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RESULTS OBTAINED IN INBREEDING 

ANGUILL'ULA ACETI 

Since the rediscovery of :Mendel's work in 

1900, many experiments have been ma.de. to deter-

mine whether oharaoters appearing among plants 

and animals are inherited and, if so. whether 

they behave as Mendelian dominants or recessives? 

Whether these characters, if inbred .a.re harmful or 

beneficial. 

The problem of this investigation is first, to 

determine whether the vinegar eel, i\ngu.illula a.oeti, 

a nematode, possesses characteristics which may be 

inherited according to the ,Mendelian la.VI. Second~ 

to determine whether inbreeding affects fertility. 

This problem has been done at the University of 

Kansas under the direction of Dr. H. H. Lane. I 

wish to express my thanks to him, who suggested and 

directed my work; to Dr. w. R. B. Robertson, 

(University of Missouri) who so kindly started the 

work and to Dr. A. A. Schaeffer, 14iss Larson and 

others for suggestions given. 

I. also, wish to thank Dr. N. A. Cobb, of the u.s. 
Department of Agriculture for the determination of the 

species as Angu.illulla aceti. 



I, also, wish to thank Hannah Lee Gaw and tir. I. 
H. Spenaer, of the Lawrence Junior High School for 

making the charts. 



LITERATURE 

Since 1900. a great amount of literature has 

appeared which proves that many oharaoters in plants 

and animals. are inherited according to the Mendelian 

law. 

But there is no conclusive evidence presented in 

the literature by which one could forecast.whether in-

breeding ia a harmful _or beneficial factor of this 

nematode. However, the evidence seems to show that 

inbreeding ma.y be one way of eliminating undesireable 

qualities, especially in domesticated animals. 

No attempt has been ma.de to review all the liter-

ature but only those papers which ~a.rallel this prob-

lem. No papers have been found that deal with inbreed-

ing in nematodes. 

l3os ( '9~) and Guai ta. ( 1· 98) working with houa e 

mice have presented almost conclusive evidence that 

inbreeding is harmful in the development of animals, 

·eapeoia.lly on the fertility a.nd vitality of the race. 

On t1 ... e other hand, some authors have given 

evidence that inbreeding is not harmful but tends 

toward better and stronger breeds of plants and 

animals. 

Gentry ( 105) as the result of inbreeding Be'rk-

shires ha.a shown that this practice is not necessarily 

harmful but may prove beneficial in that it conserves 
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and intensifies the good points in his breed. 

Castle ( 1 06) inpred ~roaophila ampalophila for 

fifty-nine generations. He concluded from his ex-

periments tha.t inbreeding does not necessarily result 

in the reduotion of productiveness and vigor. 
I 

Moenkhaus ('11) mated brothers and sisters among 

Drosophila ampelopbila for seventy-five generations. In 
some of his experiments he found a decrease in the num• 

bar of young, but in the majorfty of cases his inbred 

stock paralleled the control cultures. This led 

Moenkhaus.to decide. that inbreeding in itself has no 

harmful effects upon the fertility or vigor of the species. 

Wright ('22) working with guinea. pigs, found that 

at first inbreeding tends to lessen the vigor of the raoe. 

By crossing with other inbred races, the combination of 

desired cha.ra.otars :produces a race superior to the orig-

inal stock. In {'23) after working with 35000 guinea 

pigs, he came to .the conclusion ths.t inbreeding ha.a re-

sulted ·in a decline in average vigor in every respeo.t 

studied. ~his includ.es frequency and size of litter. 

growth from birth to maturity. mortality at birth and 

later. and resistance to tuberculosis. Some families. 

however, have not shown this decline and were .. as vigor-

ous after more than twenty generations of .brother and 

sister ma.tings as the normal matings. 



King ('23). working with albino rats for. forty 

generations, found that inbreeding in tho early gen• 

erations brought to light abnormalities and wealrnessee. 

Following this, she found that the inbred animals were 

equal to or superior to the original stock in the fol• 

owing respects, (l) Body weight: heavier than the stock 

rats; fe:msles inbred 36 to 38 generations, 20 per cent 
1 

heavier. (2) Fertility: females inbred 1·~·25 genera-

tions bore average litter of 7.39 young compared with-

average litter of 6.75 young in the stook culture. 

Connor and Harper { '24) a.f.ter inbreeding :Blaok-

hull ka.fir for seven generations, concluded that seeds 

f'rom plants, selected ~o:r ~any seed bra.nche_s. continued 

very vigorous and thrifty. .Seeds selected from plants 

for short rachis yielded exceedingly large heads, but 

seeds selected from pra.nts for a few seeds in the head 

resulted disastrously. 



JJIA.TEHili.LS Alm METHODS 

HISTORY AllD OBSERVATIOI~S 

Anguilla. aoeti, otherwise knovm as the vinegar eel, 

ia a round worm or nematode found in_vinegar, wines, 

decaying vegetables and fruits, glues, and pastes. 

These nematodes are very small, the females averag-

ing 1.4 mm. in length and the malos c.ibout 1.2 mm~; both 

are transparent and no color is visible.. The life cycle 

is rapidly completed• ma.king it easy to obtain a large 

number of generations in a comparatively short pe~iod. 

These nematodes may be kept breeding the year round at 

ordinary room tempera.tu.re. 

These nematodes ere bisexual and viviparous. 

They began to copulat~ two days after birth end often 

give bir·th to young five days later. Usually th'e life 

of the mating nematode is seven da.ys. The female dies 

after giving birth to young and the ma.lea, a few days 

later. 

Males and females, not mated, frequently live 

from two to three weeks. 

The number of young varies from 3 to 20 and in 

many eases from 30 to !o or more. Cl) (See tables 1 •' 

II, III, IV. 
·------------·----···----------·----···-·-------

(1) L.indner ( 1 90) sometimes found the number of you.ng 

to vary from 30 to 40, but usually from 6 to 12. 

~' 



fhe inaterial for this experiment was taken from 

mother of vinegar kept in a tightly covered earthen 

jar, during the winter, in a furnace heated basement. 

The mother of vinegar was removed to a glass 

fruit jar. Sterilized vinegar and distilled water 

were added. A day later. the vinegar was alive with 

nematodes. 

Every morning for a period of a week, the 

nemat.odea were observed migrating to the top of the 

jar. ~hey appeared to be feeding on some fungus 

growth. Later banana, or sugar and yeast, was added 

to the vinegar and the migration ceased. 

If mother of vinegar is present, the nematodes 

may be seen feeding on some growth. With a sucking 

motion food is taken into the mouth. Occasionally 

yeast ma.y be.observed within the body cavity. If 

the food supply is adequate. these nematodes remain 

in the mother of vinegar, if not, they may be seen 

swimming freely in the vinegar. 

This experiment was worked at room temperature, 

During the summer• the temperature range was 19° to 

32° C • during the v1inter • 15° to 29?C. 
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These nematodes were, also exposed to the out-

of-door temperature for a. period of three weeks. 

Whenever the temperature dropped to 0°C they died, 

if however, the temperature remained about 14°C, they 

continued to give birth to young as long a.a the food 

supply was sufficient for their needs. If the food 

supply decreased the nematodes lived their length of 

life but no young were produced; nor were there any 

eggs found in the culture mediuml2) 

(;!.) 

Linder ('90) Zu ihrem Gedeihen bediirfen eie namlioh 

ha.uptsaohlioh einer Yiiirme von +16 bis 30°0 und dariiber 

Bei dieser Temperature lassen sie sioh sowohl im 

Sommer im Freien wie im Winter in der Stubenwarme 

leicht ziichten und sie vermehren sich hierbel in 

jeder Jahreszert mehr oder weniger rasoh. als. 

viviparae, bald als oviparae. je nach der Qualitat 

ihres llahrboden. Naoh der Geburt gehen die Weibohen 

gewohmlich bald zu Grunde und auch die Mannchen 

haben anscheinend keine veil langere Lebendauer. 

<t. 



METHODS OF STUDY 

In order to study the nematodes. a binoculart' 
with a lOX ocular and a. 55mm objective; a micro-
scope with lOX ocular and 16mm .. 25NA; 3mm. 85NA were 
used. The high power ob,jecti ve of the microscope 

was rarely used because only a portion of the bodies 
of the nematodes are visible in the field. The low 
power objective of the microscope gave a view of the 

entire body at a glance. 

The nematodes were placed on a glass slide in 
,, distilled water. Two or three drops of 2 per cent 

chloretone were added for the purpose of narcotizing 

them so tha.t they could be studied. 

Two kinds of culture glasses were used in rear-

ing the young. . The first type wa.s made by fastening 

glass rings (5mm X lcm) to glass slides (.15mm con-
cavity) with ~aeeline. These slides could be placed 

benet:tthe the binooular and .microscope without dis-
turbing the cultures. 

The second type consisted of small test tubes 
(7cm X lcm). As the nematodes could not be observed 

easily in these tubes, the culture was poured irito a 

Syracuse watch glass. Thie was then p1aced beneath 

the binocular or compound microscope for study .• 



Various methods were used in rearing nematodes. 

The first culture glasses were made by fastening 

glass rings to the glass slides with va.seline to pre .. 

vent the escape of the lic;;,uid. Equal amounts of 

eterlized vinegar and distilled water were used. The 

nematodes did not thrive because of the lack of the 

p:t"oper food supply and died, subsequently: 

(1) A few grains of sugar and Fleisohmann'e 

yeast, the size of a pin head were placed in 

several cultures. The next day a thin transparent 

mother of vinegar had formed and the nematodes were 

f eoding .. 

( 2) In a few culture glasses• l)i ts of crushed 

banana were added to the vinegar. Thie method was 

not euccesaful because care had not been e1teraised 

in selecting the ba.nana~mold covered the mother of 

vinegar, making study impossible. 

(3) Sterilized banana with a very small amount 

of Fleisohmann's yeast was substituted. The same 

results were obtained as in No. 1. 

( 4) Later ripe crushed banantis were, again, · 

tried with satisfactory results. 

This time oare was exercised in select-

ing the bananas. Only those with unbroken skins 



were usod and the pulp taken from the inner portion. 

thus avoiding the mold contamination. 

( 5) Another medium used was mad.e by mixing. 

flour with distilled water and adding sugar and 

yeast. This was discarded since the liquid was 

not transparent enough. 

To prevent the contamination of the culture 

med.is, the elides were placed in glass containers, 

(Dia.. 2lcm. X Height 7cm.) and protected by tightly-

fitting glass covers. Each dish held 10 culture 

sliNee. Evaporation. however, went on quite rapidly 

and many of these nematodes were lost from drying or 

too great atl a.aid oonoentra.tion. 

Sterilized cotton, moistened with distilled water, 

was then put in the bottom of tho containers. This 

lessened the amount of evap?ration but increased the 

mold oontaminatio·n thus increasing the death rate. 

Finally, the cotton was discard.ad but water was 

added in small quantities. 

Thia method of keeping the culture slides was 

abandoned .Veoember 1923 for the test tubes. (Dia. 

lom X Height 7cm). 

The test tube for holding the culture medium, 

proved very successful. It eliminated the mold con-

tamination a.nd also lessened the evaporation of the 

I/. 



vinegar. rhe test tubea took leas space, therefore. 

more indi v.i.liue.ls oould be reared. Lesa time was taken 

to :fix the test tube cultures. 

/~. 



All tools and glassware were sterilized before 

using. The glassware was placed in boiling water and 

left over the fire for five to twenty minutes. The 

needles and metal tools were sterilized in a gas flame. 

To commence,. the experiment, a number of fertilized 

females were isolated. A Barber's pipette for isolat-

ing bacteria. can be used successfu.lly as long as the 

nemetod.es a.re swimming freely in the liquid. If the 

nematodes were lying in the mother of vinegar, the 

latter was teased apart with dissecting needles. 

The dissecting needles are made by using a holder 

fitted with ordinary steei sewing needles, Nos 8 to 12. 

To isolate the nematodes. ·the mother of vinegar 

was teased apart until small bits holding one or two 

specimens were availa.tJ..s. l'hese were transferred to 

a glass slide and covered with distilled water. 

After all the nematodes had been studied beneath the 

binocular and the low power objective of the mioro-

scope, they were transferred to the culture glasses, 

individually or in pairs. 

In teasing apart the mother of vinega.r_many 

nematodes escaped freely into the vinegar. These 

were pioked up with a glass pipette which had been 

drawn to a fine point. 
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METHOD USED TO LABEL Alm !~'\RK CULTURES 

Small labels were used, with the date, generation 
a.nd parentage written upon ea.ch. These were pasted on 
the sides of the test tubes or on the slides. This 
method did not prove very successful when used with 
the slides as the vs.saline often melted, making the 
labels ·translucent; or, when the moisture content ·of 
the oonta.iners beoame too great, the labels were 
loosened. 

If mold attacked the ou.ltures, the labels were 
always destroyed. 

When the test tubes were substituted for the 
cultures slides, this method of labeling proved 
entirely satisfactory. 

/JJ, 



PROCEDURE A1lD RESULTS 

Nine :fert:l.lized females were placed. in oul tures 

and marked with the letters A• :S, C~ eta. Two days 

later, each female gave birth to a litter of young 

varying in number from nine to twenty~eight indiv-

iduals each. 

These young from female A and female B were 

isolated a.n(l marked A, , A,_ eta and :a, • B,_ eta. The 

offspring· from the other females \Vere placed into 

the Syra.ouae watch glasses, food wa.s added and they 

were per~itted to mate at random. The brothers and 

sisters in the A, generation and Bf generation were 

mated. In the A;. generation there appeared a female 

d1f:f3rj.ng from the :rdst in a.t least one oha.ra.oter. 

She had a. constriction located a.t a. point about 1/3 

her lengtp. from the anterior end of her body. She 
I 

was mated with one of her brothers and gave birth to 
(t) 

three a.bn.nrmal offspring (one female and two males). 

Her body oavity contained a number of embryos not 

developed when she died. These abnormal individuals 

did not mate. A normal male and female :from gener-

ation Ai gave normal offspring. 

The B~ generation left to mate at random pro-

duced no abnormal offspring, according to the data 

obtained by examining the culture from time to time. 

( 1) See chart I 



.. , 

The results of ma.ting the A line for eight 

generations are given in the following table a.long 

with other ma.tings :ma.de and obse1"ved at the same time. 
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DATA FROM JUliE 20 TO AUGUST 13. 1923 

A. Total no. of abnormals etudied-·--·--·-------------48 

Abnormal males----------------------·------------ 6 
Abnorr.aal females---------------------------·-----42 

Abnormal~ mated with normal cf--·----------------21 

Abnormal ~ mated with abnormal J' ----------------- 2 

Abnorm.alf , dried out------------------------·-- 6 

Abnormals undetermined~-------------------------- 5 
Abnormal~ mated with normal 6 producing young--- 6 

Abnormal Z mated with normal~ producing young--- O 

B. Total normal matings studied-----------------------12 
llormal matings producing all n0rma.ls------------- 4 

Normal ma.tings producing 36 A and 153 N---------- a 
C. Abnormal ~ ma.ted with normal 6 ---------------------21 

Matings giving all normals--------------------·-- l 

"* Matings producing 15 A and 30 N------------------ 2 

Matings producing all abnormal (3)--------------- l 

Matings producing no young--~--------------------17 
~ 

D. Abnormal 6 and abnormal~------------------------..:- O 

Abnormal females prod.uoed from 3 to 22 offspring ea.ch. 

Normal females produced from 4 to 45 pffspring each. 

:W Note 6ne mating is not in table I as it was not in A 

line. 
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Owing to pressure of other work during a. period of · 

three woek~;;; t ve1·y little a.t·tention could be given to 

this investigation e~cept to make occasional observa• 

tions. Two weeks later some nematodes were seen in the 

sterilized stock vinegar~ Therefore. the data secured 

at this time a.re not used in this pa.per. 

Again, fertilized females were isolated from the 

original stock a.nd marked W.8., WB, WC and WD. WB and 

W6 offspring were left to mate at random. 

The WA line produced normal offsp1--ing until the 

WA 5 generations in which there was one abnormal ma.le. 

Mating two normal WA3 offspring, gave a normal W.A t 

genera. ti on. 

The w.D line remained· normal. There were only a 

fe\v offspring to ea.ch ma ting probably due to the faot 

that the food supply was inadequate. 

A normal male from the WA generation and a nor-

mal female from Wii. generation mated and the number of 

offspring produced was greater than in the control. 
(I) 

Five of the males were abnormal. ~his part of the ex~ 

periment was carried. until Deaember 22, 1923 when all 

cultures were lost by accident. 

The summary of results• from Ootober 27 ,. 1923 to 

December 22. 1923, is given in the following table. 

(1) Sea chart II. 



A. Total Abnormals studied----------------------------22 

Abnormal males, not mated------------------------- 2 

Abnormal males mated------------------------------ 6 

Abnormal females not mated--·-----------------·--- 4 
Abnormal females mated------·--------------------- 3 

Abnormal undetermined----------------------------- 7 

Total lfo. of abnormal ma.tings------------------------ 8 

Total No. of normal matings--------------------~-----10 

No. normal matings producing normal offspring----- 8 

No. normal matings produoing 11 A and 33 N-------- 2 

Results of Abnormal matings 

Abnorma.l l and abnormal~ ------------------------- 1 

Abnormal d1 and normal~---------------------··---- 5 

Matings producing no results------------------- 4 

Matings producing 8 A and 19 N----------------- 1 

Abnormal~ and normal 6""
1 
-----------·-----------··----- 2 

Mating producing no results-------------------- 1 

Mating producing 2 A and 17 N------------------ 1 
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Deoember 31, 1923 

After the accident December 22 1 it was. a.gain, 

necessary to make a new start. This time two unfer-

tilized females and two males were taken from the orig-

inal culture. These were marked WA and WB as before. 

WA produoed all normal offspring and WB gave two nor-

mal males and one abnormal female. 

The .offspring :from female WA were mated and those 

from WBi were left to mate at random. Examination from 

time to time showed that culture WB continued to give 

abnormal offspring although not in great numbers. The 

results of the WA line may be seen on Chart III and 

table III. 

The small test tubes were usod for the first time. 

The food consisted of vinegar and bananas or vinogar with 

sugar and yea.st. 

The results obtained from inbreeding WA young for 

nineteen generations are given in the following table. 

o2 0, 



A. Abnormal matinga---------------------------~--------22 

(1) Abnormal ci' and normal~--•~---------·--------- 4 

l gave no rea·u1 t 

l gave 42 normals 

2 gave 37 normals and 5 abnormals 
( 2) ·Abnormal ! and abnormal~ _________________ ..;. ___ 3 

l gave 7 normal offspring 

2 gave no results 
( 3) Normal ~ and abnormal ~ ___ ..;. _________ _: _________ 15 

8 gave no results 

7 gave young 

3 gave 3 A. a.nd--_?3 N 

4 undetermined 

B. Normal matings--------------------------------------77 
21 gave no results 

7 gave 191 normals 

14 gave 212 normals and 39 abnormals 

16 no data (due to time) 

19 gave normals and abnormals undetermined 

C Abnormals not ma.ted----------------------------------31 
26 Ab~ormal. fem.aies 

3 Abnormal males 

2 undetermined 

D 't'otal Abnormals detarmined-------·-------------------57 

Total Normal 178d + 348 ~ + 125 Undetermined-------750 

A ratio of 13t:1 

:ll. 



During the summer of 1924, this investigation was 

praotioally in abeyance except for daily inspection as 

to food supply. August 13, 1924 new material was ob-

tained and the experiments whioh had been carried on 

during the summer of 1923., and the fall and the winter 

of 1923--'24 were repeated. The results obtained dur-

ing this period :parallel those o:f the other period with 

one exception. The exception is that productivity seemed 

greater among the norms.l matings than among the abnormal. 

For the beginning of this experiment. five fer-

tilized females we~e isolated and marked BA. NB, NC, ND 

etc. All females produced young exc.ept one. Only the 

ND line was used. for this experiment during sixteen gen-

erations. The summary of the results obtained from 

August 13, 1924 to February 7, 1925 is given in the 

following table. 
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A. Abnormal r.aatings-----------------------------------23 
11 

{l) Abnormal d and abnormal ~--------------------- 2 
l ma.ting gave no results 
l gave 11 normals and 2 abnormals 

( 2) Normal cl'a.nd abnormal females------------------21 

6 gave 95 normals and 19 abnormals 

l gave 9 normals 

2 undetermined 

a gave no results 

4 no da.ta. as to normals and abnormals 

(3) Abnormal c:l' and normal l?---------------------·· O 

B. Normal matings-------------------------------------72 
9 gave no results 

7 gave all normals 

15 gave 227 normals and 51 abnormals 

12 no data (lack of time) 

9 undetermined 

20 gave normals and abnormals not counted 

o. Abnormals not used in matings 

4 abnormal males 

37 abnormal f emalea 

8 undetermined 

D. Total number abnormals determined------------------84 

Total number normals determined-------------------527 

.2. 3, 



A. Total normal .matinge-------------------------------171 
Matings giving all normals--------~-------------- 26 

Matings giving both :li at\d A-------------·-------- 59 

Matings giving no results----· ... -----------------·- 30 

IM.tings young undetermined----------------------- 28 

lfu.tings.no data-----------·---------------------- 28 

B. Total Abnormal matings---------------~----~-~------ 74 

( 1) Abnormal 6: and abnormal c:j. .... ------------------ 6 

l gave 7 normals 

l gaite 11 normals and 2 abnormals 

4 gave no results 

{2) Abnormal d and normal ~-----------~---------- 9 
l gave 42 normals 

3 gave 56 normals and 13 abnormals 

5 gave no results 

(3) Normal 6 and abnormal f---------------------- 59 
3 gave all normals 

16 gave 160 normals and 35 abnormals 

34 gave no results 

1 gave 3 abnormals 

5 not determined 

c. Total Individuals worked with----------1536 .N + 209=1735 

Group I 213 N + 47 A=260 

Group. II 46 N + 21 A=- 67 

Group III 750 N + 57 A=807 

Group IV 527 E" + 84 A==6ll 



DISCUSS IOU 

Anguillula aoeti has very few charaoteristioe 

which may be used in testing for Mendelian inheritance. 

Iio color is visible, therefore, body length seemed about 

the only available character. The size of the spicule 

in the ma.le, also, offers a poseiblo problem. 

After inbreeding a number of these nematodes a 

constriction, or J?inahing in of the body appeared and 

this forms 'the basis of a part of this experiment. 

According to the Mendelian expectation, if the ab-

normal is dominant, there are three classesto be con-

sidered. 

(l) If neither pa.rents are abnormal. theoret-

ically there are four possibilities: 

fa.} Where both parents are homozygous for 

norraal, all the offspring should be normal. 

(b) Where one parent is homozygous for 

normal and the other heterozygous. the offspring 

should all appear normal; however one-half would be 

homozygous for normal and one-half heterozygous. 

{a) Where both parents are heterozygous the 

expectation is a 1:2:1 ratio, or one-fourth homozy-, 
gous for normal. one-half heterozygous and one-fourth 

homozygous for the abnormal character. 

( d) ~7bere both parents are homozygous for 

the reoessi ve all the offspring should -be abnormal. 



( 2) If only one parent is abnormal, '~·wo 

possibilities are presente{l; 

(a} either one-half the oifsp:ting a.i"'e 

normal u.ud one-half abnormal, o:r, 
( b) all the offspring are no:x.•mti.l, in 

whioh case they should be heterzygous. 

( 3) If both parents are abnormal, all the 

. of':fspring should· be abnormal. 

Aooording to the data shown in Table~1 I, II• III 

and IV the individual offspring from matings made do 

not fall within the Mendelian expectation beoa.use in· 

one case of abnormal matings all the offspring were 

normal. Chru.·t III, V WA, : and V WA :i• another ma.ting 

gave two abnormals to eleven normals as shown in Cha.rt 
IV,_ VIII WD C\ and VIII WD,o • 

Four ma.tings of a:bnormal males and normal females 

gave the following results ono, {Chart .III. X WA
1 

and 

X WA,) ·gave all normal offspring. which is contrary to 

the expectation. VII WA, and VII VlAq ,chart III gave 

both normals and abnormal offspring but not a.ooording 

til theliendelian expectation. 

The normal male and abnormal female matings gave 

varied resu11;s; five ma.tings gave a.11 normals; sixteen 

gave both normals and abnormals; one gave all abnormals, 

but this mother died before giving birth to all the 

embryos within the bod.y cavity. 

2". 



.ABNOR2tA.L COUDITIOE 

The abnormal condition is a rather peculiar one. 

It ia a oonstriotion or a pinching in of a portion of 

the body. This oonstriotion may vary. It may lie in 

the anterior part of the body, in the posterior part 

of the body or quite frequently, it is found near the 

middle of the body as ehovm in plates II. 

Occasionally two or three constrictions may be 

seen. 
The cause of these constrictions is not known but 

it is quite evident that there are several factors re-

sponsible for this condition. 

Whenever the constriction occurs midway between 

the anterior and the posterior portions of the body, 

each portion of the body turns in the same direction 

so aa to resemble a pair of horns. These horns move 

in unison. The muscles of the body do not coordinate. 

In the mormal matings, copulation takes place by 

the m.a.le wrapping the posterior portion of the body 

containing the glands about the body of the female. 

If the abnormal condition appears in the pos-

teriox• part of the body• the anterior part moves a.bout 

as in the normal nematode but over a limited area. 

The posterior p~rtion did not move in accord with the 

anterior portion, which shows that the mu.soles of the 

two portions of body do not coordinate. If this con-

2, 7 . 



di tion s.11pears in the female ma.ting ~·_·, parturition are 

normal. If it appears in the ma.le. mating is impossible 
..,__ 

as only a slight movement of the tail can be observed. 

If the abnormal condition appears in the anterior 

portion of the body, the ~ematodes feed over a very limi~ 
' ed space. 118.ting and giving birth to the young appear 

normal although the fema.les do not move very far• A 

ma.le with this abnormality may copulate with females if 

they a.re lying within the area of the body movements. 
Another type of this abnormal condition is the 

appearance of either two or three constrictions in the 

. middle portions of the body. Onoe in a while auoh fe-
males will mate with normal males. Invariably these 

females die before giving birth to young, although the 

embryos develop within the body cavity. 

If the mother dies a.rid one or two of the embryos 

are fully developed before death. they force their way 
out of her body cavity, mutilating the body. 

The constriction appears to be due to muscular 

tetanus. but some histological work is necessary to 

prove the statement. (Further study is planned along 
this line.) 

There is suoh a varied range in the ratios of 

abnormals to normals, as shown in Tables I* 11, Ill, 

and IV. that one is convinced that some factors such 

as temperature change. food supply, oxygen~ aoetio 



oonoentro.tion or the lack of 00,_ have had some influ-

ence in bringing about this abnormal condition. A faw 

f aotors. will be discussed. 

TE!lLPERATURE CHANGE 
The temperature range during the summer months 

read 20. 5° to 32°0. The greatest temperature change. 

between any two days during .the summer months, was ll.5°0 

between June 27 a.nd 26, 1923. The greatest a-ropin tem· 

perature during the winter was 9°0 between December 22 

and 23, 1924. The rises and falls in temperature both 

for summer and winter a.vsra.6ed fr.om two to i"o~ d~gre(Js. 

~ha first abnormal nematode appeared two da~s after 

the drop in temperature of ll.5°C. The embryos were 

quite well developed by the time, the drop oooured. 

Therefore, the1·e is a question as to whether the temper-

ature change ca.used the abnormality as there were no ab-

normals in the control cultures. In the IV .A. 1 generat-

ion, there were five abnormals. In the fifth generation. 

there was a temperature change of 2°0. The data of 

three ma.tings. in the fifth generation, show that one 

had all normal offspring, one had. four abnormal offspring 

and the other had six, as shown in Cha.rt I. ~he temper-

ature, frequently, dropped four degrees and oooasionally 

six to seven degrees during the winter months. but there 

was no evidence that this tem:perature change brought 

about an increase in the number of abnormal nematodes. 

:L 9. 



FOOD FAOTOR 

The question arises as to the amount of food 

present in the cultures. During the inbreeding of the 

groups I and II ·the food supply was often inadequate 

for the .needs of the nematod.es as the problem of feed-

ing had not been solved. The ratios of normals to ab ... 

normals are 4.5; for group I and 2.1:1 for group II. 
During the period of inbreeding from December 31, 1923 

to May 1924• the food supply was adequate and the ratio 

of normals to abnormals is 13.l:l ; for the period from 

.August 1924 to February 1925, ·the ratio was 6.2 :1. 

The original culture control was examined from time 

to time, but no abnormal nematodes were seen at any time. 

Sometimes the food supply was limited e.nd at other times 

abundant. 

Cultures taken fr ow ·those that were inbred were 

left. in Syracuse ~atch glasses on the table. From time 

to time these were examined. These nematodes always con-

tained abnormal ones. Same of these control cultures 

had abundant food and the others not so much. 

Whether the abundant food supply produced the de-

crease in the number of abnormals forms cannot be deter-

mined from the evidence in hand, though it would seem 

that the food supply ia a negligible factor. 
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THI~ OXYGEN FACTOR 

The air oould always pass through 'the oonta.iners 

holding the oul-ture :plates bead.use the liquid in the 

cu.l tu.ret-J eva.porated qitick.ly. During the period from 

June 1923 to December 1923. for·ty-one oul tu.res ware 

los·t on account of their dryi:ng up. The cultures that 

did. not dry had nem~'todes produci.ng abnormals and others 

producing till normals uad·er the same condi·tions. .tis 

long es evaporation goes on within a. culture, air surely 

circulates thus supplying abundant oxygen. 

ACETIC COlICENTRATIO!l 

That the acetic concentration apparently has little 

influence on the nematodes unless the vinegar becomes 

too acid (and then death) is evident from the fact that 

at various times the vinegar kept iu ordinary round stan-

der dishes ha.d evaporated until the volume was one-half 

of the original volume. Upon examination no abnormal 

·nematodes were found. In a number of the cultures the 

vinegar would evaporate until the acetic acid crystals 

had formedt yet usually no abnormal nematodes were found 

unless somewhere within the family the abnormal character 

had already appeared. 

j/. 



CO 11"1~0 TOR :L 

Carbon dioxide is formed when f ernie11te.tion takes 

pla.oe within the cul tuil\es. Since evaporatit:>n goes on 

freely. there ia evidence that the a.lr is circulating 

and thus carrying away some of the CO;t • 

The Syracuse watch glasses, pla.oed one on top of 

the.other showed no difference a.a to the number of ab-

nor1;ials and normals. The.se nematodes a.re the 011es 

spoken of previously as mating at random. These were 

sometimes liquid sea.led and this 1>revented the free 

circulation of air. October 24, 1924 a line which 

appeared to be 1)ure a.a no abnormal nematodes had ap-

,peared two generations wa.s marked for a. :pure line. 

It was watched carefully for two ge11erationa. Then 

suddenly in the fifth generation there appeared tv10 

abnormal fa.males. These cultures had been tre~ted as 

those mentioned above. ~'he co~ vms no greater, the 

other factors equal. The question remains. Is it a 

mutation? 

There is no doubt that col. could mix f1~eely with 

the air except in the containers whioh were liquid 

sealed and since the number of abnormal did not in-

crease. tl1e CO:t factor sUI'ely can not be i~esponsible 

for the abnormal condition. 
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EFFECT OF INBREEDING ON STFJ{ILITY 
Out of 171 normal matings 30 or 17.5% gave no 

results whatsoever and 141 or 82.5 % produced young. 

Out of 74 abnormal matings 43 or 58.l per cent 

gave no results and 31 or 41.9 per cent produced young 

ranging from 3 to 42 in number, the average, hov1ever, 

was 16.6 ea.ah. The abnormal matings were made under 

the same conditions as the normal and kept in the same 

containers, no attempt being made to rear the abnor-

mals separa.tel~l· 

The young apparently were strong physically for 

in cases where no matings were made the nematodes lived 

three to four weeks although the average length of life 

for both n?rmals and abnormals,' not mated, is two weeks. 

The abnormal young lived the same length of time 

provided. the food supply was sufficient, as they could 

not feed over a large area due to the impossibility of 

moving about. 

EFFECT OF INBBEEDING ON l'RODUCTIVITY 

The claim has been made by some investigators 

that inbreeding has a tendency to produce a harmful 

effect while others claim to have conclusive proof tha.t 

it does not. Out of the ninety-one ma.tings shown in 

the Tables I, II. III. a.nd IV, thirty-one matings, 



whether normal or abnormal, produoed from twenty to 

fifty young a.nd fifty-six matings produced from throe 
to nineteen young. 

W.tany of the first nematodes were probably injur-

ed when transferred from one medium to another, for 
many of the females died before giving birth to more 

than three or four offspring. 

Another possible reason for so few young, is 

that when the food sup~ly w~s inadequate, the females 

did not produce a.a many young as otherwise. 



SU'JiMARY 

1. Anguillula aeeti does.show characters Whioh 

may be studied i, e. an abnormal condition. 

2. The abnormal oond.i ti on is apparently not in-

herited aocording to the Mendelian law o~ inheritance, 

though the data and results are not offered as a final 

analysis of the work. 

3. The data and results indicate that several 

faotors a.re apparently ~eaponaible for the abnormal 

condition. 

4. The abnormal condition. as far as determined 

is due to muscular tetanus. 

5. Inbreeding per se does not affect sterility to 

a great extent among the normal nematodes as 82.5 per 

cent produce young. 

6. Sterility among the abnormal nematodes is 

largely due to the inability to copulate and the in-

ability on the pa.rt of the female to give birth to 

young. Only 41.9 percent produce young. 

7. Inbreeding does not affect productivity among 

these nematodes, if the line is vigorous to begin with. 
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IA 1 IIA eta. represent the generation, the 

ind.1 vid.ual. The H.oman numerals designate 

the generation. the letter the line worked . 

with and. the Arabie numeral the indi vidua.l. 

O • the riormal female 

C) • the abnormal female 

O • the normal male 

II , . the abnormal ma.le 

JMli~· lN represents. one normal nematode, sex not 

not determined and lA, the abnormal nematode 

not determined as to sex. 

N, l~ormal 

A, Ji.bnorL.511 
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EXPLANATION FOR CllART II 

WA, the one line of nematodes µaed. 

WD, the other line of nematodes 

. After mating the WD and WA line, the off-

spring were designated as the WA line. 

O , the normal female 

O , the abnormal female· 

D , tho normal ma.le 

II , the abnormal male 

ll, Normal 

A, Abnormal 

~. Normal and abnormal undetermined 
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EXJ?L.AltAT I ON FOR Cwffi T I I I 

The black symbols used re1,resent the abnormal 

nematodes. 

The notation above the line l"efer to the 

nematodes rnated. As IWA, represents the male 

and' IWA
1

() the female. 

The Roman numeral I, ll, etc represents the 

, generation •. 

WA, WA eto represents the line of nematodes. 

And the small numerals 1, 2. 3 etc the in-

dividual nematode used in the matings. 
_L _L_ 
IN or iN. represents· the normal nematod.es 

whose sex were not determined. 
_J_ IA , shows the undetermined abnormal nem-

atode. 
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EXPiu\NATIOil FOR OH.2..RT IV 

The blacl:: symbols used represent the abnormal 

nematodes. 

a t represent the abnormal male 

O • represent the al1normal femalE: 

0 , :represent the normal male 

Q, represent the normal female 

I JfD • etc. is used to designate the genera.t-
'i 

ion, l:tne of nematodes used, and the individual. 

:i..h-tA, is used to show tho.'t two normtil nematodes 

and. one abnormal nematode were not determlned 

aa the sox. 
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l?J..ATE I 

Drawings showing the normal female 1 !'ig. "l 

and the normal male, Fig. 2. 

These dl"awings were made free hand from out-

lines made ·by a camera. lucida.. A. :Banch and 

Lamb 4X ocular and 16mm. objective were used. 
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Drawings showing some of the abnormal 

conditions in A.nguillula aceti. 

All drawings were made free hand from 

outlines made by a camera luoida. A Banch 

and Lamb 4X ocular and 16mm. objective were 

used. 
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