
Severe acidosis is the rule in primary 
lactacidemia, but we have observed 
milder, compensated acidosis in patients 
with hypotension. Attempts to improve 
the supply of oxygen by increasing the 
dissolved oxygen content of blood by 
use of hyperbaric chambers has been 
studied experimentally and clinically. 
In one report (16) this form of treat- 
ment seems to have had a favorable 
effect on mortality in experimental hem- 
orrhagic shock in dogs. Methylene blue 
has had favorable effects in primary 
lactacidemia (17), but no reduction in 
excess lactate has been shown during 
shock. 

In the work reported here arterial 
blood was sampled because of the pos- 
sibility that local influences more di- 
rectly affecting venous blood might 
alter the excess lactate as a reflection 
of oxygen debt. This would be par- 
ticularly so in patients in shock and in 
whom peripheral blood flow is selec- 
tively impaired. However, the possi- 
bility clearly exists that venous blood 
might be satisfactory. Because of the 
particular advantage of venous blood 
for simple clinical tests, the adequacy 
of the venous sample will be more 
thoroughly investigated. The applica- 
bility of these findings to treatment will 
be of interest. Oxygen lack is most 
likely the primary injurious factor in 
shock, and effective treatment involves 
prevention of, or prompt repayment of, 
the oxygen debt. Based on our studies, 
excess lactate of 1 mmole/lit. or below 
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Living individuals of the eastern 
wood roach (Cryptocercus punctulatus), 
which are maintained for study of the 
well-known mutualistic protozoa that 
inhabit their hind-gut, have incidental- 
ly shown an interesting pattern of com- 
bative "territorial" behavior. This be- 
havior, as seen under laboratory con- 
ditions simulating the natural rotten-log 
habitat, takes place in narrow "mating 
chambers" and the adjacent connecting 
galleries constructed by the roaches in 
the rotten wood. Each of the chambers 
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is a safe level. When excess lactate is 
increased to 2 to 4 mmole/lit. it is in 
a twilight zone with regard to survival. 
If the excess lactate during shock is 
above 4 mmole/lit., prognosis is grave 
and circulatory anoxia will probably 
lead to irreversible change. 
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normally contains a single mated pair 
of roaches, and unmated males placed 
in their vicinity may or may not at- 
tempt to enter a chamber. An invading 
male is usually engaged in combat by 
the resident male, which attempts to 
eject its rival from the chamber and its 
approaches. 

Initial contests were watched rather 
casually, without checking sexes by def- 
initive examination, but a comparison 
with later experiments in which marked 
individuals of determined sex were used 
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makes it reasonably clear that the males 
do all the fighting. A common type of 
encounter is exemplified by the follow- 
ing account of an early observation, 
the sexes being assumed from the con- 
text: An unpaired male entered one of 
the occupied mating chambers. Almost 
immediately this individual and the res- 
ident pair evacuated the chamber by 
the opposite gallery opening. The fe- 
male then quickly returned to the mat- 
ing chamber, but the resident and in- 
truding males began a contest lasting 
about 10 minutes. Head-on butting by 
pronotum contact became vigorous as 
each individual blocked advance of the 
other attempting to gain side access. 
Butting continued within the limited 
space just outside the mating chamber 
as both individuals turned first one way 
and then the other. Later, one of the 
two roaches gained advantage by quick 
approach to the side of the other which 
was then deftly pushed over onto its 
back. The overturned roach righted it- 
self after considerable struggle, during 
which it received numerous leg bites 
from the other roach. These events were 
repeated twice with the balance of force 
favoring the same individual in each at- 
tack. The scramble continued until the 
"weaker" roach was forced into a posi- 
tion of retreat, which happened to be 
one end of the mating chamber. There 
it held forth facing its opponent for 
approximately 5 minutes. The opponent 
was blocked from entrance in spite of 
persistent butting and pushing. The 
blocker finally gave way in further re- 
treat, forcing the female out of the 
opposite end of the mating chamber. 
The blocker exited in reverse, and the 
opponent followed. Pushing continued 
until both roaches ended the struggle 
behind a piece of wood adjacent to 
the mating chamber. There the roach 
which had fared badly all along re- 
mained. It was seen several hours lat- 
er grooming its appendages. The "vic- 
tor" returned to the mating chamber to 
join the unchallenged occupant which 
had moved back in as before when the 
opening was clear of the battling pair. 

To obtain more systematic results, I 
used freshly collected mating pairs from 
Mountain Lake, Virginia. Insects were 
transported to the laboratory, each in 
its original mating chamber cut whole 
out of the rotten log during collection, 
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Defense of Mate and Mating Chamber in a Wood Roach 

Abstract. Studies of the eastern wood roach, Cryptocercus punctulatus, reveal 
that, under laboratory conditions, the mating chambers in rotten wood are in- 
habited by mated pairs, the male of which will usually defend the chamber suc- 
cessfully against intruding males by a form of fighting. In every staged contest in 
which the intruder won the fight, it also won the resident female. Females, as 
well as unmated males singly inhabiting a chamber, could not be induced to defend 
against an intruder of either sex. 
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pair was allowed 1 week to adapt to 
the plastic chamber. At the end of this 
time, an unpaired male was removed 
from stock and directed into the plastic 
chamber through a side port. Twelve 
tests were made. In cases of conflict, 
the male that was successful in battle, 
and which afterward maintained close 
contact with the female roach (sharing 
the interior or immediate area of the 
mating chamber), was judged success- 
ful. Observed results are summarized. 

1) No evidence indicates that a mat- 
ing pair prefers or even recognizes its 
own mating chamber. In some cases 
occupancy was first established in the 
chamber originally constructed by the 
pair being tested, but, in each test, 
moves between original and alternate 
chambers occurred at least once during 
the week of adjustment. 

2) In 10 of the 12 tests the resident 
male of each pair fought the intruder 
male. The resident male in each of sev- 
en mating pairs fought its intruder suc- 
cessfully. In three tests the resident was 
defeated by the intruder. The resident 
female was never observed in combat. 

3) In 2 of the 12 tests conflict failed 
to occur, and resident and intruder 
roaches remained indifferent to one an- 
other for the period of confinement. 

4) Defeated males remained indiffer- 
ent to the resident pairs, and no repeat 
encounters of force were observed dur- 
ing the week after the conflict. 

Behavior of the male intruder and 
mating pair individuals in the early 
stages of each test generally follows a 
pattern. The intruder runs two or three 
circuits of the plastic chamber after it 
is introduced by way of the chamber 
port farthest from the pair. Both male 
and female roaches of the mating pair 
instantly sense the intruder. Antennae 
become hyperactive, the usual almost 
motionless stance is broken by change 
in position, and rapid, jerky antero-cau- 
dad movements, which Cleveland (1) 
likened to those of termites, always oc- 
cur in the resident male. First contact 
between the intruder and either indivi- 
dual of the pair is usually made in ac- 
cidental collision. The intruder male 
continues running the circuit if this 
contact is made before hyperexcitabil- 
ity from handling has abated. Eventual 
behavior depends upon the sex of the 
member of the pair contacted by the 
intruder male. If female, the intruder 
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contact is made by the male. On oc- 
casion, the female displays great curios- 
ity, even to the point of following the 
intruder as it wanders away after in- 
spection. Meanwhile the resident male 
actively seeks the intruder, and in- 
spection is brief when contact is made. 
Fighting begins with the resident male 
taking the offensive. The duration of 
contest is sometimes brief, and, as re- 
ported for two cases, battle failed to 
occur in tests in which the resident 
male remained apathetic. 

Further tests with the same pairs 
were designed to determine whether a 
female roach selected from stock and 
offered as the intruder would battle 
either member of a chamber-adapted 
mating pair. Negative results were ob- 
tained in each of five tests. 

In additional experiments it was 
found that isolated but chamber-adapt- 
ed females do not battle male intrud- 
ers, and that isolated and chamber- 
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The soil-water content at which 
plants appear permanently wilted has 
been found to correlate well with the 
soil-water content at 15 bars' suction. 
This water content has often been con- 
sidered as the lower limit of available 
water in the soil. The exact interpreta- 
tion of the permanent-wilting percent- 
age and the relative availability of water 
above this water content have been 
subjects of interest to, and of some 
controversy among, soil scientists and 
plant physiologists (1). Some of the 
confusion has arisen from the frequent 
failure to distinguish between at least 
two different aspects of a plant's re- 
quirement for water, transpiration and 
growth. This report summarizes results 
of several studies showing that water 
availability affects these two processes 
differently. 

The water in the plant is seldom in 
equilibrium with the water in the soil. 
In order for the plant to extract water 
from the soil, the potential energy of 
the water in the plant must be lower 
than that of the water in the soil. The 
difference in energy between plant water 
and soil water depends upon the rate 
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adapted females do not battle female in- 
truders. All stock roaches used as in- 
truders in these tests were found paired 
in logs at collection time. 

The behavior described takes on un- 
usual significance when one considers 
the primitive status of Cryptocercus, a 
genus of a group possibly more primi- 
tive than termites (1, 2). Further in- 
vestigations into other aspects of be- 
havior and the phenomenon of possi- 
ble pheromone release are warranted 
(3). 
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of uptake of water from the soil and 
the water-conducting properties of the 
soil and plant. Results of an experiment 
designed to measure this energy dif- 
ference are shown in Fig. 1. The energy 
of the water is plotted as soil matric 
suction (soil-moisture tension) and leaf 
suction (diffusion pressure deficit), both 
measured as energy per unit volume of 
water expressed in bars. The suction 
in a leaf of a pepper plant and the 
average matric suction of the soil in 
which the plant was growing are plotted 
as a function of time. The experiment 
was conducted in a growth chamber 
with 12-hour alternate light and dark 
periods at a temperature of 250?C. The 
dark periods are indicated by the solid 
bars at the bottom of the figure. The 
plant was grown in a 3-gallon crock 
filled with a clay loam soil. The leaf 
suction was obtained by continuous 
monitoring of the f/-ray transmission by 
a single leaf. The procedure was the 
same as that used by Mederski (2), 
except that Tc99 was used instead of C'4 
for the f/-ray source. The transmitted 
radiation was detected with a thin- 
window Geiger counter, and the result 
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Lower Limit of Water Availability to Plants 

Abstract. Measurements of transpiration, cell division, and cell enlargement 
show that no single lower limit of available water can be defined for these three 
plant processes. The soil-water content at which permanent wilting is exhibited 
does not represent a true lower limit for any of these. 
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