
Table 2. Photosynthetic yields under com- 
pletely natural conditions compared with 
yields computed from light- and dark- 
bottle data (see 13). 

Rate of photosynthesis 
(mm/m2/day) * 

Time Under Computed 
interval natural bottle 

conditions data data 

Net Gross Gross 

17 June- 
18 July 225 450 187 

19 July- 
22 August 288 576 242 

* The difference between 225 and 288 is not statis- 
tically significant with the number of samples used 
(14 in each period), but the differences between 
450 and 187, 576, and 242 are significant beyond 
the 1 percent level. 

photosynthetic rate by doubling the ob- 
served diurnal net rate, for the respira- 
tion rate indicated by the nocturnal CO2 
gain must continue throughout the day- 
light hours. 

Table 2 shows the average daily CO2 
uptake, net and gross, computed in this 
way and compared with daily gross 
yields estimated from light- and dark- 
bottle data. Note that the diurnal net 
yields exceed the gross yields computed 
from the bottle data. It is evident that 
enclosing the aquatic community in bot- 
tles reduces photosynthetic activity to 
less than half that maintained under 
natural conditions (8). One factor 
which may contribute importantly to the 
reduced rates in bottles is the greatly 
reduced turbulence. Eddy diffusivities in 
western Lake Erie in summer are of the 
order of 25 cm2/sec; this must be at 
least 104 times greater than the values 
for unagitated bottles. 

Photosynthetic rates for terrestrial 
plant leaves have usually been measured 
by determining CO2 absorption from an 
air stream passing through a leaf cham- 
ber. The highest rates of air flow rou- 
tinely used have been about 2.5 lit. of 
air per square centimeter of leaf per 
hour (9). Heinicke and Hoffman (9) 
state that they chose a flow rate of 2.5 
lit./cm2 hr because they observed that a 
hydroxide surface when exposed to such 
a flow rate absorbed CO, at the same 
rate as did a hydroxide surface standing 
open in the room. Such a flow rate, 
therefore, represents conditions of air 
turbulence much quieter than those pre- 
vailing outdoors. 

Heinicke and Hoffman observed an in- 
crease in photosynthetic rate (in apple) 
from 22.1 to 30.8 mg of CO2 per square 
decimeter per hour when they increased 
the rate of air flow from 2.5 to 7.5 lit./ 
cm2 hr, although the CO2 content of 
air at this flow rate did not fall below 
80 percent of that in normal air. More 

recently Burnside (10) observed that in- 
creasing the flow rate from 1 to 6 lit./ 
cm2 hr increased the photosynthetic rate 
(in cotton, and sunflower) from 20 to 
37 mg/dM2 hr. Most of the maximum 
yields in Rabinowitch's (11) Table 
28.VI are less than 20. The rates re- 
ported by Russian workers represent 
notable exceptions. Kursanov's rate for 
Pyrus malus is 35, closely similar to the 
rate obtained by Heinicke and Hoffman 
with their high flow rate. Perhaps the 
higher yields reported by Russian work- 
ers reflect higher turbulence in their 
leaf chambers. A relation of photosyn- 
thetic rates to eddy diffusivity in leaf 
chambers might contribute to our under- 
standing of the problem. Verduin (12) 
has published some computations of 
probable CO2 concentrations within leaf 
chambers, but we have found no quan- 
titative study of eddy diffusivity in leaf 
chambers. 

It seems likely that most of the maxi- 
mal terrestrial photosynthetic rates ap- 
pearing in the literature are considerably 
lower than the maximal rates attained 
under completely natural conditions; the 
reduced turbulence of the medium in the 
experimental apparatus may be primar- 
ily responsible for the reduced rates. 
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Magnitude of Reinforcement and 
Consummatory Behavior 

Abstract. The rates at which white rats 
licked saline, sucrose, and saccharin solu- 
tions, respectively, were measured by cu- 
mulative recording of tongue contacts with 
the solution in question. The local rate of 
licking was constant for all solutions, but 
differences in the distribution of sustained 
periods of licking were related to the type 
and concentration of the fluid consumed. 

In place of Hull's (1) original asso- 
ciative interpretation, Spence (2) has re- 
cently argued for a motivational theory 
of the effects on behavior of different re- 
ward magnitudes. Spence bases part of 
his argument upon empirical data col- 
lected in his own and other laboratories. 
But greater attention is given to indi- 
rect evidence derived from a theoretical 
analysis of runway behavior. According 
to this theory, part of an animal's con- 
summatory behavior in a goal box be- 
comes conditioned to stimuli in that 
goal box, and ultimately, through gen- 
eralization, anticipatory goal responses 
(rg) are elicited by stimuli in the run- 
way. When sg represents feedback stimu- 
lation from the response rg, the mecha- 
nism rg-sg is said to maintain running in 
the alley. In particular, this rg-sg mecha- 
nism is assumed to possess motivational 
properties "that vary with the magni- 
tude or vigor with which it occurs" (2, 
p. 135). 

Whether or not this assumption is nec- 
essary is not certain (see 3), but it is in- 
adequate as stated, owing to the ambi- 
guity of the term vigor. The vigor of a 
response might, for instance, refer to the 
magnitude, or strength, of the response 
-that is, the amount of effort that goes 
into a single occurrence of that response; 
it might refer to the rate at which that 
response occurs (when it does occur); or 
it might refer to the persistence of that 
response in competition with other re- 
sponses. Thus, vigor might refer to the 
intension, tempo, or perseveration of a 
response, or to any combination of these 
and other response dimensions (4). Only 
the first and second of these dimensions 
appear to have been considered by 
Spence-that is, he questions whether 
different magnitudes of reward produce 
different rg's in terms of strength or in- 
tension (3, p. 137) or whether the effect 
is on the tempo of a single rg (2, p. 
147), and, with some reservations, he 
concludes that the second alternative is 
correct-on the basis of experiments re- 
ported by Guttman (5) and by Shef- 
field, Roby, and Campbell (6). How- 
ever, neither of these studies is pertinent, 
because although they show that differ- 
ent reward conditions lead to different 
operant and consumption rates, there is 
no indication whether these were due to 
the tempo, perseveration, or latency of 
the consummatory behavior. That is, the 
consummatory response may have oc- 
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8.0% SUCROSE 0.1?/o SACCHARIN NON-DEPRIVED 

0.50% Na Ct 0.06% SACCHARIN NON-DEPRIVED 

0.250/o SACCHARIN TAP WATER 

Fig. 1. Cumulative curves of the response of one animal given access to the six fluids indi- 
cated. Unless otherwise indicated the animal had been deprived of water for 23' 2 hours 
prior to the test. Each full excursion of the pen represents 1000 licks, and each graph 
represents 30 minutes of drinking. Thus, for example, when the deprived animal was of- 
fered 0.50-percent NaCl, it made approximately 4500 tongue laps in a 30-minute period. 

curred more slowly (when it did occur) 
with smaller rewards rather than larger 
ones; it may have occurred at the same 
tempo but less often in the sense that 
more, or longer, pauses intervened be- 
tween sequences of consummatory re- 
sponses; or it may have begun at differ- 
ent latencies after the reinforcing solu- 
tions became available. 

Despite Spence's contention to the 
contrary (2, p. 144), it is possible to 
measure consummatory behavior directly 
in a Skinner-box situation. This method, 
first employed by Kappauf and later by 
Stellar and Hill (7), has been utilized 
by one of us to record the drinking be- 
havior of white rats when presented with 
various concentrations of sucrose, sac- 
charin, and sodium chloride in distilled 
water solutions. 

The apparatus was a 15- by 6- by 6-in. 
compartment wired so that a small cur- 
rent (less than 1 [ta) flowed each time 
the animal's tongue made contact with 
the fluid under test. This current was 
amplified sufficiently to operate a relay 
which activated a Gerbrands-type cumu- 
lative recorder. Each lick of the fluid 
from a drinking tube with a 3-mm open- 
ing, which protruded into the cage, ad- 
vanced the pen one step across the re- 
cording paper, with the result that a 
curve directly reflecting the rate of con- 
sumption of the fluid in the tube was 
automatically produced. The apparatus 
was installed in a large darkened and 
sound-shielded room. None of the noises 
of the apparatus were audible to the hu- 
man ear from inside the room. 

Each one of four rats of the Sprague- 
Dawley strain was tested with all of the 
solutions used in the experiment. The 
animals were first adapted for 10 days 
to a 23 V2-hour drinking rhythm, with 
access to tap water for I2 hour out of 
each 24 hours. The sodium chloride tests 
were then run for '2-hour sessions, with 
2-day intervals between the test sessions. 
For the 2 days following each test day 
the animals were given only tap water 
to drink, so as to equalize as far as pos- 
sible the degree of water deficit prior to 
the tests. If, for example, on a test day 
a large quantity of the proffered fluid 
was consumed, the tap-water intake on 
the following day was reduced. It has 
been observed, however, that by the 
third day following a large intake the 
amount of tap water consumed is about 
the same as that normally consumed by 
a rat that has been deprived of water 
for 23' 2 hours. The concentrations of 
the sodium chloride solutions employed 
were 0.50, 0.86, 2.0, and 3.0 percent, 
respectively. All the solutions used were 
percentage (weight/volume) prepara- 
tions in distilled water. At the end of 
the sodium chloride tests the same pro- 
cedure was followed with saccharine and 
sucrose solutions, in that order. After the 
licking rates for these solutions for water- 
deprived rats had been determined, the 
saccharin series was repeated when the 
animals had been sated with food and 
water. 

The results in all cases were clear-cut; 
the local rate of drinking an acceptable 
solution was constant for each animal. 

If an animal drank all, it drank at a 
constant rate, regardless of its state of 
deprivation and the concentration of the 
solution under test. Figure 1 presents 
typical examples of all the records col- 
lected and shows some of the licking 
curves for one of the animals given ac- 
cess to tap water, 0.50-percent sodium 
chloride, 0.25-percent saccharin, and 
8.0-percent sucrose, respectively, when 
water-deprived and to 0.6-percent and 
0.1 0-percent saccharin when satiated. 
The curves that were produced by the 
other three animals are identical with 
respect to the major characeristic per- 
formance. 

Although Gilbert (4) reports individ- 
ual differences in tempo of bar pressing, 
no such differences in licking rates were 
observed in these studies. The local rates 
of responding remained between five and 
six licks per second for all animals under 
all conditions. Variations in the total 
amount of intake were a function solely 
of the duration of the pauses and the 
lengths of the sustained drinking periods. 
That is, differences in quantities of liquid 
consumed per unit of time represent not, 
as Spence (2) appears to believe, dif- 
ferences in the tempo of the consumma- 
tory response but differences in the per- 
severation of that response. 

It seems clear, then, that the tempo, 
although not necessarily the intension 
(4), of the consummatory response must 
be ruled out as a determiner of instru- 
mental performance with different rein- 
forcing stimuli. If some characteristic of 
the consummatory act itself is to be used 
to account for these differences, persev- 
eration seems the most likely, in our 
current state of knowledge (7). Although 
the local rate of licking is a constant, 
independent of individual subject differ- 
ences and the chemical composition of 
the fluids investigated in this study, other 
dimensions of the licking operant are not. 
Latency, perseveration, and duration of 
the operant may all vary with differing 
test fluids, as Gilbert (4) has demon- 
strated with another operant. An inves- 
tigation of the dimensions of the con- 
summatory operant would appear to be 
necessary before an adequate explanation 
of the effect of the quantity or quality 
of a reinforcing substance on instrumen- 
tal behavior can be given. Clearly the 
amount of reward substance consumed 
per unit of time is too coarse a measure. 
It does not describe how the substance 
is consumed. It tells nothing about the 
temporal distribution of pauses, about 
the duration of sustained periods of 
drinking, or about the rate of drinking 
when it occurs (8). 

JOH1N D. DAVIS 

J. D. KEEHN 
Department of Psychology, 
American University olf Beirut, 
Beirut, Lebanon 

270 SCIENCE, VOL. 130 



References 

1. C. L. Hull, Principles of Behavior (Appleton- 
Century-Crofts, New York, 1943). 

2. K. W. Spence, Behavior Theory and Condi- 
tioning (Yale Univ. Press, New Haven, Conn., 
1956). 

3. W. K. Estes, in Nebraska Symposium on Moti- 
vation, M. R. Jones, Ed. (Univ. of Nebraska 
Press, Lincoln, 1958). 

4. T. F. Gilbert, Psychol. Rev. 65, 272 (1958). 
5. N. Guttman, J. Comp. and Physiol. Psychol. 

47, 358 (1954). 
6. F. D. Sheffield, T. B. Roby, B. A. Campbell, 

ibid. 47, 349 (1954). 
7. E. Stellar and J. H. Hill, ibid. 45, 96 (1952). 
8. This study was supported in part by a grant 

from the Rockefeller Foundation to the arts 
and sciences division of the American Uni- 
versity of Beirut. The data were collected at 
the University of Illinois. 

6 March 1959 

Control of Gocyte Development 
in Cockroaches 

Abstract. Development of ovarian eggs 
and secretory activity of colleterial glands 
are inhibited by the o6theca in the oothe- 
cal chamber of Blattella germanica (L.) 
and by the ootheca in the uterus of Pycno- 
scelus surinamensis (L.). The inhibition 
is due to nervous stimuli from pressure of 
the obtheca. Removing the o6theca or sev- 
ering the ventral nerve cord eliminates in- 
hibition of the corpora allata and results 
in premature development of the o6cytes 
and resumption of activity of the colle- 
terial glands. 

Oothecal eggs in the uterus of the 
cockroach Leucophaea maderae (Fab.) 
are said to release a substance which 
causes the brain to inhibit secretion of 
the corpora allata and, thus, maturation 
of oocytes (1). Differences in ovipositing 
behavior among various species of cock- 

roaches (2) indicate that this mechanism 
would operate only in species carrying 
their oothecae internally throughout em- 
bryogenesis. 

Blattella germanica carries its ootheca 
externally during embryogenesis, and the 
ootheca inhibits development of the 
oocytes and secretion of the colleterial 
glands. Removal of the egg case from 
the female results in an increase in the 
rate of ootheca production (3). The 
ootheca is carried an average of 30 days 
(4). During this time the oocytes in- 
crease in length only slightly, from 0.34 
to 0.52 mm. Ten days after the first 
ootheca is dropped the o6cytes have 
grown to an average length of 2.55 mm, 
and a second ootheca is formed. The 
corpora allata were shown to be neces- 
sary for development of the o6cytes of 
B. germanica; allatectomized adult fe- 
males did not oviposit. Implantation of 
corpora allata into allatectomized fe- 
males resulted in oviposition within 2 
weeks. An allatectomized female with 
four implanted corpora allata produced 
three oothecae in 61 days; another pro- 
duced four in 58 days. When imitation 
wax "oothecae" were inserted into the 
o6thecal chamber of adult females 1 day 
old or less, the o6cytes remained undevel- 
oped. When the ventral nerve cord was 
severed in a female carrying an ootheca, 
the oocytes grew rapidly and colleterial 
glands accumulated secretion in spite of 
the presence of an attached ootheca 
[Fig. 1 (1 and 2)]. Nineteen females 
from which o6thecae were removed 3 
to 5 days after oviposition formed new 
o6thecae in 19.8 ? 0.5 days (5). Simi- 
larly, 11 females whose nerve cords were 

Fig. 1. (1, 2) Reproductive 
tracts of B. germanica fe- 

. _ . - males that carried oothecae 
for 26 days. (about x 4.8). 
(1) Unoperated female; the 
ovaries (arrows) are unde- 
veloped and the colleterial 
glands lack secretion; (2) 
female whose ventral nerve 
cord was severed 6 days 
after oviposition; the basal 
o6cytes are almost mature, 
and the colleterial glands are 
full of secretion. (3, 4) Re- 
productive tracts of P. suri- 
namensis females that have 
oothecae in their brood sacs. 
(about x 4.1). (3) Unoper- 
ated female 37 days after 
oviposition; the ovaries (ar- 
rows) are small, and the col- 

_ leterial glands lack secretion; 
(4) female whose ventral 
nerve cord was severed just 
after oviposition; 29 days 
later the basal oocytes have 
matured and the colleterial 
glands are full of secretion. 

Fig. 2. Blattella germanica whose ventral 
nerve cord was severed 4 days after ovi- 
position; 19 days after the operation it had 
formed a second ootheca, to which the 
first adhered. (x 2.4). [E. R. Willis] 

cut 3 to 5 days after oviposition formed 
new oothecae in 19.5 ? 0.5 days. The 
original o6theca may adhere to the new 
one, as shown in Fig. 2. One female 
with a severed nerve cord formed four 
oothecae over a period of 82 days, essen- 
tially doubling the rate of oothecal pro- 
duction. 

Pycnoscelus surinamensis incubates its 
eggs in a uterus, like Leucophaea maderae 
(2). During gestation, which averaged 
55.5 days in our parthenogenetic strain 
of Pycnoscelus (4), the o6cytes increased 
slightly in length, from 0.56 to 0.75 mm. 
About 2 weeks after parturition, ovipo- 
sition again occurs, when the oocytes 
average 3.2 mm in length. Usually 
about 70 days elapse between the for- 
mation of the first and second oothecae. 
Allatectomized adult females failed to 
oviposit, but when corpora allata were 
implanted, these females oviposited 2 or 
more weeks later. The presence of an 
o6theca in the uterus inhibited ovarian 
development; the interval between the 
production of successive oothecae was 
decreased from about 70 to 27 days when 
oothecae were removed between 1 and 
7 days after oviposition. The presence of 
parts of oothecae implanted into the 
body cavity of adult females 1 day old 
or less failed to inhibit development of 
the oocytes. Parts of young oothecae were 
implanted into the body cavities of six 
females 1 day old or less; after 11 days 
the oocytes of these six females were 
2.91 ? 0.06 mm long-a length similar 
to that (2.93 ? 0.06 mm) of o6cytes of 
normal 1 1-day-old females. 

The ootheca was removed from the 
uterus of each of ten females 1 to 16 
days after oviposition, and one half of 
each o6theca was implanted into the 
body cavity of the donor female. Twenty- 
three days after the operation the o6cytes 
averaged 2.70 ? 0.10 mm in length. How- 
ever, substitution of a wax o6theca for a 
real o6theca in the uterus inhibited 
oocyte development. Ten females whose 
nerve cords were cut either 0, K 1, or-4 
days after oviposition had well-devel- 
oped oocytes 2.74+?0.18 mm long and 
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