
the accuracy of the discharges. Pinching 
with forceps had shown beetles with 
replete glands (previously undisturbed 
for at least 2 weeks) to be capable of 
discharging upward of 15 times before 
exhaustion of their reserves. However, 
in the tests with ants the beetles were 
only rarely forced to discharge in rapid 
succession, since each ejection was fol- 
lowed by a period of relative invulner- 
ability during which approaching ants 
were apparently repelled by residual se- 
cretion remaining on the beetle from the 
previous discharge. Benzoquinone va- 
pors are potently deterrent to ants, and 
protracted postdischarge invulnerability 
had also been noted in tests with brach- 
inines (8). 

Goniotropis and Ozaena belong to the 
Ozaenini, one of two major subdivisions 
of the Paussinae. The other subdivision, 
the Paussini, includes species highly spe- 
cialized for life in ant colonies (2). Al- 
though they too discharge benzoqui- 
nones (3, 4), no one knows how their 
defenses figure in their interactions with 
enemy or host. But they too have elytral 
flanges, which we presume to be func- 
tionally analogous to those of the Ozae- 
nini. 
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Play Behavior: Persistence, Decrease, and Energetic 

Compensation During Food Shortage in Deer Fawns 

Abstract. White-tailed deer fawns continued to play despite an experimentally 
induced 33 percent milk shortage. They reduced play by 35 percent and general 
activity by 9 percent but increased grazing by 62 percent, resulting in virtually 
complete energetic compensation. This demonstrates the importance of play behav- 
ior in a mammal's activity budget. 

The bioenergetic priority of play be- 
havior in immature mammals has been a 
matter of dispute ever since Spencer (I) 
postulated "energy surplus" as the prox- 
imate source of play. Since long-term 
effects of play (or its absence) are diffi- 
cult to measure, the magnitude of the 
selective advantage (but not its specific 
nature) of play could be estimated by 
how much the growing organism is will- 
ing to pay for being able to play, espe- 
cially under energetically adverse condi- 
tions. Will play be dropped for short 
periods and without ill effects? Is it a 
built-in reserve activity, "behavioral 
fat" (2)? 

We report the redistribution of energy 
allocated to various activities by young 
mammals when receiving a reduced 
amount of milk. They continued to play, 
but at a lower rate, which was propor- 
tional to the food reduction. They spent 
more time resting but increased their 
grazing drastically. These adjustments 
resulted in only minor changes of both 
the energetic input and output. 

Play behavior comprises vigorous ac- 
tivities, such as leaping, running, chas- 
ing, striking, or wrestling, in the absence 
of an immediate need for fleeing or fight- 
ing. It can be solitary, parallel (that is, 
socially facilitated without interaction), 
or social (that is, interactive). Many 
adaptive functions have been postulated 
for the play behavior of young mammals. 

They range from general neuromuscular 
and cardiovascular exercise, to sensory 
stimulation of the developing nervous 
system, to learning about the environ- 
ment, and to development of social, re- 
productive, and maternal skills. About 
30 such functions have been attributed to 
play and exploration (3). 

The energy budget of the young animal 
covers expenditures for maintenance 
(food getting, shelter seeking, predator 
avoidance, and thermoregulation), growth, 
and play behavior (4). Primates play less 
during periods of food shortage. Rhesus 
monkeys (Macaca mulatta) on Cayo 
Santiago Island played 17 times less dur- 
ing a 15-day food shortage. All behaviors 
except foraging decreased in frequency, 
and six of the 69 animals died, indicating 
the severity of the lack of food (5). No 
play occurred in two troops of 23 and 27 
squirrel monkeys (Saimiri) in a south- 
western Panama forest during 261 hours 
of observation. There was little of the 
monkeys' preferred foods available, and 
foraging took up 95 percent of their wak- 
ing time. During the remaining 5 percent 
of the time, there were many social situa- 
tions that in other squirrel monkey popu- 
lations would have led to social play (6). 
Captive squirrel monkeys forced to ob- 
tain powdered food out of a container 
played as little as 1 percent of normal (7). 
There was, however, no complete cessa- 
tion of play. When their food ration was 
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Table 1. Play running differences between siblings during experimental and control periods. 
During control periods the individuals within each litter did not differ in their running play. The 
pairwise t-test for litter A during the control periods compared one individual with the average 
of the other two. N.S., not significant. 

Lit- Running: difference Analysis 
of variance Paired t-test 

ter --- - 

Distance (m) Percentage F P t P 

Two experimental periods (N = 10 days) 
A -407 * 169.3 -43.2 t 11.8 8.392 < .025 2.404 < .05 
B -176.4 t 30.5 -31 t 5.3 33.466 < .001 5.848 < ,001 

Three control periods (N = 15 days) 
A -3.0 * 40.1 +8.0 t 13.2 0.109 N.S. 1.17 N.S. 
B +48.8 t 27.5 +12.4 t 10.6 0.637 N.S. 1.05 N.S. 

reduced by 50 percent, a "complete 
drop-out of play" resulted (8). 

In free-ranging ungulates, the frequen- 
cy of play behavior may vary with the 
quality of the environment, especially 
the food supply. Mountain sheep play 
less in poorer habitats (9). Lambs of 
bighorn sheep (Ovis canadensis) play 
more in mountains than in the desert. 
This has been attributed to more hazard- 
ous terrain (such as cacti) in the desert 
(10). 

To study the effect of food shortage on 
play, the ratio of activity to rest, and 
compensatory grazing, we reduced the 
milk supply of white-tailed deer fawns 
(Odocoileus virginianus) and recorded 
these behaviors before, during, and after 
the reduced intake. 

Five female fawns (one set of triplets 
and one pair of twins, and 2 days apart in 
age) born in captivity were observed 

from their 11th day of life. This sample 
size is hard to surpass with large wild 
animals. They were kept as one group in 
an indoor room (4 by 2.5 m) with an 
outdoor pen (4 by 10 m), were given free 
access to Jersey cow milk (three times 
per day), and were able to graze. 

Starting at the age of 27 and 29 days 
respectively, one fawn of each litter for 
5 days received only two-thirds of the 
amount of milk (1156 i 92 and 1399 * 
11 1 ml, respectively) it had consumed on 
the average during the preceding 5 days. 
After the animals drank the milk, water 
from a bottle was freely available, a 
procedure allowing the same amount of 
sucking and more or less the same stom- 
ach tension as when undeprived. The 
animals actually consumed 1956 k 130 
and 1985 i 69 ml of fluid, respectively. 
Two fawns of litter A and one from litter 
B were controls. After the milk depriva- 

Day 1 2 3 4 5 

Deprivation per iod 1 Deprivation period 2 

Fig. 1. Compar~son of play running per day (in meters, left ordinate) by partially deprived fawns 
(D) with that of controls (C). (Top) Litter A; (bottom) litter B. (Abscissa) Days (1 to 5) of the 
two deprivation periods, which were 5 days apart. The percentages represent the difference in 
the amount of play between deprived and control animals. 

tion, the fawns were allowed milk at all 
times for 5 days, and then the milk 
supply for the remaining three fawns was 
reduced to two-thirds of their prior 5- 
day average consumption of 1418 i 85, 
1616 * 52, and 1516 i: 103 ml, respec- 
tively). They drank 2518 i 228, 2629 k 

164, and 1732 i: 92 ml of fluid (milk plus 
water) daily during the deprivation peri- 
od. Finally, all fawns were given free 
access for a 5-day postexperimental con- 
trol period. In addition to measuring milk 
consumption, we recorded all play, as 
well as the animals' activity-such as 
walking, grazing, or resting every 60 
seconds. Running speed was timed with 
a stopwatch; all other play patterns were 
counted. The fawns were observed from 
the time of their release from the indoor 
room (0719 i 4 minutes) to the end of 
their morning activity bout (all animals 
reclined; 0835 k 3 minutes). Observa- 
tion time averaged 76 i: 4 miniday, from 
0719 i 4 minutes to 0835 i. 3 minutes. 

The daily play bout occurred between 
0730 and 0830 (peak between 0744 i 6.9 
minutes and 0831 i. 6.4 minutes). The 
distinct motor patterns were head jerk, 
running at 4 meters per second, leaping, 
bucking, butting, mounting, and sudden 
reclining (11). Running constitutes 91.5 
percent of play in terms of estimated 
energy spent. Therefore, running was 
used to measure play (number of 20-m 
laps). 

Pairwise, day-by-day comparison of 
the amount of running play of deprived 
and control fawns shows a significant 
drop of play during milk deprivation 
(Fig. 1). The overall average drop was 
34.9 k 6.4 percent (standard error of the 
mean). During the three control periods 
of 5 days each (which occurred before, 
between, and after the experimental pe- 
riods), the amount of play did not differ 
between individuals in each litter (Table 
1). 

Deprived fawns were 9.3 i 3.5 per- 
cent less active than before deprivation 
and 13.5 percent less active than simulta- 
neous sibling controls (F = 9.516; P 
< .01). 

Grazing increased by 62.4 i 17.8 per- 
cent ( t  = 17.27; P < .OOl). Deprived in- 
dividuals grazed 46.1 i: 13 percent more 
than simultaneous sibling controls ( F  = 

5.466; P < .05). 
Thus, adjustments were made in all 

activities measured. (Growth was not 
included because of the short-term na- 
ture of the experiment.) Before depriva- 
tion, each of the five fawns on the aver- 
age obtained 1177 i: 52 kcal daily from 
their 1421 i: 77 ml of milk (12) and an 
estimated 589 i 26 kcal by grazing (13). 
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The 62.4 percent increase in grazing 
yields an estimated 368 additional kcal, 
almost compensating for the loss of 392 
kcal (one-third of 1177 kcal) as  milk. The 
total input during deprivation was 1746 
kcallday (789 as milk, 589 + 368 from 
grazing), or 98.9 percent of normal. On 
the output side, an estimated 483 kcall 
day are needed for basal metabolism plus 
22 kcallday (before deprivation) for 
standing, walking, running, play, and 
miscellaneous, such as ruminating (11) 
(total, 505 kcallday) (4). During depriva- 
tion the 9 percent activity decrease saves 
1.2 kcallday and the 35 percent play 
decrease saves 1.9 kcallday, but the in- 
creased grazing costs 5.4 kcal. The total 
output changes from 505 to 507.3 kcall 
day, or by only 0.5 percent. Thus, the 
small input (-1.9 percent) and output 
(-0.5 percent) changes represent an al- 
most complete energetic compensation 
in the face of a 33 percent milk reduc- 
tion. 

Output compensation has been dem- 
onstrated earlier: Black-tailed deer 
fawns are more active (nonplay) after 
experimental play deprivation (14) and, 
conversely, show less play running if 
they are forced to increase walking prior 
to their play bout (15). 

The 35 percent drop in running play 
seems proportional to the 33 percent 
milk decrease. Although energy required 
for running play constitutes only 0.9 per- 
cent of the estimated daily energy output 
(4.5 of 505 kcal), exclusive of growth (or 
about 20 percent of the activity budget), 
play was not dropped completely. In- 
stead, adjustments were made "across 
the board" for all behaviors monitored. 
Unlike primates (16), deer play very lit- 
tle and thus may derive developmental 
benefits from play at very low cost. 

Our experiment supports the notion 
that play can function as "behavioral 
fat" during a temporary noncatastrophic 
food shortage. It is reduced, while at the 
same time other behaviors such as graz- 
ing can still be substantially increased. 
The persistence of play, on the other 
hand, points to the importance of play. 
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Detection of Mutagens in Complex Samples by the Salmonella 

Assay Applied Directly on Thin-Layer Chromatography Plates 

Abstract. A new technique is reported in which components in complex samples 
are separated on thin-layer chromatography plates and their mutagenic effect is 
registered directly on the plates by means of the Salmonella assay. The method is 
quick and simple and particularly useful for screening large numbers of environmen- 
tal samples. Qualitative comparisons of mutagens in different samples can easily be 
made. Registered mutagens can be identified by the chemical analysis of extracts 
from duplicate plates. 

One of the major goals in environmen- 
tal chemistry is to evaluate potentially 
hazardous compounds in the process 
streams, effluents, and other parts of the 
environment. The traditional way of 
characterizing a complex mixture has 
been by chemical analysis of groups of 
compounds or individual compounds 
known to be hazardous. When these 
methods are used, unknown carcinogens 
or mutagens may remain undetected. Im- 
proved strategies rely on chemical or 
physical fractionations and subsequent 

mutagenicity testing of the individual 
fractions. Such methods, however, re- 
quire very detailed analysis and can 
easily become very expensive. Further- 
more, they have drawbacks such as sam- 
ple dilution, reactions of compounds 
through the fractionation procedure, and 
irreversible adsorption of biologically ac- 
tive compounds onto column materials 
or equipment. 

The use of thin-layer chromatography 
(TLC) to separate complex samples and 
the testing of the separated components 

Table 1. Mutagenicity testing of known mufagens by the Ames TLC technique. The compounds 
were chromatographed on silica TLC plates. The number of revertants around the test spot 
(lower left section of Fig. 1) was scored as follows: + + + , > 40; 40 > + + < 20; + , < 20; -, 
not detectable. Solvent system Ia was chloroform; solvent system I1 consisted of chloroform, 
benzene, ethyl acetate, methanol, and aqueous ammonia (4 : 1 : 3 : 2 : 0.2). 

Revertants per plate 

Solvent 
system 

Amount 
spotted T98 TAlOO 

-- 

on (kg) With Without With Without 
s -9  s -9  s -9  s-9 
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