o MarjorieBehringer,Universityof North Dakota, Grand Forks
This seriesof laboratoryexerciseswas developedin the BSCSResearchandDevelopmentLaboratory
at the Universityof Texaswhile the authorwas there.
A portionof the workhas been publishedin a modifiedformin the BSCS Newsletter.
However,becauseof the meritof this series,they are reproducedherein theirentirety.

Although little use of the vinegar eel has
been made in the biology teaching laboratory, the ease of culture and the animal's
morphologyprovide opportunityfor a wide
range of studies in physiology, embryology,
and ecology. The vinegar eel is a free-living,
nonparasiticroundwormthat is adapted to
living in an acidic medium. Because the
animal is transparentand viviparous, it is
especially useful for demonstrationof stages
of embryonic development from the fertilized egg to the emergence of the young
worm from the body of the female. In fact,
within one mature female worm all stages
can be observed simultaneously, with the
dlevelopingembryosarrangedin linear order
from a single cell to the fully developed
young worm.The transparencyof the animal
allows, as well, studies, in vivo, of food digestion and waste excretion. Further, the
adaptationof the animalsto an acid medium
offers possibilities for explorations concerning selection and adaptation for life in
media of varyingpH values.
The three exercises described here are

examples of types of study that can be
pursued profitablyin either the high school
or college biology laboratory.
A starting culture of Anguillula aceti
(sometimes named Turbatrixaceti) can be
obtained from a biological supply house.
The organism is cultured easily and abundantly in naturalbulk cider vinegar that has
not been treatedchemicallyto inhibit growth
of the bacteria and yeast (mother of vinegar) upon which the worm feeds. The vinegar is obtained at industrialvinegar plants,
or it can be purchased in most grocery
stores in gallon size containers of a cheap,
undistilled grade of vinegar that has a sediment in the bottle. A starting culture designated in a supply catalog as a quantity for
a class of 25 students will provide within
several weeks a large number of animals.
The starting culture is divided between two
glass culture bowls, each containing one
liter of vinegar. A sheet of plastic film is
placed over the bowl to retard evaporation,
and ten to fifteensmall openingsare punched
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Use of the Vinegar Eel in the Laboratory

I. What is the Nature of Embryo Development in the Vinegar Eel?
Prepare a 0.2% solution of neutral red
stain by dissolving 0.2 g of powdered stain
in 1 ml of alcohol and adding 99 ml of distilled water. A drop of the medium containing many animals is obtained by placing the
end of a capillary tube (inside diameter of
bore approximately 1 mm) at the top surface periphery of the vinegar where organisms congregate. It may be necessary to blow
gently through the tube to release the drop
of animals on to a microscope slide. Add a
small drop of the 0.2%neutral red stain to
the drop of organisms and cover with a slip.
In order to reduce activity of the worms, the
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2 drops should be small enough in volume
so that the solution does not occupy the
complete undersurface of the coverslip. If
the animals are still moving too vigorously
for observations, it will be necessary to slow
them further by withdrawing solution from
under the coverslip with a small piece of
lens paper or paper towelling placed at the
edge of the coverslip. When withdrawing the
solution, the animals should be watched at
the same time to be certain that only enough
moisture is withdrawn to stop the movement
of large mature animals. If all solution is
removed, the large animals will become distorted in structure.
A mature male is slightly smaller than the
mature female. Developing eggs and young
worms can be observed readily inside the
body of the female. Observe several mature
worms and locate all structures that are
shown in the diagrams of the male and female, Figs. 1 and 2. Compare the stages of
development of a chicken nematode, shown
in Fig. 3, with the stages in the vinegar eel.
You should be able to find stages in the vinegar eel that are similar to numbers 4-12 of
Fig. 3; with diligent searching, the earlier
stages can be found occasionally. Complete
the diagram of Fig. 1 by adding drawings of
the developing worms in the observed positions inside the body of the female. (1) In
which position, anterior or posterior, are the
most mature embryos located? (2) In which
numbered stage is the development of muscles nearing completion? How are you able
to determine this? (3) In which stage are the
mouth and tail regions first observed?
If you study several slides for a period of
15 minutes or longer, most likely you will
observe a young worm in the process of
emerging from the body of the adult female.
(4) Through what portion of the adult body
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Fig. 1. Anguillula acefi, adult male.

516

N

T4

5F1CuLEr

-

;

Ais

Fig. 2. Anguillula aceti, adult female. (Stages of embryonic
development are not shown.)
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with a needle in the plastic sheet. Cultures
can be maintained indefinitely at temperatures between 20?C and 30?C as long as
fresh vinegar is added to replace for evaporation loss. The population of worms may
become very dense with a few weeks, at
which time new cultures should be started
by transferring a portion of the old culture
to bowls containing fresh vinegar.
Studies are made with a compound microscope at magnifications of IOOXto 400X. At
the lower magnifications, it may be necessary
to reduce the light intensity. The animals
move rapidly with a lateral lashing action
produced by the presence of longitudinal
muscles and a lack of circular muscles. For
observing only the structure of an animal and
not its functioning, a glass slide with a drop
of culture and a coverslip is held over a
flame for a few seconds, or a lighted match
can be held under the slide for 3-4 seconds.
The heat kills the animals but ordinarily does
not distort the structure. Several kinds of
stains, such as Delafields hematoxylin, Nile
Blue A, crystal violet, or neutral red, make
the organs more discernible. Other stains, as
well, can be tested for their effectiveness.
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For the Teacher
In order to obtain abundant mature females, cultures should be maintained for
approximatelytwo weeks before the time of
the study. Although a class generally needs
an outline of procedures, disclosure of results actually denies the student of the personal and often consumingpleasure of making discoveries for himself. Therefore, the
suggestionis offeredthat studentsbe allowed
at the beginning of the study to observe the
worms with a hand lens held over the culture bowl, and with drops of culture under
the compound microscope. After the rapid
movement of animals is discovered, the instructions of the first paragraphalone will
permit students to discover that because of

the animal'stransparencythe internalorgans
can be observed. Possibly with only a little
questioning, most students will identify
males and females. Most likely the first
student who discoversthe young developing
worms inside the body of a mature female
will announcehis finding-loudly. Only after
preliminaryobservationsis it appropriateto
distribute the printed exercise with
illustrations.
Details of the stages of embryonicdevelopment are not included in Fig. 2 of the student exercise in order to allow the student
an opportunityto discover that embryosare
at variousconsecutivestages of development
with the earliest stage at the anterior end
and a fully developed young worm in a
posteriorlocation. The details of embryonic
stages are providedfor the teacher in Fig. 4.
Since the embryonic stages of the vinegar
eel are very similar to those of the chicken
nematode,the teacher may wish to withhold
Fig. 3 until near the end of the study period.
Note should be made that the chickennematode deposits eggs outside the body of the
female within the chicken intestine where
the young hatch from the egg. The chicken
nematode,then, is a parasite,and the young
are producedin an oviparousmanner.
Answersto questions:
(1) The most mature embryos are located
in a posterior position in the uterus. The
ovary consists of a thread of primary egg
cells that arise in a location posteriorto the
vagina. The egg cells move anteriorallyin
single-file order through the oviduct to a
position where the oviduct joins the uterus.
The uterus runs backward to the vagina.
Eggs are fertilized near the bend of the
junction of the oviduct and uterus, after
which the fertilized egg begins to segment
as it moves posteriorallythrough the uterus.
Thus, it is possible to observemultiple stages
of embryonic development beginning with
a fully developed young worm near the
vagina to a single fertilized cell at the curvature formed by the junction of the oviduct
and uterus.
(2) The development of muscles is nearing
completionin Stage 7 of Fig. 3 since movement is first evident in this approximate
stage.
(3) A mouth and tail region are first ob-
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does the young worm emerge? (5) Does it
appear that the young worm is expelled by
the adult or does the young animal seem to
search for a place of escape? Describe your
observations. (6) Is the embryo encased in
a capsule before birth? If so, is the capsule
shed before birth? (7) Does the young animal become uncoiled before or after leaving
the body of the adult? (8) What is the length
of a newly born worm in comparisonto the
length of the adult?
To fresh drops of medium containinganimals add several dry particles or drops of
solution of the following substances: powdered caffeine, powdered adrenalin,chloroform, crushed tranquilizing tablet. Cover
each preparationwith a coverslip, and after
5 minutes observe the effects of each substance on the worms. (9) Do the worms
move about more rapidly or more slowly?
Withdraw some of the solution from under
the coverslip and observe the developing
young worms inside the bodies of females.
(10) Does the substance appear to affect
the embryos?Describe their reactions.If no
reactionis observedto any of the substances,
how would you accountfor this?

2
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5

(8) The young worm is approximately 1/
10 the length of a mature female.
(9) In the early experiments performed in
this laboratory, no effects from any added
substances have been observed. Possibly an
external cuticle of the worm results in a slow
absorption of solutions, or perhaps stronger
concentrations of solutions should have been
used.
(10) No affect upon embryos of added substances has been observed, although extensive and prolonged experimentation has not
been performed. The subject offers opportunity for further exploration since the addition
of foreign substances to an entire culture
maintained over several weeks would be a
simple operation. A great deviation from
normal development or from normal number
of offspring possibly could be ascertained
quite readily.
II. What is the Nature of Digestion and
Excretion in the Vinegar Eel?
Most mature vinegar eels contain many
fat globules that cover the digestive tube
and thus limit observations. Consequently,
animals must be starved for several days
before studies of digestion and excretion are
performed. To accomplish this, 5 ml of the
culture are transferred to a small bottle or
beaker containing 10 ml of fresh vinegar.
Care must be taken not to remove sediment
from the culture bowl when transferring
the culture. The bottle or beaker is covered
with plastic film that has several openings
punched in it. A drop of the culture is
examined 24 to 48 hours later at which time
the mouth, pharynx and intestine should be
visible in most animals.
Part A. What is the pH of the digestive
system when the vinegar eel is not digesting
food?
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Fig. 3. Development of the egg of the chicken nematode,
Ascaridia lineatus. 7. Fertilized egg. 2. Two-cell stage.
3. Four-cell stage. 4. Early morula stage. 5 and 6. Late
morula stages. 7. "Tadpole" stage. 8 and 9. Vermiform
(worm-like) stages. 10. Coiled embryo. 11 and 12.
Young worm hatch,ing. (The chicken nematode is oviparous, i.e., the eggs hatch outside the body.)
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served in a stage comparable to No. 6 of
Fig. 3.
(4) The young worm emerges to the outside through the opening of the vagina.
(5) Quite often a young worm can be observed moving back and forth inside the
entire area of the uterus in what appears to
be a search for a place of escape. No movements of expulsion on the part of the female
have been detected. When observations- are
extended over a period of 15 to 30 minutes,
it is possible to observe the young worm
crawling through the opening of the vagina
to the outside. Occasionally, a second young
worm will begin to move through the uterus
before the first worm has emerged to the
outside.
(6) Literature references state that the
young worm is encased in an embryonic sac.
No capsules have been observed by this
investigator, nor have any empty capsules
been visible after the young worm uncoils.
(7) The young worm becomes uncoiled before leaving the female's body, and at times
may become extended full length within
the uterus.

stained with Brilliant Green to determine
if pH changesoccurduringdigestion.
Part B. What is the pH of digestive organs
when the vinegareel is digestingfood?
Prepare food for the animals by drawing
from the bottom of a jar of fresh vinegar 10
ml of liquid containing sediment. Add 3
small crystals of BrilliantGreen dry stain to
the 10 ml of sediment and heat gently for 8
to 10 minutes. During the heating, fresh
vinegar may need to be added to replace for
solutionlost in steam. Allow the stainedmixture to cool.
Place a small drop of the stained sediment
with a small drop of animalsthat have been
starved for several days. Cover with a slip
and observeunderthe microscope.If the animals are moving vigorously withdraw solution from under the coverslip. Study the
animals immediately to locate an animal in
which yeast cells or other stained particles
can be seen moving through the digestive
tract. (9) What is the color of the food in the
mouth and pharynx regions? (10) What is
the color of the food in the intestine? (11)
What changes take place in the structureof
yeast cells as digestion occurs? (12) In
what portion of the intestine does digestion
appear to be completed? (13) Do you find
any undigested cells at the posteriorend of
the intestine? (14) Are any cells expelled
throughthe anus to the outside? (15) What
is the pH of the mouth region? Of the intestinal region? (16) Does the pH of either
the mouth or intestine change when the
animalis actually digesting food? (17) If so,
how do you accountfor the change?
Use your text or reference books to learn
about pH changes during digestion in the
stomach and intestine of the human. (18)
How does digestive activity of the vinegar
eel comparewith that of the human in relation to acidity and alkalinity?
Part C. How Does Excretion of Digestive
ProductsOccurin the VinegarEel?
Place a few grainsof powdered carminein
a fresh drop of vinegar containing vinegar
eels. After approximately 5 minutes you
should be able to find animals that have
ingested the carminepowder. (19) What is
the color of the grains in the mouth and
pharynx? In the intestine? Observe one or
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To a small drop of animalson a slide add
one small crystalof BrilliantGreen dry stain.
Use a toothpickto stir the stain into the drop
of vinegar. Allow the crystal to dissolve
completely before placing a coverslip over
the drop. The solution will be dark green in
color. Observe the slide with the low power
objective of the microscope. If the animals
are moving vigorously, withdraw enough
solution from under the coverslipto stop the
movementof large animals.
Within several minutes the worms will
appearwhite in color against the dark green
background.Use Figs. 1 and 2 to identify the
structuresof the male and female, if this has
not been done previously.Study the animals
until one is found that has ingested some of
the stain into its mouth region. (1) What is
the color of the stain in the mouth and
pharynx?Observe this animal or other mature animals until one is found that has a
color change throughout the intestine and
cloaca regions. (2) What is the color of the
stainin these organs?
Brilliant green stain is green at a pH of
4 to 5. Above this pH range the stain becomes blue and then colorless;below pH 4
the stain becomes pink, orange and then
yellow. (3) What is the approximatepH of
the mouth and pharynxregions of the vinegar eel? (4) Are the intestinal and cloacal
regions more or less acid than the mouth?
Use a piece of litmus paper to determinethe
pH of your mouth. This must be done at
least 15 minutes after food or drinkhas been
taken into the mouth. (5) How does the pH
of your mouth comparewith the pH in the
mouth of the vinegar eel? From your textbook or from referencesgiven at the end of
this exercise, learn the normal pH of the
stomach and small intestine of the human
when no food is present in either organ. (6)
How does this compare with the pH that
you observed within the intestine of the
vinegar eel? (7) Since the vinegar eel lives
in vinegar (acetic acid), we might expect the
animal to have the same pH inside its body
as that of the medium.Is this true? (8) What
factors could be responsiblefor a change in
pH inside an animal?
You have observed the pH inside the
organs of the animals when no digestion is
taking place. In Part B you will supply
starved animals with food that has been

more animalsduring a period of ten minutes
or longer. Do you observe the carminepassing through the intestine? (20) Does the
animal digest the particles or are the granules expelled through the anus? Describe
your observations.

For the Teacher,PartsA and B
Occasionally vinegar eels will be filled
with oil globules, although generally color
changes will be visible in the digestive tube.
For best resultsa good practiceis to examine
the animals one week before needed and to
extend the starvation period if necessary.
Cultures of vinegar eels have been maintained in distilled water for a period of two
weeks in this laboratory.
If time is available, a much more desirable procedureis to allow students to determine the color changes of Brilliant Green
stain by adding dilute sodium hydroxide
slowly to a small sample of vinegar containing a crystal of the stain and by adding
dilute hydrochloric acid slowly to another
sample. Althoughthe pH can be ascertained
roughly simply by observation of color
changes, a closer pH can be obtained by
using pH papers of varying ranges.
Answersto questions:
(1) The stain is a bright green color in the
mouth region, through the long, thread-like
lumen of the pharynxand inside the circular
cavity of the pharyngealbulb.
(2) The stain changes to a light pink color
in the intestineand cloacaregion.
(3) The approximatepH of the mouth and
pharynxis 4-5.
(4) The intestine and cloaca are more acid,
apparentlyaboutpH 3.
(5) Generally,the pH of the human mouth
is slightly acid, approximately6.8, although
the pH may vary from 6.2 to 7.6. These
values are higher than the pH value of the
vinegareel's mouth.
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(6) The normal pH of the human stomach
is at a range of approximately 5-6 when no
digestion is occurring. Normally the small
intestine remains approximately neutral except when food first enters from the stomach.
The normal pH of the vinegar eel's intestine
appears to be approximately 3 to 4.
(7) From early investigations the pH of the
mouth and pharynx of the vinegar eel appear to be about the same as that of the
vinegar medium in which the worm lives.
Apparently the pH value is lower in the
intestine.
(8) Conceivably acids may be secreted in
the intestine of the vinegar eel which cause
a lowering of the pH in that region.
(9) The food is a bright green color in the
mouth and pharynx of the vinegar eel.
(10) When the animal is given food, the
color of the intestine changes from pink to
yellow indicating that the pH is lowered during digestion.
(11) Although spherical or oval yeast cells
are observed easily in the pharynx, they have
not been observed in the intestine. Apparently the cells are broken down in the
pharyngeal bulb, where a grinding action
may be applied, although this has not been
observed.
(12) Apparently digestion is completed in
the pharyngeal bulb and in the anterior portion of the intestine.
(13) No undigested cells have been observed in any portion of the intestine.
(14) No observation has been made of expulsion of undigested yeast cells through the
anus.
(15) The pH of the mouth is 4-5; of the
intestinal region, approximately 2 or lower
during digestion.
(16) A lowering of the pH in the intestine
during digestion has been observed regularly.
(17) Possibly an acid or acids are secreted
in the intestine during digestion.
(18) In the human, the stomach is acid
during digestion, but the food chyme is
changed to an alkaline condition upon entrance into the duodenum due to the alkalinity of the digestive juices secreted into the
small intestine. According to results of investigations in this laboratory, the entire
length of the vinegar eel's intestine remains
acid during digestion.

III. Can the Vinegar Eel Survive at a
Higheror LowerpH?
Because the vinegar eel normallylives in
acetic acid, a pertinent question can be
asked regarding survival of these animals
when placed in a medium of a higher or
lower pH. A number of procedurescan be
followed for finding an answer.One possible
procedureis described here. Prepare200 ml
each of 0.2N NaOH and 0.2N HCI. Number
8 test tubes and prepare solutions in each
tube according to informationgiven in the
accompanyingtable. Measurethe pH of the
solutionin each tube and recordin the table.
In order to obtain the survival rate of
animalsbefore adaptation,preparea second
set of 8 test tubes in the same manner as
before. Place 5 ml of medium containing
animals in each of tube 1-a and tube 1-b.

After one minute hold each tube before a
bright light to determine the quantity of
animals that are still moving about. Record
the survival rate as many, few, or none in
the table under the column, SurvivalBefore
Adaptation. Immediately transfer 2 ml of
solution containing animals from test tubes
l-a and 1-b to test tubes 2-a and 2-b respectively. After one minute determine the survival rate as before and record. Repeat the
transfersand observationsthroughtest tubes
3-a, 3-b, and 4-a, 4-b.
Following the determination of survival
before adaptation,the animals are adapted
over a period of nine days to increasingconcentrationsof NaOH and HCI. To accomplish this, follow the schedule given below.
Day 1. Place 5 ml of medium containing
animalsin each of tube 1-a and tube 1-b.
Day 3. Determinethe survivalof animalsin
tubes 1-a and 1-b by holding the tube before
a bright light. Record the survivalas many,
few, or none in the column of SurvivalAfter
Adaptation.Transfer2 ml of solution with
Survivalof AnimalsBeforeand
AfterAdaptationPeriods
Testtube

pH

SurvivalBefore SurvivalAfter
Adaptation
Adaptation

1-a 5 ml medium
withanimals
10 ml vinegar
5 ml 0.2N HCI
2-a 10 ml vinegar
10 ml 0.2N
HCI
3-a 5 ml vinegar
15 ml 0.2N
HCI
4-a 20 ml 0.2N
HCI
1-b 5 ml medium
with animals
10 ml vinegar
5 ml 0.2N
NaOH
2-b 10 ml vinegar
10 ml 0.2N
NaOH
3-b 5 ml vinegar
15 ml 0.2N
NaOH
4-b 20 ml 0.2N
NaOH
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For the Teacher,PartC
If time is available, it is most desirable
that students test carmine powder in acid
and base solutions to learn if color changes
take place. Their tests will show that carmine
powder remains a bright red at all pH
values. Therefore, carminewill not indicate
digestive color changes, as observed with
Brilliant Green stain, but students can observe quite easily whether or not the carmine
grainsare dissolved,thus providingevidence
of a possible digestion of the carmine
powder.
After 5 to 10 minutesthe individualgrains
will be found in the intestine, where they
are washed slowly backwardsand forwards.
With careful and prolongedobservationsthe
red grains can be seen passing through the
anal opening to the outside. Because the
anus is on the ventral surface of the worm,
and because carmine grains will be present
in the fluid surroundingthe animal,possibly
only a few students will be able to observe
the actual passage of grains to the outside,
although all class members should be able
to follow the movement of grains from the
anteriorregion to the posteriorregion of the
intestine.
Answersto questions:
(19) The carmineis a red colorin all regions
of the digestivetube.
(20) The grains are not digested and are
expelled through the anus to the outside of
the body.

animals from tubes 1-a and 1-b to tubes 2-a
and 2-b respectively.
Day 5. Observe test tubes 2-a and 2-b and
record as before. Transfer2 ml of organisms
from tubes 2-a and 2-b to tubes 3-a and 3-b
respectively.
Day 7. Observe and record survival of animals. Transfer2 ml of organismsfrom tubes
3-a and 3-b to tubes 4-a and 4-b respectively.
Day 9. Observetubes 4-a and 4-b and record
survivalof animals.

Furtherstudies
Maintainthe tubes with survivinganimals
for several more weeks and study to determine if a change in pH has modified the
growth pattern or reproductionrate. Com-

Stewardship
A new book called Stewardship, beamed
directly at owners of open land in the New
York metropolitan area, now is available
from the Open Space Action Committee,
205 East 42nd Street, New York 10017. The
theme of the book is so timely and its mes-
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For the Teacher
This study can be varied extensively,particularly with concentrations of acid and
base solutions.An extendedrange of pH and
a longer adaptation period may produce a
greater adaptationthan is obtainedwith the
procedureoutlinedin this exercise.
Answersto questions:
1. Results of early tests indicate that before
the adaptationperiod many animalswill survive for at least 5 minutesat pH 3 and pH 7.
After the adaptation period a few animals
survived at pH 2.5 and pH 8. More testing
is needed. A more gradualchange in pH and
a longer adaptation period may give more
effective results. Studentsmay wish to make
their own explorations.
2. Adaptationto increasedacid appearedin
Tube 2-a with results of early tests. Adaptation to increasedalkalineappearedin Tubes
2-b and 3-b.
3. Because the adaptation period extends
over only a nine day period, it is unlikely
that adaptation will be produced by mutation or recombinationof genes with a subsequentselection.
4. Discussion for the subject of homeostasis
can be found in the readingreferences,

sage so persuasiveand informative,however,
that Stewardshipshouldbe prizedby individuals and groups concerned about unregulated urban growth anywhere in the nation.
By example and case history it charts what
can be done. Illustrated with photographs
and designs, it sells for $3 in paper and $6
in hard covers.
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Questions
1. What are the highest and lowest pH
values at which organismssurvive before
an adaptationperiod?
2. Do your results provide evidence that an
adaptation to changes in pH may have
occurred?If so, at what levels of pH do
you findevidence of an adaptation?
3. Considering the fact that about 8 days
are required for the development of the
embryo from fertilized egg to birth, do
you believe that a mutationor recombination of genes were relevant factors in the
adaptation of any animals to a higher
or lower pH value?
4. Use your text or references given below
to learn about physiological adaptations
in animals. From your reading present
a discussion of homeostasis, or "steady
state," as related to a possible explanation of adaptationsof the vinegar to various pH ranges.

pare the number of young animals and the
number of developing embryos in tubes 1-a
and 1-bwith those in othertubes.

