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CHAPTER I 

INTRODUCTION 

In the central nervous system of most animals which 

have been examined some neurons show cytological character

istics of gland cells. These cells are now recognized as 

a specialized cell type ana designated neurosecretory 

ce 11 s. 

These. neurosecretory cells are capable of elabora

ting secretory material which is accumulated as granules in 

the body of the nerve cell and in the axon-endings. They 

release complex organic- substances, neurohormones, which 

act as hormones and are often liberated into the blood 

stream (Welsh, 1958). These specialized neurons are capable 

of receiving impulses from other neurons although their axons

do not end in contact with other neurons or effectors 

(Scharrer , I 9 5 9 ) • Ex amp I es are the hypo th a I mus-p i tu i tar y 

axis of vertebrates and the sinus-x giand complex of crus

taceans (Laverack, 1963). 

In many of the invertebrates, especially Annelida, 

these neurosecretory eel ls make up a large proportion of the 

central nervous system (Hagadorn, 1959; Scharrer, 1959; 

Herlant-Meewis, 1961). According to Scharrer (1959) they 

may well be the only source of hormones in these organisms. 



Because neurosecretory cells of various types have 

been demonstrated in all the ganglia of the central nervous 

system of lumbrfcid oglfochaetes, (Herlant-Meewis, 1961) 

this fnvestfgatfon was undertaken to establish a function 

for the neurohormones produced by the neurosecretory cells

of the suprapharyngeal ganglia of Lumbrfcus_ terrestrfs. 

Neurosecretory eel Is of L. terrestris were first 

described in the suprapharyngeal ganglia by Scharrer and 

Scharrer (1939). Schmid (1947) confirmed their presence and 

also obtained evidence of the occurrence of a cyclic varia

tion in their activity. Hubl (1956a) described a cell type 
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in the subpharyngeal ganglion which he designated as a u-cell. 

This cell was oval shaped with a nucleus located in its center 

which was frequently surrounded by secretory granules. Branden

burg {1956) described the neurosecretory cells found in the 

�uprapharyngeal ganglia, the u-cell originally described by 

Hubl (1956a) in the subpharyngeal ganglia, and neurosecretory 

cells fn all the ganglia of the nerve cord. He concluded that 

in the suprapharyngeal ganglia there was only one cell type 

-which had undergone changes depending on the functional state

of the organism. On the other hand, Marapao (1957) found

that mechanical stfmulatfon such as needle pricking of earth

worms revealed two types of secretory eel ls fn the supra

pharyngeal ganglia. One type resembled ordinary n�rve cells

and was, apparently, a true neurosecretory cell. It was

found in three apparently successive stages: (I) an



3 

acidophilic or A-stage, (2) a basophi lie or B-1 stage, and 

(3) a final, vacuolated or C-stage. The second type of 

secretory cell was a small, strongly basophilic cell distinct 

from the A, B-1, C cell series. Scharrer and Brown (1961) 

studied the neurosecretory eel Is of the suprapharyngeal 

ganglia using an electron microscope and described the sub

microscopic structure in great detail. They concluded that, 

in general, their activity was similar to that of other 

ce 11 s. 

The functions of the secretions of these cells have 

not been fully established. However, it is assumed that 

they are hormonal in nature (Scharrer and Brown, 1962; 

Marapao, 1959). Most of the investigations which have been 

done to determine possible functions of these secretions in 

the oligochaetes have involved the removal of the supra

paryngeal ganglia. Prosser (1939) described the effect of 

the removal of the suprapharyngeal ganglia upon the total 

behavior of L. terrestris as follows: 

The anterior segments are lifted upward; the worm 
crawls normally, appears restless and active, it 
can right itself, can copulate, eat, and it 
burrows in a half hour as compared with the 
normal time of one to two minutes. 

Bennett and Suttle (1960) removed the suprapharyn

geal ganglia from L. terrestris and found that the experimen

tal worms lost more weight than the controls. They also 

noted that the presence of the suprapharyngeal ganglia 

seemed to have an inhibitory effect on the seminal vesicles 

: ' j • 
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and receptacles of the earthworm. Kovaleva (1961) found that 

the removal of the suprapharyngeal ganglia led to itensifica

tion of the motor activity of the animal. In addition, he 

found that the oxygen consumption of the earthworm at rest 

decreased and the body weight gradually diminished. Elzinga 

(1963) confirmed that the removal of the suprapharyngeal 

ganglia caused a decrease in the oxygen consumption of earth

worms at rest. He concluded that these ganglia contained 

factors which influenced gaseo�s exchange in the resting 

state. Clark and Clark (1959) discussed the findings of 

Hubl (1959b) on the effects of the removal of the suprapharyn

geal ganglia on regeneration of posterior segments in lum

bricids. Their extirpation, at the same time that a number 

of posterior segments were removed, inhibited regeneration of 

· the posterior segments. However, removal of the ganglia 

twenty-four to forty-eight hours after the posteri�r seg

ments were amputated dio not inhibit posterior regeneration. 

Therefore, it appeared that the suprapharyngeal ganglia had 

a hormonal effect and that this anterior portion of the cen

tral nervous system was essen�ial to the process of regenera

tion. 

Definite evidence has accumulated from experimental 

work with polychaete annelids.that the secretions of the 

neurosecretory cells of the suprapharyngeal ganglia governed 

the re_generative phenomena in several species of this class. 

Clark and Bonney (1960) found that the suprapharyngeal 
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ganglia in Nereis diversicolor played an essential role �uring 

initial regeneration of posterior segments but once regenera

tion was initiated their influence declined. Thus, if the 

suprapharyngeal ganglia of this species were removed before 

or during the first three days after posterior segments had 

been amputated no new segments were grown. If the ganglia 

were removed more than three days after the loss of segments 

then regeneration was not prevented. Clark and Evans (1961) 

confirmed these findings and also found that, at least in 

some cases, the implantation of an extirpated suprapharyn

geal ganglia into decrebrated, tai I-less worms resulted in 

. regeneration. Clark, et�. (1961) found that for implanted 

ganglia to be effective in regeneration of posterior segments 

in Nephyts the gang! ia had to be stimulated before they were 

transplanted. Thus, if the suprapharyngeal ganglia of a 

worm in which the posterior segments were removed at least 

three days before, were then removed and transplanted into· 

a decrebrated tai I-less worm, regeneration took place. They 

concluded from these experiments that regenerative hormones 

were not present in the suprapharyngeal ganglia in effective 

quantities unti I the second or third day after the loss of 

posterior segments. Herlant-Meewis (1961) investigated re

generation of nervous tissue fn Eisenia foetida and found 

that when the s-uprapharyngeal ganglia were regenerated three 

to four weeks after their removal, the restored "brain" con

tained more than two categories of neurosecretory cells 



occuring in the normal worm. The regeneration of the sub

pharyngeal ganglia was similar to that of the suprapharyn

geal ganglia with the neurosecretory cells becoming very 

active in those ganglia posterior to the cut during regen

eration. 

The water relationships of L. terrestris have been 

the subject of several research projects. Maloeuf (1940) 

found that worms transferred from moist soi I to tap water 

had a thirty-one percent average weight gain attributed to 

osmosis. He also noted that chloride ions were taken up 
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from fresh water at a rate sufficient to maintain a concen

tration of ten mi I I equivalents of chloride ions in the 

coelomic fluid. Ramsay (1949) in his studies on osmotic re

lationships of the earthworm found that, as the concentration 

of sodium chloride in the medium increased, the osmotic 

pressure of the body fluids also increased and remained 

greater than the medium. Although the chloride content of 

the coelomic fluid increased as the concentration of sodium 

chloride in this medium increased from .025 percent to 1.27 

percent, the chloride content of the coelomic fluid became 

less than the chloride concentration of the medium as it 

exceeded 0.35 pecent. The urine remained hypotonic to the 

body fluids except when the earthworms were placed in a 

medium in whicn the concentration of sodium chloride was 

greater than one percent. In a medium of a 1.27 percent 

sodium chloride, the urine of the earthworm was isotonic to 

the body fluids. Kamemota, tl·il· (1961) found that when 
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earthworms were ptaced in a solution which had a concentra

tion of 0.6 percent sodium chloride, the worms increased the 

concentration of sodium ions in both blood and coelomic fluid. 

Furthermore, when the worms were placed in this 0.6 percent 

sodium chloride medium, the organisms maintained a greater 

concentration of sodium ions in the bo�y fluids than that of 

the medium. 

From the above evidence, it would appear that L. 

terrestris is an osmoregulating organism. Since neurosecre

tions may wel I be the only source of hormones in these organ

isms and because in other animals water balance is controlled 

hormonally, it appeared that an investigation of the control 

of water balance in these forms might prove fruitful. 

In this investigation an attempt was made to deter-

mine the effects of the removal of the suprapharyngeal gan-

glia on osmoregulation of h• terrestris in various dilutions 

of sodium chloride solutions and on water·balance �nder normal 

environmental conditions. 



CHAPTER II 

METHODS 

Al I earthworms used in this study were purchased 

either locally or from a supply house in Pittsburgh, Penn

sylvania. They haQ a mature cl itel lum and were identified 

as Lumbricus terrestris by the investigator (Eddy and Hodson 

1961) using the following characteristics: (I) the position 

of the sperm duct on segments thirteen or fifteen; (2) the 

complete division of the peristomium; and (3) the position 

of the elite! tum in the thirty-first segment or in the 

thirty-second to the thirty-seventh segments. 

The• worms were maintained in plastic containers filled 

with a mixture of fresh sphagnum and soi I and covered with 

perforated aluminum foi I. A measured amount of water was 

added every third day. The earthworms were refrigerated at 

2 °C since room temperatures are lethal over extended periods 

of time. (Wolf, 1938). 

The procedure used for extirpation of the supra

pharyngeal ganglia was as follows: 

I. The worms were anesthetized by first placing them

in a three percent ethyl alcohol solution in

disti lied water and then in a freezer for

twenty minutes.

2. An incision was made along the dorsal surface of

the second through the fifth segment.

8 
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3. A curved tip finder was used to expose the

suprapharyngeal ganglia. The ganglia were

lifted up and quickly excised with a smal I

sharp scissors.

4. The worms were placed in foi I covered con

tainers containing wet absorbent_paper for

one week to al low for the incision to heal.

They were then transfe:red to fresh sphagnum

and refrigerated for twenty-three additional

days. The thirty day period between extir

pation of the ganglia and determination of

water content was arbitrarily chosen by the

investigator.

5. Steps 1,2, and 4 were performed on al I controls.

9 

After a period of thirty days the total water con

tent of both experimental and control worms was determined as 

follows. 

I. The experimental and control worms were divided

into groups of five.

2. Each worm was rinsed in tap water to remove sur

face dirt and placed on absorbent paper for

thirty seconds to remove excess water.

3. To obtain a wet weight each worm was placed in

a pre-weighed covered Petri dish and weighed

to the 0.0001 of a gram.



• 

10 

4. The weighed worms were placed in an oven at I I0 °C

for six hours, removed, placed in a desiccator,

and allowed to cool to room temperature. It had

been previously determined by the investigator

that six hours at II0 °C was sufficient time for

complete removal of water.

5. After cooling, a dry weight was obtained b�

weighing to the 0.0001 of gram •

Using the wet and dry weights of the worms, the per

centage of total water content was determined for each worm. 

From these data a mean water content for each group of five 

worms was calculated. Fol lowing the determination of the 

mean for each group, the standard deviation and standard 

error of the means were determined for both experimental and 

control groups. To evaluate the significance of the differ

ence between the grand mean of the experimental groups and 

the grand mean of the control groups, a standard error of 

the difference between the grand means was calculated. This 

standard error was.used in applying the students 11t 11 test 

to the data. The five percent level of confidence was 

used in the test for significance (Downie and Heath, 1959). 

For an investigation of the role of the suprapharyn

geal ganglia in osmoregulation, the ganglia were removed as 

described previously. As before, experimental and control 

worms were placed in wet ·absorbent paper and refrigerated. 
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Seven days later they were transferred to fresh sphagnum and 

refrigerated again. Since it appears that the earthworm is 

an osmoregulating organism when placed in 0.025 percent to 

1.27 percent sodium chloride (Ramsay, 1949) and that the re

moval of the suprapharyngeal ganglia may affect this regula

tion in either hypotonic, isotonic or hypertonic solutions, 

the increase or decrease in weight of experimental and con

trol worms was determined in either 0.2 percent sodium 

chloride, a hypotonic solution, 0.8 percent sodium chloride; 

a relatively isotonic solution, or in 1.2 percent sodium 

chloride; a hypertonic solution. 

Two weeks after extirpation this increase or decrease 

in weight was determined as fol lows: 

I. The experimental and control worms were divided

into groups of five.

2. Each worm was rinsed with tap water to remove

excess dirt. The worms were then placed on

absorbent paper for thtrty seconds to remove

excess water.

3. A wet weight was obtained for each group of

worms by placing them in a pre-weighed flask

and we·ighing to the nearest 0.0001 of a gram.

4. Each group of weighted worms was placed in

either 0.2 percent, 0.8 percent or 1.2 percent

sodium chloride at room temperature for five

hours. The five hour immersion time was

arbitrarily chosen by the investigator.

5. After five hours the excess water was removed



as in step 2 and a wet weight was obtained as 

in step 3. 

Using the initial weight and the five hour weight 
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the percentage increase or decrease in weight was determined. 

The mean increase or decrease in weight was calculated from 

this, as well as the standard deviation and standard error 

of the mean for both the experimental and the control groups. 

A standard error of the difference between the means was 

determined and used in applying the students "t" test to 

these data, in order to determine if the difference that 

existed between the experimental and the.control groups was 

significant at the .05 level of confidence. 



CHAPTER III 

RESULTS 

The effect of the removal of the suprapharyngeal 

ganglia of L. terrestris on water balance under normal en

vironmental conditions was to decrease the total water con

tent of the experimental worms as compar�d to normal worms 

under the same conditions. 

The results of the experiment concerning the effect 

of the suprapharyngeal ganglia on the water content are 

summarized in Table I. The mean water content of the normal 

worms was 83.40 percent of the wet weight as compared to 

81.35 percent forthe experimental worms. Statistical analy

sis shown in Ta�le I indicates a significant difference at 

the .05 level of confidence. The t-value was 3.94 with 

22 degrees of freedom which exceeded the value of 1.72 nec

essary for significance at the .05 level of confidence. 

Therefore, these values tend to support the hypothesis that 

a real difference exists. 

Tables II, III, and IV summarize the results of the 

experiment concerning the effect of the suprapharyngeal 

gang I ia on osmoregulation in 0.2 percent, 0.8 percent, and 

1.2 percent sodium chloride. 

The effect of the removal of the suprapharyngeal 

ganglia on osmoregulation in the earthworm in various 

13 
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dilutions of sodium chloride was to cause a greater uptake of 

water in the e�perimental worms when placed fn 0.2 percent 

sodium chloride for five hours at room temperature. However, 

when the worms were placed either in 0.8 percent or 1.2 per

cent sodium chloride for five hours at room temperature, the 

experimental worms lost less weight than the normal worms. 

The mean weight gain for the experimental worms in 

0.2 percent sodium chloride for five hours at room tempera

ture (Table II) was 10.53 percent as compared to a 10.16 

percent weight gain for the normal worms. Statistical anal

ysis shown in Table II does not indicate a significant dif

ference at the .05 level of confidence. The t-value was 

0.37 with 24 degrees of freedom which was less than the value 

of 1.71 necessary for significance at the .05 level of confi

dence. Therefore these values do not support the hypothesis 

that a real difference exists. 

When the worms were placed in 0.8 percent sodium 

chloride for five hours at room temperature, the average 

weight loss of the experimental groups was 11.67 percent 

compared to 13.27 percent for the control groups (Table 

III). Statistical analysis shown in Table III does not 

indicate a significant difference at the .05 level of con

fidence. The t-value was 1.58 with 27 degrees of freedom 

which was less than the value of 1.70 necessary for signi

ficance at the .05 level of confidence. Therefore, these 
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values do not support the hypothesis that a real difference 

exists. 

The average weight loss after five hours at room 

temperature for the experimental worms placed in 1.2 per-· 

cent sodium chloride was 18.03 percent as compared to an 

average decrease in weight of 20.24 percent for the normal 

worms (Table IV). Statistical analysis shown in Table IV 

indicates a significant difference at the .05 level of 

confidence. The t-value was 2.27 with 22 degrees of freedom 

which exceeded the value of 1.71 necessary for significance 

at the .05 level of confidence. Therefore, these values tend 

to suppdrt the hypothesis that a real difference exists. 



CHAPTER IV 

DISCUSSION OF RESULTS 

The neurosecretory cells in the Hirudinea, Polychaeta, 

and Oligochaeta have been investigated in some detai I. These 

eel Is appear to be the only source of hormones in these 

organisms. 

In the Hirudinea, Hagadorn (1959) has done consider

able work on neurosecretory phenomena in the leech, Theromyzon 

rude. He found two secretory eel I types, both of which show 

axonal transport of their secretory products. The direction 

of the secretory material is from the ventral nerve cord to 

the brain as shown by an accumulation of secretory material 

at the posterior side of the cut after transection of the· 

cord. The secretory products leave the brain either through 

the nerves or the vascular system. 

Extensive work has been done on the effect of the 

suprapharyngeal ganglia on regeneration in polychaetes 

(Clark and Bonney, 1960; Clark and Clark, 1959; Clark .tl·.il·, 

I 96 I ; C ark and Ev ans, I 96 I ) • 

Clark et.al. (1961) demonstrated that there was a 
--

rapid response of the neurosecretory eel Is in the supra

pharyngeal ganglia of both Nephyts and Nereis to a loss of 

posterior segments. In Nephyts one group of cells within 

the suprapharyngeal ganglia began a secretory cycle within 

six hours after the loss of posterior segments. Furthermore, 

16 
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after eighteen to twenty-four hours a second group of neuro

s e c r e to r y c e I I s , I o c at e d i n a d i ff e r en t po r t i on of th e s am e 

ganglia, also began producing neurosecretory material. Cl-ark 

and Bonney (1960) reported comparable occurrences in the 

suprapharyngeal ganglia of Nereis. 

In 0liogochaeta, it appears that the only reported 

work on regeneration in lumbricids is HubJ's (1956b). He 

has shown that neurosecretory cells located _in the supra

pharyngeal ganglia become active during the regeneration of 

posterior segments. 

Marapao (1959) investigated the possible hormonal 

nature of the neurosecretory material of the suprapharyngeal 

ganglia in h· terrestris. Injections of extracts made from 

the suprapharyngeal gangli� affected the �eurosecretory cycle 

of the eel Is within the gang! ia. The injection caused a de

crease in the number of the A, B-1, and C stages of the first 

type of secretory cell, and either increased the number of 

B-2 (second type) secretory eel I or had no effect on it.

ln addition to the effects of the removal of the 

suprapharyngeal ganglia on regeneration, it has been found 

that, at I east in h· terrestr is, its removal caused a I oss 

of body weight, an increase in size of seminal vesicles and 

receptacles, intensified the worm's motor activity and de

creased its oxygen consumption· at rest. (Kovaleva, 1961; 

Elzinga, 1963; Bennett and Suttle, 1960). 

The investigations of Ramsay (1949) on water balance 

in L. terrestris have provided the greatest amount of informa

tion on this subject. From his work it appears that the 



18 

earthworm is an osmoregulator. 

By analogy it would appear possible that the control 

of osmoregulation is �ost likely hormonal. Therefore, it 

would seem logical that the removal of the suprapharyn-

geal ganglia, which is one of the sources of hormones in the 

earthworm, would affect either water balance under normal 

environmental conditions or osmoregulation under stress 

conditions, or both. 

The results of this investigation show that the 

effect of the removal of the su9rapharyngeal gang I ia fn 

L. terrestris was to cause a decrease in the total water

content of the experimental worms as compared to that of the 

control worms. It therefore app ars that the suprapharyngeal 

gang! ia may contain factors which control water balance in 

the earthworm under normal environmental conditions, since 

the experimental worms showed a greater decrease in ,weight 

than the control worms due to a greater water loss. It has 

also been shown that th removal of the ganglia affected 

osrnore�ulation in a hypertonic solution (1.2 percent 

sodium chloride), since the experimental worms lost less 

weight than the control worms when they were placed in 

1;2 percent sodium chloride for five hours. The removal of 

the gang! ia had no effect on osmoregulation in either an 

isotonic solution (0.8 percent sodium chloride) or a 

hypotonic solution (0.2 percent sodium chloride), as there 

was no significant difference in the increase or decrease 
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in weight of the experimental worms as compared to the con

trol worms when placed in�either 0.8 percent or 0.2 percent 

sodium chloride. It therefore appears that the ganglia may 

also contain factors which influence osmoregulation in 

hypertonic solutions as shown by the decreased water loss 

of the experimental worms as compared to that of the control 

worms, when they were placed in a hypertonic solution for 

five hours. 

Since it appears that the suprapharyngeal gang I ia 

may contain factors which control water balance in the 

earthworm and osmoregulatian in hypertonic solutions and 

that ionic balance is usually associated with both these 

phenomenon, it may prove fruitful to investigate the effect 

of the removal of the suprapharyngeal gang! ia on ionic, 

balance in both the blood and coelomic fluid. 



CHAPTER V 

SUMMARY 

The purpose of the present study was to investigate 

the influenc� of extirpation of the suprapharyngeal ganglia 

on water balance under normal environmental conditions and 

on osmoregulation in a hypertonic, an isotonic and hypotonic 

solution of sodium chloride of Lumbricus terrestris. 

In order to determine the influence of the supra

pharyngeal ganglia on water balance, extirpation of the gan

glia was performed on I 15 experimental worms. The control and 

experimental worms were maintained at 2° 
c. for thirty days. 

Fol lowing the thirty day period the total iater content of both 

the experimental and control worms was determined. 

To obtain data on the influence of the suprapharyn

geal ganglia on osmoregulation in the earthwor�. the ganglia 

were removed from 390 worms. After t10 weeks tn increase or 

decrease in weight of both experimental and control worms 

was measured in either 1.2 percent, 0.8 percent or 0.2 

percent sodium chloride. 

The results of this study show that the total water 

content of the experimental worms was significantly less. 

than that of the control worms and that the decrease in 

weight of the experimental worms was significantly less than 

20 
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that of the control worms in 1.2 percent sodium chloride, a 

hypertonic solution. 

From the above results it was concluded that the 

suprapharyng�al gang I ia contains factors which influences 

water balance under normal environmental conditions and 

osmoregulati_on in hypertonic solutions. 
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TABLE I 

A summary of the mean water content of experi
menta l and contro l groups with five

worms per group at 2 ° C for 30 
days 
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Percent Water Content 
Group 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I I 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
�2 

23 

X 
� x

� X 
S=-

t.= 3.94' 
df = 22 ) 

Experimenta l Control 

83.61 82.75 
81. 28 82.48 
82.75 84. 03
81. 30 83.28
8 I. 6 I 82.63
81 .89 81. 21 
84. 18 82.04
82.83 82.96
82.65 81 .93
78.52 81.93
75. I I 85.42
78. 17 84. 11
78.54 85.20
78.75 85.02
72.49 ,85. 9-S
81. 27
81.08
80.88
81. 63
83.59
83.39
83.98
84.61

-� 81.35 83.40 
1871. 00 1251. 00 

__, 152,341 .oo 4,359.00 
2.32 I. 35
0.48 ,... 0.35

2
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TABLE II 

A summary of the increase in weight of experi-

mental and control groups with five 
worms per group in 0.2 °% NaCl for 

five hours at room temp. 

Percent Increase in Weight 
Group Experimental Control 

I 6.07 9.39 
2 8.90 4.67 
3 8.46 6.5 1 

4 8.90 6.86 
5 9.93 7. 14
6 7.75 7.2 1 

7 9.08 9.85 
8 6.78 7.56 
9 6.45 6.69 
1 0 7.64 8. 18
11 6.55 16.78 
12 7.71 1 3.27 
13 6.26 1 1.94 
·14 3.55 I 1.89 
15 6.02 10. 17
16 3.89 10.52
17 0.49 1 0.94
1 8 4.34 10.14

. 1 9 2.85 1 7.35
20 3.81 15.97
21 2.36 
22 2.32 
23 o. 27
24 2.39
25 0.42

10.53 10.115 
263.00 203.00 

2998.00 2305.00 
s 1. 98 I. 1 3
s
 

0.123-

X 

t = • 37

df = 24 



Group 

I 

2 

3 
4 
5 
6 
7 
8 
9 

10 
I I 
12 
13 
14 
I 5 
16 
17 
18 
19 
20 

. 21 
22 
23 
24 
25 
26 
27 
28 

TABLE III 

A summary Gf the decrease in weight of exper

imental and control groups with- five 

worms per group in 0.8% NaCl for 

five hours at room temperature 
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Percent decrease in weight 
Experimental Control 

5.62 
6.36 
0.69 
2.43 
8.30 
3.87 
7.26 
I. 51
0.25
0.90
2.55
3.74
I. 75
2.80
I. I 8
2.25
I. 71
0.55
5. 12
3.01
2.70
3.79
5.63

20.89 
14. 76
17.53
11. 97
14.25 

11. 67
354.00 

4488.00 
3.22 
0.107 

5. I 0
6.06
6.12
8.96

I 4. 17
12.04
10.70
11. 83
13.87
14.26
17.75
16.80
16.27
16.56
10.83
I 1.33
17.28
14.69
14.60
17.26
18.72
11.94
16.82
14.04
14.42 
14.95 

13.27 
347.00 

4988.00 
3.72 
0.143 

t = I. 58 
df = 27 
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TABLE IV 

A summary of the decrease in weigh_t of experimental 
and control groups with five ·worms 

Group 

I 

·2
3
4
5
6
7
8
9

10
I I
12
13
14
15
16
17
18
19
20
21
22
23

t = 2.27 
df = 22 

per group in 1.2 % NaCl for five 

hours at room temperat�re 

Percent decrease in weight
Experimental 

· 
Control 

18.83 
20.23 
19.98 
20.02 
20.04 
20.46 
17.78 
16.97 
19.36 
17.97 
16.81 
16.53 
16.41 
14.38 
16.29 
16.96 
20.37 
17. 17
· 19. 12
17.42
15. I 0
23.94
20.05

18.03 

. 
421.00

7821.00 
2.29 
0.099 

24.58 
29.38 
24.25 
24.86 
23.70 
21. 24
25.67
19.00
18.76
15.94
16.29
16.53
14.32
14.96
16.32
20.99
21.02
17.90
21. 35
19.02
19.39
17.67
20.38

20. 
466.00 

9739.00 
3.75 
0. I 63
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