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ABSTRACT

The photodocumentation technique was used weekly to observe until the end of the regenerative pro-
cess of eyes in three species of Dugesia. Morphometric data based on the measurement of 96 samples
of the species. Dugesia tigrina, D. schubarti, and D. anderlani were analyzed A comparative analy-
sis was made through graphic representation of statistical parameters of the following morphometric
characters: the length of the transversal and longitudinal axes of the macula alba, pigment spot, and
ocular opening. An interesting feature appeared in D. schubarti: the average of ocular opening during
the regenerative process is bigger than in the original samples.
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RESUMO

Morfometria de olhos em regenerantes do género Dugesia
(Platyhelminthes, Turbellaria, Dugesiidae)

A técnica de fotodocumentacdo foi utilizada para observar semanal mente os olhos de regenerantes de
trés espécies de Dugesia até o final do processo regenerativo. Os dados morfométricos analisados foram
baseados na mensuracéo de 96 exemplares das espécies: Dugesia tigrina, D. schubarti e D. anderlani.
Uma andlise comparativafoi realizada por meio de representacdo gréfica de parametros estatisticos dos
seguintes caracteres morfométricos:. comprimento dos eixos transversal e longitudinal da mécula alba,
célice do pigmento e abertura ocular. D. schubarti apresenta um aspecto interessante: a média da abertura
ocular na fase do processo regenerativo € maior do que nos exemplares originais.

Palavras-chave: Dugesia, morfometria, macula alba, célice de pigmento, abertura ocular.

INTRODUCTION of eye modification is done and regeneration deve-
lopment is compared.
A study is presented of regenerant eyesin three The morphologica changes in regenerant eyes

planarian species: Dugesia tigrina (Girard, 1850),  areimportant, since newborn animals already present
D. schubarti (Marcus, 1946), and D. anderlani  morphology identical to the of adult eyes. However,
(Kawakatsu et Hauser, 1983), all collected in Rio  comprehensive research of the morphological
Grande do Sul State, Brazil. A systematic description  changes, from birth to complete development, would
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require a study of embryos within the cocoon. Such
an analysis would demand sophisticated micro-
surgical techniques, which are out of the scope of
this work (Hauser, 1979; Campos-Velho, 1993).

An alternative way to study these changesis
to follow the development of new eyes during head
regeneration, when morphological development,
including types and characters, can be investigated.
A photodocumention technique was used to register
observations every seven days. The pictures are of
eye enlargement, with only the outlines indicated,
and they will be mentioned in the section on ma-
terial and method.

In general, most of the studiesin the literature
are based on histological data. Thiswork presentes
morphometric data, describing the different types and
characters of the eyesin severa deveopmenta phases.

MATERIAL AND METHODS

Location of study

Dugesiatigrina planarians (Girard, 1850) were
collected from asmall lake on the grounds of Cristo
Rei School, in Sdo Leopoldo, Rio Grande do Sul
State, on April 1989. The lake has a sandy bottom,
where the planarians were found under rocks,
together with small moluscs, fishes, and aquatic
plants (Eichhornia sp.). In asmall river of Barra
Curta Alta, in Constantina, some specimens of D.
schubarti (Marcus, 1942) were collected. They were
found in a portion of theriver, covered by vegetation,
downstream from an approximately 2 m wide
waterfall. The water temperature was about 17°C.
This specie is found exclusively in running water.
Some samples were gotten from shallow water,
which facilitated collection. The animas were under
rocks fully or partially covered by water.

The D. anderlani planarians (Kawakatsu and
Hauser, 1983) were selected from the Instituto de
Pesquisas de Planarias (Planarian Research Indtitute),
at the Universidade do Vae do Rio dos Sinosin S&o
L eopoldo.

D. tigrina and D. schubarti were found in
asandy humic substratum (a mixture of sandy, mud,
vegetative residue). Many rocks were also found.
This location was chosen due to the access facilities
and large number of animals. The planarians were
sexualy mature, averaging 1.3 cm and 2 cm in length
for D. tigrina and D. schubarti, respectively, while
D. anderlani planarians were honsexual and ave-
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raged 1.8 cmin length. The measurements were done
entirely through photographs.

Anesthesia and cut

The animals were anesthetized by putting them
on ice covered with filter paper. This procedure is
efficient and permits easy removal of the animals.
Filter paper is used to prevent the animals adhering
totheice.

The head amputation procedure is as follows:
using a stereomicroscope ZEISS SR and a small
brush, the animals are placed on the ice and with
ascalpel the head is amputated at level 1, i.e., just
under the auricle. Sometimes a slight animal con-
traction at alight touch of the scalpel is observed,
which prohibits cutting at the same place. However,
that did not influence the regenerative process.

The head part is called part A; athe rest of
the body is called part B.

Photodocumentation

In order to analyze eye development, rege-
neration induction was necessary. The original head
was photographed for comparison at the end of the
regenerative process as well as to register the mor-
phology and eye sizes, photodocumentation was used
to observe eye devel opment, after head amputation.

The photographic dossier was carried out with
the help of aMINOX B camera with aflash coupled
to a ZEISS SR stereo optical magnifying glass.

Part B was photographed, with its new head
and two eyes growing from a regeneration cone. Part
A, the original head, was not used in this work.

The new eye development was follow every
two days by observation, and aweekly photographic
register with 3.2 enlargement, was used to obtain
eye measurements. The actual measurements were
got with a measurement device photographed
together with the specimen.

The regenerative process was photographed
using 21 MINOX films. agfa ortho professional, iso
25. The choice to work with 32 specimens was
determined by the 32 exposures in each MINOX
film, which is rdatively expensive. The pictureswere
dipped in a developer of KODAK 76 and D-19in
a 9:1 proportion, at constant 21°C temperature.

The method of delineation based on eye limits
was used. It was done with indiaink and 20.2 mm
pen on an enlarged 52 cm photograph.
Subsequently, a color removal process was
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perfomed in three steps. @) the photographs were
put in a pot covered with water for 2 minutes; b)
they were dried and put inside a plastic recipient
for 2 minutes; c) the photographs were dipped
quickly in the KODAK developer, and finally they
were put in avessel with flowing water, in order
to remove excess developer. Next, the photographs
were left to dry so as to be able to make the
measurements. After developing the negatives,
delineations were carried out with the MINOX
reading device using a special paper.

MEASURESAND STATISTICAL
CHARACTERISTICS

For measuring the morphometric characte-
ristics, Heller's method (1985a) was used, which
consists in the following measurements: a) length
of longitudinal axis; b) width of longitudinal axis;
¢) length of transversal axis; d) width of transversal
axis; €) ocular opening.

All measures were performed with the help
of a caliper measuring in milimeters (mm); all
delineation were made on special paper. From each
sampl e selected were measured:

o length of macula alba (axis A): measure-
ment of longitudinal axis (LA);

o width of macula alba (axis B): measure-
ment of transversal axis (TA);

o length of pigment spot (axis A): measure-
ment of longitudinal axis (LA);

o width of pigment spot (axis B): measure-
ment of transversal axis (TA);

e ocular opening: measurement of width
between the external margin of the pigment
spot between the two eyes.

All measurements were carried out using
maximum length and width, and left and right
corresponding to the point of view of the observer.

Plots were made from the averages, variation
coefficients, and standard deviations for analysis
of results. These statistical parameters are given,
respectively, by:
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where N is the number of exemplars (sample size),

X denotes the average, sisthe standard deviation,
and d is the variation coefficient. Although, the
standard deviation and the variation coefficient
indicate dispersion around the average, they permit
analysis among different kinds of samples.

RESULTSAND DISCUSSION

A quantitative analysis for each species was
perfomed, considering the measurements carried out
for the following morphological characteristics of
planarian eyes. macula alba, pigment spot, and
ocular opening. The morphometric analysisisres
tricted to a general average, i.e., one related to both
left and right eyes; an explanation is given below.

For all plots the following nomenclature is
used:

moe = average of the left eye;

dpoe = standard deviation of the left eye;
cvoe = variation coefficient of the left eye;
mod = average of theright eye;

dpod = standard deviation of the right eye;
cvod = variation coefficient of theright eye;
mao = average of the ocular opening;

dpao = standard deviation of ocular opening;
cvao = vaiation coefficient of the ocular opening.

Dugesiatigrina

Axis A of the macula alba (Fig. 1), in which
the average presents similar characterigtics for right
and left eyes, with alittle oscillation of standard
deviation around 0.55 mm, denoting a small sprea-
ding around the average, which also held for axis
B (Fig. 2), with standard deviation of 0.24 mm. The
average for axis B suffers some oscillations, but after
the sixth week, becomes constant up to the end of
the regeneration process.

The evolution of the average of the pigment
spot in the regeneration process is shown (Figs. 3
and 4) for axes A and B, respectively. In both axes
asmall standard deviation was observed, and an
oscillation was verified in week 6. For ocular opening
(Fig. 5), the average decreases up to the third week,
and subsequently increases up to the end of the
process, with afinal average similar to theinitial
one, and also showing a small standard deviation.
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Dugesia schubarti

The average evolution for macula alba axes
A and B is shown in Figs. 6 and 7. The final
averageis significantly bigger than it was before
amputation, and presents a small standard de-
viation. For the pigment spot, the data also reveals
asmall standard deviation, but poorer distribution
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in relation to the average for axis B than axis A
(Figs. 8 and 9). Remarkabl e behavior is observed
for the opening space average: by the fifth week,
the biggest average is observed (Fig. 10).
However, the average for the opening space at
the end of the regeneration process is lower than
it was for the original head.

D. tigrina

—4&— moe
—@— dpoe
—#A— cvoe
> mod
—%— dpod
®— cvod

Fig. 1 — Statistical parameters — Dugesia tigrina — macula alba — Axis A.

D. tigrina

—4&— moe
—@— dpoe
—#A— cvoe
5 mod
—%— dpod
®— cvod

Fig. 2 — Statistical parameters — Dugesia tigrina — macula alba — Axis B.

D. tigrina

—4&— moe
—@— dpoe
—#A— cvoe
¢ mod
—%#— dpod
®— cvod

Fig. 3 — Statistical parameters — Dugesia tigrina — pigment spot — Axis A.
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D. tigrina

—&— moe
—@— dpoe
—A— cvoe
- mod
—%— dpod
®— cvod

Fig. 4 — Statistical parameters — Dugesia tigrina — pigment spot — Axis B.

L
*

D. tigrina

L

—&— mao
—— dpao
A— cvao

Fig. 5 — Statistical parameters — Dugesia tigrina — ocular opening.

D. schubarti

—&— moe
—@— dpoe
—#A— cvoe
> mod
—%— dpod
®— cvod

Fig. 6 — Statistical parameters — Dugesia schubarti — macula alba — Axis A.

Dugesia anderlani

The standard deviation for D. anderlani for
macula alba and the pigment spot, for the right
and left eyes and for both axesis very close. This
means from the statistical point of view that the
left and right eyes are morphometrically similar.
For macula alba, axis A and axis B (Figs. 11 and

12) have small standard deviations, about 0.4 mm
and 0.35 mm respectively. The pigment spot (Figs.
13 and 14) also presents a small standard
deviation, but the growing ratio does not present
oscillation of the macula alba, and the ocular
opening (Fig. 15) presents alower average during
the fifth week.
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—4&— moe
—@— dpoe
—#A— cvoe
¢ mod
—%— dpod
®— cvod

D. schubarti

Fig. 7 — Statistical parameters — Dugesia schubarti — macula alba — Axis B.

—4&— moe
—@— dpoe
—#&— cvoe
¢ mod
—%— dpod
®— cvod

D. schubarti

Fig. 8 — Statistical parameters — Dugesia schubarti — pigment spot — Axis A.

—4&— moe
—@— dpoe
—#A— cvoe
¢ mod
—%— dpod
®— cvod

D. schubarti

Fig. 9 — Statistical parameters — Dugesia schubarti — pigment spot — Axis B.

Relation between morphometric parameters average of axis B for the macula alba in the three

After individual analysis of each specie, itis  species. For axis B of D. tigrina, regenerant eyes are
useful to show a comparison among the parameters ~ 13% smaller than those of the anima originaly, while
studied here. Axis A is gpproximately double the  they are 14% bigger for D. shubarti and D. anderlani.
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D. schubarti

—&— mao
—m— dpao
A— cvao

Fig. 10 — Statistical parameters — Dugesia schubarti — ocular opening.
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D. anderlani
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D. anderlani

—4&— moe
—@— dpoe
—#A— cvoe
¢ mod
—%— dpod
®— cvod

Fig. 12 — Statistical parameters — Dugesia anderlani — macula alba — Axis B.

The relation between axes A and B is congtant
for the pigment spot, i. e., the size for axis B is
approximately half of axis A. Considering that the
size for this character is about 30% of that of the
macula alba for D. tigrina and D. schubarti, and
about 45% for D. anderlani, only differences su-

perior to 25% are considered significant, since the
measurement tool isthe samefor al characters. Thus,
only in axis A for the pigment spot of D. anderlani
is there a morphometric change, by which the
regenerant eyes are 46% smaller than those of the
animals originally.
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D. anderlani

—— moe
—@— dpoe
—A— cvoe
mod
—%— dpod
®— cvod

Weeks

o M

Fig. 13 — Statistical parameters — Dugesia anderlani — pigment spot — Axis A.

D. anderlani

—&— moe
—@— dpoe
—A— cvoe

mod
—%— dpod

®— cvod

Fig. 14 — Statistical parameters — Dugesia anderlani — pigment spot — Axis B.

D. anderlani

Weeks

Fig. 15 — Statistical parameters — Dugesia anderlani — ocular opening.

For ocular opening, there is no change for D.
tigrina and D. anderlani (differences are less than
3%), but for D. schubarti the dimensions are 35%
smaller for regenerant than for those of the origi-
nal ones. The relative variation for morphometric
characters between the animals originaly and in the
first step of regeneration. Using this statistic
parameter, it is possible to determine which data
are better distributed aound the average that present

Braz. J. Biol., 64(1): 1-9, 2004

the variation coefficients for each specie and for
each morphometric character.

D. tigrina and D. anderlani presented the
biggest variation for pigment spot.

For acompardtive study, the standard deviation
is not an efficient parameter. For comparison among
heterogeneous quantities the coefficient variation
isused. Using this satistica parameter, it is possible
to determine which data are better distributed around
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the average of variation coefficients for each specie
and for each morphometric character.

FINAL REMARKS

After examining 32 individuals of Dugesia
tigrina, D. schubarti, and D. anderlani, we observed
that:

1. thelongitudina axisis gpproximately double
thetransversal axis, confirming statistically
the enlarged character of the macula alba
and the pigment spot for three species,

2. the characters do not differ between spe-
cies (small standard deviation);

3. thelongitudinal and transversal axesfor the
macula alba are dways bigger, on average,
for D. tigrina than for the two other species
analyzed in the original animals and the
regenerant ones. This can be used as an
auxiliary criteriafor specie identification;

4. the ocular opening of D. schubarti shows
anomal ous behaviour in a step in the re-
generation process. its average in week 5
was larger in the origind animal than inthe
find stage of the regeneration. Thiswas not
observed in the other two species;

5. the final sizes of the regenerant eyes were
bigger for D. schubarti than original ani-
mals, except for the ocular opening. This
was not verified for D. tigrina and D.
anderlani.

The final morphometric dimensions of the
regenerant eyes will be smaller than those of the
origina animalsif the relative variation is superior
to 0.5, as that occurred which in D. tigrina for the
macula alba, and D. tigrina and D. anderlani for
the pigment spot.

The anomal ous aspect indicated in item 4 for
D. schubarti was aso verified in the photodocu-
mentation presented by Hauser (1979).

The average dimensions of morphometric
features are bigger for D. tigrina than for D.
anderlani, confirming the data obtained by Heller
(19853, b). However, the data in this work exceed
those presented by Heller, who studied animals from
S0 Franscisco de Paula (S0 Bernardo Lake) and
Pelotas City. Both cities are in Rio Grande do Sul
State, from which were collected D. tigrina and D.
anderlani, respectively. In the present study, the D.
tigrina and D. anderlani are from alake in Cris-
to Rel Schoal (S8o Leopoldo) and from alaboratory
(Planarian Research Ingtitute — IPP), University of
Rio dos Sinos (UNISINOS). The differencesin
location can explain why the average observed in
morphometric characters for this study are greater:
the animals analyzed in S&o Leopoldo have an
abundant source of food.
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