; rabies-positive

Alpha-M  Male 419 Alpha-male; found dead on 9 August; died about 7 August;
rabies-positive

M-02 Male Found dead on 17 August; died after 2 August

Alpha-F Female Mother and alpha-female; found dead on 17 August; died late
July or early August; porcupine quills in muzzle

F-94 Female Fitted with radio-transmitting collar on 15 June; found dead
on 13 August; died in late July or early August; one porcu-
pine quill in muzzle

SW Unaccounted for

Wolf-X Unaccounted for

Pup-1 Male Found dead on 13 August; died in late July or early August

Pup-2 Unaccounted for

*Figure 1 shows where the wolves died.

Fig. 1. Study area showing locations of wolf homesites, dead wolves, and wolf howls heard in
August and September. Abbreviations: A, den; B, first rendezvous site (RS-1); C, second ren-
dezvous site (RS-2), location of M-02 and Alpha-M; D, third rendezvous site (RS-3), location of
F-94, Alpha-F, and Pup-1; E, where DT was Killed after approaching R.C.C.; F, location of M-

95; G, H, and I, where howls were heard.
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At 2120 on 14 July, a wolf passed my
tent, and I whistled to attract it for the
purpose of taking photographs. After
briefly trotting back and forth 10 to 15 m
away, it approached to within 3 m. I be-
came apprehensive at this unusual be-
havior and drove it off by shouting and
banging pots together. It returned twice
more and each time I struck it in the head
with a boot I had picked up. It circled out
10 to 15 m each time it was driven off. I
finally killed it with a pistol when it ap-
proached again. It had trotted in a slight-
ly staggering manner, not appearing
alert, and it had not vocalized. It bit the
ground at least once and snapped at the
boot the second time I hit it. Consid-
erable saliva and debris covered its
muzzle. On the basis of its size and col-
or, I identified the wolf as DT. Six days
later, it was found to be rabies-positive
by the fluorescent antibody (FA) and
mouse inoculation tests (217). Its stomach
contents, totaling 0.5 liter, included wolf
hair, moss, wood chips, and sand.

Between 8 and 17 August, I found six
wolves dead in the area (Table 1). Two of
them, M-95 and Alpha-M, tested on 11
August, were rabies-positive by the FA
test. The other four were too decom-
posed for testing. None of the carcasses
had been scavenged. Apparently all six
had died within a 10-day period around 4
August. At least four of them had had
contact with DT on 13 July. It was less
than 4 weeks from exposure to rabies
from DT to the deaths of these wolves,
similar to dogs in this respect (/9).

Three wolves died with porcupine
(Erethizon dorsatum) quills in their muz-
zles, as has been reported for rabid red
foxes (10, 13). Other observations had
indicated that normal wolves avoid con-
tacting porcupines.

The rabid wolf DT fought with others
at RS-2; two adults and a pup died at RS-
3; and two other adults died at RS-2
which was not in use when they died
there. These data suggest that rabid
wolves tend to seek, or remain at, famil-
iar areas. Wolf M-95 did not die at a
homesite, and would not have been
found had it not been located with the ra-
dio receiver. Other wolves may have
died, but I did not find their bodies and I
was unable to search even 1 percent of
the pack’s estimated territory area of 850
km? (14, 22).

At least three pack members were
unaccounted for. One of these (SW) had
fought with DT on 13 July, and Pup-2 un-
doubtedly had had contact with its
mother and its littermate who had both
died of rabies. Evidence indicates that at
least one pack member may have sur-
vived beyond 10 August. Dall sheep
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(Ovis dalli) hunters heard wolf howls on
the nights of 9 to 10 and 11 to 12 August,
and I heard two howls on 8 September
(Fig. 1).

During 20 to 22 March 1978 1 con-
ducted S hours of aerial survey in a Tur-
bo-Beaver aircraft along the Jago, Okpi-
lak (located between the Jago and Hula-
hula rivers), Hulahula, and Canning
rivers. A complete survey would have
required at least 15 hours. Two black
wolves and one gray wolf were 11 km
north of the den location shown in Fig. 1.
A sheep hunter had seen a black wolf in
this area in early September 1977. These
wolves may represent a pack that existed
north of the Hulahula pack prior to the
outbreak of rabies; there were no black
wolves in the Hulahula pack. Two gray
wolves were on the Canning River 48 km
west of the den. Tracks of at least two
wolves were on the Okpilak River 42 km
northeast of the den. Wolf tracks were
also seen on the Jago River and in most
of the Canning drainage. These findings
suggest that only the Hulahula pack was
affected by rabies.

Indeed, several factors would make it
unlikely in northeastern Alaska for a rab-
id wolf to infect a wolf in another pack.
Wolf densities there are usually lower
than one wolf per 180 km? (22). A rabid
wolf, infective for only a few days,
would have to leave its home range, then
contact and infect another wolf before it
died. [There is one report of a rabid wolf
traveling at least 24 km after attacking a
man (I2).] Evidence described herein
suggests that most rabid wolves seek fa-
miliar areas. Supporting data are sparse,
but no one has reported significantly
lowered wolf densities following local
outbreaks of rabies in wolves (12, 21,
23), which suggests that pack-to-pack
transmission of rabies is uncommon.
Predator control, dispersing wolves fill-
ing vacant territories, and subsequent re-
production would mask the devastating
effects of the disease.

Since there was a rabies outbreak
among arctic foxes along the Arctic
Coast (7), the most probable source of
rabies was a rabid arctic fox. Because of
a lack of prey on the coastal plain in
northeastern Alaska, wolves are rarely
seen near the coast. It is not uncommon,
however, for arctic foxes to travel south
from the coast, particularly when at high
densities as they were in 1976 to 1977. A
few were even seen south of the Brooks
Range during this period (7). Moving
south brings them in contact with
wolves. Wolves will chase and attempt
to kill foxes which they encounter (14,
24), and in so doing, may be bitten or
may eat such a fox. If the fox is rabid,
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the wolf may become infected. In August
at RS-2, I found the skull of an arctic fox
showing evidence of chewing by a wolf,
and the fox’s chipped canines indicated
that it may have bitten rocks, not done
by normal foxes.

In an earlier incident, three wolves
(one confirmed rabid) had attacked men
or dogs within a 13-day period in a small
area near Aklavik, Northwest Terri-
tories, Canada (8), which suggests that
the three were packmates and were in-
fected about the same time. Because
members of wolf packs are socially
close, most if not all pack members will
be exposed to rabies if one member be-
comes rabid, decimating the pack. If this
is usually true, wolves, which occur in
discrete social units (packs) and low den-
sities, would be sporadic hosts of rabies.

RicHARD C. CHAPMAN
Department of Entomology, Fisheries,
and Wildlife, University of
Minnesota, St. Paul 55101
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Retrograde Amnesia Produced by Several Treatments:

Evidence for a Common Neurobiological Mechanism

Abstract. This experiment examined the effects on memory of various amnestic
treatments in animals earlier treated with the a-adrenergic antagonist phenoxy-
benzamine (PBZ). Thirty minutes before being trained in a one-trial inhibitory (pas-
sive) avoidance task, animals received an injection of PBZ or saline. Immediately
after training, each animal received one of the following amnestic treatments: stimu-
lation of the frontal cortex or amygdala, pentylenetetrazol, diethyldithiocarbamate,
or cycloheximide. In control animals, each treatment produced retrograde amnesia.
However, PBZ-treated animals did not develop amnesia. These findings suggest that
there may be a common neurobiological mechanism underlying the amnesias pro-

duced by many treatments.

During the past 30 years, various
treatments have been used to produce
retrograde amnesia in animals (/). In
many studies, a specific amnestic treat-
ment was chosen because of a particular
known neurobiological response to it.
These studies represent indirect at-
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tempts to learn about the nature of mem-
ory storage processing by relating post-
training interference with the activity of
certain neurobiological systems to defi-
cits in later retention (2). Thus, the am-
nesias produced by electroconvulsive
shock, some forms of direct electrical
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