
fashion for every new brain area into 
which kainic acid is injected that it has 
indeed spared all fibers of passage. Our 
results suggest that one type of fiber may 
be spared while others are not, or that a 
significant but subtotal percentage of all 
fibers may be destroyed. Furthermore, 
this may vary from one brain region to 
another. Some techniques used to test 
the integrity of fibers of passage may not 
be quantitative enough to detect small 
losses; such techniques include horse- 
radish peroxidase transport through the 
injected area (7) and electrophysiological 
evocation of a response caused by stimu- 
lation of fibers that run through that area 
(24). Conventional histology, either at 
the light or the electron microscopic lev- 
el, would not appear to be able to pro- 
vide an adequately quantitative measure 
(2, 3, 25). 
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The recent discovery of 3- to 4-million- 
year-old human fossils (1) quickens in- 
terest in possible living analogs to our 
common ancestor with apes (2, 3). The 
pygmy chimpanzee (Pan paniscus) has 
been proposed as a good prototype for 
this common ancestor (2, 3). We report 
our test of the appropriateness of P. pan- 
iscus as an ancestral prototype by as- 
sessing the morphological affinities of P. 
paniscus relative to P. troglodytes, 
Homo sapiens, and early hominids, and 
determining the effects of size and scal- 
ing on the morphology of these species. 

Morphological similarity was assessed 
by comparing large sets of measure- 
ments (196) that describe body propor- 
tions, joint configurations, cranial shape, 
and dental morphology. Comparisons for 
each body part were made by calculating 
the generalized distance among Homo 
sapiens, Pan paniscus, Pan troglodytes, 
and the early hominid group of gracile 
Australopithecus in the multidimension- 
al space defined by canonical variates 
(Table 1). Although the two chimpanzee 
species are more similar to one another 
than to either extinct or extant hominids, 
the affinity between the pygmy chim- 
panzee and hominids is significantly 
greater than that between the common 
chimpanzee and hominids in general 
body proportions, shoulder, elbow, fore- 
arm, premolars, and anterior tooth mor- 
phology. Gracile australopithecines are 
closer to P. paniscus than to P. troglo- 
dytes in proportions, shoulder, and el- 
bow. In all other traits measured, these 
early hominids significantly converge on 
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P. paniscus on the second canonical var- 
iate (on which P. paniscus is always mu- 
tually discriminated from H. sapiens and 
P. troglodytes). 

Could allometry, the necessary change 
of proportions with size, explain the dif- 
ferential similarity of P. paniscus? While 
Pan species differ less in size than once 
thought [about 15 percent (3a)], the 
smaller size of P. paniscus might still ex- 
plain some of its more generalized ap- 
pearance. Static adult allometry often re- 
sembles the process of ontogenetic al- 
lometry, the earlier (smaller) stages of 
which usually appear more primitive. 
Furthermore, the process of neoteny 
does not necessarily lead to decrease in 
body size (4): differential cessation of 
growth could still yield a neotenized indi- 
vidual at a larger size. Therefore the dif- 
ferential similarity of pygmy chimpan- 
zees toward humans could be allometric 
despite the size discrepancy, if it were 
the result of coincidentally shared juve- 
nile features. 

To test the effects of allometry we cal- 
culated the correlations between inter- 
specific and intraspecific allometry coef- 
ficients for P. paniscus and P. troglo- 
dytes (Table 2). This approximates the 
angle between the vectors describing the 
allometric growth pattern within P. 
troglodytes and the vector intersecting 
the P. troglodytes and P. paniscus cen- 
troids (5). The highest correlation in 
Table 2 is for skeletal proportions result- 
ing from the fact that pygmy chimpan- 
zees differ from common chimpanzees in 
having shorter arms, longer legs, and 
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former. The two species of chimpanzees are equally good models for the common 
ancestry of African apes and man. 
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Pan troglodytes, P. paniscus, and Australopithecus 

Numberof Homo- Homo- P. trog.- P. trog.- P. panisc.- 
Study measure- Study measure P. trog. P. panisc. P. panisc. Australop. Australop. ments 

Proportions 13 19.92 18.14 (14) 3.06 
(11-13) 

Shoulder (15) 9 3.37 2.78 (14) 1.26 1.63 1.26 (14) 
Elbow(6) 16 5.29 4.72 (14) 3.57 4.73 3.48 (14) 
Wrist (16) 20 9.57 9.89 4.28 
Capitate (17) 12 10.69 10.91 2.78 8.32 7.77 (18) 
Forearm (13) 14 8.29 7.81 (14) 4.12 
Os coxae (19) 17 17.77 18.61 4.69 14.65 14.31 (18) 
Hip (20) 10 4.86 5.12 1.87 3.69 3.15 (18) 
Knee (20) 7 6.84 7.02 1.46 4.27 3.52 (18) 
Cranium (21, 22) 9 1.74 2.59 1.48 
Lower dentition 16 1.05 1.05 (18) 1.04 

(22,23) 
Upper dentition 16 1.12 0.94 (18) 1.01 

(22,23) 
Molars (24) 24 23.31 22.97 (18) 21.46 
Premolars (25) 7 24.47 14.80 (14) 10.33 
Anterior teeth (26) 6 6.24 4.32 (14) 3.53 

*Excludes specimen classified in the robust species of Australopithecus. 

smaller joint surfaces; this precisely 
characterizes the growth difference from 
small to large specimens of P. troglo- 
dytes. The correspondence of size to 
shape changes within P. troglodytes with 
interspecific differences in shape show 
that P. paniscus is merely a scaled, re- 
duced version of P. troglodytes in these 
measurements (or, the equally valid 
thesis, that P. troglodytes is a scaled-up 
P. paniscus). The coefficients vary con- 
siderably for the other morphometric 
studies (Table 2). In most of those body 
parts in which P. paniscus converges sig- 
nificantly on H. sapiens (shoulder, fore- 
arm, premolars, anterior teeth) the coef- 
ficients are high, which indicates that the 
differential resemblances between P. 

paniscus and H. sapiens can be ex- 
plained by allometric effects. The only 
postcranial convergence not explained 
by this analysis of allometric effects is 
the distal humerus, which in a previous 
study (6) by a different method showed 
no differential similarity for P. paniscus. 

Neoteny has reappeared as an impor- 
tant, although controversial, theory for 
the origin of human peculiarities (4, 7). 
This theory is difficult to test (8). Pos- 
sible support comes from the correspon- 
dence between these findings: P. pan- 
iscus is distinguished from P. troglodytes 
by the similarity of many of its features 
to the human condition; many of these 
features can be directly ascribed to juve- 
nile retention associated with smaller 
size or arrested growth. In contrast, we 
reason that the australopithecine prede- 
cessors to humans were less juvenilized 
than humans, by this theory. They there- 
fore should show less differential similar- 
ity to P. paniscus; instead they show 
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considerably more. Perhaps this in- 
dicates the greater likelihood of similar- 
ities between Australopithecus and P. 

paniscus being due to shared primitive 
characters (symplesiomorphy) indepen- 
dent of size factors. 

Our results show that a considerable 
proportion of the difference between Pan 
species can be attributed to allometry. 
The remaining differences are probably 
not all distributed as the primitive state 
in P. paniscus, either: for instance, in the 
molai dentition, the system in which Pan 
species differ most, P. paniscus is most 

probably derived. The enlarged crown 
components, increased talonid height, 
and square shape of pygmy chimpanzee 
molars do not resemble earlier phyloge- 
netic stages or earlier growth stages as 

Table 2. Correlations between interspecific 
and intraspecific allometry coefficients for P. 
paniscus and P. troglodytes. 

Study r 

Proportions .94 
Shoulder .67 
Elbow -.06 
Wrist -.22 
Capitate .01 
Forearm .58 
Pelvis .30 
Hip .10 
Knee -.04 
Cranium* .89 
Lower teeth* .58 
Upper teethl .75 
Molars -.37 
Premolars .91 
Anterior teeth .39 

*Juvenile-adult vector within P. troglodytes com- 
pared with P. troglodytes-P. paniscus vector. 
tMale-female vector within P. troglodytes com- 
pared with male P. troglodytes-male P. paniscus 
and female P. troglodytes-female P. paniscus vectors. 

they are known from the human ontoge- 
netic sequence (9). Thus, by subtracting 
the allometric effect and critically exam- 
ining remaining differences, we can see 
that the common ancestor of pygmy and 
common chimps could have resembled 
both about equally. Modeling of a "miss- 
ing link" based on P. paniscus is prob- 
ably premature. Nevertheless, the simi- 
larity of pygmy chimpanzees and aus- 
tralopithecines does indicate that samples 
of the former may be crucially important 
in comparative studies of the earlier 
hominid fossil record. 
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ACTH and Vasopressin Treatments Immediately After 

a Defeat Increase Future Submissiveness in Male Mice 

Abstract. Male mice were given a single injection of either adrenocorticotropic 
hormone (ACTH) or lysine vasopressin immediately after a defeat in an encounter 
with an aggressive male mouse. The defeated mice were testedfor submissiveness at 
either 24 hours, 48 hours, or 7 days after the initial encounter. Both hormone treat- 
ments increased future submissiveness, although the time courses of the effects were 
different: The effects of ACTH disappeared after 48 hours, whereas those of vaso- 
pressin persisted for 7 days. These results suggest that changes in peptide hormone 
levels following naturally stressful experiences can affect the memory of those expe- 
riences, as expressed in future adaptive responses. 
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Recent evidence has suggested that 
the hormonal responses to initial experi- 
ences may be important in the media- 
tion of the effects of those experiences 
on future behavioral reactions, perhaps 
through effects on memory processes ( - 
4). The majority of this evidence comes 
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Fig. 1. The effects of immediate postdefeat 
treatment with ACTH or a placebo on (a) 
mean latency to submit minus latency to at- 
tack at each postdefeat interval, and (b) mean 
number of aggressions to submission at each 
postdefeat interval. 
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from studies of the effects of the pituitary 
peptides adrenocorticotropic hormone 
(ACTH) and vasopressin on avoidance 
responding in rats and mice, where post- 
training treatments with these hormones 
lead to enhanced retention of the avoid- 
ance response (1, 3, 5, 6). We report here 
the results of two experiments showing 
that these pituitary peptides may play a 
similar role in social situations as well; 
increasing ACTH and vasopressin levels 
immediately after an initial defeat in- 
creases an animal's submissiveness in 
future encounters. 

The experiments reported here exam- 
ine the interaction between prior experi- 
ences of defeat and experimentally al- 
tered hormone levels. We conducted two 
initial studies: the first to show that prior 
experiences of defeat do increase future 
submissiveness, and the second to show 
that the hormone treatment schedule 
used here does not affect submissiveness 
independently of the prior experience of 
defeat (7). In this way, we could be cer- 
tain that the design of the two experi- 
ments described here does permit eval- 
uation of the interaction of prior experi- 
ences with modified hormone levels. 

In the first experiment on the inter- 
action of prior defeat and hormone treat- 
ment, we examined the effects of post- 
defeat treatments with ACTH on future 
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submissiveness. Fifty-nine male CD-1 
mice, 7 weeks old and kept isolated from 
other mice for 1 week, experienced an 
initial defeat in an encounter with an ag- 
gressive opponent. The Opponents were 
untreated, adult male CD-1 mice that had 
been housed in isolation for 6 to 10 
weeks to enhance aggressiveness (8). 
The encounter was in a wooden arena 
30.3 by 33.0 by 15.0 cm. The subject and 
opponent were placed together in the 
arena and allowed to interact until the 
test animal submitted. An animal was 
considered to have submitted when it (i) 
displayed the characteristic upright sub- 
missive posture, and (ii) failed to fight 
back when subsequently attacked by the 
opponent (9). 

The mice then were randomly as- 
signed to one of three control groups or 
one of three experimental groups (8 to 11 
per group). Immediately after the initial 
defeat, all mice received a single injec- 
tion. The mice in the control groups re- 
ceived a subcutaneous injection of 0.05 
ml of saline (placebo), whereas those in 
the experimental groups received a sub- 
cutaneous injection of 2 I.U. of ACTH 
(Cortrophin-Zn, Organon) in 0.05 ml of 
saline. this dosage of ACTH was se- 
lected because it is effective in modifying 
avoidance responding in mice (10). 

The mice in one experimental and one 
control group were tested for sub- 
missiveness with a novel opponent at 
one of three times: 24, 48, or 168 hours 
after the initial defeat and hormone or 
placebo treatment. The test of submis- 
siveness was conducted as was the en- 
counter for the initial defeat: The test an- 
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Fig. 2. The effects of immediate postdefeat 
treatment with lysine vasopressin (LVP) or a 
placebo on (a) mean latency to submit minus 
latency to attack at each postdefeat interval, 
and (b) mean number of aggressions to sub- 
mission at each postdefeat interval. 
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