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ABSTRACT 
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CHAPTER I 

I NTRODUCTION 

Flatworms are worm-like invertebrates with bilaterally 

syrrrrnetrical bodies that are elongated and dorsoventrally 

compressed. Planaria, as the free-living group is called, 

belong to the Phylum Platyhelminthes and the Class Turbel­

laria . Although the variety of species are common to many 

North American streams and lakes and despite many studies 

on chemical effects and regeneration of severed parts, 

little work has been done with the karyology of the many 

species. 

Dr. Nicole Gourbault of the National Museum of Natural 

History of France has worked extensively with chromosome 

studies of European planarians. The karyological methods 

of this study were based largely on her research (Chandler, 

1980). This study involved analyz ing the karyo types of 

two species of the Genus Phagocata (E_. gracilis and E_. 

morgani) that occur syrnpatrically in Brigham Branch, a 

tributary of Long Creek (Cumberland River drainage) in 

south-central Stewart County, Tennessee. 

Karyology is defined as the study of an organism's 

chromosomes. A karyotype is the systematic arrangement of 

chromosome photomicro graphs according to an accepted 
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standard classification. A h ny c romosome features of a partic-

ular mi totic cell such as · 
size, number, and form may at once 

be seen. 

Karyotyping has played an important role in studying 

the relationship of organisms from a phylogentic standpoint. 

This importance in species identification of Platyhelminthes 

has not been fully realized. Little emphasis has been 

placed on their karyology until relatively recently. The 

lack of appropriate technique for chromosome study no doubt 

has played a role in admonishing researchers to look for 

other suitable methods of classification. The handling of 

tissue is quite critical and chromosome squashes are of ten 

inappropriate for study due to inadequate spreading wh ich 

disallows counting and karyotypic evaluation. 

A conventional approach t o f latwor m identification and 

classification has been used for a numbe r of years. It is 

widely agreed that anat omic variation s i n reproductive 

systems of the different species is marked and prov i de s a 

reliable basis for discrimination. As many species appear 

similar by their external characteri s tics, it is not 

possible to positively identify fla two r ms i n the field and 

f . t' b study1.·no microsco pic anat omy is advisable. con 1.rma 1.on y ~ 

Species identification in this study wa s determined 

· of sexually mature specimens that had via sagittal sections · · 

been fixed whole. Sections were serial, f i ve to seven 



microns apar t. This permitted an in-depth study of the 

anatomy of the reproductive apparatus which is the key to 

positive identification. 

3 



CHAPTER II 

REVIEW OF THE LITERATURE 

The Genus Phagocata 

Haldeman (1840) first described Phagocata gracilis 

naming it Planaria gracilis. Leidy (1847) used the generic 

name Phagocata as a subgenus of Haldeman's animal. The 

name saw little usage until it was resurrected much later 

by Hyman (1937). Dahm (1949, 1958) introduced the name 

into the European literature, but some Europear.sfelt the 

older designation of Fonticola was more appropriate for 

similar worms native to that continent. There have been a 

number of Asian worms described and many having a strong 

similarity to the membersof Phagocata of North America 

have been placed under this genus (Kawakatsu, 1969). 

The original classification of Phagocata gracilis was 

based largely on its polypharyngy. Another worm also 

called Planaria gracilis (Girard, 1850) exhibited poly­

pharyngy but has since been shown by anatomical features 

to be a distinctly different species, R__: woodworthi (Hyman, 

1937). 

Leidy (1851) described Planaria truncata, an unpigmented 

worm of small size. This may have been the first attempt 

· (Stevens and Boring, 1906) but to name Phagocata morgani 

the connection seems to be unclear. The names, however, 

are now used synonymously in the literature. 
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The genus Phagocat a is represented by a large number of 

species . Kenk (1976) lists detailed descriptions of 13 

No r t h American species. Since that time he has described at 

l east four more; .f.: caro linens is, Kenk ( 1979) , K.: ho lleri, 

Kenk (1979), ~ hamptonae, Kenk (1982), ~ procera, Kenk 

(1984). 

Karyology 

There is a paucity of information in the literature 

concerning karyological analysis of planarians. In Chromo­

some Numbers in Animals Makino (1951) lists karyological 

data for ten species of planaria. Five of these belonged to 

the genus Planaria representing diploid chromosome numbers 

of 6 to 24. The remaining five species had diploid numbers 

of 12 and 16. No species of Phagocata were entered in 

Makino's atlas and possibly none had been examined until 

Whitehead (1965) analyzed .L morgani and P. velata from 

populations in Cattaraugus County, New York. From one P. 

morgani population she reported a diploid number of 14, 

the basic genome consisting of one large, four medium sized 

and two small chromosomes. Sexually mature worms were 

noted often from this location. Specimens from two other 

sampling locations (different spring~ revealed a much 

higher number of chromosomes which was estimated to be 35. 



The nuc leus size of t hese cells was d than note to be larger 

t ho se from t he first location. She speculated that this 

migh t represent a polyploid population. No signs of sexual 

maturity were noted in worms at either of these locations. 

Mitotic stages in Phagocata ve lata were found to have 

approximately 60 chromosomes suggesting polyploidy and two 

other species, Dugesia tigrina and Cura foremanii, were 

found to have diploid numbers of 16 and 12 respectively 

(Whitehead, 1965). C. foremanii was one of the earliest 

reported karyotypes and is one of ten listed by Makino 

(1951). 

Dahm (1949, 1958) ha s studied four European species of 

Phagocata in depth. P. vitta has 34 chromosomes and was 

found to exhibit polyploidy. 

Ball and Gourbault (1975) have noted that polyploidy 

has been observed in most European species of Phagocata 

studied, including~ albissina and P. ochridana, having 

36 and 32 chromosome s , respectively . 

Ball and Gourbault (1975) described and karyologically 

· es The y f ound a diploid analyz ed ~ fawcetti, a new spec1. · 

The karyotv_o_e revealed one pair of comp lement of 38. 

h Was more than 1. 5 times t .e size of the chromosomes whic 

They reasoned that this peculiarity next largest pair. 

muc h larger pair would preclude poly-plaid of having one 

conditions in this species. The remaining 17 pairs 

6 
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gradually decreased in size, most of them being metacentrics. 

A few chromosomes were found to be submetacentric with a 

centromeric index of less than 37. 

Ball, Gourbault, and Kenk (1981) karyologically 

analyzed Phagocata velata and Hym2.nella retenuova, popu­

lations from temporary waters of eastern North America . 

P. velata was found to have a high degree of polyploidy 

with a diploid number of 12. H. retenuova was found to 

have a diploid number of 38. Both of these species were 

noted to have one pair of chromosomes at least twice the 

length of the second largest pair . These especially large 

chromosomes were designated "marker" c:1romosomes as t~ey 

were instrumental in identifying polyploid populations. 

The number of large pairs corresponds exactly to the dif­

ferent levels of polyploidy. 

The literature does not sup port previous karyological 

research on Phagocata gracilis. No karyo l ogic studies have 

been reported to date. 



CHAPTER III 

METHODS AND MATERIALS 

Description of the Sampling Population 

Brigham Branch is a northerly flowing spring in south­

central Stewart County, Tennessee, which terminates in Lon~ 

Creek approximately one and one-half miles upstream fr om 

where that tributary enters the Cumberland River. The t otal 

length of Brigham Branch itself is less t han one hal f mil e 

originating in a wooded f i eld 's edg e an d coursing t hr ough 

pastureland. There is a varie d f lo r a and fauna ow i ng 

largely to the spring's re ady acces s to sunli?ht and agri ­

cultural run-off over mos t of its course. 

Three species o f p lan ar ians have been collected fr on 

Brigham Branch. Pha£o cata morgan i, an un _ igmented wor~, 

was noted commonl y ne ar t he spring ' s mo uth in small ?roups 

or singularly beneath rocks and su~mer ged ree leaves . 

P. This species exh i b it ed sexual maturity i , :requen tly . 

gracilis, a polypharyngeal form with b-r o,,rn pig::i.entation , 

was the most numerous planarian and see~ed to congregate 

d ' d o ~ -r ock s at all locations in large numbers on the un er s 1 es ~ 

along the spring 's cour se . The large na j o~i : y (approximate -

ly 75 %) of the members of th i s species were sexually natur e . 

i nfre quent inhabitant and app eared Dugesia tigrina wa s an 

only in warmer water downstre am . 
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Six sexually ma ture indivi dua l s of each species were 

collecte d and prepared fo r microt ome sect i oning ac cording 

to Humason (1972) as f ollows ·. Th · 1 .e anima s were placed i n 

formo - acetic acid fo r tissue fixation for 24 hours foll owed 

by 707. ethyl alcohol for one hour. They were then placed 

in 85 7. , 957., and 100 7. ethyl alcohol concentrations f or 

periods of 30 minutes each. This was followed by placement 

in melted paraffin for 30 minutes. The animals were then 

embedded and microtome sections were made at five and seven 

microns for Phagocata morgani and I: gracilis, respectively . 

Sections were affixed to glass slides with adhesive Mayer's 

albumin and run through xylene and ethyl alcohol solutions 

of 1007., 957., and 70 7. for two to three minutes each. Slides 

were then placed in tap water for three minutes, hemato­

xylin for two to five minutes, tap wat er again for three 

minutes, and Scott's solution f or three minutes. 

staining was done with Eosin Y for one minute. 

Counter­

Slides 

were placed in each of the following solutions for approxi­

mately three minutes; tap water, 70 % ethyl alcohol, 95 % 

ethy l alcohol, 100 % ethyl alcohol, and xylene. Coverslips 

were applied wi t h adhesive. 

Slides were examined by phase contrast microscopy using 

a lOx objective and 8x ocular. Photomicrographs were taken 

d 8 ocular using Kodachrome 
t hrough a lO x objective an x 

ASA-64 film, size KR lJ 5- 20 · 



10 

Technique fo r Po s i tive Identification of Species 

To the experienced planarian collector, species may often 

be identified in the f1."eld. Th e general body morphology , 

and nature of movement and particular habitat may lend 

clues as to the proper identification. However, the collec­

tor with little experience may not rely upon such criteria. 

Serial sagittal sections of five-seven microns of the fixed 

whole planaria allows anatomical observation of the sexual 

apparatus which serves as the key t o pos i tive taxonomic 

identification. For this re a son only sexua l l y mature 

specimens were used. Larger body size and sexua l maturi ty 

ordinarily correspond posit ively , the r e fo r e , cn l y t he 

larger animals from these popula t i ons wer e collect ed. 

All freshwater planar ians are hermaphr odit ic ; t ha t i s , 

both male and female genit al ia can be found i n the s ame 

individual . The ovar i es may be found bi l aterally i n the 

anterior portion of the animal adjacent t o the nerve cord . 

From each ovary extends an ov i duct ~,c steriorly . Numer ous 

yolk glands branch out fr om t he ov iduct . 

1 f olll. c les may be f ound bilaterally Many testicu ar . 

between the ovaries and t he level of the phar ynx . The 

a Vas de fer ens which r un s post erior ­
testis are connected to 

ly and parallel t o the nerve cord · 

h r pharynges may be found 
Directly behind t he P arynx 0 

Owing t o the general dors ovent r al 
the copulat ory apparatus. 
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compression of the body and the relative substantial size 

of the apparatus, sexually mat · 
ure specimens may often be 

identified in the field by vi·ewi·ng th 1 
e p anaria in the loca-

tion of the copulatory organs. r · , k n species _acing sub-

stantial pigmentation (as with Phagocata morgani) the sex 

organs may be seen dorsally through the body wall. Species 

with darker pigm_, entation such as P. g ·1· t raci 1s, e c., 

may be noted as sexually mature by l ocating t he genital 

aperture or gonopore just posterior to the pharyngeal open­

ing on the ventral side of the animal. 

Though much anat omical variat i on may be found from one 

species to the next a brie f description of the typical 

reproductive s ystem is in order. The gen it al aperture leads 

into the genital atrium, a cavi t y which may be further sub ­

divided into a male atri um which encloses the penis papilla , 

the female atrium into which the openings of the female 

comp]ex empty , and a corrrrnon atrillI!l. The male atrium houses 

the penis which is div ided into an anterior bulb and 

posterior papilla. The pai r ed spe rm ducts combine t o form 

a va s deferens which opens i nto the seminal vesicle. An 

b t he semina_ ve s icle ejaculatory duct communicates etwee~ 

and the cavit y of the male atriUM . 

t o form a corrrrnon oviduct wh ich The oviducts unite 

dorsal aspe ct of t he atrium . usually opens into the 
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Directly anterior to the penis bulb a bursa may be found in 

most species. A bursal duct runs dorsally on the midline 

or eccentrically to empty into the atrium. 

Squash Technique 

Gourbault's technique for preparation of planarian 

chromosomes was utilized (Chandler, 1980). Three days 

prior to chromosome viewing nine worms of each species were 

collected from Brigham Branch. Each was cut longitudinally 

with a razor blade into two pieces and placed into petri 

dishes containing water transported from the habitat. 

Seventy-two hours were allowed for regeneration of severed 

parts. 

Worm sections were placed in petri dishes containing 

0.3% colcemid solution for f our hours . The re generat ing 

areas of each section were r emoved with a r azor blade and 

each was placed on a slide with one drop of wat er. This 

drop of water was pipeted away and t o each section o f wo ~m 

was added one drop of 27. acetic acid. Afte r a period of 

· 'd wa s r emoved and two drops five minutes the acetic aci 

dd d The slides wer e placed in a of orcein-lactic were a e • 

· of a shallow glas s dish with humidity chamber, consisting 

cover, for one half hour. 

d Placed on several thicknesses Slides were removed an 

1 . s were placed on wor m sections of paper towels. Covers ip 

made with pressure applied from the heel and squashes were 
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portion of t he hands wi t h care being taken not to let cover-

slips move. The edges of the coverslips were then se a led 

with synthetic mounting medium. 

Slides were examined by phase contrast microscopy using 

a lOOx objective and 8x ocular. Numerous slides were 

scanned for suitable metaphase ch~omosome spreads. Photo­

micrographs were taken through a lOOx objective and 8x 

ocular. 

Photomicrographs of the most clearly dilineated meta­

phase spreads were chosen and negatives were used to make 

slides for a projector. These were projected onto a wall 

and carefully outlined with pencil onto white butcher paper. 

Chromosomes were blackened with an India ink pen and cut 

separately so as to facilitate the arrangement of karyo­

types. 



CHAPTER IV 

RESULTS 

Species Identification 

Identification of anatomical features required close 

inspection of several sections of each i nd i v idual animal 

of each species. 

Approximately 757. of the Phagocata gracilis, Figure 1, 

population was sexually mature. Six worms were chosen fo r 

fixation and subsequent microtome slicing of seven micr ons 

each . Figure 2 shows the muscular penis bulb (PB) and 

elongated penis papilla (PP) and large bursa (B) t ogether 

with bursal duct (BD), chief anat omical l andmarks for 

identification of this species . The e~aculatory duct (ED) 

is convoluted and appears as s eparate chambers i sa~i tal 

sections . Anter ior and posterior seoinal ve sic es (AS.' , 

PSV , respectively) are clearl; evident as is the oa e 

atrium (MA). The approximate lo cation oft e gonopore 

d Anterl·orl y can be seen t he mu t~D. e ( GP ) i s de s i gna t e . 

pharnge s (Ph) and posterior t ote reprod ccive apparatc s 

are located t he intestines (I) . Figure 3 is a sketch 

adap tation of~ gracilis, sagittal sectio 

wa ter Pl anarians 
(Tur be llaria) 0 ~ :'.ortb ,l.ner ica , Ker:k 

(1976). 



Figure 1 . Enlarged P t o __ ::- 2. 

er aci is . 

15 



A 

Figure 2. 

D 

-
Sagittal Section of Reproductive Apparatus of 
Phagocata gracilis. 
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Figure 3. Sketch of Sagittal Section of Reoro ­
ductive Apparatus of Phagocata gr acilis. 

17 



18 
No distinct seminal vs· 1 · f e 1c e 1s ound in Pha~oca ta 

morgani (Figure 4) · In Figure 5 may be noted a r emnant of 

the bursa (B) which was not prominent in eithe r of t he six 

animals . The penis papilla (PP) is characterized as - ather 

elongate with bulb indistinct and r ounded papilla . T~e 

tip of the papilla is es pecially noteworthy f or this 

species bearing a muscular wart - like epit'r.el · t..u::1. ( ~'.P ) . 

The male atrium ( }'f.A ) is dist inct dorsal v 2nd ven r al y 

forming a rather large COiTIIllOn atri . pas e:- · a :- -Y , -r,; .ich 

exits the body v ia the gonopore (GP) . Fi g re 6 is a ske : c~ 

adaptat i on of L morga i , sa te a sect o., :: :;i Fc es'r.­

water Planarians (Turbe aria) o~ 

Karyo l ogy 

.., s o c "i.. __ a nca : a A numbe r of suitab e r.:e a _ .. ase s-;H r. 

gracilis were phot ogr a. e ' 
, t' . c.: 2 .... e . l 

exh ibited a diploid um er f 3 , (~ :; .. 3 ) · 

f h h Os one -r,;er e ca:c~-a:e · lengths o e ac c r o 

relat i ve lengths of l o~ 

were determined by di ·i~ - ~ :~e 

t hat of the short arm . T C 

· c t .ree 2 :­go r i ze chromosomes in ° 
. s 

as ·.,;e _ _ a s 

po sition: T ose wi h ar. ca:ic s ~c :~ee ~ - a ~ ~ =~~:- : y-

2ss" C . eC 2- ::-.e : 2C :-.::"~ '.: ' : ·'.".C S 
three thousandths were c_ - - -

, , . s - -, 
between one 2nd thirt y- : c ~r - : ::c --- ·· 



Figure 4. Enlar ged Phot ograph of Phagocata 
rnorgani. 
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Figure 5. 

MP 

ED V MA 

Sagittal Section of Reproductive Apparatus 
of Phagocata rnorgani. 

20 



A 
D 

p 

V 

Figure 6. Sketch of Sagittal Section of Repro­
ductive Apparatus of Phagocata 
rnorgani. 
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nine thousandths as submetacentrics, and those over two as 

acrocentrics. Data can be found in Table 1. 

Phagocata gracilis had nine pairs of metacentrics, six 

pairs of submetacentrics, and f our pairs of acrocentrics. 

Chromosomes one and two were considerably larger t han the 

remaining seventeen with number one large r than number t wo . 

Figure 8 is a karyo t ype base d on dat a found in Table 1 . 

An idiogram is als o provided f or this spec i es (Figure 9) . 

No metaphase spreads o f Phagocat a QOrg ani suitable for 

karyotyping were obtained (Figures 10 and 11). There 

appeared to be marked distort i on of chro~osor.es a ca lack 

of appropriate spre ading . 



TABLE 1 

Average Values of Relative Chromosome Lengths 
and Arm Ratios of Phagocata gracilis 

Relative 
Chromosome Total Arm Centromere Number Length Ratio Position 

1 3.075 1. 085 M 2 2.528 1. 793 SM 3 1. 723 1. 210 M 4 1. 620 2 .5 60 A 5 1. 578 1. 740 SM 6 1. 545 1.1 76 M 7 1. 416 1. 043 M 8 1. 348 1.058 M 
9 1. 338 3.316 A 

10 1. 265 1. 321 M 
11 1. 203 1. 560 SM 
12 1. 126 1. 601 SM 
13 1. 125 1. 064 M 
14 1. 108 2 . 011 A 
15 1. 053 1. 449 SM 
16 1. 043 1. 04 5 M 
17 1. 006 2 .0 21 A 
18 0.960 1. 866 SH 
19 0.945 1. 329 M 

24 
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IB ~t l" iK 'hii 
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13 iJ t 811 Ii na 
10 11 12 13 . 14 

tg ii )\~ Hl' ~K . 
15 16 17 18 19 

Figure 8. Karyotype of Phagocata gracilis. 
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Figure 10. Squa sh of Phagocata QO r £an i wit h App r oxi ­
mately 42 Chromo somes . 
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Figure 11. Souas h of Phago cata mo~gani wit~ A??rox~ ­
mately 56 Chr omos o~es . 
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Cl-IAPTER V 

DISCUSSION OF RES ULTS 

The s quash technique of Gour bault (C h2ndl er, 1980) 

wo rked well f or Ph2 gocata Er ac i l is and nume r ous me taphas e 

spreads of goo d qua lity were photographed . This species 

exh ibi t ed a dip l o i d chr ono s one n r:ibe r o: 38 , (2:;=38) . I:1 

th i s r esp ec t f_: gr aci l is a?pear s to be simil2r t o P. 

faw cett i ( Ba ll and Gourbault , 19 5) i w ich 2.'=38 . P . 

grac i lis al so had t wo large pa irs of c~r o~cscces w:.:~ ?a:. = 

numb e r one be i ng l2rger 1-:an . \..!.."!: e= ·.,·o . P.cwe ·er . ::-.:. s 

di ffe r en c e was no t near . 5 t :-:-:es re s:.-e o : ~r.e :--, _ ::: 

lar gest pa ir as in P. fawce ► i 
I,. - ' 

a:: :-e te :-:-:; ":-:;o:-ke :-

chr omos omes " though poss ib . a.:-· ica : e 1:--. = :e=e :--. ce : c 

:- ese:--.: =~-.!:_: gracilis , coes ,ot r 

diffe =enc e no ec in P . awe::. . 

The r emaining 

gradua lly decreasec 

had mostly metac e ric 

tries . P . graci i s r. ad r.:.:--.e 

pai r s of submetace trie s , 2 ~ 

The r e is no evice::ce: 

o f Phago c ata 

("'l \' =3S) , ,,, JS chr omosome number , - · 

~ - ~ ., c , ► :- ~ C S , S :. :-: . . ..... c. . ._ 



30 

metaphas e spreads and chromos ome pair number one wa s clearly 

ev ident wi t h no multiplicity. 

Suitable metapha se spreads for karyo t yp ic purpo ses of 

Phagocata morgani were no t obt a i ned. There app e ar ed t o be 

marked distortion of chromos omes and a lack of app r opr i at e 

spreading . Variations i n squash t e chn i que we r e i mpl emented 

but there was no i mpr ovement i n t he quali ty of squashes. 

The s e variations i nc luded runn i ng the procedur e at di fferent 

times o f day i n or der t o co i nci de with pos s ib l e circadi an 

rhythms and var y i ng t he concentrat i on s of co l cernid , acet i c 

acid, and orc ein - la c t i c solutions and t i me lengths of treat ­

men t with e ach. The degre e of co i linf may have been di:fer ­

ent at di f f erent time s of c hemic al fi xa tion thereby af ect -

ing t he lengths of chr omosomes. his would ex? ain the 

fa c t t ha t a wi de r an~e of chr ornoso ... e le g:hs in di~ferent 

cells were obs er ved wi th this species . 

Appr opri ate spreading of chr o~osornes i Phagoc-ta 

morgani was compl i cated by t~e increasec ,. -r. e :- of chr or.:o -

sames and t he ir appa r en small size . 

ld b Ob tai ec and there a?pea re c t o chr omo s ome count cou e 

d l.. fferences in different sau2s '.es lendin g be sign i f ic an t 

eviden ce t o t he fact t ha t this rep - esent ec a ?Olyploid 

cond i tion . d t o have 42 ch=ocosoces Some cell s appeare 

ed t o ~a ve app r cxi~a t e y 56 . whe r eas others a?p ear 
~"h i te:ce ad 

'd l-tions with chromosor.:e (196 5 ) rep or t en polyp l o 1. popu a . 
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numbers of 35, the haploid genome being seven. From poly­

plaid populations she reported no sexually mature specimens . 

Signs of sexual maturity of this species in Brigham Branch 

were rare. 



CHAPTER VI 

SUMMARY 

Two species of planarians , Phagocata gr ac i l i s and P. 

rnorgani, that occur symp atrically in Br i gham Branch , a 

tributary o f Long Creek (Cumber land River dr a inage), i n 

south-centr a l Stewart Coun t y , Tennesse e were po sitively 

iden tified and karyologi c studie s were done . 

Species were identif i ed by anat omica l analy sis of t he 

rep r oduct i ve apparatus v i a ser ial sagittal microt ome 

se c t i ons of who le f ixe d sex ally , atur e sp ec~mens . Ke nK 

(1976) provided t he ana t omi c descri ptio s r.eces sa ry : o:­

identif ic ation . 

Phagocat a gracilis po ss e ss ed a ~i . o ·d unb er of 38 , 

(2 =38) wit h t wo pai r s o f ?2 r tic u_a :- l _ _ ar ~e chr c~osc~es , 

pa ir numbe r one being signi:i ca. t y lar e r t~a~ ai r r. LL-:-." e :-

t wo . There wer e n i e c t · s six ai r s o : airs o r.1etacer. r1c. , -· 

s ubmetacentric s , and fo ur pa ir s o: ac :- cent.ics . 

Phagoca t a mor ear.i pr ovided nos i t ab e chr o~osc2e 

spr eads f or karo t ypin g due t o na r e 

of appropri ate s preading . 

could be made. Some s pr eac.s had 

others appear ed t o have approxi~a: e v 56 · 

r epre sen t a po l ypl o i d condi tion . 
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APPENDIX A 

Orcein-lactic solution used in karyological technique 

was made as follows: 

lactic acid, pure 15 parts 

acetic acid, glacial 35 parts 

distilled water 50 parts 

orcein, synthetic 1 gm 



APPENDIX B 

Abbreviations used in denoting fe2tu~es in diagrams 

of sagittal sections and histologi c photomicrographs of 

planarian reproductive or gans are as follows : 

A - Anterior 
ASV - Anterior Seminal 

Ve sicle 
B - Bursa 
BD - Bursal Duct 
D - Dorsal 
ED - Ejaculatory Duct 
GP - Gonopore 
I - Intestine s 
MP - Muscles of Penis 

P - Posterior 
PB - Pe71is Bulb 
Ph - Pharynges 
PP - Pe~is PaDil a 
PSV - Posterior Semi~a l 

esicle 
en ral 
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