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Abstract

Under standard axenic conditions at room temperature,

males of the free-living nematode PanagreLLus rediuiuus

(N strain) have a mean life span of 29 "26 days while females

live for an average of 36.29 days. A delay in the completion

of the post-embryonic development by nutritional means, results

in an increase j-n the mean life expectancy. Reduction of the

developmental- period by increasing temperature to 30'C, results

in a decrease in the mean life span of males and females to

20"90 and 24"46 days respectively. That these are a measure

of senescence, is shown by the sex specific pattern of

increased osmotic fragility and decreased behavioural- activity

as a function of time.

It appears that in the normal course of post-embryonic

development of P. rediuiuus, the onset of aging is triggered

by a specific developmental event. The timing of this trigger

seems to coincide with the completion of the final moult.
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Introduction

Any biological system has its own characteristic

life span. During this period, it first undergoes the

process of development expressed as a complex series of

changes in its biological organization and activities"

As a function of time, the leve1 of these activities

and/or biological organization begins to decline and

the organism undergoes the process of senescence (aging)

which results in death. Aging is a consequence of

differentiation and therefore a product of the genome

and the environmental conditions of a given organism.

The inherent complexity and long life span

of higher multicellular organisms makes them unsuitable

systems for obtaining a precise analytical resolution

of the total processes of aging. Attention has therefore

üurned to distinct organs and cells in tissue culture.

The high and varying cell turn over rate of organs

make them unsuitable. It is difficult to ascertain

whether cells in culture are normal and would provide

the precise information on the nature of aging as it occurs

in vivo. Studies on single cellular products as a function

of age are too simplistic and ignore the totality of the

syndrome of senescence.



More recently, attention has focused on

simpler lower multicellular organisms as model systems

for aging studies. One such a system is the nematod.e.

Nematodes are suitable systems because some of them

have a very short generation time and rapid reproduction

rate. The post embryonic period comprises four juvenile

st4ges and a sexually mature adult stage. Each stage is

separated from the next by a moult which occurs at specific

intervals in the life cycle " Cell division ceases prior

to the first larval stage in all tissues except the

reproductive system. Along with these features, several

free-living and parasitic forms may be grown in axenic

culture. The simple structure of nematodes allows simple

microscopic examination .

In addition, nematodes along with some AscheLminthes

like Rotifers and a few lower metazoans, e.9., Coelentrates'

Art,hropods and Molluscs have the characteristic ability to

slow down (quicescence) or even shut down their metabolism

(cryptobiosis) with a shift to unfavourable conditions

(Cooper and Van Gundy, I97L) . Thus, structuraL integrity

could be maintained or only slowly decline and a potential

for resumption of motility or even normal senescence is

retained. This could provide at least in theory a system

for mod.ifying and delaying aging through the control of

environmental conditions.



Cooper and Van Gundy (1971) reviewed some of the

earlier studies of aging in parasitic nematode species.

Those studies were basically restricted to specifj-c larval
stages and the results were complicated by starvation and

other exogenous effects.
Recently, attention has focused onthe use of

free-living nematodes for the study of aging (Gershon,

1970; Erlanger and Gershon, L970; Gershon and Gershon,

L970¡ Zuckerman, Himmelhoch, Nelson, Epstein, and Kisiel,

I97L; Zuckerman, NeIson and Kisiel, L972; Kisiel, Nel-son

and Zuckerman, L972; Reitz and. Sanadi, L972; Zuckerman,

Himmelhoch and KisieL , 1972; Kisiel, Himmelhoch and

Zuckerman, 1973; Beguet and Brun , L972¡ and Beguet, Lg72).

Gershon, (1970) ¡ reported that Turbaty,iæ aceti

ages with 503 survival at 25 Days and. that DNA synthesis

is not required for the maintainance of normal life span

and growth. The activity of the enzymes acetylcholinestrase,

o¿ amylase and mal-ic dehydrogenase decreased with age in

T. acetí while that of acid hydrolase increased for the

first 15 days and remaj-ned at an elevated leve1 up to

day 25 after which considerable decrease in activity occurred

(Erlanger and Gershon, I970) . Gershon and Gershon, (1970)

used immunological techniques to compare young and oId

I. acetd and found enzymat.ic differences. Reitz and Sanadi,



(L972) ¡ used hydroxyurea treated 7. aceti and found

differences in iso-accepting IRNA in oLd nematodes and

concluded that it represents an index of possible changes

at the translational leve1 of protein synthesis.

Zuckerman, et. al., (I97L) i reported that the

hermaphroditic nematode C, briggsae has an averag:e

mean life expectancy of 28-30 d.ays at 25'C and that

increase in temperature to 27'C results in the shortening

of the mean life span and generation time. Other

changes associated with aging in C. briggsae, were

reduced activity and decreased ability to withstand

osmotic stress. This latter change was correlated

to increased specific gravity with age (Zuckerman,

et. â1., L972) . Ultra-structural studies on aging

C. briggsae revealed increased degeneration of hypodermal

mitochondria and formation of lysosome-Iike bodies in the

inberchordal hypodermis (Zuckerman, et. al.,

1971). Fine structural- studies on the cuticle of old

C. briggsae showed that the outer osmophilic layer became

more defined while electron-dense material and electron-dense

balls accumulated within the fluid filled layer (Zuckerman,

et. al. , L973).

Beguet and Brun, (1972) ¡ .found that parental

aging in Caenorhabditis eLegans grown monoxenically

results in reduction of the number of F, off-spring



produced ny Ft parents" Beguet, (L972) i maintained

young (S days old) and old (A days old) C. eLegans

parental series over nine consecutive generations and

found that the averagie fecundity of the old series

reduced over the first four generations and then

returned to the same level as that of the young parents

after the 5th generation. He suggested that this

could be linked to the initial disorganization of

homeostatic processes of o1d. parents.

Normal}y, the aging syndrome begins to appear

after the completion of the reproductive phase of the

life cyc1e. Nematode aging studies have concerned

themselves with the reproductive processes. With

C. bz,i,ggsae, reproduction was allowed to occur by

growing the nematodes in isolation before assaying

for aging (Zuckerman, et. al., l97I) . It is impossible

to obtain large populations of nematodes of known age at

a given time for biochemical studies without inhibiting

reproduction.

The reported effects of DNA synthesis inhibitors on

nematodes has been contradictory. Zuckerman, €t. a1.,

(L972) ¡ cite Diekx as having found that high concentrations

of acridines inhibit.ed growth and caused death before

adult stage Ln Panagz,eLLus siLusiae. Low concentrations



of acridine delayed maturation and the few animals that

matured, did not reproduce" Sayre, Hansen and Yarwood,

(1963); reported that anethopterin plus leukoviron

permitted full growth but not reproduction of C. briggsae.

Pasternak and Samoiloff, (1970); reported that nalidixic acid,

phenethyly-a1cohol and hyd.roxyurea has slight growth inhibitory

effects on P. silusiae. Gershon, (L970) ; found near normal

growth and maturation of T. aceti treated with aminopterin,

fluorodeoxyuridine and hydroxyur.ea at dosages which prevented

reprod.uction. In the animal parasitic nematqde NippostnongyLus

brasíLiensis, Bollar, Bonner and lVeinstein, (f972) ¡ found that

moult from the second stage to third stage larva is inhibited

by actinomycin D and the nematodes are smaller than normal.

Kisiel, êt. al., (I972); reported that concentrations of

hyd.roxyurea, aminopterin and 5-fluorodeoxyuridine which

prevented. reproduction, caused significant growth inhibition,

prevented maturation past the third larval stage and reduced

longevity of C. bz,iggsae and 7. aeetí,. Further, most of

the treated nematodes had cuticular blisters while low

dosages of aminopterin sometimes prevented vagina formation

and caused hatching of the eggs within the ovid.uct.

Aminopterin treated C. briggsae are unable to adjust

to the osmotic pressures t.olerated by untreated nematodes

of the same age. Inhibition of DNA synthesis according to



Boroditsky and Samoiloff, (L973) ¡ blocked morphological

organj-zation of the gonad despite normal cell proliferation

but had little effect on growth of Panagz'eLLus red.íuíuus.

Vüestgarth-Taylor and Pasternak , (I973) ¡ report,ed that in

the diecious nematode PanagrelLus siLusíae, long term treat-

ment with hydroxyurea caused cuticular abnormalities.

It is obvious that drug-treated nematodæ are

abnormal in several respects. One must question the

use of such drug-treated populations for aging studies.

It has been questioned whether any observed changes are

in fact age related and not primarily associated with

exposure to chemicals (KisieL' et. al., I972). Because

nematodes are mainly eutelic, the major developmental

events are primarily in the reproductive system. Thus,

inhibition of the development of the reproductive system

miqht not provide the true information in aging assays.

Cryan, Hansen, Martin and Yarwood, (1963); found

that in axenic cultures of P. rediuiul'{s | 60-803 of the

living adults in the terminal populations were females

and there was a predominance of males among the dead.

Culturing the free-living nematode PanagreLLus siLusiae

on infants food Gyse1s, (1965) found that at an average

of 30'c, the maler/female proportion increases with

increasing number of nematodes. He suggested that



femalessecrete male inhibiting substances which cause

the early death of males. Hansen and Cryan, (1966)

also found that the sex ratio of P. rediuiuus varies in

response to heat and nutritional stress with a high

predominance of mature males and lack of maturation of

females. These suggest sex differences which may be

due to differences in aging rate.

One important factor which has been ignored in

aging studies of nematodes is the role of developmental

rate on longeVity and how much it affects the timing of

the appearance of age related characteristics. The

extension of developmental period by under-feeding has

been suggested as one of the possible means of extending

the mean lif e span of animals, (Streh!.er and Burrows '
L97O'). Metabolic retardation (calorie restriction) by

under-feeding however, requires tentative identification

of its net effects particularly in terms of morphology and

physiology. Nematodes in axenic culture could serve as

good experimental tools in this direction. This is

because they adapt to environmental control mechanisms

without showing appreciable disabilities and can recover

when such stress are removed.

In this investigation, aging in the free-living

diecious nematode PanagneLLus rediuiuus (N strain) in



axenic culture was assayed by examining age related

response to hypotonic shock, behavioural changes and the

effects of various nutritional conditons on survival.

The effect of temperature increase on longevity was also

investigated. The possible role of the various components

of the culture medium in growth, gonad development and

general morphology as well as the extent to which one

of these nutritional components affects survival is also

reported "
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Materials and Methods

Nematode Culture

The original culture of the free-living diecious

nematode P. rediuiuus (N strain) used in this study was

obtained from Dr. E. L. Hansen, Institute of Clinical

Pharmacology, Berkeley, California, and has been maintained

in medium consisting of 42 soy peptone and 3Z yeast extract

(SPYE) as the basal medium and 102 heated liver extract (HLE)

as the supplement.

Ma-ss cultures were maintained in 5 mI medium in

120 mI flat bottomed culture flasks, while smaller cultures

\,\rere grown in L-2 ml medium in 10 ml screw capped viàls.

All cultures vlere incubated at room temperature (approximately

25'c).

Glassware h/as autoclaved for 20 minutes at 18 lbs

pressure and I2I'C. Innoc ulations were carrd-ed out in a

transfer box equiped with a 15 w General Electric "Germicidal"

ultra-violet light running the length of the box just beneath

the top. The germicidal light was left on except when

culture transfers \^¡ere being made. A continuous stream

of sterile air filtered through 0.2 /i pore size gas filter

was continuously maintained through the box-
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No standard. sterility checks wer:e carried out

as the culture medium serves as its own check by turning

milky within 24-48 hours of innoculation if there is

bacterial growth.

The culture medium

SPYE was prepared by dissolving 4 grams of

soy-peptone and 3 grams of yeast extract (Oxoid Ltd. '
London No. L2I) in 90 mls of distil-led water, (Sayre,

Hansen and Yarwood, 1963). Preparations were autoclaved

for 15 minutes at 15 lbs pressure and LTI"C" Autoclaved

SPYE was stored in the refrigerator at 5-10'C unt,il used"

The organic supplement HLE, \,vas prepared

according to the method of Sayre, êt. aI., 1963. This

was done by first grinding commercial beef or calf liver

in a meat grinder after excising it of its connective

tissue. The ground liver was then weighed and homogenized

with an equal amount of distil-Ied water (w/v) for 5 minutes

in a Waring blendor. The homogenate was then heated to

55'C in a water bath and maintained at that temperature

for 10 minutes with continuous stirring. The heated

coagulated homogenate was then cooled to 10'C in an

ice'bath with continuous sti-rring. The cooled coagulated

homogenate was then passed through 2-3 layers of cheese

cloth to remove as much of the coagulum as possible and
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centrifuged for 30 minutes at L7 x 103 r.p.m. in a

Sorval RC-2 refrigerated centrifuge (0'C). The

supernatant was decanded and prefiltered through a

series of pre-filters of pore size ranging from 10 ¡tI

to 0"4 M. Final sterility was achieved by passing

the fj-ltrate through a membrane filter of pore size

0.2 M. The steríle HLE can be stored frozen for

2-3 months without any appreciable falI in actiirity

(Sayre, êt. â1., 1963) .

Due to initial difficulties in obtaining sterile

HLE, cultures \^/ere maintained in SPYE supplemented with

either L0? autoclaved liver extract (ALE) or ALE +

Casein (0.03 gmslml) (Rothstein and Cook, l-965). These

media required constant re-innoculation and the practice

was discontinued when sterile HLE could be more easily

obtained.

(A) Population growth

Cultures for population growth studies \,vere

maintained in 120 ml glass culture vessels with thin

walls to permit easy microscopic examination of the

nematodes. Synchronous populations of second stage

larvae were obtained by passing a large culture of mj-xed

stages over a 5-6 cm colurnn of sterile glass micro-beads
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(0.3 mm diameter), (Samoiloff and Pasternak, 1968).

Under such conditions the first 10-30 drops consists

mainly of second stage larvae (350 t 7M in length).

One ml of the medium together with the suspended 
"Z

was then introduced into 4 mls of fresh culture medium

(SPYE + HLE). This forms a thin layer (1 mm thick).

At two days intervafs, 3 television recordings of the

culture were mad.e with the culture shaken between

readings to ensure even distribution of the nematodes.

Using Imm square graph sheets, it was possible to obtain

the area of the culture projected on the television screen

at any given t.ime. At the end of the experimental period,

the number of nematodes on the screen at each time of

recording was obtained. The experiment was repeated

three times.

(B) Assay for aging

a) Response to hypotonic shock.

The response of 4 , 8, 16 and 24 days ol-d nematodes

which had been grown individually (virgins) in 0.2 ml SPYE

+ HLE Ln Þo drum screw capped vials to hypotonic shock

(osmotic stress) was investigated by exposing them to

distilled water. Individ-ual nematodes were washed three
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times in distilled water before final transfer to

distilled waLer j-n depression sl-ides. Af ter L ,3 ,6

and 24 hours of exposure the sex of the dead and/or burst
individuals was recorded. Similar tests with L, showed

no death or bursting within the 24 hours experimental

period. Forty nematodes were used for each test.

b) Behavioural assay.

Tracks of 0, 4, 8, 1.6 and 24 days old nematodes

grown individually were recorded photographically after
they had been allowed to migrate over a thin layer of

4Z Czapex dox agar in Pyrex Plastic Petri-dishes (diameËer

5 cms), (Samoiloff , Balakanich and Petrovich, L974') .

The nematodes were picked up with a brush joined to a

pipette and placed at the centre of the Petri-dish.
Tracks !üere recorded after 15 minutes. In the case

of the 24 days old nematodes, the tracks were recorded

after 30 mj-nutes. Analysis of the tracks involved

measuring the total linear distance travelled, number

of turns (changes in direction), reversals and 1oops. Between

nematodes of each age v¡ere tested in each of two experiments

(l-46 nematodes for the whole test).

L6 and
20
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c) SurvivaL curves and fecundity.

The survival of nematodes girown either in pairs

or individually in 0"2 mI medium was followed at room

temperature (25'C). The investigation was carried out

using the three supplements (ALE, ALE * Casein or 10U HLE)

in SPYE. In the case of two nematodes per via1, three

combinations were obtained - 2 males, 2 females or I male

plus 1 female. In the latter case, the adults were

transferred to new vials at the commencement of

reproduction and the practice was continued until

reproduction stopped. The off-spring were counted

and discarded. The survival of 453 nematodes was

followed in HLE supplemented medium and 100 in ALE and

76 in ALE * Cesein supplemented medium respecti-vely.

To determine the effect of temperature increase

on survival , 236 nematodes were giro\^/n individually in

SPYE + HLE and incubated at 30 I 0.85'C. As in the

case of room temperature experiment each vial was

examined every other day and the sex of clèac nematodes

was recorded.

c. Nutritional control of development

a) Variations in culture conditions \^Iere made

order to ascertain the role of the various components

the culture medium in growth and gonad development.

l_n

of
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(i) SPYE alone.

Second stage larvae obtained as described previously,

were washed 5-6 times in sterile distilled water and

introduced into I ml of unsupplement SPYE. At two days

intervals for a period of 14 days samples from these

cultures were placed on a s1ide, air dried and stained with
propionic-orcein(Boroditsky and Samoiloff, l-973) .

The slides were examined within 24 hours of
staining. The total body length and stage of gonad

development of each nematode was record.ed using the

values obtained by Boroditsky and Samoiloff (1973).

Control experiments \,vere carried out using SPYE

+ HLE grovun nematodes. Since reproduction commenced

within 5-6 days of incubation, the control experiments

were termj-nated after 6 days. At least 100-150 nematodes

\dere used at each time interval and the experiment was

repeated three times.

(j-i) Salts + HLE

This series of experiments were carried out

using second stage larvae in 10å HLE in autoclaved

salt solution consisting of 0.075 gms each of MgSOn

and KrHPOn, 0.275 grams of NaCl and 0.3 gms of KN03 it
90 mls of distilled water (Dougherty, 1960).
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The same procedure of staÍning and microscopic

examination was used as described previously"

control experiments were carried out, with nemabodes

introduced into unsupplementecl salt solution. Both

experimental and control tests were repeated three t,imes

using at least 100 nematodes at each time int'erval.

b) Addition of missing medium components at
various time intervals.

(i) At intervals of 4, B and 12 d'ays, samples of

nematodes previously maintained. in salt solution + HLE or

salt solution alone were washed and transferred to SPYE

+ HLE. At intervals of 2 days after transfer, the body

length and stage of gonad d.eîelopment of at least 100

nematodes were examined after staining in propionic orcein.

The practice was continued. until reproduction commenced.

Si-nce most of the nematodes in salt alone died before the

L2 day period, several samples had. to be pooled together

at the time of transfer. Counts of the number of offsprj-ng

prod.uced on the f irst day larvae were observed vüere made.

The experiment was repeated. three times.

(ii) Second stage larvae were washed and

introd.uced. int,o each of twelve 10 ml screw capped tubes

containing 0.9 m1 SPYE. After 4t B and 12 days, 0.1 ml
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HLE was ad.ded. to three of the tubes at each time interval.

At two day íntervals after t,he additíon of IILE one of the

samples was stained and examined microscopically as

described previously. This was continued until reproduction

commenced" The experiment was repeated three times.

D. Survival following nutritíonal stress

Nematodes that had been maintaj-ned for 4, B and

12 days in unsupplemented SPYE h/ere transferred individually

in 0 " 2 ml SPYE + HLE. At two day intervals, the vials \^/ere

examined and the sex of the nematodes was determined.

ControL experiments were carried out by

maintaining the nemat,odes individually in unsupplemented

SPYE throughout, their life span. Tn most cases iÈ was

diffícult t.o determine the sex of dead nemat.odes by direct

microscopic examination. Such nematodes were stained in

propionic orcein and microscopically examined.
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Results

A. Population qirowth

Populations of u.p to 35,000-40,000 nematodes per mI

r,üas obtained within three weeks from an initial population of

1r000-11500 second stage larvae per ml. AfLer three weeks,

a gradual decline in the number of living individuals occur

(figure 1 and Table 7 in appendix).

B" Assay for aging

a) Response t,o hypotonic shock.

The relationship between age and response to hypotonic

environment (dist.iIled water) , is shown in Fígure 2, Table B

(appendix). As a function of agê, the percentage of dead and

burst nematodes increases and this effect is sex specific

with nrales showing 507' dead/burst at, day 16 and females at

day 22. More nematodes of both sexes died than burst within

the time limit of exposure.

b) Behavioural assay

Behavioural changes as measured by the total

distance travelled, the number of turns and reversals show

three characteristj-cs: (i) larvae and adults behave
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differently, (ii) the behavioural activity of adults

remains at a fairly constant level up to day 16 after

which a sharp drop occurs, and (iii) there ís no sex

related d.ifference in total activity at any of the ages

tested (appendix, Figure 3 and Table 9) "

The number cf loops showed no significant. change

either in terms of stage, sex or age within the time limit

of the test

c) Survival and larval production.

Nemat,odes maint.ained in HLE, ALE or ALE * C&;ein

supplement,ed medium have different mean survivals (Table 1

and appendix Figure 4). Under the three conditíons,

males did not live as long as females. Those that

failed to mature (immature forms) had a lower survival

Èime than adults except males in ALE *Casein supplemented

m-edium.

In HLE supplemented medium, virgins of both

sexes live longer than mated (Table 1 and appendix

Figure 4). There was no significant difference between

the mean survival of mated and virgin adults of both sexes

in Al,E supplemented medium. fn ALE * Casein supplemented

medium, virgin females live longer than mated but there

$/as no significant difference between mated and virgin
males (Table 1) .
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Increase intemperature to 30'C results in a

decrease in mean survival time of ma1es, females and

j-mmature forms as compared Èo 25'C (Table 1 and Figure

in appendix).

At 25'C in HLE supplemented medium, males

and females occur in approximately equal proportions

with 3 "3Lf' of the total failing to mature (Table 2) "

Increase in temperature to 30'C does not affect the

percentage of males (when compared to 25'C) but a

significant decrease in the percentage of adult females

and a corresponding increase in the percentage of

immature forms occurs (Table 2).

In both ALE and ALE +Casein supplemented.

medium, there was a great predominance of imnrature

forms (Table 2) .

Nematodes mai-ntained in the three med.ia

conditions showed differences in generation time,

mean larval production and the number of days before

larval production ceased (Table 3). Under the three

conditions, there was a gradual decline in the mean

larval production as a function of time. In HLE

supplemented medium, reproduction commenced 4 days

after innoculation and continued up to day 20

(Table 3 and. see appendix Figure 6). ïn ALE
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suppl-emented medium, tLre generation time was between

6 and I days and larval production ceased 10 days afLer

coÍrmencement" The generation time in ALE + Casien

supplemented medium was between 4 and 6 days and larval
production ceased at day 18.

C. Nutritional control of development

a) Nematodes maintained in salt solution alone

did not grow (see appendix Figure 7) and showed no gonad

development beyond the second stage. In salt solution

+ HLE, there *r" -r.ry limited growth and only 3.27% had

third stage gonads, none of which show sex specificity
(Figure 7) " No morphological abnormalities were

observed in either unsupplemented salts or salts + HLE.

In SPYE alone, males and females grow to roughly

the same length. This length corresponds to that. of the

moult from fourth stage larva t,o adults (Boroditsky and

Samoiloff , L973). In control SPYE + HLE, females gro\^l

more than males (see appendix Figure 7 and Table 10).

The effect of SPYE alone on gonad development

varies. About ninety-six percent of the male stages

had normal ad.ult gonads after B-10 days. However after

10 days, the gonad.s began to show morphological abnormalities

and failed to take up stain. Figures 9 and 10 show gonads
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of males in SPYE + HLE after 4 days and male from SPYE

alone after B days respectively" The male gonad

characteristic that could be easily identified after

I2-L4 days are the spicules " The effect on the female

developmenÈ was more våriabte. Orlly 35.2f, show adult

female characteristics by day 14 and of these 32.5f' \^lere

abnormal (see appendix Figure B and rable l1). The

commonest abnormalities were the development of two

vulvas (Figure 13) a-nd formation of cuticular blisters

(Figure 14). Figure 11 ancl L2 show normal adult female

gonad from SPYE + HLE at day 4 and. female from SPYE alone

at day 10 respectivelY"

b) Nematodes transferred from either salt

solution or salts + HLE after 4 | B and 12 days developed

normal gonads, attained ad-ult size and reproduced wit'hín

6 days in all cases (Figure 15 and Table L2 in appendix)

Addítion of HLE to nematodes maintained in SPYE alone for

4, B and 12 days results in commencement of reproduction

within 4- 6 days after ad.dition. However' they failed

to reach normal adult size before commencement of

reproduction (appendix Figure I& ).

The mean larval production per female on the

first day of reproduct.ion by nematödes transferred from

salts to SPYE + HLE at days 4, B and 12 were 9-03, 8.80



24

and 6.83 respectively, while those transferred from

salts + HLE were 6"05, 8"02 and 9.36 respectively"

In SPYE alone for 4, B and 12 days, the mean larval
production at the commencement of reproduction were

7.09, 3"95 and 4.05 per adult female respectively"

In SPYE + HLE, the mean larval production by day 6 was

27 "74"

Table 4 shows a summary of the general effects
of various levels of nutrition on growth and. gonad.

development and the general effect of the removal of

stress at various time intervals.

Survival following nutritional- stress

Nematodes maintained ín SPYE alone throughout

their lífe span were so abnormal that in most cases it

was not possible to determine their sex. Adult males

could be id.entified by the presence of spicules. Sixty
percent of the nematodes could not be sexed. The

remaining 39.45% that could be ident,ified as males

had a longer mean survival than males in SPYE + HLE.

The abnormals had a mean su::vir,'al time similar to females

in SPYE + HLE (Table 1 and 5; appendix Figures 4t 17 and 18)

The mean survival time of nematodes transferred

from SPYE to SPYE + HLE at days 4, I and- 12 were greater

D.
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than those ma.intained. in SPYE + HLE under the same

conditions (25"C) (Ta-bles 1 and- 5¡ appendix Figures

4, L7 and 18) " In all cases, males did not líve a-s

long as females and those that failed to mature lived-

a shorter time than adults. No difference in Lhe

mean survival of immature forms transferred from

SPYE or those in SPYE + HLE throughout was observed

(Tables 5 and I, Figures 4, L7 and 18).

The percentage sex distribution of nematodes

transferred after 4 and I days jrr SPYE, does not differ

significantly but the percentage of immature forms

increased. as compared to tírose in SPYE + HLE (Tables

2 arid 6). fn the caseof nematodes transferred after

12 days inSPYE, the percentage of males was not

different from that seen in SPYE + HLE but there was a

significant drop in the percentage of females and

an increase in the percentage of immature forms.

Nematodes transferred after 4 and. 8 days, developed

normal gonads with no morphological abnormaliÈies while

20.45% of the females and 7.L4'/' of the males transferred

from L2 days had abnormalities respectively.
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Discussion

The resul-ts of this study show that the aging

pattern of. P. redíuiuus is basically similar to that

reported for the free-living nematode, 7. acet¿ (Gershon'

I970) ¡ and C. briggsa.e, (Zuckerman, €t. aI", I97L).

The patÈern is characterized by growth and reprod.uction

culminatitg, as a function of timeo in death. As the

nematodes agê, they become more susceptible Lo hypotonic

shock and exhibit changes in their activity.

The increased susceptibility to hypotonic shock

is in agreement with the report of Zuckerman, et. al. r

1L97I) i with C. brí,ggsae. The increased. susceptibility

of C. bz.iggsae with agê, was suggested to be due to Lime

dependent changes in the cuticle in the form of

degeneratíon of the hypodermal mitochondria, thickening of

the hypodermal band, formation of lysosome-like bodies in

hypodermis, separation of osmophilic membrane from the

cuticle and the accumulation of electron-dense materials

and electron-dense ba1ls in the fluid layer' (Zuckerman,

et. aI., L97L, L972 and 1973). Although no such age

related studies has been reported for any free-living

d.iecious nematode, it is possible that the ultrastructural

changes follow basically ùhe same pattern.
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Behavioural activity measured by the number of

head swings has been reported. to decline as a function

of äge in C. bz,iggsae, (Zuckerman, êt. aL., 1971). fn

this study, behavioural activity shows a stage specific

pattern but the adults show a fairly constant behavioural

level up to day 16 after whj-ch a sharp drop occurs. The

implicatj-ons of this is unclear but it is of significarrce

to note that the drop occurs at about the point at which

sexual activity, as measured by larval production, ceases

(Table 3). Whether this is a casual relationship is not

clear but poses a problem for further investigation.

It can also be argued that the intervals between

measurements mighL have been too long t,o detect any

differences. No difference has been found between

ti:.e behaviour of early adults of P. rediuiuus although

larvae behave differently from adults (Caro1 Pollock

- personal communication). This could explain the

lack of sexual clifferences in activity.

The diecious nematode 7. aceti, has a mean

life expectancy of 25 days (Gershon, 1970) and this is

not altered by inhibitors of DNA synthesis. The

hermaphroditic nematode C. bz.iggsae lives for an

average of 28-30 days at 25'C and increase in temperature

Lo 27' results in a decrease in mean life expectancy to
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26 days (Zuckerman, et" â1., L97L). The result of this

study shows that P. rediuiuus at 25"C under the same

nutritional conditions used for C. briggsae and. 7. acetì,,

has an average Iífe span of 25-36 days and that at 30"C,

the mean life expectancy drops to 18-25 days (Table I ).
I{hen the composition of the medium is charlged by replacing

HLE with ALE or ALE +Casein, a significant decrease in the

mean life expect.ancy occurs", The significance of this

lies in the fact that it suggests that survival time is

a function of the type of nutrient. This interpretation

should however, be made with caution particularly because

cultures maintained in medium supplemented with autoclaved

liver extract r:equire more constant. re-innoculation than

cultures with Hl,s as supplement. This suggests the

possibility that ALE has some detrimental effects on the

nematodes.

The most significant factor that has emerged from

the aging assay studies of P. r,ediuiuus is the wide degree

of sexual d.imorphism exhibited. First,ly males are more

susceptible to hypotonic shock than females of the same

chronological age. Secondly, males have a lower mean

survival time than females regardless of nut.ritional

or temperature cond.itions. Thirdly, adults live longer

than those that failed to mature. It is therefore
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conceivable to conclude that nematode aging is a

genetically programmed developmental phenomenon which

is both sex and stage specif i-c.

Sex specific differences in nematode development

has been reported for several species of nematodes. In

the diecious nematode P. siLusiae, there is no structural

difference in the cuticle of males and females but the

moulting pat,tern is both stage and sex specific (Samoiloff

and Pasternak, 1968). Laser microbeam irradiation

stud.ies has revealed that irradiation of the region just

anterior to the germinal primordium of P. si,Lusiae,

produces a significant increase in the proportion of

females due to blocking of male gonad development which

normally grows anteriorly (Samoj-loff , L973) . A

combination of high temperature and low protein inhibits

the development of female P. rediuíuus without any

effects on the males (Hansen and Cryan, 1966). Males

develop at 30'C or in presence of ethanol in axenic

cultures of Èhe parthenogienetic nematode ApheLenchus

a:ûenea. and in monoxenic cultures with the fungus

Rhizocton¿a soLani. This masculinizing effect is

prevented by mitomycin C (Hansen, Buecher and Yarwood'

L973). High temperatures influence both the developmental

rate ancl sex ratio of the plant parasitic nematodes
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MeLoidoggne gramínis and HAposper.in graminis with

males predominat,ing at 32'C and virtually absent at

lower temperatures (Laughlin, Williams and. Fox, 1969¡

Laughlin and Williams, L969) " In the hermaphroditic

nematode C. bz.iggsae, 75Y' of adults are males under

condit,ions which cause most of the hermaphrodites

to go into :@auer stage, this causing an increase in

male-to-hermaphrodite ratio (Yarwood and Hansen,1969) .

In fecal cultuses of the parasit,ic nematode Stz'ongyLoides
il

fuLLerboní, thickness of medj-um and temperature control

the development of sexual forms wit,h males and filariforms

appearing in thin smears and. female and filariforms predorninating

in heavy smears over a range of temperature cond.itions

(Hansen, Buechen and Cryan, L969).

Further support for sex specificity of nematode

development is shown by the nutritional effect,s of this

study. Elimination of the protein supplement (HLE),

from the medium, results in the growth of both sexes

to about equal så.ze (which is about half the size of

normal adults) , (Boroditsky and Samoiloff, 1973) .

However, examination of the gonads revealed- that by

B-10 days, ninety-síx percent of the males have

developed adult gonad.s while only a small proportion of the

females had reached- adult st,age. This result shows
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conclusively that the two sexes differ ín their

nut.ritional requirements in so far as gonad development

is concerned. It also agrees with an earlier report by

Hieb and Stokstad, (L970) ¡ who found that C. briggsae

in the basal medium grows to the size of fourth stage

l,arvae or small adults without reproduction.

Several of Lhe abnormalities observed by

growing the nematodes in t,he basal med.ium alone, mimics

the effects of chemical inhibitors of DNA synthesis

observed in P. siLusiae (Westgarth-Taylor and Pasternak,

L973); in P. rediuiuus (Boroditsky and SamoiLoff , I973) ¡

and in C. briggsae and T. aceti (Kisiel, êÈ. al", L972).

The general effects of inhibitors of DNA synthesis has

been the occurrence of cuticular blisters and lack of

differentj-ation of gonads although there is ce1l

proliferation. The basic difference between the

effects of inhibitors of DNA synthesis and. the effects

obt.ained by growing the nematodes in unsupplemented

SPYE however, is that the abnormalities have been

restricted mainly to the females" The effect of

inhibitors has not been linked. with the induction of

cuticle blisters but rather, it has been suggested

that a relationship exists between the presence of

gonad tissue and the normal pattern of cuticle
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biosynthesis in adult \¡/orms (V[estgarth-Taylor and

Pasternak, 1973) " While this relationship is
speculative, it ties in wit,h the results obtained

from this study with females showing a high degree

of g'erm cell proliferation wj-thout. differentiation
into gonads and. possessing cuticle blisters.
Further, a d.evelopmental link between mating

attraction and gonad development has been reported

in P. siLusiae (Cheng and Samoiloff , L972) . The

mating attraction system (production of attractant
by females and the response to attractant by males),

does not occur in nematodes treated. with hydroxyurea.

The fact that salt solution alone or salt
supplemented with I0% HLE support no growth or gonad

development is interesting. It supports earlier reports

that the importance of HLE or protein supplement lies

ín maturation and reproduction, (Sayre, et. al., I963i

Rothstein and Cook, L965; Jackson, L969¡ Hieb and

Rothstein, 1968; Cole and Dutky, L96B; Buecher,

Hansen and Yarwood, 1970a and 1970b).

The immed.iate increase in growth and

gonad development followed by reproduction of nematodeg

transferred from salt solut,ion or salts + HLE to SPYE

+ HLE shows that lack of growth and gonad differentiation
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does not affect the ability of the nematodes to recover

and continue normal postembryonic development Ín presence

of optj-maI conditions. With nematodes maintained in
SPYE, there is partial growth and differentiation and

in some cases adult stages of gonad development.

Thus, lack of attainment of fulI ad.ult size before

reproduction commences suggests a partial loss of
ability to grow fully with no effect on reproduction.

However, this interpretàion should be made with caution

since the measurements were stopped at conmencement of
reproduction. It is stiIl interesting that the recovery

rate after partial differentiation j-s far less than in the

case where no differentiation or gonad development has

occurred.

One of the basic features of maintaining

nematod.es in unsupplemented SPYE, is the retardation

of developmental rate. Nematodes of different species

have been held under adverse physical and physiological

conditions and have been shown to recover and undergo

the normal patterns of d.evelopment when returned to

optimal conditions (Hansen and Cryan, 1966; Cooper and

Van Gundy, L970i Jackson, 1973) . One feature of this
study has been the development of structural abnormalities

coupled with retarded growth rate. Despite these
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abnormalities, the mean life expectancy can be

extended. There is no evidence that return of the

nematodes to opti-mal conditions has any influence on

ability to repair abnormal parts" In fact this is

not the case since a large proportion of the nematodes

transferred from unsupplemented SPYE to SPYE + HLE after

12 days stilI had abnormalities. The most significant
point therefore, is that developmental rate plays a

significant role in determining how long P. z,ediuiuus

1ives.

Several other factors that affect the development

rate afso affect the mean life expectancy and sex ratio"

At 30'C, the nematodes attain sexual maturity much faster

than at 25'C and have a shorter mean survival time.

There \irere aLso more adult males. The type of nutrient

affects not only the mean larval production but also the

survival time. This is shown by differences obtained

in the mean larval- production (Table 3) and survival

of nematodes maintained in HLE, ALE and ALE * Casein

supplemented medium. In all cases (temperature and

nutrition), the survival time is sex specific with

males living much shorter than females" Sexual

;activity which does not af f ect the developmental rate,

affects the mean life expectancy as shown by the fact

that mated nematodes of both sexes do not live as long

as virgins.
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This study has described the aging pattern of

P. z,ediuíuus and the role of developmental rate in

determining the survival pattern. In several- respects

it agrees with earlier findings on aging of some

free-Iiving nematode species. However, it points to

a wide degree of sexual dimorphism in nematodes and

raises the question of their use as model organisms

for aging studies.

The basic ídea of usíng nematodes as model

organisms for aging studies, is to seek answers concerning

the mechanisms and molecular basis of the aging process.

These are based on the contention that while the

structural and functional features may senescence iÙx

a peculiar way, the basic mechanisms involved in aging

are possibly the same in aII animals.

From the theoretical point of view, several

theoriès of aging have been proposed. These approaches

are based on the common assumption that aging represents

a loss and deterioration of biological information which

occur at the cellu1ar level and depends upon time anð./ox

metabolic level (Comfort , L970, Medvedev, 1972) . As

argued by Comfort, (1970); if the loss occur at the

cellular leve1 "it becomes necessary to d.ecide if

it is predominantly in cel1s such as neurons,



36

cr in clonally dividing cells and whether the leading

process in either case is one of noise accumul-ation in
homoestatic and copying processes or whether it is
secondary to differentiation, depending on the

irreversible switching off of synthetic caþacities

with morpho$enesis". Thusr âoy model of information

loss whether cellular, molecular or intercellular,
requires evidence of non-sense cells or materials

accumulating with age. Based on these arguments,

Comfort (1970); classified the various theories of

aging into two categiories: "primary error" hypothesis

and non-DNA error theories

The "primary error" hypothesis proposes that
information is being lost from DNA either through

mutation, macromolecules damage or epigenetic masking.

Error accumulation in DNA has not been excl-usively

demonstrated and it cannot exclude the possibility

of the error(s) occurring at post-DNA Level, €.g.,
nuclear structures other than moleculú,., DNA or

later transcription or translation steps as proposed

the non-DNA error theories.

One of the implications of the "primary

error" hypothesis, is that the information is being

l-ost upon DNA replication. In nematodes, this
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cannot be the case as it has been demonstrated

that inhibition of DNA synthesis does not alter

d.evelopmental rate in tissues other than the

reproductive tissue (Pasternak and Samoitoff, I970¡

Boroditsky and Samoiloff, L973) " Furthermore,

inhibition of DNA synthesis according to Gershon,

(I970) ¡ does not alter the mean life expectancy, while

Kisiel, êt. af., (L972) ¡ demonstrated a decrease in

life expectancy with DNA synthesis inhibition. The

latter observation is in direct opposition to the

prediction of the primary error hypothesis.

While non-DNA mechanisms of information Loss

cannot be excl-uded, a more likely mechanism for aging

in the nematode involves the expression of a series

of genes producing the syndrome for senescence. This

hypothesis is based on the stage and sex specificity

of senescence shown by this study and the relationship

between senescence and post embryonic development rate

and the fact that factors like nutrition and temperature

which control developmental rate, also control the life

expectancy. It would appear that in the normal course

of nematode post embryonic development, the onset of aging

is triggered by a specific devèlopmental event. The results

presented here would tend to indicate that the timing of this

trigger coincides with the completion of the final moult.
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Table I.

sPrE + HL]E (25'C)

ffifecL of various Fnrctej.¡-r sr.rFplsnents on

mean su¡¡¡it¡aI.

¡4ean Su:¡¡iwal (t S. E.)

Fsnales

s?LE + HLE (30"c)

S.E = StardardEl:::or.

Vjjìgin

Mated

Vi¡Ejrr

Vi-rgin

¡4ated

Vir,gi¡

Mated

29.26 t 0.83

25.65 t 1.01

20"9A t 0.65

21"03 ! 1 .17

19.69 t 1 .72

23"25 t 1.95

23.83 t 2.25

36.39 ! 0.82

31"94 t 1"48

24"46 r 0"58

29.21 ! 1 .71

28.15 t 2.01

31.90 t 1.27

26.17 r 2.83

Iflrnatar¡e

23.75 r 1.94

18"83 r 1.01

17.17 r 1.53

20.53 r 1"54
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Tab1e 2. Effect of various Frotein sup,plgnents on

jß ser dist¡ij:ution"

Nutritionat
Level

swE + HLE (25'C)

sr{rE + HLE (30"C)

srlß + Ar;E (25"C)

SPYE+ALE+Casei¡r
(25'c)

Males

48.79

46 "19

46"00

39.22

Percentage

47 "90

38.56

42.00

42.05

ïnnatr.¡re

3"31

15.25

12.O0

1 8.73
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Table 3" Effect of various supplernents on nean

La:r¡a]. producLion*,

Days after
ccnrnencgner¡t of
rre¡rodrrction

0

2

4

6

I
10

12

14

2.99 t 0.54

17.13 t 1.62

13.99 È '¡ .15

8"04 t 1"25

3.79 ! 1"91

2"85 ! 0"92

1.53 r 0.73

o.3B t 0.29

0.93 t 0.73

6"62 ! 2.70

9"83 r 3.18

7 .23 t 3.26

2"31 ! 1.34

1.33 r 0.93

13 "77 I 3.31

13.75 t 2.71

2.71 r 1"51

1.67 t 0.80

Nutritiornl Level

SFITE + HLE StrYE + AI;E SP].E + AI;E + CASEiN

Tota]. 50.78 ! 3.27 26.92 r 5.99 41 .39 r 5.70

* t Stardard. en¡or (S" E.).
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Table 4. St¡nnar]z of the effect of various nutritignal

Levels on grrcr¡¡hl: ard ggnad develotrnent.

Nutritional Level

Nosnal ReproducLion in 5 days

Limited- Male - Nornal
unst-able.

Fsna.]-e - i¡nnatr:re
abr¡c::nal.

SEI{E (4, I ard 12 days) Limlted Nonnal- with reproduction

SPYE + HLE

SPIE alone

transfer to SPIß + HLE

Sa]-ts alone

Salts + HtE

+ HLE (4, B and 12 days)
transfer to SPYE + Itr,E

ver1r limited }ücne

4 -6 days after tra¡lsfer.

None

after transfer.
Salts alone or salts No:mal Reproduction within 10 days
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Table 5.

ltutritional
LeveI

SPE alor¡e

SPIE (4 days)

SFI¿E (8 days)

SPIß (12 days)

Itdales

34.42 ! 1.57

33"47 t 1.57

38.42 t 1.80

40.29 ! 1 .56

Fsnales

36.58 t 1"32

39"06 ! 1.61

44"73 ! 1"74

47"00 ! 1.64

ïnmatr:re

23.00 I 3"54

24"00 ! 1"42

26.44 ! 1 .47

Effect of adåition HLE at various Limes on

mean sun¡ival"

Mean su::rrival tjme J S" E" (days).
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Table 6. Effect of addition of HIE at varicns times

on % ser ðistribution (25'C) 
"

lüutritional
LeveI

SPYE alorn

SPYE (4 days)

SPYE (B days)

sPLE (12 days)

* abr¡o:=naI animals.

Percentage

39 "45

44 "54

44"83

47.46

60 " 55+

46 "37

45"08

37 -29

Inmatilre

9.99

9 "47

15 "25
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Table 7. Table of Population Grcn¡th

onTÃl screen

after
inrpcula-
tíon) *

0

2

4

6

8

10

13

15

20

22

24

26

28

30-

32

Þcptt E<p't
23

E<p't
1

15

I
13

24

76

83

207

170

270

328

306

294

302

247

207

10

B

17

26

102

134

231

276

228

306

283

3s2

332

274

246

14

't6

14

35

96

120

203

208

242

276

289

315

320

254

289

Total

39

32

44

85

274

337

641

654

740

910

878

961

954

775

742

13.00

10.67

14 .67

28.33

91 .33

112.33

231.67

21 8.00

246.67

303 .33

292.67

320.33

31 8.33

258.33

247.33

rnate
rn¡nlcer of
\irÐlllls 1 ml.
(x 103) .

1.44

1 .19

1.63

3.15

1 0.01

12.15

23.74

24.22

27 .41

33.70

32.52

35.59

34 .58

28.70

27.48

* Reproduction cc¡nnenced between 4 a¡rd 6 days after innoculation.

**apprc¿rimate volune of medir¡n screened or T¡\I screen = 0.009 ml.



TaÞ1e 8. Age related diffe:¡ences j¡r response to csmotic

stress.

D : d.eadr B = Burst, F = Fenales, M = Males.

ìüwrù¡ers in bracket represent nr¡nber of nsnatodes tested'.

Age I

(nays)l Se><

Þrposure Time (Hours)

DB

Percent
a9e
Dead,/
Burst

1 3 6 24

D* BI DB DB DB

**M Q1)
**F (19)

M (iB)

F (21)

M (16)

F (20)

M (21)

F Q4)

16

2t+

10

00
00

00

01

01
71

12

10
00
00
00
04
11
21
22

10

00
30

10

00

00

30

50

01

11

41

20

30

11

11
20

31

11
71

30

35
23

13 3

10 4

4

2

B

3

B

5

16

14

29.04

10.53

44 .44

14.28

50.00

25.00

76.19

58 .33



Table 9. Analysis of behavioral ckrarqres witÏ¡ age'

Age
(Days) Se)< l{o. Distarpe Reversals Ttrrns Iocrps

oLz
4

15 9.10 t 1.18

17 38.18 ! 6.70

18 29.33 t 5.10

19 24.45 t 3.48

20 2s.45 ! 3.82

14 24.28 ! 5.23

14 23.46 r 3.85

13 3.46 t 0.87

16 5.91 t 0.86

4.73 ! 0.62

19.12 ! 2.55

12.72 r 1 .60

9.11 ! 1 .42

13.35 ! 1.46

13.92 ! 1 .91

11.85 t 1.38

2.65 ! 0.59

4.06 r 0.90

7.07 t 1.18

29.06 t 5.48

26.11 r 3.63

22.48 t 3.33

23.45 ! 3.62

31 .29 r 4.07

28.07 ! 4.36

7 .04 ! 1.39

9.75 r 1 .38

2.80 ! 0.72

2.40 ! 0.71

3.94 t 1.19

1.63 t 0.54

2.26 ! 0.64

1.78 t 0.49

1 .00 r 0.32

0.27 ! 0.11

0:25 t 0.14

16

24



Tirne*
(oays)

Table 10.

2

4

6

I
10

12

14

Males

SP1E + HLE**

634r6

1149 ! 26

1352 r 50

Effect of various levels of nutrition on

qrovrth (lenqth in nrieons.

Fsnales

+ lergttr at = 350 t 7 (microns)

** neprodusbion ccnrnences between day 4 and 6.

1191 ! 28

1660 r 64

Ma1es Fsnales

SP]IE alone

4B8r 7

682 ! 17

852 r 39 832 r 38

790 t 33 803 r 21

827 ! 21 783 ! 28

760 ! 22 776 ! 21

771 ! 21 794 i 18

SalL + Til,E

434 r 10

443r 7

450 t 12

473 ! 11

494 t 10

473 r 11

470 r 15

Sale alone

369

374

358

368

338

355

327

t 10

r7
r5
r 10

r8
f9

r9



Table 11. % distribution of male ard fsnale stages of gonad

ds¡elognent i¡ SPYE t¿ith or witÌtout HtE.

Stage of
Tjme gornd
(Days) developnerrt

SFI¿E

Male Fsrn1e

SPYE + HLE

l4a1e Fenale

4L^(J
L4

Adu1t (Nonnal

(Abncsnal

30.99 93.42

69 .10 6.58

3.33 13.40

5.00 19.40

91 .67 67.20

6L:
L4

(Normal

(Abnonnal

22.34 64. 85

66.28 35.15

11 .38

3.38 6.41

96.62 93.59

8L¡
Lrt

Adult (No:rnal

(Abnoirnal

0.99 68.13

21 .78 23.10

75.25 2.18

1 .98 6.59

10 L3

L4

(l{ornal
(Abnournal

8.11

3.70 75.68

85.1 9 5.40

11 .11 1 0. 81

12 L3

L4

Adult (No:rnãI

(Abrrornal

0. 86 6.99

3.31 65.06

58.72 3.49

37 .11 24.06

14 L3

L4

Adult (No:rnal

(.Abnornal

0. 85 9 .77

3.34 55.02

41 .30 2.71

55.51 32.50



Days
before
transfer

Table 12. Effect of transfer frcrn various nutritiornl leve1s to
*

SPYE + HLE on grov¡th (lerq¡th in microns)

4'(1,1)

(r)

I (M)

(F)

12 (M)

(F)

869 t 12

945 r 38

886 ! 21

949 r 30

803 t 16

854 r 23

SPlm alone
4

1053 t 20

1219 ! 33

842 ! 27

i010 t 31

* InÍeasursnents r^¡ere stopped at the ccnmerpsnent of reproduction.

F=Fgnales¡M=l4ales.

aften trar¡sfer

848 r 16 911 ! 24

950 r 35 1066 r 36

Salts + HLE

4

731 t 23

786 ! 26

820 ! 24

840 t 33

810 r 24

835 r 49

12U4 ! 27

1488 t 41

1247 ! 30

1461 t 43

1239 ! 25

1539 r 35

687 ! 17

714 ! 22

623 ! 35

661 t 31

508 ! 27

636 ! 26

Salts alone
4

1230 ! 32

1507 r 51

988 r 43

1273 ! 56

988 r 35

1083 r 43

1251 ! 32

1543 t 51

12tt1 r 44

1570 r 51



Table 13. Bneakdcn¡n of su:¡¡ival in StrE + HLE at rocrn tsrperaftre (25'C)

TiÍÞ
Rargte
(Days)

MATES FEMALES ]MNB,IT]RE

Virgin Mated V ¡1qin MatÆd

Iüc.

slnún
sun¡i- su:r¡i-
val No. val No.

dniln
su:r¡i- su::r¡i-
val No. val- No.

,Á

sun¡i-
va1

8-12

13-16

17-20

21-24

25-28

29-32

33-36

37-40
41-44

45-48
L+9 - 52

54-56

57-60

4

11

26

23

27

20

6

5

5

2

1

96.90

88.37

68.22

50.39

29.36

't3.73

10.08

6.20

1.33

0.78

0

3 96.74

3 93.48

21 70.66

23 45.6s

16 28.26

14 13 .05

6 6.57

1 5.00

2 3.26

30

1

5

9

9

17

24

23

20

9

4

3

99.19

95.16

87.03

80.65

66.94

47.57

29.07

12.91

5.6s

2.42

0

7 92.47

3 89.25

5 82.88

7 77.42

13 63.50

19 43.01

14 37 .96

4 23.66

11 12.83

5 6.45

3 3.23

2 1.07

1

2

5

2

3

1

0

1

93.33

80.00

46.67

32.67

1 3.33

6.67

6.67

0

-

129 92 124 93 15



Table 14. H:eakdcry,¡n of sun¡ival at 30'C

Time of
death

Males Fsnales ïnmature

No. % sun¡ival l{o. % survir¡al No. % survival

5- I

9-12

13-16

17-20

21 -24
25-28

29-30

31 -32

1

14

19

23

20

13

17

2

99.10

87.10

68. BO

47.70

29.30

18.30

1 .80

0

0

2

7

15

23

17

25

2

1 00.00

97. B0

90.1 0

73.60

50.50

31 .90

3.30

0

1

6

7

10

5

5

2

97.40

80.60

41 .60

30.60

16.70

5.60

0

Total 109 91 36



Table 15. hreakdc¡¡n of sr-¡:¡¡ival i:r'SI{íE.

Time
Rarge
(oays)

MAT,ES .ABNOR¡4ALS

Itüo. % su:¡¡ival No. % su:r¡ivaI

13-16

17-20

21-24

25-28

29-32

33-36

37-40

41 - t+4

45-48

49-52

53-56

57-60

61 -64

0

4

6

6

B

7

1

2

3

3

2

1

1 00.00

90.70

76.75

72.80

44.1 9

27.91

25.58

20.30

13.9s

9.30

4.65

0

0

1

0

7

9

15

7

5

8

5

4

1

3

1

98.48

98. 48

87. 88

74.24

51 .52

40.91

33 .33

21 .11

13.6'4

7.s8

6.06

1 .57

0

43 66



Time
rarge
(Days)

14-16
17-20
21-24
25-28
29-32
33-36
37-40
41-44
45-48
49-52
53-s6
57-60
61 -64
65-68
69-72

Table 16.

MALES

No.
%

sun¡ival

4 days in SPIE

1

5

I
4

4

10

5

4

3

3

1

1

Breakdcrv¡n of su:r¡iva1 after 4 and

97 .96

87,75

71.43

63.27

55.10

34 .69

24.49

16.33

10.62

4.50

2.04

:

pooled B/12 days in HPIIE alone.

FEMAT,ES

No.

sl
/0

;ulf/1

6

2

2

5

5

B

I
5

6

1

3

vaI

TMMAfTTTDEI

88 .24

84.33

80.40

70.69

60.58

4s.1 0

29.41

19.61

7.84

5.88

0

lüc.
r,

sun¡iva1

2

2

3

0

1

0

1

1

80.00

60.00

30 .00

30 .00

20 .00

20.00

1 0.00

:

Tlotal

Pooled I ard 12 days in SPIIE

No.
%

sun¡ival

2

B

7

7

12

16

10

13

7

7

10

6

3

1

49

98.17

90 .83

84.40

77.98

66.97

52.28

43.12

31 .20

24.77

18.35

9.17

3.67

0.92

0

0

No.
TÁ

sun¡íval

1

2

2

3

9

I
I

13

12

14

6

I
7

5

2

51

99 .00

97.00

95 .00

92 .00

83.00

75 .00

67.00

54.00

42.00

28.00

22.00

1 4.00

7.00

2.00

0

ìüo.
%

sunrival

2

3

6

6

3

2

i

10

92.86

82.14

60.71

39.29

28.57

10.71

7 .1tl
0

109 100 25



Fign:re 1. Population grorth at 25'C.
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Fignrre 2. Age related differences in response to h14rctonic

shocJ< (a -maIes, b - fenales).
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Fign:re 3a - d. Age related changes in behavioural activity

(dotted - second stage larvae, pla-in - males,

stripped - fenal-es).
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Figure 4. Survival curves at rocrn ten¡:eratr:re (25'C) in SPYE +

(closed squares - j¡mnature forns, closed triangles -
maIes, closed circles - virrgjl male, open triargles

fenales, o¡:en circles - virgin fsnales.
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Figure 5. Sr:rvival cunres at 30'C in SPYE + HtE (open triargles -

inrnature forms, closed circles - males' opeÍÌ circles -

fsnales).
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Fign:re 6. Mean larval production as a fi:nction of tÍne in

SPYE + HtE at 25'C.
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Figure 7. Gror,øth clllllzes under various nutritional levels (a - control

fgnales,b-controlma]esrc-SPYEalonefønales'

d - SPYE alone males, e - salts _ HLE aIld f - salts alone).
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Fign:re 8. PercentagTe distribution of stages of gonad develoçment in

SPYE al-one (F.2, F,3, 84, 
"5, "6 

and E, represent ôistri-bution

in SPIE alone at days 4, 6, B, 10, 12 and 14 respectively

and C, and C, represent distrilcuLion at days 4 and 6 irr '

SPIE + HLE. L3 and LU represent the thi-rd and fourtlt

juvenile stages.

normal male stagtes.

: abno:mal male st-ages.

mm no::naj- fsnale stages.

I

ffi abnormal fsnale stages.
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Abbrewiatio* io Fig*"= 9_l4.

b - Cuticular blister.

c - Cuticle.

ger - C'e:ninal zone of gonad.

gro - grcnuth zone of gornd.

,L - developing Ia:r¡ae.

ps - presr.mptive spern.

ov - developing eggs.

v - vulva.



Fign:re 9 - Trestis of nornal adult male at day 6 in

SPYE + HLE (X IOOO).

Figrure 10. Testis of adul-t male at day I jrr S?YE

alone (x 1000) .





Fignrre 11 . ldcrnal- adult fsnale gornd at day 6 in SPIIE

+ Hr,E (X 200).

Figiure 12. .Abrro:rnal fsnale at day 10 ix SPY.E alone

(x 200) .





Fig:ure 13. Abnolrnal fsnale (14 days in SPYE alone) shcnuing

2 vulva (X 1000) .

Fignrre 14. Cuticular blister on an abnormal fsnale at day

' 14 in SPW al-one (x 1000) .





Figure 15. Effect of transfer frcrn either sal-ts + HLE

or salts alone at warious time i¡rtervals on

grcnrth. (e - salt" i ru.,e, f - salts alone)

arrcñ/ris indicate the tine of transfer.
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Figure 16. Effect of addition of HLE t'o SPYE mai¡rtained

nenatodes at r¡arious tjme i¡rter¡als on growth

(ano,vs indicate time of addition).
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Fignrre 1 7. Sun¡ir¡al- curves of mal-es transferred frcrn SPYE alone

to SPYE + HLE after 4, 8 and 12 days, (cl-osed squares -

i¡'rnature forrns after 4 days ' open squares - i¡runatrrre

fo::ns after I and 12 days, closed triangles - SPYE

afone ma1es, closed circl-es - males after 4 days, and

o¡æn circles - males after B ard 12 days) .
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Fign-:re 18. Sun¡ival curr,ues of fsnales transferred frorn SPYE

alone to SPYE + HLE after 4, 8 arrd 12 days, (closed

squares - jmnature fo::ns after 4 days, open squares -
jrrmature fo::ns after B ard 12 days, o¡:en circles -

abnornal-s j¡ SPYE alone, closed triargles - fenales

after 4 days ard crpen triargles - fsnales after I and

12 days).



Þ U
)

%
 s

uR
V

rv
A

L
('t o


