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I TRODUCTICHN

Procotyla fluviatilis lLeidy is a dendrocoelid turbellarian

digtributed over the northeastern part of Horth America, It bas
been deocribed from a number of collectione in Illinois {(wWoodworth,
13973 Hyman, 19233 w#underle, 1965), but these rocords susgeat its
distribution in the state is scattered. Nunderle (1965) deseribed
a dense, growing population of P, fluviatilis in a spring-fed, fish-
free drainage diteh located in Nason Couznty, Illinoies, Thie popula~
tion is still flourishing, and the specirens used in the present
investigation were obtained from it.

Although there have been a nunber of studies on the general
biology and amorphology of P. fluviatilis, apparently nonc have been
published on ite reproductive behavior, cocoon production, or hatch-
ing and ezergence of young. In view of tho scarcity of inforzstion
eoncerning the reproduction of Progotyla fiuviatilis, the present
investigetion was undertaken in an attempt to clarify soue aspects
of the reproductive cyele based on exarinetion of specizens frows

the population described by wWunderle (1965) in Hason County, Illinois,

LITERATURE REVIER
Procotyla fluviatilis lLeidy has boen described by Uyman (1928)
as a large milkwhite or creany flatworm with a maximum length of
20 nme and width of S mm. The middle third of the truacate anterior
margin is occupled by an adhesive orgsz or sucker with several pairs

of eyes a short diatance behind the adhenive organ., 2., fluviatilio



is known to eat only live prey, consisting of daphnids, anphipods,
and isopods (Pemnak, 1953).

#hile no definitive work dealing with the worldwide distribution
of Turvellaris ie avsilable, a nuxber of =ore remtrictive papers are
accessible. The turbellarians of lake Titicaca were descrived by
Beauchsmp (1939) in a publication that reviews the free-living platy~-
helminths of the world. An earlier report by lalles (1379) catalogs
the flatworze found in northern fraance. The most rocent work on the
distributior of iuropean worms is that of Lutber (1561}, in whiech
the Turbellaria, ezpecially triclada, are reviewed, among hie many
papers on the iovertcbraten of south America, iarcus (1951) has
included at least one on the natural history of triclade.

The Turbellaria of Aaia are elucidated in a monograph of the
clasas by Okugawa (1953), but &ajor eaphasis is placed on the region
of Japan.

The distribution of Tricladida iu North America is discuased
in the papers of Stringer €1909), tigley (1918), and, of courae,
lyman (1928, 1951). Morgen (1339) preseuts a superficial, but
readable, general account of Nortih Azerican flatworus,

The fawnily Dendrocoelidae, in which Pregotyla is placed, ocours
abundantly in EKurope and iaia (Hysman, 1551), but is poorly exempli-
fied in imerica. Sorecelis has a species in Jklahoma caves (Bywan,
1937), but Progotyla is the only eommonly occurring genus. This
wore inhabits fish.free ponde, springs, and streasms of northeastern
North Ameriéa (Kenk, 194b).

Collection of P, fluviatilis in Illinois hae beer infrequent.

It baa been collected st lavana, (wWoodworth, 1397), Cary (liyman,



1925), and by wunderle (1965) at iMason City, Illinois.

Several studies have bLeen made of the biology and histology of
P. fluviatilis: but little iec known conceraing detaile of their
reproductive behavior, especially copulation, cocoon laying, hatech-
ability of cocoons, and their seasonal reproductive eycle. Eyzan
(1926) was concerned with the external and internsl amatosy, hise
tology and taxonemyj and presented a lirited discuassion of habite,
habitat, and the distribution of Proecotyls fluviatilis., #enk (1944),
in his sorograph of the triclads of !idchigan, discuseed the internal
and externsl anatomy, the distribution, and to a3 limited extent, the
ecology of P. fluviatilis, Morgan (1930) described the cocoon as
being “adbout the size of a nmustard seed, shiny, chestnut Lrown, and
raised on a tiny stalke" Kenk (1944) questioned the possibility of
the stalk, but Anderson (1951) verified the presence of the tiny
stalk on the cocoon and discussed the rearing of fourteen cocoons
until they hatched. He also described the young wores as being
similar to the adults in appearance and movement, DewWitt (1953}
also described the cocoons and helped to clarify the presence of a
stalk on the cocoon. Hysan (1928) reported that P. fluviatilis
becamne sexually mature from Septesber to Jaauwary and that the speci-~
mens taken from January to Auguat always posseszed degenerate sex
organs. Curtis and Schulz (1940) reported that worns collected
early in the period from PFebruary 1 to June 1 were all sexually
mature, but later there was an increasing nusber of sreller worus
without reproductive organs, They concluded that these were juve~
nile worzs from eggs of the current season and not the result of
asexunl reproduction by fission., It was the opinion of theee

inveatigators that regenerative ability of Procotyle is poor.



AETRODS AND HATHULALS
gollections of ¥latworus
Fletwor:s used 1s thig imventiration were collected fruz a
drainage diteh located iu ese 29, 30, 323 Te 13 Rey Re 5 way
®aeoa County, Illizoim. The snring-fed draioagoe diteh ie led miles
long, has fte origias as ground water seepagze, 2ad ecplisy 1ato oait

Lreoks #Aator moverent L& very elowj and tais yrownotes ipFowth of

quantities uf ajuatie vegetation ineludiny Locne wjsor, ggratophviluc
desereus, Pidens gorogd, 3. gyRAup, B. goromsta, Polvxequs LipdiLng,
asd Meejurtjus 9fficinale.

Flatworss were collcqtéd by romoving with a soxlypel, fro= tie
undersides of obvjects mubderged §u the ditod, and placed ia a guart
Jar containing water from the habitiat, Durstien of collection geriod
was from August, 1967, through sy, 1966, Collections were wade
every three or four weeks Quring August throogh locesber. January

Shrougi Farelt eclicctions were Zrde every uix o fourtesn days,

Adulte were taken inte the ludorstory where fifteon o twoniy
each were placod Lo ‘A nl. boakers sonlalining wktor frow the ditah,
iLe Doakare were helé in a refrigerator at a temperature of 10%,
live prey, sueh as capeada and daphoids were obtained, using a
rlenkton Bot, and intrcduced ipotd the laboratory eclonlien as food.
Evupsrating water from the beakers was replaced vith water fron tho
collection mite, Cultures of wdult worus were aboerved daily to
nvto Lehevior and tlie spypearasce of cosooum, when CotoonuR apudared,

eadth wan rexoved and placed in a aaried culture dish or teat tude
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and xept at a deterriaed constuant teuperature (loG., lOOC., or 20°C.).
Cocoona were Lept at different tewperntures to study the effects of
such on incubation tise. Twerty cocoons were weasured with a mi-
croaeter. During February and March the water temperature of the
collecting site was ueasgured omce a week. 3oue ocoocoons were kept
at 16°C. to correspond with the upper range of the natural habitat
teaperature; other cocoons were kept at 1%. ta correspond with the
lower range of temperature., Coc¢oons were nuintained at 20°C. to
testl the hypothesis that increased tezperature would snhorten the
incubation period required for hatching. Twenty degrees Centigrade
was selected decause it had'beon ovserved that this wac the aaximua
temperature at which adults thrive (Youug, 1912). Cbservations
were wade daily on the cocoons to establish the time of hatchiag
and to tabulate the oumber of youag produced per ¢ocoon. Atteuxpte
were vade to feed newly hatched Juvenile woruss on ground bits of
Bais sp. and/or by placing them in water which contained Parameciunm
sp. HNelther of these methods was successful,

Different methods were tried to initiate cocoon production,
ihese methods revolved around the concept that cocoon production ie
triggered by changes in environmental texperature., Cultures of
adulte were placed in & refrigerator at 1°C. for fourteen days,
then transferred to 1500. Otber cultures were kept at 20%., for
seven duys and were then transferred to 500.

In sumpary: Data as indicated above were collected and the
following paraseters analyzedt

1. DNumber of cocoons produced per adult worsm,

2+ The seasonal disposition and lengevity of cogoons,



3. Percent hatch of cocoons.
%, Average nu=mbor of young per cocoom batched,

5 Inflnence of tenporature on rate of cocuon development.,

RESULTS
Ritch Temperature
During February and ilsrch the water tezperature of the col-
lecting eite wae measurod snd found to vary from 1°C. to 10°C.

{Average: 7°C.)

Copulation

Five nairs of tlatwormﬁ were observed copulating, One pair
were apecimens that had been collectod on Janusry 22, 1963, and
mainteined in culture with other worms st 1°C. in the refrigerator.
Copulation, which lasted nearly two hours, was observed aeven days
after oollection, The other four paldrs of worms were obdbserved in
copula at the time of colleotion, OUne puir wma included in a col~
lection obtained on February 24, 1963; one pair on Marech 3, 1363;

and two psir on March 9, 1968.

Character of Cogcoous

The cocoons were round, very shiny, and chestnut brown in
color. They were about the sisze of a mustard seed and were attachod
to the sides of the culture dish by a shor{ white stalk which had
the appearance of mucus.

Measurements were takon of twenty cocoons. The average diameter
of the cocoone wao 152 sicrons., The largeat €ocoon was 207 microas

in diameter while the s:zallest was 64 microns in dieneter,



rroduection of Cocoons

A tolal of seventy-four cocoone was collected and kept under
laboratory conditions in a refrigerator (Table 1). ‘The firet cocoon
wss aeen on Jazuary 24, and the last on karch 1%. 7This was the only
tize when the cocoons woere seen throughout the research period,
Seven cococrns were produced in January, thirty-three in February,
and thirty-four in Karch. There was a minimum cocoon production
from Jamsuary 24 to February 1lhk. From February 14 to Harch 14,
there was & amarked increase in production which peaked arousnd
Yarch 7. After March 14, there was a rapid decline in production.

During the period in wﬁich cocoons were collected, twenty
sexually mature adult worms were observed to have a well-forsed,
light greyish~brown cocoon in their gesital apparatus. It was
noted that these cocoons were deposited within eight houre after
appearing in the germtalia. within two hours after deposition, the
ocogoon took on the characteristic dark mahogany color mentioned by
$organ (19%9), It was noted that after the worm depgositoed the
cocoon an the side of the container, it usually remained over the
cocoon for three to six houvs. This behavior scezed related to the
rapidity in which cocoons darkened. It was never obdscrved that an

adult laid more than one cocoon.

Cocoon Hatching

Twenty~threc cocoons were held at 1006.; fifteen hatched. in
average of S.4 young ccerged froxm each cocoon with a range from two
to twelve young. Incubation renged from sixteen to thirty-six days

with an average of 22.5 days.



Thirtyetwo cocoobs were heléd at 2000.; twenty-one hatched. A4u
average 4.2 young hatened froz each coccon with a resge frow one to
ten younge fncubation ranged fros thirteen to thirty-two davz with
an aversuge of 17.% deys.

Hinetz2eL. coccony were maintained at 1°c. for a pericd of aixty-
two to thirteen days. None hotehed at that temperature. Jen of the
cocoonrs were tranaferred frou 1°c., where eiztht of the tem hatched
(Table IiJ, 4aigit cocoons were traneferred from 1%C. to 2%,
ihree of the cocoous hatched (Table IiI1).

A greater nusbor of the cocoons laid early in the reproductive
period hatened than did cocéons landd later in the reproductive poriod
(Cable 1V). There was a 130 percent hatch of cocoons deposited frous
the period of Junuary 2k to February 7. In itke Fobrusry 7 to Feobru~
ery 2+ pericd and in the Fobrunry 21 to Karch 7 period, thore was a
©h4.7 percert hatehj; and, in the Hareh 7 to larch 21 poriod, there
wag & &0 percent Latch. In the Februsry 7 to February 21 period,
two of Lhe cocoons thut were laild were asyucetrical sand did not
tatoeks xuch appeared concave on one side. many of the cocoons
<hiick did not hatch appeared to erack open; and the :aterial, whioh
sppesrad to b¢ sartielly developed {latworus, protruded out the
opening.

A gresater nuzber of young are produced f{rom coceons l1lsid at tie
beginning'of tte coccon reproductive period (Table IV), The only
cocoone to yroduce ten or nore young were those devositod la the
January 24% to Februsry 7 period, with the exception of one cocoon
1sid ou ltarch 1% which produceé¢ ten young., ¥Four cocecons isld froa
January 24 to Junuary 27 produced ten, oleven, ten, and twelve young,

resipectively.



The cocoons which did not hatch rewained under observation
uatil they doteriorated or aborted. The cocoous referred to as
abortcd were the ores which split open arnd a rvaterial protruded out
the opening., 7This material was observed under a microscoge and did
appear to Le partially Sevcloped worns. ihe whitish wasse was cox-
posed of cells several layers thick and of several kinds.

There wexrge ninse aborted cocoons, all of which were laid after
Harch 1, seven of theze cocoons were kept at 20°%, ard aborted
after an average of 12.7 days, whereas the average hatching time at
this teamperature is 17.% days. ‘ibe two oceooons at 10°c. aborted om
the 20th and 24th days, uhiﬁh wes about the average hatching time

at this temperature (22,5 days),

DISCTSBION

Anderson (1351) reported that Fracotyle cocoons &re colorleas
whon denonited, remaining so as long ue the adult rcumined over it;
but during the next few hours the cocoon darkened Lo a mahogany
colore uis author noted several tizes that, after a worz deposited
# cocoon on the side of the contaianer, it reicained over the cocoon
for three to six hnurs, as the cocoon took on the uahugany color
wentioned. Cocoons took approximately twice as long to darken when
the ad:lt did ret rewain. Poasidbly a substance oontributed vy the
parent wores aids in hastening the hardening of the cocoon wall,

Anderson (1951) also found that the size of the cocoon depended
upon the sime of the adult depositing the cocoon. The asuthor did
not measure the adult worms, but it was noted that the larger worms

did lay larger cocoons, dpecific data was difficult to collect on
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this aspect because approximotely fifteen to tweaty adult worus
were kept in the cane culture dish amd only a limited nuaber were
actually odeerved depositing cocoous. As Sar as oould be ascer~
tained, no adult produced wmore than one cocoon.

iyman (1928) reported that Procotyls fluviatilis became
eexually mature from September to January and that specimens taken
from January to August always precsected degenerate wex organs,.

Thie cssumption wes baased upon direct observation and the appearance
of one cotoon that wae laid during Kovember, 1927. This specimen
was loet before further cobservatiens could be wade. Uyman's re-
gsearch was carried out on a-populution uear Chicago, Illinois; bdut
she assumed her coneclusions to ve true for the genus throughout the
United States. For the particular specisens observed in this study,
the data ia Table I incdicate the period of peak cocoon reproductive
activity to be from February through liarch. sexusl umaturity and
cocoon production nay very with ditferent populations and eanviron-
ments,

Table Il shows the variation in the number of daye the cocoons
were kept at 1°C, and the variatior in the kumber of days before
hatching after the temperature wae changed to &Ooc. The data sug-
gest that development of the young inside the cococon continuecas but
at a slower rate when kept &t 1°C. Thie is shown by the fact that
cocoons kept at 1%. for a period of forty~seven to sixty days took
less tire to bhatch at 200(;. than did the cocoorns kept at IOC. for a
period of thirteen to thirty-three days and then transferred to ZOOC.

Table 111 sbows the varistion in the number of days cocoons

wvere kept at 1°C. and the variation in the nunber of days before
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hatoking after bdeing charged to 10°%C., unhile these data are very
limited, the fact that a oocoon kept at 1°C, for fifty-four days
took five days to hateh after being transferred to 10°C., and that
a cocoon kept at 1°C, for thirteen days took twenty-four days to
hateh after being transferred to lOOC., suggests that development
of young 4n cocoons kept at 1%. continues, but at a slower rate.
It is very possible that cocouns msintained at 1%, aay heteh if
allowed a long erough pariod to develop,

The fifteen cocoons which hatched after being maintained cone
tinuously at 10°C., took an zvcrage of 22,5 days to hatch., The
twenty-one cocoonas which haéched after continpuous maintenance at
20°C. took an average of 17.% days to batch. Results suggest an
increase in tecperature shortens the developmental period of the
young flatworms inmide the cocoon.

This recsearch was carried out under laboretory eonditions;
however, the date indica@es a poasibllity that ecocoons 1laid in late
Januery and early February develop slowly until the strean teszperu-
ture risces in late Fedruary and early darch. The cccoons laid in
late February and early darch ray develop in a auch shorter period,

due to the rising stream temperature.

SUAMARY AND CONCLUSICK
An investigstion was undertaken to doteramine some aspects of
of the reproductive cycle of the dendrocoelid flatwora Procotyla
fluviatilis. «orms were collected, during August, 1967, through
ssy, 1568, froz a population occurring in a spring aut ¥ason County,

Il1lincis. JCollected specimens were maintuined under controlled



n.,

environzentel conditions, and the produstion, morphology, and
developsient of cocooan studied, 4Attenticn wes nvlso given to the
influence of anbileant temcerature on the rate 9f cocoon development.

Copulation wus observed between five paire of flatworwms cole
lected duris,; tone period of January 21 to rar¢h Y. {ocoons were
preduced during the period Jenuary 24 through Heroh 21. dJreatest
cocoon productivity occurred between February 15 and carch 15,
After thie time, production declined gharply. ©Cnly one cocoon was
produced per adulte.

Cocoons aver:aged 150 aierons in dimumeter (range, 33-207 niecrons)
and toolt on a dark mahuaanyjpolor soveral hours after deposition.
In soveral instances, worms wers obsorged to rexmin over a cocoon
for ceveral hours after depouition. CoCoons eubjected Lo this
behavior darkened more rapidly than those that were nct.

Teupereature was a amjor influence on the developuent of young
flutworne insnide cocoora. Developsent proceeded in cocoons caine
tuined at 1°C. but at n much slower rate than at higher tempera-
tures. Cocosts wept at 10%. sveraged 22.5 dxys to hatching, while
those raintained at 20°C. hatched in an average tice of 17.4 days.
An increasc in amdient temporsture shortened the developmental tine
of cocoons,

There were a greuter nusber of yourg produced ii cocoons de-
posited during the firat.quarter of the cocouon production period
than in the following three quarters. An average eight young were
hatcred from cocoons depesited during Janusry 24 through February 7,
vwhile only four young were hatched from cocoons deposited between

February 8 and Harch 21,
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Prcvious studies on the reproductive blology of £, uviat
heve beern done in the laboratory. <Cbservations under such condi-
tions do not necessarily reflect the natural situation. Conze-
guently, soveral statements concerning the reproduotive season of
the worm have bdbeen wade without substantisl data to prove the
points. The cultures for this research were taken frox the ctrean
to the ladborutory and, in some inecidencea, there was & 9%, tempera=-
ture obange. This change could have initimted coceem produsiion,
Does a rime in teumperature ia the atream ceuse reproduction to
occur naturally, or are there other factors affecting this? Lim=
ited observation by the author hes shown that copulation in the
stream does occur during late February and esrly imroi. The repro-
ductive season of this sne¢ies cannot be generalized for the entire
range. One ares may have different teaperatures, pd, and food
supply available which may rogulate reproduction, The reproduction
of this flatwora needs to be investirated in the natural habitat ia

an atteapt to collect data which can yield valid concluasions,
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Table le-=froduction of cocoons by P. fluviatilis.

Weekly Period

January 24%4-January 31
Februwary l-February 7
February §-February 14
February 15-Februory 21
February 22-tebruary 28
HMerch 1-March 7

tarch d-March 1lb

tlarch 1S«March 2l

Nusber Number Productivity
Cocoons Adults per
Obeerved Present 100 idults
? 75 9.34
1 75 1.35
1 75 1.33
14 75 13,65
12 ks 26,67
24 50 k8,00
1h 55 45.41
1 55 1.82




Table 2.--Variation in hatching time of
after being transferred from

15

8‘ fluviatilis cocoons
1¢C. to 209C,

Lusber of Days Egch
Cocoon Kent st 17C.

Nunmber of Deys at 20°%.
Lefere liatching

60

6

A0

N N F

12
16
16

* Cocoon d4id not hatch,



Table 3,--Variation in hatebing tige of P fluviatilis after
beiag transferred from 17°C. to 10¥C,

humver of Days Esch Nunber of Days af 1709,
Cocoon Kept at 17C, Before Hatching

62 .

5 *

55 .

5k 5

4? 11

Ly .

36 .

13 24

* Cocoon did not hatech,
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Table &.--rlercent hatch of . fluviatilis cocoons ané average
number of young rlatworms per hatched cocoone duriag
viweelily periods.

e e e e e

e ——

Liweekly Yerieds

Cocoons

Gocoons Hatched

Devocited

Average young
per

# % Hatched Cocoon
January 24-February 7 ? 7 100.0 8.00
Fesruary &-February 21 15 10 66,7 4450
February 22-Marchk 7 36 24 66.7 %416
darch 8uMzrcl 21 15 6 49,0 Yeld
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